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Note ta the reader

Every effort is made ta present the IInogaphs as accuately as
possible without unduly delaying their publication. Neverteless, rnstaes

have occured and are still likel y ta occu. ln the interest of all users

of these ITnogaphs, readers are reqsted to ccicate any errors

observed ta the Unit of Chemcal Cacinogenesis of the Intemational Agency

for Research on Cacer, Lyon, France, in order that these can be included

in corrigenda which will appe in subeqent volurs.

As stated in the preamle, great efforts are made to cover th whole

literature, but so studies may have æen inadvertentlyoverlooked.

Since the ITnographs are not inteded ta be a reviewof the literature

and contain only data considered relevat by the Working Group, it is not

possible for the reader to detennne whethr a certain study was considered

or not. Havever, research VDrkers who are aware of iirtt published

data which may chage the evaluation are reqested to mae them available

to the abve-ræntioned address, in order that they can æ considered for

a possible re-evaluation by a future Working Group.
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BAGR AN PUE OF TH IA PRC ON TH
EVATION OF TH CATIIC RISK OF CHCA 'l MA

The International Agency for Reseach on Cacer (IA) intiated in

1971 a program on the evaluation of the cacinogenic risk of chemca1s to
ma. This program was supprted by a Resolution of the Goering Council
at its Ninth Session concerning the raIe of IA in. providing govent
authorities with exrt, indepedent scientific opinon on envirorital
carcinogenesis. As one ræ to ths end, the Goering Council recded
that IAC should continue ta prepae IInogaphs on the cacinogenic risk of

indi vidual chemcals to ma.

ln view of the imrtce of ths progam and in order to exdi te
the production of ITnogaphs, the National Cacer Insti tUte of the United
States has provided IAC wi th addi tional funds for ths purse.

The objective of ths program is to elalrate and publish in the

form of ITnographs a critical review of cacinogenicity and related data

in the light of the present state of knCMledge, with the final ai of

evaluating the data in te:r of ¡;ssible hum risk, and at the SaI tir

to indicate where additional research effort are neeed.

SCPE OF TH MJNOHS

The ITnographs surize the evidence for the carcinogencity of

indi vidual chemcals and oter relevant info:ition. Th data are coiled,

reviewed and evaluated by a Working Graup of exrts. No recdations

are given concerning preventive ræsures or legislation, since these matters

deped on risk-benefit evaluation, which se best made by individua
governts an/or interntional agencies such as WHO and IW.

Since 1971, when the progam was staed, te volurs have be

published 1- 1 0 .

As new data on chemcals for which ITnogaphs have already ben written

and new principles for evaluation reca available, re-evaluations will re

made at future rætings, and revise ITnogaphs will re published as

necssar. The ITnogaphs are distributed to intertional and goverta1
agencies and will be available ta industries and scientists dealing with
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the se chercals. They alsa form the basis of advice fram IA on carcino-

genesis fram these substaces.

MOSM FOR PRODUCING TH MJNCRAHS

As a first step, a list of chemcals for possible consideration by

the Workig Group is estalished. IA then collects pertinent references
regarding physicochemcal chaacteristics, production and use *, occuence
and anl ysis, an biological data ** on these counds. The rrterial is

sumized by an exrt consultant or an IA staff iær, who prepaes

the first draft, whch in sarr cases is set to anther exprt for comæts.
The drafts are circuated to all iærs of the Working Graup aOut one

IInth before the ræting. Duing th ræting furer additions to and

deletions fram the data are agree upn, and a final version of cots
and evaluation on each cound is adopted.

Priority for the Prepaation of funographs

Priori ty is gi ven rrinl y to chemcals telonging ta groups for which
at least sor suggestion of carcinogencity exsts fror observations in

anls an/or mm and for which there is evidence of hum exsure.

Howver, neither hum exsure nor potential carcinoenicity ca te
judged until aIl the relevant data have te collected and exed in
detal¡ thus, the inclusion of a partieular compound in a volume does not

necessarily mean that the substance is considered to be carcinogenic.

Equally~ the fact that a substance has not yet been considered does not

imply that it is without carcinogenic hazard.

Data on whch the Evaluation is Baed

wi th regard ta the biological data, onl y published aricles and papers
already accepte for publication are reviewed. Every effort is rrde to

*Data provided by Chercal InfoTItion Serices, Staford Research
Institute, Menlo Park, Californa, USA

**In th collection of original data reference wa made ta the
publicatio~ 'Surey of caunds which have te teste for carcinogenic
activity' 11 16.

14



cover the who le literature, but SO studies nay have be indverently
over looked. The rrnogaphs are mt intened ta be a full review of the

literature, and they contain only data considered relevant by th Workig
Group. Research Yvrkers who are awe of imrtt data (published or

accepte for publication) which nay influence the evaluation are invi ted

to mae ther available to the Unit of Chcal Cacinogenesis of the
Interntional Agency for Research on Cacer, Lyon, France.

The Working Group

The tasks of the Working Group are five-fold: (1) to veify tht as

far as feasible aIl data have ben collected¡ (2) to select the data
relevant for the evaluation¡ (3) to determe whethr the data, as
surrized, will enale the reader to follaw the reasoning of the cottee¡
(4) to judge the signficance of results of exri.tal and epidemo-
logical studies¡ and (5) to mae an evaluation.

The m2rs of th Working Group who paicipated in the consideration

of particuar substances are listed at the beining of each publication.

The m2rs serve in their indi vidua capaci ties as scientists and not as
representatives of their governts or of any organzatian with which

they are affiliated.

GEN PRIIPLE FOR TH EVATION

The general principles for the evaluation which are liste belCM were

elabrated by previous WJrking Groups and were also applied ta the sub-

staces listed in ths volur.
Tenolog

The te 'chemcal carcinogenesis' in its widely accepted sense 1S use

ta indicate the induction or erancert of neoplasia by chemcals. L t is
recogzed tht, in the strict etymlogical sense, ths tem rrans the

induction of cacer ¡ howver, can usage has led to i ts emloyit to

denote the induction of various tys of neplasm. 'T term ' tururigen' ,

'oncoen' and 'blastaen' have all been used syonyrusly with 'cacinogen',

al though occasionall y , tururigen' has been used spif icall y ta deote the

induction of benign tururs.
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Response ta Cacinogen

For present purses, in general, no distinction is made betwee the

induction of tururs and th encet of turur incidence, although it

is noted that there may be fundantal differences in iæhaism tht will
eventually be elucidated.

The response in exrirntal anls to a cacinogen may tae several

fonn :

(1) a signficat increase in the incidence of one or IIre of the

sai typs of neoplasm as found in oontrol animIs i

(2) the occurrence of tys of neoplasm not observed in control

anls i
(3) a decrease latent period for the production of neoplasm as

coed with that in oontrol animls.
Puity of the Carunds Tested

:in any evaluation of biological data with respet to a possible

carcinogenic risk, paicuar attention mut be paid ta -t purity of the

chemcals teste and ta their staili ty under conditions of storage or

admistration. Inforrtion on purity and stability is given, when availa-

ble, in the IInogaphs.

Quli tati ve Aspets

The quitative nature of neoplasia has been much discuse. ln may
instaces, bath benign and malignant tururs are induced by chemcal cacino-
gens. There are so far few recorded intances in whch only beign tururs
are induce by chemcas that have be studied extensi vely . Their occur-
rence in exriintal system ha been taen to indicate the FOssibili ty of
an increased risk of malignt tururs also.

ln exprirtal carcinogenesis, the ty of cancer seen can be the sar

as tht reoorded in hum studies (e.g., bladder cancer in ma, IInkeys,
dogs and haters after admistration of 2-naphthylame). ln other

intaces, ha.ever, a chemcal ca induce other tys of neolasm at
different sites in vaious spies (e.g., bezidie induces heptic carci-

no in -t rat, but bladder cacinom in ma) .
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Quanti tati ve Asts

Dose-response studies are imrtt in the evaluation of hum and

animl carcinogenesis. The confidence with whch a cacinogenic effect

can be estalished is strengtened by the observation of an increasing
incidence of neoplasm wi th increasing exsure. Such studies are the
only ones on which a miiml effective dose ca be estalished. The

deterration of such a dose allow a coison wi th reliable data on
hi. expsure.

Comparison of potency between cxunds ca onl y be made if and when
substaces have be tested sirul taneousl y.

Animl Data in Relation to the Evluation of Risk to Ma

At the present tir no attent ca be made ta interpret the animl

data directly in terr of hur risk since no objective criteria are

available to do so. The critical assessmt of the validity of the animl

data given in these IInographs is intended to assist national and/or

interntional authori ties in IIng decisions concerning preventive rrasures

or legislation. ln ths connection attention is drawn to WHO recorndations

in relation to foo addi ti ves i 7, drgs i 8 and occupational cacinogens i 9 .

Evidence of Hi. Cacinogenici ty

Evaluation of the cacinogenic risk to ma of suspecte envirorital

agents rests on pure 1 y observational studies. Such studies reqre
sufficient variation in the levels of hum exsure to allow a meaningful

relationship between cancer incidence and exsure to a gi ven cheical to

be estalished. Difficulties in isolating the effects of individual agents

arise, however, since populations are exse to roI tiple carcinogen.

The jni tial suggestion of a relationship between an agent and disease

often cors fror case reports of patients who have had simlar exsures.
Variations and time trends in regional or national cacer incidence, or

their correlation with regional or national 1 exsure 1 levels, may also

provide valuale insights. Such observations by themel ves, hcever,

canot in IIst circutances be regarded as conclusive evidence of carcino-

genicity. The IISt satisfactory epidemological rrthod is to come the
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cancer risk (adjusted for age, se and other confounding variables) arng

groups or cohort, or arng indi viduals exsed to vaious levels of the
agent in question, and arng control groups Ilt so exse. ldelly ths

is accoli shed directl y, by followg such groups fo:rd in ti (prosp-

tively) to detei:ne tii relationships, dose-response relationships and

other aspts of cancer induction. Lage cohorts an long observation

period are reqired ta provide sufficient cases for a statisticall y
valid comison.

An alterntive ta prospetive investigation is to assemle cohorts

fran past recrds and ta evaluate their suseqent rrrbidity or rrrtlity

by rrans of meical histories and deth ceficates. Such occuptional
carcinogen as nickel, ß-naphthy lame, asbestos and benzidie have ben
confirr by ths iæthod. Anther rrthod is to cce the past exsures
of a defined group of cancer cases with those of control caes fran th

hospital or general population. Ths does Ilt provide an abolute ræsure
of cacinogenic risk but ca indicate the relative risks associated with

different levels of expsure. The indirec ræ (e.g., interviews or
tissue residues) use to ræsure exsures mich may have coced may
yeas before ca constitute a major source of eror. Neverteless such
case-control studies ca often isolate one factor from several susted
agents. The carcinogenic effect of ths sutace could then be confirr

by cohort studies.

EXIA'TRY NJ CN TH MJNJHS

ln sections l, 2 an 3 of each rrnoaph, except for mior remks,
the data are recrded as gi ven by the author, whereas the ccts by the

Working Group are given in section 4, headed 'Cc:ts an Data Reported

and Evaluation' .

Chemcal and Physical Data (section 1)

The Chemcal Abstracts Registry SeiaI Numr and the latest Chcal

Abstracts Nam are recorded in this section, toether with other SY0nym
and trade nas.

Chemcal and physical proprties include, in paicuar, data tbt TIght

be relevant to cacinenicity (for exle, lipid solubility) and those
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tht concer identification. Where applicale, data on solubility,

volatility and staility are indicate. Data for whch no reference is

given are usually taken fra stadad reference boks such as the Merck

Index20 or the Handbook of Chemistry and Physics2 i. All chemca data in

ths secion refer ta the pue sustace, uness othi:ise spified.
Prcxuction, Use, Occuence and Anlysis (section 2)

The ultirte purse of this section is to give an idea of the extent

of possible hum exsure, and therefore data on prcxuction, use and
occurence are given men avalable. With regard ta the se data, !A ha
collabrated with the Staord Research Institute, USA, with the suprt
of the National Cacer Institute of the USA, in order ta obtain prcxuction

figues of chemcals and their pattern of us.

The Unite States, Euope and Japa are reasonaly representative
industrializedareas of the ~rld, and if data on prcxuction or use are

available fran these countries they are reported. It should not, havever,

be inferred that these nations are the sole sources or even the major

sources of any indi vidual chemcal.

Prcxuction data are obtained fran roth govertal and trade publi-

cations in the thee georaphic areas. Informtion on use and occuence

is obtained by a corehive review of pulished data, calerted by
direct contact wi th maufacturers of the chcals in question.

Since cancer is a delayed toxic effect, past us and prouction data
are also of imrtce. wi th respe to past and preset us and prcxuction,

regatory actions in sa countries are rætioned as exles onl y .
Statets concerng regations may Ilt reflect th rrst ret situation,
since such legislation is in a constat state of chge; nor should it
be taen ta imly tht other countries do not have simlar regations.

ln the cases of drgs, rætion of th therapeutic uss of such chemcas

does not necessaril y represent presentl y accepted therapeutic indications,
nor does it imly judgert as to their clincal efficacy.

It is hope that in future revis ions of these rrnogaphs, rrre inor-

mation on prouction an us ca æ made available to !A frou other

countries.
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Biological Data Relevant to the Evaluation of Cacinogenc
Risk to Ma (section 3)

As pointed out earlier in ths introduction, the m::mogaphs are not

intended to consider aIl reported studies. Althugh every effort wa made
to review the whole literature, soi studies were pursely antted (a)

beause of their inadeqcy, as judged from previously describd criteria22-25

(e.g., tao short a duration, ta few anins, fXr suival or ta smll a
dose) i (b) because they only confii: findigs which have already be
fully describ¡ or (c) because they were judged irrelevant for the purse

of the evaluation. Hawver, in cert cases, reference is made ta studies
which did not met estalished criteria of adeqacy, pacuarly when this
info:rtion was considered a useful supplemt to other reports or when i t
may have been the only data available. Ths dos not, h:ver, inly

acceptace of the adeqacy of exrirtal design in these cases.

ln general, the data recorded in this section are surized as given
by the author¡ however, certain shortcomgs of reporting or of exri-

mental design are also rætioned, and minor cats by the Working Group

are gi ven in sqare brackets.

The essetial conts by the Workig Group are made in section 4,
1 Coimnts on Data Reported and Evaluation' .

Carcinogencity and related studies in animIs: Metion is usually
made of all routes of adnistration by which the ccund has been teste
and of aIl speies in which relevant tests have be caied out. ln rrt

cases the anl strains are given¡ general characteristics of noli strai

have be reported in a rect review2 6 . Qutitative data are given in sa
far as they will enable the reader ta realize the order of magnitude of the

effective doses. ln general, the doses are indicated as they app in the
original pape ¡ sartims conversions have be made for better caiso.

oter relevant biological data: Th reporting of rrtalic data is

restricted to studies showing the rrtalic fate of the chemcal in anls

and ma. Compison of anl and hum data is made when possible. Oter
metalic inonntion (e.g., absorption, starage and excretion) is given
when the Working Group considered tht it v;uld enle the reader ta have
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a better understaing of the fate of the a:und in the l:y. When the

carcinogencity of knaw rrtalites has reen tested, this also is reported.

Sarr LD 's are given, and other data on toxicity are included, if
50

considered relevant.

Mutagenicity data are also included, and the reasons for including

such data and the principles adopte by the Working Group for selection of

the data are outlined below.

May, but not aIl, mutagens are carcinogens and vice versa; the exact

level of correlation is still uner investigation. Neverteless, practical
use may be made of the available mutagencity test procedures tht coine

microbial, malian or other animl cell system as genetic tagets wi th
an in vitro or in vivo iætalic activation system. Th results of
relati vel y rapid and inexsi ve mutagenici ty tests on non-hmr organsr
may help ta pre-scree chemcals and nay also aid in the selection of the
Ilst relevant animl spies in which to ca out long-term carcino-

genici ty tests on these chercals.

ln seeng to mae predctive use of, and to provide an exlanation
for, the observed correlation betwn cacinogenci ty and mutagenici ty ,

the ul tite goal is ta detect genetic changes in the CXlete range of

cell typs in hmrs; but ths is not attainable at present.

The role of genetic alterations in chercal carcinogenesis is not

kn, an therefore consideration rnt be given to a variety of changes.

Although nuclea DNA has be defined as the nain cellular taget for the

induction of genetic chages, other relevant tagets have ben reczed,
e.g., mitochondial DNA, enzys involved in DN sythsis, repair and

recination, and the spindle appaatus. Tests to detect the genetic

activity of chemcals, including gene mutation, strctural and nurrical

chrarso chages an mitotic recanintion, are available for non-hmr
irels; but not aIl such tests can be applied at present to hmr cells.

There are may genetic indicators and rrtalic activation system

available for detecting mutagenic activity; they all, hover, have

individua advantages and limtations. ldelly, an appropriate mutagenicity

test system would include the full rrtalic ootency of the intact hmr.
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Since the developrt or application of such a syste appars te be ÍIssi-

ble, the conclusion ha ben reached tht a battery of test system is neeed

in order to estalish the mutagenic potential of chemcals.

Since m:y chemcals reqre rrtalism to an active fo:r, test

system which do not tae ths into account rry fail to reveal the ful

range of genetic dage. Furernre, since sa reactive rrtalites

with a limted lifespa rry fail to reach or to react with the genetic

indicator, ei ther beause they are furr rrtablized to inctive couns
or beuse they react with other cellular constituets, mutagencity tests
in intact anls rry give false neative results.

It is difficult in the present state of knowledge to select spific

mutagenici ty tests as being the IIst appropriate for the pre-screeing of

substaces for possible cacinogenc activity. HONever, greater reliance

may be place on data obtained fran thse test system 'Wich (a) ¡::rt th

identification of th nature of induce genetic chges, and (b) denstrate
that the changes are tranST tted to subseqent generations. Mutagenici ty

tests using organisms tht are well-understo genetically, e.g., Escheri-

chia coii~ Salmonella typhimuriwn~ Saccharomyces and Drosophila, rret these

reqirennts.
Although a correlation has ofte be observed betven the ability of a

chemcal to cause chrarsar breakge and its ability to induce gene muta-

tion, data on chromsoml breakage alone do not provide adeqte evidence
for mutagenicity, and therefore lesser weight should be given to pre-screeing
that is based on the use of peripheral leucoe cultures.

Because of th canlexty of factors that ca contribute to reproductive

failure, as weil as th innsitivity of the rrthod, the dominat lethl
test in the mal dos not provide reliable data on mutagenici ty .

A large-scale systemtic screeing of counds to assess a correlation
betwen mutagenici ty and cacinogenicity has sa far ben caied out only

wi th the bacterial/malian Ii ver microsor syste. Notwi thstading the

dernstration of the mutagenici ty of imy know carcinoens to Sa lmone L la

typhimurium in the presence of liver microsoml syste, the possibility

of false-negative and. false-positive results mut not be overlooked.
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False negatives might arise as a conseqence of mutagen spcificity or

from failure to achieve optiml conditions for activation in vitro.

Altertive test syste must be used if there appear te be substatial

reasons for suspeting tht a chemcal which is appaentl y non-mutagenic

in a bacterial test system may nevereless be rntetially cacinogenic.
Conversel y, SOIT chemcals found to be rrtagenic in ths test may not in

fact have mutagenic activity in other system.

For nore detailed informtion, see references 27-34.

Observations in na: Case rernrts of cancer and epidemological

studies are sinized in this section.

Ccrts on Data Rerted and Evaluation (section 4)

This section gives the critica view of the Working Group on the data

reported. It should be read in conjunction with the 'Geeral Remks on
the Substances Considered' .

Animl data: The anim species rætioned are those in which the
carcinogenicity of th substaces was clealy dernstrate, irrespective of

the route of administration. ln the case of inadeqte studies, when

irntioned, cots to tht effect are included. The route of admnistration

used in exrintal animIs that is simlar to th possible hum expsure

(ingestion, inalation and skin expsure) is given paticular ITntion. ln

nost cases turur si tes are also indicated. Exri.ts invol ving a rnssi-

ble action of the vehicle or a physical effect of the agent, such as in

subtaneous injection or bladder imlantation studies, are also rrntioned;
however, the resul ts of such tests reqire caeful consideration, paicu-

larly if they are the only ones raising a suspicion of cacinogenicity. If
the substance has produce tUIurS on pre-natal expsure or in single-dose
exri.ts, this is also indicated. Ths subsection should be read in

the light of cots made in the section, 'Animl Data in Relation to the

Evaluation of Risk to Ma' of this introduction.

Hum data: ln sor cases, a brief stateit is made on the possible

expsure of na. The signficace of epidemological studies and case

rernrts is discuse, and the data are interpreted in ternof possible

hum risk.
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GEN RE Ül TH SUTAS CONSIDER

New data concerng cadmum and nickel and their salts were considered,
and the existing m:mographs (IA, 1973) on these substaces have ben

updted .

Most of th epoxides considered in ths volur have corcial uss,

and sar are found in maufactured naterials, fcx and air. 'I epoxides

which occu naturally, fusarenn-X and cis-9, lO-epoxystearic acid, are
also included. There is increasing doctation concerning th general
chemcal and biological reacti vi ty of epoxides, al though for sarr of them
the carcinogenicity data are inadeqte for evaluation. Epxy resins and
epoxidized vegetale oils are considered in these general remks and Ilt
in specifie ffnographs because they are of vaiable casition.

Oter substaces were selected for consideration because of their
indus trial imrtce and because they were suspeted of being carcinogenic

(Le., benzyl chloride, ß- and y-butyrolactone, dinitrosopentarthylene-

tetrame, l, 4-dioxae, ethy lene sulphide, trichloroethy lene and 4-viny 1 -

cyclohexene) .

Volatile anaesthetics are considered because of two epidemological

sureys which indicate a cacer risk anng peple WJrking in oprating
theatres; however, insufficient exr.Ital data on the carcinogencity

of ffst of the anaesthetics (halogented hydrocarbons or halogenated

ethers) were available. Thus, the section 1 Geeral Considerations on

Volatile Anesthetics 1 includes a discussion of the cacer risk associated

with these conp::mnds. A separate rrnograph was prepared for trichloro-

ethy lene, since i t is also widel y used as an indus trial sol vent.

The WJrkig Group also considered sarr other substaces (bis (2-chloro-
isopropyl) ether, but Y 1 -cis-9, lO-epoxystearate, 4-chloro-ortho-toluidie,
chloroprene, nivalenol, styrene, tetrachloroethylene, ortho-toluidine and

vinylidene chlorideJ. Monographs on these sustaces are not included in

ths volur, howver, since the available anl and/or hum data were

insufficient for a prop consideration and since th Working Group was

awae of an an epidemological studies in progress on sor of these
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substances. ln the light of such new data future Working Groups will

reconsider the se canunds. ln this context the Working Group exressed

concern over the long delay that sortirs occus in the publication of

imrtt resul ts.
Epxides

Data on purity are lacking for so of the se substances; sa indi-

cation of possible contamants can b2 obtained froID rrthods of synthesis.
Because of the 10w staili ty and high reacti vi ty of certan of these

counds, knowledge of their fate ln test rrdia is essential for assessing
their various biological effects.

No details of rrthods of analysis for certin spific epoxy counds
inc1uded in these rrnographs were available to the Working Group. Since
most of these substaces are volatile, however, gas chromtogaphy ca b2

emloyed for their deterrnation. Colorirtric determnations by the

measurernt of periodte oxidation products (Mishmsh & Meloa, 1972) and

of reaction products wi th 4- (4' -ni trobenzy 1) pyridine (Preussm et al.,
1969) are also applicable. Analytical rrthods for a numr of epxy
comunds were given by Fishbin & Falk (1969).

The occurrence of epoxides in air has b2en reviewed (NA-NR, 1976);
they can be fonn metalically by microsomal rrno-oxygenases from aromtic

or olefinic precursors (Daly et aL, 1972; Oesch,1973; Sim & Grover,
1974) .

Hendr et al. (1951) and Van Duuren et al. (1967) discused the

relationship betw carcinogenicity and chemcal structure of these

counds.
Some epoxides react irreversibly with cellular mccrorrlecules (Grover

et al., 1971; Lawley & Jarm, 1972). Microsoma1 epoxide hydrase con verts
epoxides into dihydrodiols (Daly et aL., 1972; Oesch, 1973; Sim & Grover,
1974); cytoplasmc glutathione S-epoxide transferases convert them into
glutathione conjugates (Boyland & Chasseaud, 1969; Fjellstedt et al., 1973;

Jerina et al., 1970a). Dihydrodiols are subseqently converted by cytoplasc

dihydrodol dehydrogenase into catechols (Ayengar et al., 1959; Jerina

et al., 1970b), which are furer converted oJ catechol O-methyltransferases
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into guaiacols (Oesch, 1973). Both diydrcxiols and catechols are conjugated

to form glucuonides and sulphates. The glutathione conjugates are converted

by several steps into rærcapturic acids (N-acetylcysteine conjugates) (Boland

et al., 1961). Glucuonides, sulphates and rrrcapturic acids represent the

major urinary and biliary rrtablites of epoxides.

ln addition to these enzymtic reactions, epoxides can undergo spon-

taneous rearrangernts: arene oxides rearrange to phenols by the 'NIH-shift'
(Daly et al., 1972). Rearangert of chlorinated alkene oxides wa suggested

to occu during the metablism of trichloroethylene (Pcwll, 1945), and such

rearangemts occur with several chlorinated ethylene oxides (Banse et al.,
1975; Gross & Freibrg, 1969).

The relationship betwn chemcal propeies and biological effects of
epoxides and other alk lating agents has æen reviewed (Sawicki & Sawicki,

1969; Weil et aL. 1963; Wheeler, 1962). Biological activity appears to be
associated with their reaction with nucleophilic sites in cellular comp:ments,

such as proteins and nucleic acids. Bifunctional alklating agents (e.g.,

diepoxy cOIunds) may inactivate DNA telates by formtion of interstrand

cross-links which cause inibition of DNA sythesis and toxic effects (Van

Duuren & Goldschmdt, 1966). Ths ty of interaction and their greater

effect on rapidly dividing cells form the basis of the use of certain epoxy

co:runds as anti -cancer drgs.

Soræ er:xides have æen shaw to have radiOItic acti vi ty; they
also cause central nervous system depression (particularly of the respira-

tory centre), irritation of skin and mucous rrranes and skin sensitization.

Due to their alklating properties, :my epoxides have shaw mutagenic

activity in a minibr of biological system. Th majority of these studies
have been perfonn wi th bacteria. MJst of the chages to DNA caused by

the se cO:runds prcxuce base-pair substitutions which gi ve rise to geneti-

cally transmssible alterations.

Er:xy resins and epoxidized vegetable oils

Only che:cally well-defined epoxy co:runds are considered ID these

Ilnogaphs, but any account of the cacinogenic risk of er:xides to :m

would be incclete wi tliout consideration of two classes of epoxide-containing
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rnterials, nal y, epoxidized vegetale oils and epoxy resin. Thse
rnterials are prcruce in large quti ties , so that peple ca be expsed
during bath their maufacture and use.

Epxy resins

Of the may different materials used to prcruce epoxy resins, those
rnde from epichlorohydrin and bisphenol-A (diplylol propae) accounte

for approxitely 90% of the 113 million kg of all unfied epoxy resins

prcruce in the US in 1974 (The Soiety of the Plastics Industry, Inc.,

1975). ln cormrcial applications these resins are converted to cued
resin (using catal ysts or reacti ve hadeners) by cross- 1ining reactions

which convert essentially aIl of the epxy groups to other strctures and

yield resins with the desired physical properties. Alxmt half of the

arunt prcruce in the US in 1974 was us in protecti ve cotings. Thy

are also used for fibre-reinforced lamates, floor coverings and adhesives,

soi of which are sold for use by the public.

An uncued epoxy resin (average rrlecular ~ight, 300), deri ved from

an aliphatic diol an epichlorhydrin, was tested in male C3H rmce by skin

painting on the clippe na.i of the nek with a 5% solution in acetone.

Of 13 mice given thice wely applications, 4 develope sgus-cell

carcinoms of the skin; in 20 mice given once ~ly skin pantings, 1

sarcoma at the site of application was sen. This prcruct also produced

locl sarcos in 9/23 male Long-Evan rats given 3 s.e. injections of a

10% solution in propylene glycol at ~kly intervals. Anther epoxy resin,

based on bisphenol-A and epichlorohydrin (average rrleclar weight, 350),

did not produce skin tururs in male C3H mice men applied thice v.l y

as a 5% solution in acetone. ln male Long-Evan rats, local sarco

occured in 4/16 animIs given 3 s.e. injections of the resin as a 50%

solution in propylene glycol at ~ekly intervals. The animIs in all

exprimts were observed for 2 years. No tUIurs occured in 30 vehicle-
treated control mice and rats (Hine et a i., 1958).

Epxidized vegetable oils

Epxidized soya bean oil, the rrst imrtant of the COrciall y

epoxidized vegetale oils TUS production was 46.5 million kg in 1974 (US
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Interntional Trade Canssion, 1975) J, is used at levels of 1.5-3% in resin
for rny polyvinyl chloride (PVC) fonnlations as a heat and light stabilizer.

It is used at higher concentrations as a plasticizer in PVC fonnlations

occuring in such products as autorbiles, fuiture, floor cnverings,

packaging film and coatings for wire.

Exri.nts invol ving chronic feeing of epoxidized soya bean oil to

C57 black mice have ben reported (Kotin & Falk, 1963) but v.re indeqate

for eva1uation. cis-9, 10-Epxystearic acid, a a:mstituent of epoxidized

linsee oil, is considered in a sepaate irnograph.
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CA AN CADHIUH COHPGJNDS*

Cadmum and cadmum ccunds \ære first considered by an IA Working

Group in 1972 (IA, 1973). Since that tir new data have beca available,

and these are included in the present ITnogaph and have be taen into

consideration in the evaluation.

A general review of cadmum and its ccunds has ben published

(Fulkerson et aZ., 1973), and a \"JO Envirorital Health Criteria Dont
is in prepaation.

1. Chemcal and Physical Data

1.1 Syonym, trade nas and fonnae

Table L

(Chemcal Abstracts nas are underlined.)

Chemcal Nar Cher. Abstr. Synonym FormlaReg. SeriaI No.

Cadmum 7440-43-9 C.L No. 77180 Cd

Cadmum acetate 543-90-8 Acetic acid, cadmum salt; Cd (æ3co) 
2 

C.L No. 77185

Cadmum 513-78-0 Carl::mic acid, cadmum salt CdC03
carl::mate (1: 1) ; cadmum rrnocar-

bonate; otavi te
Chemarb

Cadmum 10108-64-2 Cadmum dichoride CdC12
chloride

Cadmum flua- 14486-19-2 Borate, (1-) tetrafluoro- , Cd(BF 4) 2
borate cadmum salt (2: 1)

Cadmum fluo- 7790-79-6 Cd2
ride-

*Considered by the \.vorking Group, Decer 1975
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Caum rrl yb-
date

13972-68-4

Cadmum nitrate 10325-94-7

Cadmum oxide 1306- 19-0

Caum Sl1-
phate

10124-36-4

Cadmum sul-
phide

1306-23-6

M:l ybc acid, cadmum
salt (1:1)

Nitric acid, cadmum (2+)
salt (1:2)

Sulphuric acid, caum
salt (1:1)

Aurora yellow; cadrpur
golden yellow N;
cadrpur yellow;
C.L tb. 77199;
C. 1. pigrt orange 20;
C.L pigrt yellow 37;

greeockite
Capsebn

Cd 4

Cd (N03) 2

CdO

CdO 4

Cd

1. 2 Chemcal and physical praprties

Physical properties of the cadmum caunds considered in ths
rrnogaph are given, when available, in Table IL Additional inonntion
on solubili ty is gi ven below.

Cadmum metal - soluble in dilute ni tric acid and in sulphuric acid

Cadmum acetate - very soluble in water and soluble in rrthol

Cadmum carlxmate - insoluble in water (Schiler, 1967), soluble in

acids, arnium salts and potasium cyanide

Cadmum chloride - soluble in water (140 g/lOO nù at 200C; 150 g/lOO nù at

1000C) and slightly soluble in irthl (1. 7 g/lOO nù at 15. SoC) an ethol
(1. 5 g/lOO nù at 150C); it fonn hydrates contag l, 2.5 and 4 rrlecules

of water, respeti vel y .

Cadmum fluoborate - exemly hygroscopic and ver soluble in. water
and 95% ethol (Stacey et al., 1960)

Cadmum fluoride - soluble in hydrogen fluoride (0.2 g/lOO g at 14.20C)

(Jache & Cady, 1952) and in water (3.5 g/100 nù at 250C) (Pascal, 1959)

Cadmum rrlylte - slightly soluble in wate and soluble in acids,

aImum hydroxide and potassium cyande

40



Table II a

Chercal Nam
Atac/rrl. Mel tig- Boiling-

Ci:stal system
Desi ty Refracti ve index

weight point C point C g/ an 3
~o

Cadmum 112.40 320.9 765 hexagonal, 8.64220 1.8 at 578 mu
c

sil ver-whi te
metal

Cadmum acetate 230.50 256 2.341

Cadmum caroonate 172.41 trigonal, whte 4.2584~er
Cadmum chloride 183.32 568 hexgonal, 4.04725 1.65 at 589.3 mu

colourless

Cadmum fluoride 150.40 1758 cuic, whte 6.33 b 1. 56 at 589.3 ri

Cadmum molybdte 272.34 ye110w plates 5. 347

Cadmum nitrate 236. 41 350 c010urless solid 2.45 d

Cadmum oxide 128.40 900 (dec.) 1559 (subI.) cuic, brow 8.15 2.49 at 670.8 ri

Cadmum sulphate 208. 46 1000 rhomic, white 4.691~0

Cadmum sulphide 144. 46 1750 at 980 (suL. hexgonal, 4.82 2.506; 2.529 at

100 atm in N2) yellow-orange 589.3 mu

.tl-

a Data fram Weast (1975) unless otherwse specified

b From Haendler & Bernad (1951)
c From Lym (1961)
d From Pascal (1959)



Cadmum nitrate - very soluble in wate (109 g/lOO ml at OOCi 326 g/

100 ml at 600C; 682 g/lOO ml at 100oC) (Weast, 1975)

Cadmum oxide - insoluble in wate and alklis but soluble in acids

and solutions of arnium salts (Greee, 1974)

Cadmum sulphate - soluble in water (75.5 g/lOO ml at OOC; 60.8 g/lOO ml

at 100oC) (Weast, 1975) but baely soluble in rrthol and ethol (Pascal, 1959)

Cadmum sulphide - soluble in acids and in ainium hydroxide (Greee,

1974) but baely soluble in water (0.00013 g/lOO ml at 180C) (Weast, 1975)

1.3 Technical prcxucts and imuri ties

Tentative speifications for caun rrtal issued in 1966 by the

Airica Society for Testing and Materials (US Bureau of Mies, 1970) made

the follCMng reqirernts:

Elemt Percetage

Cadmum (by difference), miim
Zinc, maim
Coppe, maimum

Lead, ma
Tin, maimum

Silver, ma
Ant:iny, ma
Arsenic, maum
Thallium, ma

99.90

.035

.015

.025

.01

.01

.001

.003

.003

Cadmum spnge when disptched to cutars has a rristure content of

aOut 25%when packagec in bags and 35% when packged in dr. Even with

ths precaution, substatial oxidation occus, and tyical cadmum cnntents

on a dr basis are 86% in bags and 92% in dr. A pure fonn of cadmum
for electronic uses contains 0.001% or less of imurities.

Cadmum acetate is usually available as the hydrate Cd (æ3co) 2.2H20

in techncal or reagent grades.

Cadmum caroonate is available in a cocial grade whch has a puri ty

of aOut 98%, lead, zinc an iron being present as imurities. Higher

purity grades are available for special applications.
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Conncial cadmum chloride is a mixture of hydrates that approximtes
to the dihydrate (CdC12.2H20). Th c:rcial grade of cadmum chloride

available in the US typically contains abut 51% cadmum and 0.005% each of

iron and copper. There are higher puri ty grades available for spcialized

applications such as photographic chemcals and phosphors.

Cadmum nitrate with a purity greater than 99% ca be obtained;

typical imurities are chloride (0.005%), sulphate (0.005%), copper

(0.005%), iron (0.002%), lead (0.005%), zinc (0.05%) and arsenic (0.001%).

The conmrcial grade of cadmum oxide available in th US has a

reported purity of 99.7%, with lead and thllium as detectale imurities.

Conmrcial grade cadmum sulphate reportedly contains abut 49.5%

cadmum; the theoretical cadmum content of Cd 4 is 53.5%.

Because cadmum sulphide and cadmum sulphide-containing rrterials

are use principally for their physical properties rather th for their

chemcal ones, the usual ræsures of prcxuct grading are seldcm used.

Although the corrcial grade of cadmum sulphide, when Ilt otherwise

speified as a pigmt or a phosphor, tyically contains 98.8% cadmum

sulphide and 0.7% cadmum sulphate, rrst prcxucts in which it occus are

more complex. Thus, cadmum yellaw pigrnts are cadmum sulphide-zinc

sulphide mitures; cadum lithopone pigmts are coprecipitates of
cadmum sulphide and barium sulphate; cadmum sulphoselenides are vaied

miures of cadmum sulphide, cadmum selenide and selenium sulphide;

and the so-called rærcadium pigrnts contain rrrcuic sulphide in coina-

tion with cadmum sulphide. The cadmum sulphide used in phosphors is
usually a nùture with zinc sulphide and contains trace arunts of acti-

vators such as sil ver, copper or nickel.

2. Prcxuction, Use, Ocrence and Analysis

For imrtant background infomition on ths section, see pream1e, p. 19.

2.1 Prcxuction an us

Cadmum: The principal sources of cadmum are the sintering of flue
dusts and the roasting of zinc ores. Sa cadmum rrtal is also recovered
as a by-prcxuct of the purification by distillation of slag zinc.
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World production of cadmum was abut 16.5 million kg in 1970 and had

increased to 17 iillion kg by 1973 (Hagu, 1973; Teorte, 1973, 1975).

us production in 1973 was 3360 thousa kg (Hagu, 1973).

Caada, Japa, US, USSR an Zaire accunte for 74% of the world
production in 1965. oter countries with appreciable production include

Australia, Austria, Belgium, Bulgaria, Federal Republic of Gey, France,
Ge Deatic Republic, Honduras, Irelan, ltaly, Meico, Th Netherlands,
Norwy, Peru, Poland, Spain, SWen, Yugoslavia and Zamia (Fairbridge, 1974;
US Bureau of Mines, 1975).

ln 1973, US Í1rts of cadum rrtal ~re 1. 76 million kg and of
cadmum ore and flue dust, 793 thousan kg. ln the sa year, US exrts

were 139 thousa kg (US Bueau of Mies, 1975).

Ded for cadmum in the US ha averaged 5.67 million kg over the
last few yeas and has be us in the follCMing ways: 49 % in rrtal
plating, 18% in plastics stailizers, 14% in pigmts an 19% in miscella-

neous uses (nickel-cadmum batteries, alloys) (Bureau of National Affairs,

Inc., 1975).

Nearly aIl cadmum electroplating is caried out in baths formated

fran cadmum metal and cadmum oxide dissolved in a scxium cyanide solution,
using a cadmum anode. The bath provide abut 20% of the total amunt of

cadmum used in electroplating; the rrtal anodes account for the raninng

80% . The most imrtat applications of this electroplating are in autarti ve

and aircraft pats, electronic pats, maine eqipnt and industrial machi-

ner. Cadmum electroplate, primily on steel, is suprior to tht of zinc

in providing resistace to corrosion. A general review of cadmum electro-

plating is given by Walker (1974).

The next largest use for cadmum lS in the production of caum
canunds tht serve as stailizers for plastics. Th IISt carm::m staili-
zers are mixtures of cadmum and baium salts of long-chain fatty acids.

Another use of cadmum is in the prepaation of cadmum sulphides,

cadmum selenides and mitures containg these salts for use as pigmts

(including phosphors). The phosphors reqe very pue staing materials,

an cadmum oxide is preferred as the cadmum source.
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Cadmum is used as the neative electrooe in nickel-cadmum storage

batteies found in industrial eqiprt, rrtor vehcles an may recharge-

able household and bianical appliances.

Cadmumcontaing alloys are us for bearings where the high sps
and tanatues are excessive for tin or lead alloys. Such bearing alloys
contain abut 99% cadum in cainations with nickel, silver and/or cor.

Cadmum alloys used for soldering alumium contain 10-95% cadmum, with

zinc or silver as the other elemts. lo-rælting alloys of cadmum exmtain

8-40% of ths meta in caination with bisrth, indium, tin and/or lead,

and these aiioys are used in a variety of applications (e.g., fire-protection

fusible lin, fusible cores for foun Ilulds, holding irregar pas
for machiing, beding pipes and th sections, soldering and sealing).

Oter uses of cadmum tht consur IIor qutities include alloys

for neutron shields and control ras for nuclea reactors. Sp:mgy cadmum

is used in the labratory for the detention of nitrate.
Cadmum acetate: Ths ccund ca be prepaed by treating cadmum

nitrate with acetic anydride (Steher, 1968).

It is used to proouce iridescent effects on porcelains and pottery

an as a reagent for detennation of sulphur, selenium and tellurium

in cadmum electroplating (Stecher, 1968). It is also used in dyeing and

printing textiles and in the purification of rrrcaptas fran cre oils
and gasolines (Greene, 1974).

Cadmum calxmate: Cadmum caronate ca te prepaed by absorption
of carbon dioxide in cadmum hydroxide solution, and this is telieved to

be the main camrcial process.

Its major use is believed to te in fungicides. Caum carbonate is
applied as a lawn and turf fungicide in concentrations of 3.0 and 5.3% as

a wettale pcer in comination with organic fungicides. The next Ilst

significant use is in the prepaation of high-puri ty, speialized chemcals
such as phosphors.

Cadmum chloride: The chloride is made by dissolving cadmum

metal in hydrochloric acid and evaporating to dress in a strea of
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hydrogen chloride gas or by dissol ving cadmum oxide or cal:x:mate in
hydrloric acid.

It is believed tht pesticides are the largest single use of the

ccmcial grade and tht higher purity cadmum chloride is used increas-

ingly in photoraphic rnterials and phosphors. It is used in non-pature

turf fungicides.

Minor uses for the chloride include i ts applications in dyeing and in

caliccprinting of textiles, in the maufacture of the:iionic emssion
cotings for electronic vacuum tubs, as a lubricant ingredient and in the
maufactue of speial mirors.

Cadmum fluobrate: Ths caund 1S prepaed fran aqeous solutions
of fluoboric acid and cadmum iætal, cabonate or oxide; it is the hex-

hydrate fonn (Stacey et aL., 1960). Conventional rrthods of deydration

result in patial hydrolysis of the fluoborate ion and loss of volatile

acidic comnents. It is more convenient and economical to supply 40-50%

aqueous solutions (Halbel, 1966).

Solutions of cadmum fluoborate are used in electroplating of

iætas.
CadmlI fluoride: Caum fluoride ca be prepared by the reaction

of cadmum carbonate with hydrofluoric acid. Its chaacteristics are

simlar to those of zinc fluoride, for which it rny be substituted in certain

phosphors. It is us as a glass ingredent and in nuclea reactor controls.

Cadmum molyl:te: The molylate foi: when a solution of cadmum

nitrate is treate with an alline rrlyl:te solution (Sne & Braste,

1955). No inforntion was available cx:mcemin its ccmcial uses.

Cadmum nitrate: Cadmum nitrate ca be prepaed by reacting cadmum

oxide with nitric acid. It fonn l:th a diydrate and a tetrahydrate. The

tetrahydrate, whch is the major cxcial fonn, is used principally in
the maufacture of nickel-cadmum batteries. It has also ben used as a

turf fungicide.

Cadmum oxide: Ths ccmix:mnd is made CXciall y by distilling cadum

iæta fra a graphite retort and allawg the vapour to react wi th air.
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Electroplating appars to be the largest use for cadmum oxide. Oter
imrtt applications are in the rnufacture of cadmum electrodes for

alkaline storage batteries and in the sythesis of other cadmum salts.

Cadmum sulphate: The sulphate is m::ide CCrcially as 1:th the

anydrous (Cd04) and th hydrate salt (3Cd4.8H20). Th usual car-

cial production of these materials invol ves dissolution of the rrtal,

oxide, car1:nate or sulphide in sulphuric acid with subseqent coling or
evaporation to precipitate the salt. Cadmum sulphate is also made as an

intei:iate in th recovery of cadmum fran zinc ore.

The principal uses of cadmum sulphate are in the rnufacture of cadmum

salts of long-chain fatty acids used as stailizers for plastics (espeially

polyvinyl chloride) and in the rnufacture of cadmum suphide pigmts
(including phosphors), of cadmum li thopone pigrnts and of cadmum sul-
phoselenide pigrnts. Its use in mecinal prepaations has be discon-

tinued ewing to i ts toxici ty .

Cadmum sulphide: Cadmum sulphide iS produced conncially by the

reaction of hydrogen sulphide gas with a cadmum salt (usually cadmum
sulphate) .

.Ast aIl of the cadmum sulphide produced in the US is used in pig-

ræts (including phosphors). These pigrnts, whch range in rolour fror

yellew to deep maoon, are used principaly when æat staility (e.g.,

in plastics, coloured vucaized ruber and sor epoxy resin), alkli

resistace (printing inks) and resistace to hydrogen suphide blackening

(paints and artists 1 colours) are neeed. Oter rrterials for which cadmum
sulphide pigits have be found useful include glass, ceramcs, textiles
and pape.

The principal phosphor use of cadmum sulphide ls in cathode-ray tub

screes. Minor qutities are used ln a variety of applications tht beefit
fror the low energy levels reqired to obtain visible light froID this chemcal.

Phosphorescent tapes and makers, watch and instrt dials, interior

decorations and theatrical effects are conmn uses. It is also used in

X-ray fluorescent screes and lxy teature gradient detectors.
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Cadmum sulphide has be us as the active ingredent of shans
designed for use in the treatmt of sebrrhoeic dermtitis of the scalp.

2.2 Occuence

Reviews of the occuence of cadmum in the enviro:it have ben

published (Fribrg et aL., 1974, 1975; Organization for Ecnanc Coopea-
tion and Developnt, 1975).

Natural envirornt: Cadmum is a relatively rare eleit in the ea' s

crut. Greenocki te (caum sulphide) is the rrst cen of i ts mineraIs,
and i t can be found in weathered ores as otavi te (cadmum cabonate) . ln
bath fonn i t is associated wi th zinc and lead-zinc ores and is recovered

as a by-product in their refining. Oter llneals that conta cadmum

are hawleyite, Cd; xanthoite, Cd (H20) x; cadrselite, Cde; and
monteporrite, CdO (Fairbridge, 1974). Trace quantities of cadmum are

also found in coals and oils.

Air: Cadmum can enter the air fran a variety of maufacturing opera-
tions tht involve either cadum itself (e.g., production of ooppe-cadmum

alloys) or zinc tht contains cadmum as an llurity (e.g., srlting opea-

tions, galvanizing of steel). Cadmum ca also enter the atrsphere when

cadmumplated scrap steel is ranl ted or fran the incineration of waste
plastics containig cadum stailizers and pigmts. Srlting operations

reportedly account for 87% of erssions to air, remlting of cadmumplated

steel for 9% and incineration for onl y 4% (Bureau of National Affairs, Inc.,

1975) .

Cadmum oxide and cadmum sulphate ca also be found in atrspheric

emssions fran thenl processes involving cadmum.

ln rual areas cadmum concentrations in amient air are generally bela.

3 ngjrn3, but in large cities the yealy average may be up to 50 ngjrn3. ln

the vicinity of cadumemtting industries wely or rrnthly ræs of abut
500 ngjrn3 have be recorded (Fribrg et al., 1974).

Cigarette srke: Deteations of cadmum in cigarette tobacco

indicate a level of 1. 7 llg per cigarette. As IIch as 10% of the cadmum

may pass into the mainstrea srke (Szadkawski et aL., 1969). For a heavy
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siker this could add signficantly to the daily cadmum intae: it is

estimted tht sikers who inle 20 cigarettes per day accuate 0.5 mq

cadmum in one year (i.e., abut 1.5 llg/day) (Leis et al., 1972).

Occupational exsure: Exsure to cadmum has been high in the

pat: cadmum concentrations of several milligram per m 3 of air ~re

report (Fribrg, 1950; Petrovic & Kalemr, 1969; Petrovic et al.,

1968; Taraseno & Vorobjeva, 1972). ln recent years, possible imrove-
rrnts to the working environmt have ben propsed in order to reduce
exsure, and Piscator et aL. (1976) reported that in the accuator
factory studied by Fribrg (1950) preset air concetrations of cadmum

are abut 0.04 mg/rn 3 .

The concentration of cadmum oxide in the pre-rruld depat of a

srrlter ranged frcr 0.074-0.09 ng/m3, and 1.1 ng/rn3 were foun in the

retort depatrt (Le et al., 1976). Cadmum sulphide has also be

found as a contaant in working atnspheres, at concetrations generall y
less than 0.1 mg/rn3 (Harada, 1973). Concentrations of 0.08-25 mg/rn3

cadmum sulphate have been reported in the USSR (Tarasenko & Vorobjeva,

1972) .

Water: Cadmum ca enter surface waters frcr natural sources and
frcr a variety of maufacturing operations that involve either cadmum

itself (e.g., electroplating for corrosion protection) or zinc that

contain a cadmum imurity (e. g., galvanizincj of steel). It ca enter

the aqueous envirorit when spet solutions frcr plating oprations are

discaded. Ore tailings and washings frcr the production of refined
cadmum rrtal are also potential sources of cadmum in riby surface

waters. Another source is the application of phosphate fertilizers,

whch have be found to contains traces of cadmum.

The level in non-polluted city water is less than 1 ¡Jjl, but, as a

result of industrial dis charge and of the use of rrtal or plastic pipes, this

level may increase to 10 llg/l (Fribrg et aL., 1974). It has be reported

(Yamgata & Shigeitsu, 1970) tht in polluted rivers cadmum is often

undetectale in th water itself but that high concentrations ca be found
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in bottan sedirts. Cadmum salts, such as cadmum cabonate, cadmum

chloride and cadmum sulphate, ma.y appear ID surface waters as a result of

ru-off from industrial processes.

Sail an uptae in plants: In non-pollute areas, cadmum concentra-

tions in soil are generally t.low 1 llg/g¡ whereas in polluted areas in

Japa, concentrations of 1-70 ll have r.n found in rice fields (Fribrg

et aL., 1974). Bath superphosphate fertilizers and sewage sludge used as

fertilizer may add considerable quantities of cadmum to soil. 'l i.r-

tat footuffs, wheat and rice, have r.n shaw to have increased uptaes

of cadmum when graw in soil containing large anunts (Fribrg et al.,

1974) .

Sources of soil pollution by cadmum have r.n estimted as follows:

remlt steel operations (25%), stabilizers (24%), pigrts (18%),

batteries (6%), alloys and miscellaneous uses (12%), sewer sludge landfill

(8%), sewer sludge incineration (3%) and solid waste incineration (4%)

(Bureau of National Affairs, Inc., 1975).

Air, water, soil: The relative significance of sa of the abve
applications in the US in 1968 has bee estite (Fulkerson et al.,

1973¡ US Environrntal Protection Agency, 1975), and the results are

given in Table III.

ln principle, aIl of the cadmum and/or its salts, such as cadmum

chloride, used as stailizers an pigrts in plastics could ente the

envirorut, a process paicularly facilitated by incineration. Thus,
disposaI of plastics could contribute to pollution by cadmum.

Foc: There is little doubt that foc is the min source of cadmum

intae in non-occutionall y exsed persons. Th presence of cadmum in

a wide range of both fresh and tired foostuffs has r.n reported by Klein

& Wichm (1945) and by Fribrg et aL. (1974, 1975). Sdioeer & Balassa
(1961) suggested tht the min intae in the US diet was from sea-focs and

grain products ¡ vegetables were another source (Schroeer & Balassa, 1963).

Meat, eggs, fish and milk products generally have a low content of

cadmum, less th 0.01 JJ/g wet weight, whereas interral organ, espeially
liver and kidney, may contain rnch nore¡ concentrations of up to 1 llg/g wet
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Table III

Qutity Estimted
Source procssed Emssions to emssions(thousan kg of (thousand kg)cadmum)

Prim processing

Ore exaction 2150 Air 0.2
T'la ter , sail Not

available
Ore concetration and
metal production 5800 Air 950

Conversion of metal
to products 6000 Air 15

Product use Not Ai, water, sail 16
available

Recycle or disposaI - Ai, water, sail 1000

Mi scellaneous

Fossil fuel canstion 310 Air 90-320

Phosphate fertilizer
application 20 Water , sail Up to 22

rbtor oil use - Ai, water, sail 0.8
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weight have ben reported in anl organs. Sa sa.n rrt was reporte

to conta rrre th 3 lljg cadmum (Fribrg et al., 1974), hCMever, the

anlytical rrthod used was not reported; internI organs fram fish and

shellfish may also contain high anunts (Bat et al., 1972; Oelschlaeger

& Besteleher, 1975).

Vegetale products generall y contain rrre cadmum th do animl
product. Rice and wheat, Th i.rtt footuffs, may contain fram

0.01-01 lljg in area regarded as non-polluted; but in pollute areas

in Japa, cadmum concetrations of 0.1-1 lljg have canly be foun
(Fribg et al., 1974).

The followg tale gives a caison of the daily intaes in
several countries (Fribrg et al., 1974):

Countr ìlg Cd day

60

48

47-59

38-64

4-92

Czechoslovaa
Federal Republic of Gerny
Japa (non-polluted area)
Raia
us

Geeral hur expsure: ln the general population, the main exsure
is via foo; and, except in the vicinty of sci cadmum--tting inus-
tries, cadmum in th arient air does not contribute significatl y. The

dail y intae via drining-water is generall y lCM but may be higher in

contamted areas or when cadmumcontanig material contarates tap-
water. Srkig invo1ves th ination of relatively small arunts of
cadmum; but since it is highly absorb fram the lungs, in heavy srkers
the absorbe arunt may be of the sam magnitude as that aborbe
frc foo.

2. 3 Anl ysis

Geeral reviews of the anlytical rrthods for cadmum are given by

Fribrg et aL. (1974, 1975). An evaluation of analytical techniques for

trace rætas, includng cadmum, in maine waters has been published (Lai,

1974) .
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The rrst CCn method is atanc absorption sptrophotartr, ooth

flar an flarless methods. Exaction into organc solvents, ion-echge

separation or other meth of pre-treatrt are often necessar. Bloo,
urine an sar foostuffs, in which cadmum o::mcentrations are normlly

extemly lCM, previously presented anlytical problem; inteference

frcm salts, e.g., sodium chloride, was the rrjor problem; and may of the
ealier data on the occurence of cadmum in different IIa caot be

relied upn. Duing the last few yeas may of these anlYtca difficul-

ties sea to have be overcaæ, and it is JX rossible to detee by
flarless methods concentrations of less th 1 ng/g in bloo an urine and

less th 10 ng/g in foos (KjellstrÖf et al., 1974a,b; Lin et al.,

1973) .

Oter useful techniques are neutron activation (Li et al., 1973;

Ljunggren et al., 1971) an erssion sptroscopy (Tipton et al., 1963).
Anodic stripping voltaetr and other electrocemcal IIthods appe to be
ver useful for detenntion of cadmum in water (Whtnck & Sasselli,

1969), but rrre data are need to evaluate their usefulness for the deter-
mition of cadmum in biological samles. Th dithzone IIthod (Church,

1947), whch was previously the rrst carm:mly used IIthod, is accate, but

the sensitivity is relatively lCM.

3. Biological Data Relevant to the Evluation

of Cacinogenic Risk to Ma

Recet reviews on the biological action of caum are those of
Flick et al. (1971), Fribg et al. (1974, 1975) and i~ (1972).

Thee general reviews on metal cacinogenesis which include cadmum are

available (Fust & Haro, 1969; Sunder, 1971, 1976).

3.1 Cacinogenicity and related stuies in anirls

(a) Oral admistration

rbuse: Schroeer et al. (1964) observed no rrre tururs in 48 rrle

and 39 fanle Swiss rnce given cadmum acetate as 5 lJg/TI Cd in their
drining-wte for life th in 44 rrle an 60 femle oontrols. Th ræ
surval tis wee 814 days in the treate grups and 957 days in the
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control group in males and 904 and 966 days in femles, respevely (The

WOrkig Group noted tht the eximtal dose level used was ta 10W for

cacinogenc evaluation. It was also note tht the concentrations in liver
and kidney were belOW thse generally se in adult hum beingsl.

Levy et al. (1975) gave 3 groups, each consisting of 50 male Swss

nuce, weely doses of cadum sulphate by stach tub (0.44, 0.88 and
1. 75 rr/kg l: Cd) for 18 rnnth, at which ti the eximt wa tenated.
A control group of 150 nuce was used. Thre were no differences between

exsed anIs and controls with regard to general helth or tumur inci-
dence. Speial attention was paid to the prostate, but neoplastic lesions
were not see in tht organ. Caum concentrations in organs ~re not
reporte .

Rat: Kasawa & Schroaer (1969a) gave 47 Long-Evan rats cadmum

acetate as 5 lI/ml Cd in the drining-water for life. Th tumur incidence
was ca:able with tht in 34 controls. Schoeer et al. (1965) also

found s.llar tUlur incidences in 50 male and 46 feme Long-Evs rats
given cadmum acetate as 5 l1g/ml Cd in their drining-water for life and

in 42 male and 44 fanle controls. Alut 50% of test an control a.ls

surived 24-33 month (The Workig Group note that the eximtal dose

level used was too low for carcinenic evaluationJ.

Ievy & Clack (1975) gave 3 groups, each consisting of 30 male CB hooed

rats, weely doses of cadum sulphate (0.09, 0.18 and 0.35 mg/kg l: Cd)
by stanch tub for 2 years, at which ti the exrimt was tete.

The control group consisted of 90 rats. Thre was no difference in tUlur

incidence betw exsed anls and controls. No neplastic chages
were found in the prostate. Rel concentrations of cadmum ~re on an

average 5 lljg wet kidney tissue in the highest exsure grouPi this
level is below the average for adul t hu beings.

(b) Inlation and/or intratracheal admstration

Rat: Studies with cadum oxide and cadmum chloride fus (Paterson,
1947) wee of tao l.lted a duration for any conclusion to be drawn on the

reprt absence of tururs.
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(c) Subtaeous andlor intrarscuar adistration

fuuse: Gu et al. (1963) found that a single s.c. injection of
0.03 irl/kg b. (5.5 mg/kg b.) cadmum chloride in 26 Chales River rnce

darged the testicular vascuar supply. Th tissue regenerated, but 14

IInths later, when the animIs ~re killed, 77% of the mice had interstitial-

cell tuiurs of the testis. No locl tuiurs develope after 14 rrnths in

25 mice receiving the sam dose of cadmum chloride plus 3 mrl/kg bw
(658 mg/kg b.) of zinc acetate. No tuiurs develope in 25 controls.

Of 20 mcle stok CB mice given IL weekly s.e. injections of 0.05 mg

cadmum sulphate in wate into the right flan, Ilne develope local tuiurs,

an the incidence of neoplasm at other si tes did not excee that in a
control groupe H0Wver, testicular atrophy and rrerate interstitial-cell

hyplasia were observed in 2 of only 5 animIs suriving for 16-24 ITnth
and in 4/12 dead at 16 rrnth (Haddow et al., 1964; Roe et al., 1964).

Rat: Heath & Daniel (1964) prcxuce malignant local tururs in 9/10

and 6/8 femle hooed rats given Lm. injections of 14 or 28 mg cadmum

IXer, res~cti vel y, into the thigh muscle. Th last animIs wi thout

tururs were killed at 84 ~eks. A high proportion of the tururs ~re
rhaanosaccs, but son were fibrosarcas; in general, they ~e
fairly weIl differentiate, but may rrtastasized. These findings were

confirm by Heath & \\bb (1967).

Zinc pcer failed to inibi t cadmum poer tUurigenesis when bath

ccmunds were given Lm. to 2 groups of 25 male and 25 femle Fischer rats.
Either 2 injections of 5 mg cadmum poer or 1 of 3 mg cadmum p:mder plus

12 of 5 mg zinc paer were gi ven at rrnth y intervals. By one yea, 12

femles and 14 males in the cadmum group and 8 femles and 14 males in the

cadmum plus zinc group develope fibrosacans (Furst & Cassetta, 1972).

Gun et aL. (1963) found in 25 Wista rats tht a single s.e. injection

of 0.03 mrl/kg b. (5.5 mg/kg b.) cadmum chloride caused testicular

vascular darge. The tissue regenerated, and after IL rrnths, when the
animIs were killed, 68% of the rats had interstitial-cell tuiurs of the

testis. No intestitial-cell tuiurs develope in 20 controls. Of 17 rats

whch received cadmum chloride plus zinc acetate, 2 (12%) develope tururs
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of the testis after 11 rrnth, when they v.re killed.

Gu et al. (1964) reprte tht after a single s.c. injection of
0.03 mnl/kg 00 (5.5 IT/kg l:) cadmum chloride in the interscapular region,
9/22 Wista rats develope loc sarcas, and 19/22 develope interstitial-
cell tururs of the testis after 10 rrnths. Zinc acetate, given as 3 s.c.

injections of 1 mnl/kg 00 (183.5 IT/kg 00), inited the develo¡;t of

bath typ of tumurs inuced by cadmum chloride i th resul ting tumur

incidences were 2/17 for sarcos and 3/17 for intersti tial -cell tuurs.

No interstitial-cell tumurs or locl sacas develope in 18 oontrols.

A single s.c. injection of 0.03 mnl/kg l: (5.5 IT/kg l:) cadmum

chloride in the hip inuced locl spindle-cell sacas in 6/45 male

wista rats (Knorre, 1970a,b) and interstitial-cell tumurs of the testis

in 10/25 male Wista rats obsered up to tw years (Knrre, 1971). Sarcomas

develope betwen 7 and 18 Irnth after injection, and interstitial-cell

tumurs after 12 rrnth. Skin atrophy, ulceation and local neroses were

noted soon after admistration of the agent. No interstitial -cell tumurs

or locl sarcans develope in 32 or 20 controls cbserved for 706 days.

Lucis et aL. (1972) gave male Wista rats single s.e. injections of

0.02-0.03 mnl/kg bw (3.7-5.5 IT/kg l:) cadmum chloride. Interstitial-

cell tumurs of the testis develope in 13/15 rats before IL ITnth, and

2 rats develope locl fibrosarcas.

An intense inflamtory reaction with ulceration of the overlying
skin follcwed a single s.c. injection of 25 IT cadmum oxide into ten fan le
rats, and 8/10 animIs develope locl tuurs within one yea :¡st-injection.

No locl tumurs develope in 10 controls given a s.e. injection of saline
alone (Kazantzis & Haur, 1966).

Of 20 male albino CB rats given 10 weekly s.e. injections of 0.5 IT

cadmum sulphate in water into the right flan, 14 develope local sarcans

within 20 Irnths after the stat of treatmt. All showed testicular atrophy,

and may showed interstitial-cell hyprplasia. Of 18 rats examed post

mortem withn 20 ffnths after the stat of treatmt, 10 had interstitial-cell

tumurs of the testis. Castration chages were observed in the pi tui taies.

All treated animIs were dead by 20 Irnths. No intersti tial -cell tumurs
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were see in 16 controls tht had died ):J 22 irnths. Simlar results wee
obtained with cadmumprecipitate rat ferritin (Hada. et al., 1964;

Ro et al., 1964), but no local tuiurs være inuced by cadmumfree ferritin

(Ro et al., 1968).

Repeated wely s.e. injections into alternate flans to 3 grups of

25 CB hooed rats of O. 05, O. 1 or O. 2 rr cadmum suphate (0.02-0.09 mg Cd)
for ~ yeas failed to prcxuce neoplastic chages in th prostate gland.

The control group consisted of 75 animIs. Cocentrations of cadmum in
liver and kidney in th highest exsue group were of the sa magntude
as thse seen in occupationally exse hum beings (Le et al., 1973).

A single s.c. injection of 25 rr caum sulphide into the dorsal skin

of 15 mae Wista rats elicited an acute inflartory reaction by 24 hours

an exensive locl fibrosis by thee IInth (Kazantzis & Hanur, 1966).

ln another eximt, a single s. c. injecton of 25 rr cadmum sulphide

prcxuced sarcais in 6/10 fere Wista rats at 6-10 Irnth fOst-injection,

an in 6/26 male an femle rats betw 9-19 IInth after injection. All
ans died or were killed by one yea (Kazantzis, 1963; Kazantzis &
Han, 1966).

Of 14 male and fanle rats given a single Lm. dose of 50 rr cadmum

sulphide into the thgh, 5 develope locl sacas fro 9-15 IInth after

injection (Kazantzis & Haur, 1966).

(d) Oter exrirtal syste

'I groups of 30 an 11 rats received 4 simtaeous injections of

cadmum chloride as 0.0015 lll (0.17 mg) Cd or as 0.003 rnl (0.34 rr) Cd

into 4 different tissue sites (s.e., Lm., supeiosteal and liver, kidney,
salivar glan or ventral prostate). IDl plecrphic sacas være
observed in 3 rats of the first group 12-16 IInth late; and in the

send grup, tuiurs develop at tw s. c., one Lm. and one supeiosteal

mesenchyml mesooenl sites alx)Ut 10 IInth fOst-injection (Gu et aL.,

1967) .
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3.2 Oter relevant biological data

(a) Exirtal system

Harrison et al. (1947) exsed dogs to cadmum chloride rnsts in a

chamr and foun a I. of o. 32 mg cadmurl of air for a 30-miute
50

exsure. Death in aIl cases was due primily to pulmnar injur, but

tissue analysis sh~d that Imch of the cadmum chloride rngrated from

the 1ungs and was distributed thoughout the lx. The highest concen-

trations were found in the kidneys.

The ID 's in rnce, rats, gunea-pigs, rabi ts, dogs and rrnkeys for
50

inled arc-prcxuced cadmum oxide fums during exsures ranging frorn

10- 30 miutes were ~700, 500, abut 3500, abut 2500, 4000 and 15,000 mi

mgjrn3, respetively (Barett et al., 1947). The authors found that

retention of th cadmum oxide by the anIs' lungs was constat and

arunted on average to 11%. So cadmum was found in other organs, but
it appeared to have originated frorn the ingestion of cadmum trapped in

th upper respiratory tract.

EIhyser has been prcxuced exrirtal y in male rats exsed

ta cadmum chloride aerosols (0.1% solution) for 1 hour pe day on 5-15

days (Snider et al., 1973).

It is weIl estalished that cadmum darges the testes of exrirtal

ani.ls (Gl et aL., 1965; Pa.izek, 1960). It was demnstrated in rnce

that pre-treatIt with zinc reduces the incorpration of cadmum into

the sperrtids and that cadmum inibits the incorpration of thymdie

into sperrtogonia. Thus, serial mating studies after i.p. injection of
1 mg/kg hw cadmum chloride (purity unav) into mae rnce signficatly

reduce the enryonic litter size of untreate ferles fertilized 15-48

days after treatIt (Le & Dixon, 1973).

Rabi ts gi ven 1 to 8 s. c. injections of 9-18 mg/kg hw cadmum ch10ride

showe destrction of testicular cells (sperrtogenic an interstitial)
within the 5-21 days of the exrirt. Hyraema and interstitial

haemrrhage also occured, and the kidneys, spleen and li ver were also
affected (Caon & Foster, 1963). On s. c. injection of 0.05 mr1/kg
hw (9.2 mg/kg hw) cadmum chloride (purity not speified) into rabbits
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induced asperra with four wes. Little recer tok place during the

17 wee followg treatit (Paufler & Foote, 1969).

It has be shaw in several exrints in rats tht kidney tubular

lesions occu when the concentration of cadmum in the real cortex is

aOut 200 ll/g wet weight. Sa data indicate that effects may oc
belo. that level (Fribrg et aL., 1974, 1975).

Hypension has been prcxuced in rats gi ven cadmum in drining-wate
(5 llg/ml Cd) for long peiods of ti (Kanisawa & Schoeer, 1969b;

Schroeer, 1964; Schroeer & Vinton, 1962). Perry & Erlanger (1974) found

signficat increases in bloo pressure in rats gi ven l, 2.5 and 5 llg/ml Cd
for one yea in their drining-water but not in anirls gi ven higher doses

(10-50 ll/rn Cd) .

Tyical symtau of zinc deficiency appe in rats given a sufficient
arunt of zinc but with an eqlar arunt of cadmum (Petering et al.,

1971); a large dose of zinc salt prevents the toxic action of cadmum on

the testes (Fribrg et al., 1974).

ln studies in mice using aerosols of cadmum a:unds paticles of

less th 2 lJ were found in th lungs. wi th cadmum chloride, cadmum

was foun in the Ii ver and kidneys; cadmum sulphide rerined in the
lungs (Potts et aL., 1950). ln rny spies, including mice, rats, gunea-

pigs, rabbits, dogs an rrnkeys, abut 5-25% of cadmum is retained after

inhalation of cadmum corunds (Baett et al., 1947; Potts et al., 1950).

Follo.ing single oral doses of 10 9Cd or 11SCd -to mice (Nordbrg,

1971a; Ric1ind et al., 1966; Suzuki et aL., 1969), rats (Moore et al.,

1973), rrnkeys (Fribg et al., 1974; Suzuk et al., 1974) an goats

(Miller et al., 1968) only 1-3% of the caum was retained, and the absorp-
tion rate was probaly of the sa magntude in the various species. ln

fanle mice, the biological ha1f-life of a single oral dose of 10 9cadmum

was estirted to be 200 days (Ric1ind et al., 1966).

MJre et aL. (1973) found in rats that after 4 hours 1 exsure to a
l l 5 cadmum chloride aerosol (1. 8 ID Cd/m3) 9.7% of the inled arunt was

retaed in the lungs. Data on cadmum concentrations in organs Wee not

given.
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ln rats, absorbe cadmum is initially deposite in the liver but is

slowly tranfered to th kidneys (Gu & Gald, 1957). Betw 50 and 75%

of the boy burden occus in liver an kidney; after long-te, lo-level

exsures the highest cadum concentrations are foun in kidney (Fribrg
et aL., 1974).

Metallothonein has be foun in the li ver of camnexsed mice
an rabits (Nordbrg et al., 1971a, 1972), in the re-bloo cells and plasm

of mice (Nordbg et aL., 1971b; Fribg et aL., 1974) and in the duodenl

mucosa of several speies (Evans et al., 1970; Stachr 1 1969). Ths low-

nolecular-weight protein is thught to play an imrtt role in the trans-

port of cadum in th boy. A single, high dose of cadmum paly lxmnd to

rrtallothionein ha no effect on th testes in mice; the effec on the

kidneys wa nore pronounce, and this rry be exlained by the fact tht the

cadrmnrrtallothonein is fil tered through the g lorruli and reasorbe by
the kidney tubules (Nordbrg, 1971b).

Cadmum chloride adistered to rats by s.c. injection or diectly

into the liver is tranported to the testes (Lucis et al., 1972).

l09Caum chloride given s.c. to rats aped inately in plasm
an then disapped rapidly; afte six days only 2% of the dose was

excreted in th faecs (Lucis et al., 1969). ln raits, given 60 daily

s.e. injecions of cadmum sulphate, only abut 1% of the daly dose wa

excreted in th urine each day (Fribg, 1952). ln goats, dos an rabits

given i. v. or s.c. injecions, only a snl pecetage of the absorbe
caum wa excreted via the faeces (Axelsson & Piscator, 1966; Buch &
Walsh, 1959; Miller et al., 1968).

Calcium deficiency increases tissue retetion of cadnum in rats

(Lasson & Piscator, 1971). Tht low calcium intaes will caus increaed

aborption and retetion of caum has also be show in rats by Waso
& Cousins (1975). A low iron intae has also be shaw to ence the
aborption of cadmum (Halton & Valbrg, 1974).

Schoeer & Mitcer (1971) exse Itce for thee generations to
cadum in drin-wate (10 ii/ml) an cbered a reduction in litte
size in breeg mice with loss of the strain after tw generations an
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congenta abnormlities. Schaf et al. (1972) proouce teatogenic effects

in rats by daily oral admistration of 20 to 80 rr/kg bw caum chloride
fran day 6 to 19 of gestation. Sa teatoenic effects nay te exlained by
the interference of caum in naterl zinc rrtalism.

ln golden hates, i. v. injection of 2-4 rr/kg li cadmum sulphte on

the 8th day of gestation prcxuce cleft lips and palates and oter facial

defects (Fenn & Cater, 1968). Teratogenc effects due ta injecte

cadmum have also be see in rats (Ba, 1973; Chnioff, 1973) an in

rnce (Ishizu et al., 1973).

(b) Ma

Long-ten exsue of ma to lage elts of cadmum by ination or

ingestion eventually causes renl tublar dysfunction (naly proteinuria)

(Holden, 1969; Piscator, 1962; Potts, 1965). Th disturbaces in mieral
i:talisr nay eventually result in ostealacia (Ada et al., 1969;

Fribg et al., 1974).

MJrgan (1970, 1971) observed a signficant increase in renal, hepatic

and blcx cadmum concentrations in patients with bronchoenc cacinom,
a signficat increase in hepatic cadmum concentration in patients with

emhysan an a signficat increase in renal an hepatic cadmum conce-

trations in patients with anhyse an bronchoenic cacinan. Th author,
however, discounte the possibility tht cadmum was respnsible for these

diseases.

Cadmum has be supete of teing a cause of hypion in rn,

but so far no conclusive data have be presente to show such an effect

(Fribrg et al., 1974).

Only abut 5% of ingeste cadmum is absorbe (Raola et aL., 1972;
Yamgata et al., 1974), and th anunt elirated in the faecs thus

roughly correspond to the ingeste arunt. Daly faecal excretion of

cadmum ha be reported to var fran 10 to 60 ll in non-exsed sujecs

(Essing et aL., 1969; Tipton & Ste, 1970; Tsuchiya, 1969; i.veste, 1974).

Cadmum is stored, toether with IItallothonein, mainly in liver and

kidnys; in th general population abut one third of the lxy burden occus

in the kidneys (Fribg et al., 1974; Schoeer & Baassa, 1961).
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The neWÌrn is practical y free from cadmum, but there is a steac1 rise in

cadmum levels up to th 6th decade (Scoeer & Balassa, 1961). Average

'no:r' levels in renal cortex at age 50 var fro abut 15 to 30 ll9/ g
wet weight; values of 50-125 llg/g have been reported in non-polluted areas

in Japa (Fribrg et al., 1974, 1975). Smkers genrally have 5-100%

higher renl concentrations of cadmum th do non-SIkers (Leis et al.,

1972; Shum et al., 1974).

It has be calcuated tht a daily intake of 88 llg would be necessar

to achieve 50 ll/g wet weight in the renal cortex at age 50, assurng an
absorption rate of 5%, a daily excretion of 0.01% of the lx burden and
tht 10% of th daily absorbed dose is excreted rapidly each day (Fribrg

et al., 1974).

Urinar excretion of cadmum 1S lcw in the general population and is
related to the boy burden of cadmum (Fribrg et aL., 1974; Tsuchiya

et aL., 1976). It varies fro less than 1 llg/day to abut 3 llg/day in

adults; SIkers generally excrete rrre th do non-snkers (Piscator,

1976). The slow excretion corresponds to the long biological half-life

of cadmum, which is estirted to be betwee 10 and 30 years (Elinder

et al., 1976; Fribeg et al., 1974; Tsuchiya & Sugita, 1971).

Intensive expsure in exsed workers may lead to a high excretion of
cadmum; this probabl y mainl y reflects recet exsure and is not acco

paied by renal dage. wi th less intensive exsure excretion of cadmum

in the urine is probaly related to boy burden. Renal tubular dage is
thought to increase cadmum excretion (Fribrg et aL., 1974, 1975;

Piscator, 1976).

Workers in a cadmum plant who were expse to high levels of lead

and cadmum were found to have a higher numr of severe chrorsorr anan-

lies (chrantid exchages, disturbaces of spiralization, chrarscr
translocations, ring and dicentric chrarsors) but a lo¡er total numr
of strctural abrrations th rolling-mill workers expsed mostl y to

zinc but also to lower levels of lead and cadmum (Deudt & Lenad, 1976).
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Charso analyses were mae in peipheal 1 yrhoes of 24 workers
in a zinc srl ting plant who had increase b1cx levels of cadmum and lead.

The numr of cells with strctural chrarsan abations was significatly
greater th tht in 15 controls; the iæ in th exse group was greater

by a factor of 3 (1.35~0.99% in the exed group versus 0.47~0.92% in the

controls). The obsered chrarsa dage was nainy of the chortid ty

(single breas and exchages) accaed by acentric fragrts. It was

not repJrt whether exsure to other carunds such as arsenic also
occued (Bauchiger et al., 1976).

An increased num of chrantid breas and of aneuploid cells was
obsered in the lymhoces of 12 patients with itai-itai disease who had
had an excessive cadmum ingestion, as caed to that in the contrl

population (Shiraishi, 1975). Howver, Bui et al. (1975) foun no

evidence tht cadmum had induced charsan abations in cul tured

lymhoctes fran five cadmum-exsed Swsh workers and four Japaese
itai-ita patients.

3.3 Observations in ma

Reports fran tw industries have indicated a pJssible relationship
betwee occpational expsue to cadmum oxide and prostate cacer.

Potts (1965) repJrted a surey of 70 ræ exsed for 10 or rrre years to

cadmum oxide dust in the prcxuction of alkaline batteries. Of the 8 death

in ths group, 3 were fran prostate cacer and 2 fran other fo:r of cacer.

Kipling & Waterhouse (1967) reported results of an epidemological study

of 248 workers fran the sa factory with a previous history of at least

one yea' s exsure to cadmum oxide. Prstate cace was diagnosed in 4

cases, signficant1y rrre th the 0.58 cases excte on the basis of

regional incidence rates. Thee of the 4 cases are those refered to

earlier by Potts (1965) 1. Subseqently, no excess of any fonn of cace
was detected in thee studies of ræ occupationally exsed to cadmum

(Fribrg et al., 1974; Holden, 1969; Humdinck, 1968), but each of

these studies was of very smll samle size or of insufficient ti fran

the onset of exsure to pei:t a statistical evaluation of the carcino-

genci ty of cadmum.

IPersonal corrication fran Dr M.D. Kipling
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I. et al. (1976) reported on a rohort of 292 smlter ~rkers with

at leat 2 years' expsure to cadmum oxde dust and furs. Four deaths

fra prostate cacer ~re observed, whle 1.15 ~uld have been exted to

have occued in the total cohort. Although the risk of prostate cacer
aIng the total study cohort was not signficantly excessive, when

furer consideration wa gi ven to the ti intervl since the onset of

expsure, a signficatly increase risk of prostate cacer wa deinstrate
(4 observed versus 0.89 exted) 20 years following the onst of cadum
exsure. The authrs also reported a signficant excess of respiratory
tract cance: they observed 12 deaths where onl yS. Il ~re exted

(Data on srking haits were not givenJ.

4. Cots on Data Reported and Evluation

4.1 Animl data

Single or repeated subutaus injections of several inorganc
cadmum cOIunds (cadmum choride, sulphate, sulphide and oxide)
resul t in the developt of locl sacos in rats. Lcal tururs were
also produced in rats by intramcular injection of cadmum poer and
cadmum sulphide.

Intersti tial -cell tururs of the testis ~re observed followg
testicular atrophy in rats and mice given subutaeous injections of
soluble cadmum salts (cadmum sulphate and cadmum choride). Th

pituita glans of these anls shOV catration chges.
Oral studies in mice and rats ~re indeqate for evaluation. No

adeqte lori~tenn inlation studies of cacinogenicity ~re available

to the Vbrkig Group.

4 . 2 Hl. data
Available studies indicate that occutional exsure to cadmum in

sar fonn (possibly the oxide) increases the risk of prostate cacer in
ma. ln addition, one of these studes suggests an increase risk of
respiratory tract cacer.
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NICKE AN NICK CX*

Nickel and nickl c:uns v.re first considered by an IA Working

Group in 1972 (IA, 1973). Since tht ti ne data have l: available,

an these are included in th present Irnogaph an have be taen into
consideration in the evaluation.

1. Checal and Physical Data

1.1 Synnym and fonnae

Table L

(Chercal Abstracts na are under lined. )

Chercal Na Chan. Abstr.

Re. SeriaI No.

Nickel 7440-02-0

Nickel acetate 373-02-4

Nickel acetate
tetrahdrate

6018-89-9

Nickel aInium
sulphate

15699- 18-0

51287-85-5

25749-08-0

Synnym Fonn

Ca1:nyl nickl ¡:er;
C.L No. 77775

Ni

Acetic acid, nickel

(2+) salt; nickel
(II) acetate;
nickelou actate

Ni (CX3) 2

Actic acid, nickl
( 2+ ) sal t, tetrah-
drate; nickl (II)
acetate tetrahydate;
nicklous acetate
tetrahydate

Ni (CO3) 2.4H20

Sulphuric acid, arnium
nickl (2+) (2:2:1)

Ni (NH4) 2 (504) 2

Suphuric acid, æmum Ni (NH4) 2504
nickel (2+) (1:2:1)

Sulphuric acid, arni um Ni2 (m 4) 2 (SO 4) 3
nickel (2+) (3:2:2)

*Consdered by th WJrkI' .Grup, ~r 1975
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Nickel calxmate

Nickel cabonate,
baic

Nickel cabonyl

Nickel chloride

3333-67-3

39380-74-0

1271-28-9

13463-39-3

7718-54-9

Nickel fluoborate 15684-36-3

Nickel fluoride

Nickel hydroxide

Nickel iron
sulphide

Nickel rrrb-
sulphide

Nickel nitrate

NickelocIE

10028- 18-9

12054-48- 7

12125-56-3

53809-87-3

16812-54-7

21659-66-5

1271- 28-9

Canic acid, nickel
(2+) sat;
C.L No. 77779;
nickel (II) cabonate;
nickelous cabonate

Nickel (2+) salt (1:1),
miture wi th nickel
hydroxide (Ni (00) 21
hydrate

Zarati te

Nickel tetracabony 1

Nickel (II) choride;
nickel dichloride;
nickelous choride

NiC03

2NiC03 .3Ni (OH) 2.4H20

NiC03 .2Ni (OH) 2.4H20

Ni (CO) 4

NiC 1 
2

Borate (1-) tetrafluoro-, Ni (BF 4) 2.6H20
nickel (2+); fluoboric
acid, nickel (II) salt

Nickel difluoride;
nickel (II) fluoride;
nickelous fluoride

Nickl (II) hydoxide;
nickelous hydoxide

Nickl (III) hydoxide

Nickelic hydrxide

Iron nickel sulphide;
violari te

Nickel sulphide 1

Nickel (II) nitrate;
nickelous nitrate;
ni tric acid, nickel
(2+) salt

Bis (n 5 - 2, 4-cyclopnta-
dien-l-yl) nickel;
di -n-cyclopntadieny 1-
nickel

NiF
2

Ni (00) 2

Ni (OH) 3

NiO . ri20

Ni7eS4

NiS

Ni (ID3) 2

(CSH5) :fi

IThs ri is also us for nickel subsulphide; there is cxmsiderable

confsion in the publishe literature betvn thse tw substas an othr
nickel sulphides (e.g., Ni4S3, Ni2S, NiS2).
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Nickel oxide 1213-99- 1

1314-06- 3

Nickel subsulphide 12035-72-2

Nickel sulphate 13770-89-3

Nickel sulphate 7786-81-4

Green nickel oxide;
nickel irnoxide;
nickelous oxide;
nickel (II) oxide;
nickel protoxide

Black nickel oxide;
nickelic oxide;
nickel (III) oxide;
nickel sesquoxide;
nickel trioxide

NiO

Ni203

Heazlevi te;
nickel sulphide 1

Ni3S2

Nickel (II) sulphate; Ni (S03NH2) 2
sulphac acid, nickel
(2+) salt (2: 1)

Nickelous sulphate; NiSO 4
nickel (II) sulphate;
sulphuric acid, nickel
(2+) salt

1. 2 Chemcal and physical proprties

Physical properties of the nickel cornunds considered in ths

irnograph are given, when available, in Table II. Aditional infonntion

on solubility is given below.

Nickel metal - soluble in dilute ni trie acid and slightl y soluble in
hydrochloric and sulphuric acids (Weast, 1975). The solubility of rrtallic

nickel in tissue an lxy fluids has æen discused by Weinzierl & Web

(1972) .

Nickel acetate - soluble in acetic acid (12.4 irI. % at 300C) (Stephen

& Stephen, 1963)

Nickel arnium sulphate - soluble in water (6.10 wt % at 200C)

(Stephen & Stephen, 1963); inoluble in ethol

IThs na is also usd for nickel irIlsulphide; there is considerable
confusion in the published literature betw these tw substances and other
nickel sulphides (e.g., Ni4S3, Ni2S, NiS2).
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..
co Table II a

Chercal nai AtalC/rrl. Me~ ting- Boiling-
Crystal system

Densi ty

v.ight ¡:int C ¡:int C g/cr3

Nickel 58. 71 1453 2732 d 8.90face-centre cub
Nickel acetate 176.80 dec. 16.6 prism 1.798
Nickel arnium sulphate b 395 rrnoclinic 1. 923 d

Nickel carbonate, basic e 376.24 cubic
Nickel cabony L 170. 75 -25 43 liquid 1. 32 (170C)

Nickel chloride 129.62 1001 973 (subI. ) 3.55
Nickel fluoborate .b 232. 31 dec.
Nickel fluoride 1000 (subi.)

a c
4.63 a~c96. 71 tetragonal ~

(in HF)

Nickel hydroxide 92. 72 230 (dec. ) 4.15
Nickel iron sulphide 301. 27 isortric
Nickel rrnosulphide 90. 77 797 trigonal 5.3-5.65
Nickel nitrate

b
290. 81 56.7 136.7 rrnoclinic deliquescent 2.05

Nickelocne 188.90 130 (subi. )

,Nickel oxide NiO 74. 71 1990 d cuic 6.67
Ni203 165. 42 600 (dec.)

Nickel subsulphide 240.26 790 5.82
Nickel sulphate 252.90 500 (dec. )

Nickel sulphate 154. 78 848 (dec. ) cuic 3.68

a Data fro Weast (1975) unless otherwse specified

b As the hexaydrate

r"
~ Haendler et al. (1952)
d

Stecher (1968)e Z .aratite



Nickel carbonate, basic - insoluble in water, soluble in hot dilute

hydrochloric acid and arrm::mium hydroxide (Weast, 1975)

Nickel cabonyl - very slightly miscible with water (0.016 g/lOO rr

at 9. 80C) (Weast, 1975); miscible with ethl, ænzene, chlorofonn,

acetone and carbon tetrachloride

Nickel chloride - soluble in water (64.2 g/lOO rr at 200C and 87.6 g/

100 ml at 100oC) (Weast, 1975); soluble in ethylene glycol (16.2 wt % at

200C), ethanol (9.13 wt % at 200C) and hydrazine (0.8 g/lOO rr at 200C)

(Stephen & Stephen, 1963)

Nickel fluoborate - very soluble in water and 95% ethol; also

soluble in ethol/ether mixtures (Stacey et aL., 1960)

Nickel fluoride - slightly soluble in water (4 g/lOO rr at 250C)

(Eìléus, 1950); soluble in acids, alkalis and arnia (Weat, 1975)

Nickel hydroxide - soluble in aqueous arrm:mia; practically insoluble

in water (0.00127 g/lOO rr at 200C) (Stephen & Stephen, 1963)

Nickel rrnosulphide - very slightl y soluble in water (0.4 rr/lOO rr

at 180C) (~~ast, 1975)

Nickel nitrate - soluble in water (48.5 wt % at 200C), in hydrazine

(3 g/lOO rr at 200C) and in ethylene glycol (7.5 wt % at 200C) (Stephen

& Stephen, 1963)

Nickelocene - soluble ln COmTn orgarc solvents (Paulson, 1955)

Nickel oxide - nickel oxide (NiO) is practically insoluble in water

(O. il mg/lOO rr at 200C) (Blaszkiewicz, 1967). Nickel oxide (Ni203) is

insoluble in water, very slightly soluble in cold acid, soluble in hot

hydrochloric acid (with the evolution of chlorine) and soluble in hot

sulphuric or nitric acid (with the evolution of oxygen) (Stecher, 1968).

Nickel subsulphide - insoluble in water and soluble in nitric acid

(Weast, 1975). Its solubility in seru and in seru ultrafiltrate has

ben discussed by Sunderm et aL. (1976).

Nickel sulphamte - soluble in water (Santmers & Aaons, 1967)
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Nickel sulphate - very soluble in water (27.3-27.7 wt % at 200C);

soluble in rrthanol (O. Il wt % at 350C) and ethanl (O. 02 wt % at 350C)

(Stephen & Stephen, 1963)

1.3 Techncal prcxucts and imuri ties

Speifications fram rrufacturers indicate tht imuri ties in nickel

salts generally include sa zinc, copper and iron. Tyical ~sitions

of nickel comunds and nickel rrtal have be describ by De (1959).

2. Production, Use, Ocrence and Anl ysis

For ÌIrtt background informtion on ths setion, see preale,

p. 19.

Two reviews on nickel rrtal and alloys are available (Ad. &

Kilgren, 1967; Broache, 1970). A review of the cherstr of nickelocene

is given by Barnett (1974).

2.1 Production and us

World mie production of nickel in 1971 was abut 640 million kg,

and in 1973 prelimry figues sho.d it to te abut 660 million kg

(Corrick, 1973). Table III gives the \'rld production by country for

1973.

US demd for nickel increased fram abut 160 million kg in 1964 to
235 million kg in 1973 (US Bueau of Mies, 1975). ln that year, nickel

was used as follows: transportation, 20.9%; chercals, 14.9%; electrical

goos, 12.9%; fabricated rrtal products, 10%; miscellaneous uses, 9.7%;

petroleum, 8.9%; constrction, 8.9%; machinery, 6.9%; household appli-

ances, 6.9% (US Bueau of Mies, 1975).

Nickel metal Nickel ingots and p211ets are produced corciall y

by the electrolytic and J'nd carlxmyl procsses. Its principal use is as

an alloying additive in steel ITufacture; it is also used in the produc-

tion of coins, dorrstic utensils, l1nel rrtals and other alloys.

Nickel poer is prcxuced conrrciall y by the Mond process and i ts

variations: nickel or nickel ore is reacted with cabon l1noxide to

prcxuce nickel carbon y 1 gas, which is then decosed by heat to gi ve
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Table III

World TIne production of nickeia by countr (Cõrrick, 1973)

bCountr Million kg

Australia (content of exmcentrate)

Brazil (content of ore)

Bur (content of speiss)
Canda C

Cu (content of oxide and sulphide)
DoTInican Republic

Finland (content of concentrate)
" (" "nickel sulphate)

Greece (recverable content of ore)
Indonesia (content of ore) d
Morocco (contet of nickel and cobalt ore)

New Caledonia (recoverable) e

Norway (content of concentrate)
Poland (content of ore)
Republic of South Africa

Rhodesia (content of concentrate)
United States (content of ore shippe)

USSR (content of ore)

Total

40

~ 3.1

~ 0.03

243

'" 31

'" 24

5.8
~ 0.2

12.6
20.8

~ 0.3

99

~ 0.4

'" 2

~ 10.4

'" 12

16.6

"'136

658
1

1

1

aAs far as possible, this tale represents mie production of nickel;

where data relate to sarr imre highly processed fonn, figues have
be given to provide sarr indication of the magnitude of mie
output; where only an est.ite was available, this is indicated.

bin addition to the countries listed, Ala and the ('-... Deratic
Republic TIne nickel, but available info:ition is inadeqte for
reliable estintes of output levels to be made.

cRef ined nickel and nickel content of oxides and sal ts produce,

plus recoverable nickel in exrted mattes and speiss
d
Includes a small arunt of cobalt not recvered sepaatel y

eNickel-cobalt contet of rrtallurgical plant products, plus

recoverable nickel-cobalt in exrted ores
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pure, finely divided nickeL. ln another rrthod of production, the nickel

and cobalt contents of nickel oxide ores are recovered as cabonates,
which are calcined to nickel oxide and reduce to nickel p:der.

May of the prcxucts rrde frcm nickel rrtal are also maufactured frcm

finely divided nickel rxer. It is also used as a hydrogention catalyst.

Nickel acetate is prcxuced ccrcially by reacting soium acetate

with a nickel sulphate solution. US consumtion of all organic nickel

salts in 1968 was estimted ta be 227 thousand kg, alst all of which

was nickel acetate.

L t is used main y as a imrdat in the textile industr and to a minor

extent as a hydrogention catalyst.

Nickel ainium sulphate is prepaed by reacting nickel sulphate with
arnÜini sulphate (Mcurdie et al., 1971). It is used in electroplating,
but to a lesser extent than ls nickel sulphate (Antonsen & Springer, 1967).

Nickel carbonate ünly basic nickel carbonate (2Nim3.3Ni(OH)2.4H20)

is produced carrcially. It is largely prcxuced and consur during the

maufacturing of nickel oxide, nickel paer and nickel catalysts. Caada
is the largest single producer of ths rrterial.

It has ben estimted that 908 thousand kg of nickel salts other than

nickel sulphate were consur in the US in 1970; nickel carbonate probaly
accounted for ITst of these.

US consumtion of basic nickel caoonate is largel y in the production
of nickel catal ysts for us in organic chemcal maufacture, petroleum

refining and edible oil hadening. A high purity baic nickel carbonate is
used in electronic canents such as ferrites and therTstors. The total
arunt of nickel cabonate thus consurd is mior, but the numr of indi-

viduals expsed could be quite high because of the large numr of elec-

tronic compnent cæiies rrng and using ferrites and therTstors.

Nickel caroonyl is produced by the M:md process and its variations,

as describ a.ve for nickel IXder. 'Ital anual production is estirted
to be less than 6. 8 million kg.
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On a worldwde basis, the rrjor uses of nickel caoonyl are as an

interriate product in the refining of nickel, in the maufacture of high

purity nickel poer for PJer rrtallurgy, in the fabrication of nickel
and nickel alloy comp:ments and shapes and in the maufacture of catalysts.

For the se uses the calxmy 1 is contained wi thin procss eqipnnt, wi th

provisions to nuirze hUf exsure in case of eqpit failures.
However, the facility with which it is nade and converted into nickel has

resulted in a large numr of sml-scale uss for the caoonyl, where
expsure of pesonnel and venting to the atnsphere nay constitute a hazard
(e.g., vapour plating of nickel and depositing of nickel in sem-conductor

maufacture) .

Nickel chloride may be prepaed froID nickel oxide by chorintion or

by reaction with hydrogen chloride (Antonsen & Springer, 1967). It is one

of the principal nickel caunds us in electroplating (Antonsen &

Springer, 1967).

Nickel fluooorate has æen prepared frou aquus solution as the
hexaydrate¡ it caot be deydrate without decansition (Stacey et aL.,
1960) . Aqeous solutions are us directl y in electroplating (Stacey
et al., 1960), and it is us as an electrolyte in high-speed plating

(Antonsen & Springer, 1967).

Nickel fluoride may be prepaed by the reaction of fluorine on finely

divided nickel p:er (Haendler et al., 1952), by the reaction of anydrous

nickel chloride with fluorine or hydrogen fluoride, or by the fusion of

nickel chloride with arnium fluoride (Erléus, 1950).

Nickel fluoride is used in battery cathodes (Coqley et al., 1973).

Nickel hydroxide may be prepaed fro solutions of nickel salts by

precipi tation wi th alkline hydrxides, but the product is usuall y contam-
ated by occluded or absorbed foreign sai ts. Pue nickel hydroxide ca be

prepaed by electrolytic precipitation using nickel anodes (Antonsen &

Springer, 1967).

It is use as a catalyst and in nickel-caum batteries (Antonen &

Springer, 1967).
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Nickel nonosulphide may be made by the direct fuion of nickel with

sulphur (Antonsen & Springer, 1967) ¡ it is prcruced ony in sml quti-

ties as a labratory reagent.

Nickel nitrate is preped by the reaction of ni trie acid on nickel
(Antonsen & Springer, 1967). It is us primily as a catalyst and, to

a lesser extent, in batteries.

Nickelocene may be prepared by the reaction of tetrapyridie nickel

chloride and cyclopentadienyl sodium (Krx et aL., 1961) or by a sirler

rrthod using nickel chloride, cyclopetadiene and diethylame (Watan
et al., 1965).

No evidence was foun that. nickeloce is produced in large quti ties,

but i t is use as a labratory reagent.

Nickel oxide is generall y ootained by rosting ref ined nickel ores.

Two paiall y reduced nickel oxide products, know as 'nickel oxide sinters',
are produce corcially on a large scale¡ one contains 75% nickel and the

other, 90%. Available data on nickel oxide products freqtl y caine

infonntion on nickel oxide IXder and nickel oxide sinters.

Cada is the largest single producing countr. ln 1972, prel.l

estimtes of Cadian exrts of nickel oxide ~re 33 rrllion kg (Cajka,
1972). US imrts of nickel oxide in 1973 (nostly fran Caada) ~re 5.84
million kg (US Depat of COIlce, 1974). ln 1973, total US consumtion

of oxide poer and oxide sinter wa relXrted ta be 30 million kg (Corrick,
1973) .

MJst of the nickel oxide sinter produce is us in the rrufacture

of stanless and alloy steels.

Nickel subsulphide can be made by the direct fusion of nickel wi th

sulphur (Antonsen & Springer, 1967) ¡ it is appaently not sold corcially.

Nickel sulphate ca be prepaed by passing oxygen into a suspeion

of the padered rrtal in aqueous sulphac acid (Fischer, 1967). It is

used in electrlatig (Antonsen & Springer, 1967).

Nickel sulphate is produced a:rciall y by dissol ving nickel oxide

in sulphuric acid an concentrating the solution to precipi tate nickel
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sulphate heptaydrate, which on heating forr th ccrcial crystaline

nickel sulphate hexaydrate (Antonse & Springer, 1967).

Total US consumtion in 1973 of nickel sulphate and other nickel

salts was reported to be 3.3 million kg (Corrick, 1973). It is consur

as such in plating bath and also as an intenæiate in the prcxuction of

nickel arnium sulphate and nickel canate, which are also usd in
nickel plating. It is used as an interrdiate for depositing nickel

carbonate on catalyst substrates and as the principal interrdiate for

the maufacture of organc nickel saI ts.

2.2 Occurence

Nickel

Natural environrt: Over 90% of the ~rld' s nickel is obtained

frorn petlandite (FeNi) 9S8' a mieraI invariably associated with large
anunts of pyrrhotite and vaing anunts of chalcopyite. Seonda
nickel mieraIs include garnierite and anabrgite (Cornwall, 1966, 1973;

Fairbridge, 1974).

Air: Review concerning air pollution by nickel have been made by

Schroeer (1970) and by the CMEE (1975). Increasing use of nickel
enhances the probaili ty of i ts appance in the atrsphere at nickel
prcxuction plants. The average concentration of nickel in air sarles

collected fror widely scattered locations in the US in 1964 and 1965 was

340 ngjrn3 (Falk, 1970). It constitutes 0.03% of the paicuate matter
suspeded in the atrsphere (Sullivan, 1969). Nickel counds, e.g.,
sulphides, oxides and cabon y l, enter the atrsphere as a resul t of the
ccustion of col, diesel oil and fuel oil (Bcen, 1966; Natusch et al.,

1974) .

Tobacco srke: Traces of nickel are present in tobacco srke

(Szadkowski et al., 1969). According to Sunderr & Sunderr (1961),

at the tir of their report six brands of Arrican cigarettes contained

an average of beb\en 1.59 and 3.07 ll Ni per cigarette, and 20% of this

found i ts way into the ma-stream srke.
Water: The concetration of nickel in various water samles

ranged fror 3-264 ~gjl (ci1BEE, 1975).
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Foo: Nickel levels in various foo have ben stiized by the
CM (1975); concetrations of up to 6.5 llgjg in cereal foo-stuffs,
up to 2.6 llgjg in vegetales, up to 1. 7 llgjg in fish and up to 7.6 llgjg
in tea were recrded.

Animl tissues: Nickel levels in anl tissues ~re wi thin the
range of 0-5 llgjg ~t ~ight (Schroeer et aL., 1961); levels in vaious
hti tissues are sUIrized by the CMEE (1975).

Nickel calxmate ocurs in nature as th mieraI zaratite,

NiC03.2Ni(OH)2.4H20 (Cornwall, 1966). It is fonæ by the decosition

of nickel carlxmy 1 in imist air and is a f.tential at:spheric and surface

water f.llutat.

Nickel carbony 1 ln addition to its use as a sythetic intenæiate

in plants producing nickel and nickel proucts, nickel calxmy 1 nay be

present wherever caroon imnoxide contacts nickel and nickel alloys.

Nickel iron sulphide is found in nature as the mieraI violarite,

Ni2FeS4 (Cornll, 1966). It is a secondar mieral fOnæ froID prim
sulphides in th weathering zone by circulating ground water.

Nickel oxide 'Ie principal natural fom of nickel oxide occurs in

adrure with nickel sulphides in varing proportions in weathered ore.
L t is fori by th decansi tion of nickel carbony 1 in dr air.

Nickel subulphde is found in nature as the mieral heazlewte,
Ni3S2. It is not believed to æ a signficant at:spheric or water pollutat.

Nickel sulphate occus as a minor mineraI, imrenosite, NiS04. 7H20

(Cornwall, 1966), fonæ in th weathering of prirry nickel minerals.

Because of its widespread use in plating bath, nickel sulphate nay app
as a water f.llutat in industrial areas v.ere such bath are discarded or

thir pars washed after th plating operation.

2 . 3 Anal ysis

Several reviews on the anlysis of elerntal nickel have æen published

(OfEE, 1975; Lewis & Ott, 1970; Pehkova & Savostina, 1971). Atoc
aborption s~trhooitry is one of th principa rrthod of anlysis
usedfor nickel in 00 air an water (Sahdev & west, 1970). ln di1thyl-
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glyoxir m2thod for colorirtric detention of traces of nickel was
outlined by Sandell (1959). Gas chomtogaphy has ben used for the
detetion of nickel carlxmyl in bloo and breath (Sunderr et al., 1968).

3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Ma

Review articles on the biological properties and carcinogenici ty of

nickel comunds have ben compiled by Sundern (1973, 1976). Th topic

has also be reviewed by the Panel on Nickel of the US National Acader of

Sciences (CMEE, 1975).

3.1 Carcinogenicity and related studies in animIs

(a) Inalation and/or intratracheal admnistration

MJuse: Hueper (1958) saw rD abnorrli ties of the bronchial rncosa

in 20 femle CS 7BL TIce exsed to an atrsphere containing 15 mg/m 3 of

?99% pure nickel poer (majority of particles 4 ll or less diaiter)

for 6 hours per day on 4-5 days per v.ek for up to 21 rrnth. 'I lymho-

sarcomas were observed; there was no unexpsed control group, and aIl the

mice were dead at 15 rrnths.

Rat: Hueper (1958) expsed 50 male and 50 ferle Wista rats and

60 femle NIH Black rats to an atmsphere containing 15 mg/m3 of ?99%

pure nickel poer (majority of paticles 4 ll or less diaiter) for 6

hours per day, 4-5 days per v.ek for up to 21 rrnths. MJst of the animIs
(128/160) died before 15 rrnth. ln 15 of a total of 50 rats of bath strains

which were studied histologicall y, the lungs sha.ed 'abnorrl mu ticentric

adenomatoid formtion affecting the al veolar strctures and atypical

proliferations of the epithelial lining of the termal bronchioli'. ln
SOm2, but not a1l, rats 'subhronic inflantory reactions' were associated

with the adenomatoid fo:rtions; inflantory changes and rncosal ulcers

were found in the paranasal sinuses. The author regarded the adenomatoid

lung 1esions as benign neoplasm; there was no excess of neoplasms in other

organs. No canable unexsed control groups of rats were included in
the exprirntal design.
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Hueper & Payne (1962) observed no lung tururs in 120 rats, 46 of which

suri ved for IIre th 18 IInth, follCMing inalation for 5-6 hours per day

of 98.95% pure nickel poer (level unspecified) toether with 20-35 ppm of

a lung irritat (sulphur dioxide) and with p:ered linstone, the latter

being added to prevent the nickel paicles from formg conglorrrates.

Sunerm et al. (1957, 1959) expse two groups of 64 and 32 male

Wista rats for 30 miutes thice wel y by inalation for 12 IInths to
nickel carl:nyl at concentrations of 0.03 and 0.06 mg/l, respectively. A

further group of 80 rats was exsed once only to an at:sphere containing
0.25 mg/l nickel cal:nyl, a level which approxites the ID . Animls

50
were observed for up to 30 m:mth after the first exsure, at which tin

aIl were dead. Inflartion of the lung was se in aIl rats, and extnsive

squanus rrtaplasia of the bronchial epithelium in several; 4/9 rats sur-

vi ving for 2 years develope neplasm of the lung. One rat had a mixed
adeno- and squus-cell cacinc: wi th rrtastases to the kidney and
meiastinum; a second rat had a s.llar but IIre anplastic turur; a

third develope a sqanus-cell cacinom and a four, two papillar

bronchial adenc:s. The latter two animls ~re in the single exsure
group. Of 41 control animls, only 3 surived 2 years, and none shCMed

pulrnar tururs.
Starting wi th a group of 285 male Wista rats, Sunderm & Donnell y

(1965) observed a single pulrnar adenocarcinom with rrtastases in 35

rats that surived 2 or IIre years after a single 30-miute inalation of
0.6 mg/l nickel carl:nyl (eqvalent to the ID dose) . A fuer group

70
of 64 male Wista rats was sujected to chronic inlation of nickel canyl

(0.03 mg/l for 30 miutes, thice wely until death): 1 rat had a pulrnar
adenocarcinc: with metastases aIng 8 rats that surived 2 or IIre years .

after first exsure. No pulrna cacinc:s ~re found in 44 of a total
of 70 male Wistar rats in 3 control groups that suri ved at least 2 years

after the star of the exprirts (Beause of the rarity of spontaeous

pulnar maligncies in Wistar rats, the authors considered that the
pulnar adenarcinc:s ~re probal y due to exsure to nickel carl:ny 1) .

Kasprzak et al. (1973) adristered nickel subsulphide (ræpaicle
diarter, 10 l1) to 13 male Wista rats as a single intratracheal injection
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of 5 mg/animL. The rats ~re observed for 15 rrnth. NJ pulm:mar tururs

were found in these rats, although 4 had peribronchial adenantoid prolifera-

tion; one rat develope a hepatoma. No untreated controls were used.

Ottolenghi et al. (1975) exsed 226 speific-pathogen-free male and

femle Fischer 344 rats to inalation of nickel subsulphide (Ni3S2) for

6 hours a day on 5 days per W2 for 78 ~eks, follCMed by observation for
an additional 30 W2s. Seventy per cet of the pacles of Ni3S2 were

smaller th 1 ll, and 25% of the paicles ~re between 1 and 1. 5 ll in

diarter. The concentration of Ni3S2 in the exsure chaIr averaged

1 mg/m3. For the controls, 241 rats ~re exsed to filtered roo air for

the sam length of ti. Rats exse to Ni3S2 shcid a significantly
higher incidence of pulnar hyprplastic and neoplastic les ions origi-

nating fran the bronchial and bronchiolo-al veolar segnts. The incidence
of aIl lung tururs (beign and malignt) in the anls treated wi th

Ni3S2 was 14%, comed ta 1% in the controls (P-(O. 01). Fourn malignant

neoplasm of the lungs (10 adenocarcinoms, 3 sqarus-cell cacinoms and
1 fibrosarcan) were found in exse rats; only one malignt neoplas of
the lung (an adenocarcinoma) was found in control rats. A srl numr

(1.1%) of controls and a larger proportion (12%) of Ni3S2-treated rats

displayed nodular hyprplasia and pheohrarans in adrenal ræullae.

Injection of hexchlorotetrafluorobutane, which induces lung infarction,

did not increase the proportion of rats with pulnar tUIurs, nor did it

alter th typs of puJnary les ions found in expsed rats.

Hater: Hueper & Payne (1962) saw 11 lung tururs in 100 mae hamters,

66 of which surived for rrre th 18 rrnth, after simultaeous exsure to
98.95% pure nickel poer (level unspecified), 20-35 pp (rrjkg) sulphur

dioxide (acting as a lung irritat) and podered lirstone (1 pa for

3-4 pats of nickel, to prevent nickel paicles from fonning conglorrates) .

A group of 25 male and 25 femle haters was given 30 wekly intra-

tracheal injections of 0.2 ml of a suspsion of 2 g nickel oxide (NiO) in

100 ml of 0.5% (w/v) gelatin in saline. Th diarters of the paicles of

NiO ranged fran 0.5 to 1 ll. A control group of 50 hamters was treated

simlarly, except tht calxm dust (nut-shell charcol) was substituted

for NiO. Only 1 turur of the respiratory tract develope in the Nia-
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treated hamters, comred with 4 tururs of the respiratory tract in
the chacol -treated haters ¡ onl y 3 haters in each group sur ved 12

or rrre rrnth after the end of treatit (Farrell & Davis, 1974).

Wehner (1974) and Wehner et aL. (1975) expsed 51 mIe Syrian golden

hamters, 2 nDnth of age, to chronic inalation of nickel oxide (NiO) for
7 hours a day on 5 days per W2 for lifespan. Th paicle diarter of

NiO dust was arut O. 3 li, and the rran atrspheric concentration of NiO

was 52 llg/l. Four mlignt tururs v.re detected at various sites in
the Nio-treated hamters, cced wi th 1 in 51 shamtreated controls.
The authors concluded tht there was no cacinogenic effect.

Guinea-pig: Hueper (1958) expsed 32 mIe and 10 ferle gunea-pigs

of an inbred strain to an atrsphere containg 15 rr/m 3 of :;99 % pure

nickel poer consisting of paticles 4 li or less in diarter for 6 hours

a day on 4-5 days per we for up to 21 rrnth. Ony 23 animIs surived
for rrre than 12 nDnth, and onl y 2 for rrre th 18 rrnths. At death

nearly aIl the animls v.re found to have 'abnorn muticentric adenomtoid
formtions affecting the alveolar structures and atypical proliferations
of the epithelial lining of the termnal bronchioli'. On animl had
an anplastic intra-alveolar carcinor¡ and another, with exensive

pulnary adenortosis, sh0Wd a noule in the abomnal cavity that was
thought to be a rætastasis from a pulinary neoplasm, although no primry

tllur was see in the lung. No exmtrols w=re used.

(b) Subtaeous and/or intramscular admistration

MJuse: A group of 40 ferle Swss ITce received a single Lm. inJec-

tion into each thgh muscle of 10 rr of a rrtallic dust taen from a flue

at a nickel ref inery . The dust contained 20 % nickel suphate, 57% nickel

subsulphide and 6. 3% nickel oxide and wa admistered as a suspension in

peicillin G procaine. There v.re 36 surivors at 90 days¡ 23 sarcors

originating minly in the striate muscle w=re fori at approxitely one-

third of the injection sites (average latent period, IL rrnths). Controls

injected with peicillin G procaine develope no sarcaS (Gili &
Ruckerbauer, 1962).
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When single doses of 5 rr nickel subulphide or oxide ~re injected

into one or bath thgh nucles of Swss or C3H rnce, the percentages of

sites with sarcos lMre as follCMs: for nickel subsulphide, 53% in Swiss

mice and 33% in C3H mice; for nickel oxide, 35% in Swss rnce and 23% in

C3H mice. No such b.inurs ~re induced in Swss rnce simlarly treated

with cobalt oxide; no untreated controls w=re used (Gilm, 1962).

Rat: Heath & Daiel (1964) injected 28.3 rr pure nickel pcder
suspended in 0.4 ml fCMl seru intraruscularly into the right thighs of

10 femle hoced rats. Betwn 17 and 41 weeks after treatInt, aIl of the
anirls developed local tururs; aIl were deri ved from striated muscle and

rrst were well-differentiated. Metastases to pre-vertebral lymh nodes

were seen in 3 rats. Previous findings in control rats had shaw that

local tururs were not produced follCMing injections of fowl seru alone.

Fust & Schlauder (1971) gave repeated i.m. injections into th right

thigh of nickel pcer or nickelocne at ITnthl y intervals to groups of 25
male and 25 femle Fischer rats. with nickel J?der, treatrt consisted

of 5 injections each of 5 Ir in 0.2 ml trioctanoin: 38/50 rats developed

fibrosarcos within the IL IInths of th treatInt. ln the sar period,

18/50 rats given 12 injections of 12 Ir nickelocene in 0.2 ml trioctaoin

and 21/50 rats gi ven 12 injections of 25 Ir nickelocene in 0.2 ml triocta-

noin developed fibrosarcomas. No fibrosarcos develope in 50 control

rats given 12 injections of trioctaoin.

Groups of 66 hoced and 20 wista rats lMre given Lm. injections into

one or bath thighs of 20 or 30 Ir of a rrtallic dust taen from a flue at

a nickel refinery. The dust oontained 20% nickel sulphate, 57% nickel

subsulphide and 6.3% nickel oxide and was adristered as a suspension in

peicillin G procaine. Sarcomas, ITst of them originating in striated

nucle, were form at approxitely one-half of the injection sites in
bath strains after an average of only 5-6 rrnths: 52 sarcos occurred
in hoced rats and 8 in Wista rats. Control hooed rats injected with

penicillin G procaine developed no sacomas (Gilm & Ruckerbauer, 1962).

A simlar result was obtained by injecting 20 Ir of either nickel
subsulphide (36 local tururs) or nickel oxide (26 locl tUIurS) intra-

nucularly into one or bath thighs; the iæan latent period of turur
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induction were 150 and 302 days, respeively. Hawver, no tururs were

produce by Lm. injections of 5 m: nickel sulphate into ooth thighs of
32 Wista rats observed for up to 603 days. lb controls were usd (Gilm,
1962) .

Jasm (1963, 1965) and Jasmn et al. (1963) investigated the effects
of age, sex, castration and of an androgenic steroid up:m th induction of

sara:S in Sprague-Dawley rats fOllOting single Lm. injections of 10 m:

nickel subsulphide (Ni3S2) in 0.1 ml penicillin G suspension in the right

gastrocemus. ln the initial expriit (Jasm, 1963), 10 m: Ni3S2 alone

were adrstered to one group of 15 femle rats. ln a second group of

10 femle rats, 10 m: Ni3S2 were injected intramcularly, follaw by

chronic daily s.e. injections of 0.5 m: iæthdrostenolone in saline.
After 217 days sarcas had developd at the site of Ni3S2 injection in
5/15 of the rats tht had received Ni3S2 only and jn 10/10 of the rats

that had received Ni3S2 plus the steroid (P.:0.05). ln a second study

(Jasm et al., 1963), single Lm. injections of 10 ID Ni3S2 were adris-

tered to 14 femle rats, 10 male rats and 10 castrat.ed male rats. After

182 days, sacomas had develope in 7/14 femles, 3/10 males and only 1/10

castrated males. ln a third study (Jasmn, 1965), single injections of
10 m: Ni3S2 were adristered to 3 groups of 8, 10 and 14 mIe rats and to

3 groups of 10, 14 and 18 femle rats at ages of l, 2 and 3 month, respec-

tively. After seven month local sarco had developed in 8/14, 7/10 and

3/8 rats in the 3 groups of males and in 4/10, 15/18 and 4/10 rats in th

3 groups of femles. Jas (1965) concluded that IT sì.isceptibility
to sarcom induction after Lm. injection of Ni3S2 in mIe and femle
Sprague-Dawley rats occued at 2 months of age. Jasmn (1963, 1965) and

Jasmn et al. (1963) did not study untreated control rats or rats that
received only an injection of the vehicle (penicillin G suspesion) alone.

Daiel (1966) comped the responses of thee different strains of
male and femle rats (hooed, Fischer and NIH Black) ta the i .m. injection
of 10 m: nickel subsulphide in 0.1 ml aqueous penicillin G p:rocaine into

each gastrocnemus mucle. Loal tUlurS develope invariabl y in bath legs
of all 28 hooed rats and in one leg 'only of 14/27 NIH Black rats; more of

the tUlurS in the hooed strain were well-differentiated rhabomosarcas.
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There were no mntrols. ln another exprimnt, the eai:ly response (2-10
we) of Fischer rats wa found to be nore like that of the hcxed strain
th tht of the NIH Black strain. Necrosis and abnornl I1oblasts were

features of the response of Fischer and hcxed rats, and active phagoctosis
of nickel subsulphide a feature of th respnse of NIH Black rats.

Maenza et aL. (1971) admnistered a total of 20 ID nickel subsulphide

(Ni3S2) in 1 ml of an agueous suspension of peicill i n G procaine to 30

male Fischer rats in ~ simltaeous bilaterial Lm. injections (10 ID

Ni3S2/injectian site). The Ni3S2 poder had a mean paticle diarter of

2 ll. Thirty mntrol rats were given bilateral injecticns of the vehcle

alone. The rats were observed for 104 weeks. ln th Ni3S2-treated group,

saroos developed at at least one injection site in 30/30 rats, and
sarmmas developed at bath injection sites in 12/30 rats. No sarcos

occurred at either injection site in any of th 30 control rats. AlI of

the Ni3S2 rats had died by 47 wee after the injection, whle aIl of the

control rats surived until the end of the expri.nt. Eighty-one per

cent of th pri. sarccms were classified as rhalomosarccms, and

distant metastases were found in 57% of the Ni3S2-treated rats.

Mason et al. (1971) and Mason (1972) adristered nickel subsulphide

to 160 Fischer rats, divided into four subroups (A,B,C and D) of 40 rats

each (20 males, 20 ferles). Rats in groups A and B received single s.e.

inj ections of 10 and 3. 3 ID, respecti vel y, of Ni3S2 suspp..ded in O. 1 ml

agueous peicillin G procaine. Rats in groups C and D received single

i.m. injections of 10 and 3.3 ID Ni3S2 in the sar vehicle, respectively.

One group of 120 rats (60 maes, 60 femles) was given twice weekly injec-

tions of O. 25 ml saline solution for 52 wees; a secnd grup of 120 control
rats (60 males, 60 femles) was given no treaT:-lt. The study was termted
at 18 rrnths, and th incidences of sarcen at the site of injection of Ni3S2,

predomately rhalanosarcomas, in groups A-D were 90, 95, 85 and 97%,

respcti vel y . No sarcomas were foun in any of the control rats.

Sunemi et al. (1974) adristered 2.5 ID nickel subsulphide to
40 male Fischer rats as a single Lm. injection in 0.5 ml penicillin G

proain suspension into th thgh. The rran partie le clamer of the Ni3S2

dust was 1.4 lJ. A contrl group of 24 rats was given a single Lm. injection
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of the vehcle. Suriving rats were killed tw years after the injection.
Loal sarcomas develope in 39/40 Ni3S2-treated rats and in 0/24 control rats.
Thrteen of the 39 sarcos (33%) were classified as rhalonyosarcos, and

the remning sarccms were predomtl y fibrosarcars or undifferentiated
sarcos. Fiftee of the 39 sarcans (38%) rrtastasized to distat sites,

includig the lungs, meastinum, hea, Ii ver, spleen, rrsentery and paa-
aortic 1 ynh noes.

Sunderm et al. (1975, 1976) studied the dose-response relationship

for induction of sarcars in mIe Fischer rats after Lm. injection of
nickel subsulphide in 0.5 ml penicillin G procaine suspnsion. Ni3S2
dust (rran paicle diarter, 1.4 lJ) was admistered to 4 groups of

30 rats in doses of 0.63, 1.25, 2.5 and 5 mg, respeively. A control
group of 60 rats was given an Lm. injection of the vehicle. Suriving rats

were killed 2 yeas after the injection. Loal sarcos develope in 7/30

rats which received 0.63 Ni3S2, compared with sarcæi incidences of 23/30,

28/30 and 29/30 in rats that received dosages of 1.25, 2.5 and 5 rr Ni3S2,

respecti vel y. No local saCOff occured in any of th 60 control rats.
Suner & Maenza (1976) caned the carcinogenicities of nickel

subsulphide, nickel irnosulphide, nickel dust and partiall y converted matte

(nickel iron sulphide) after i .m. admistration to groups of 10 male Fischer

rats at two dose levels. The rran paricle diarters of the fXers were aIl

less th 2 ll; the püers were susded in O. 5 ml aqueous peicillin G

procine. One control group of 20 Fischer rats was given an Lm. injection

of the vehcle alone; tw additional control groups òf 10 Fischer rats each

were given Lm. injections of iron dust at two dose levels. Suriving rats

were killed 2 years after the injecion. The results of th study are

surized in Table IV.

Nurous investigators have admnistered i .m. or s. c. injections of
nickel or nickel subsulphide to rats in order to induce sarcomas, as a

prelimar step in ultrastrctural, cytogenetic, tissue cultural, biG-

chemcal, inological or chertherapeutic studies of th resul ting
tUIurs. Reviews by Sunerm (1973, 1976) contain taulations of such
investigations of nickel cacinogenesis in rats.

Hater: Fust & Schlauder (1971) injec nickl poder or nickelo-

cee intramuscularly at irnthly inteals into groups of 25 male and 25
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femle haters. Nickel paer treatint consisted of 5 injections each

of 5 l1 in 0.2 ml trioctain¡ by 11 m:mths after th first jnjecion 2

mIes had develope fibrosarcans. Of 50 controls given 9 Lm. injections
of O. 2 ml trioctanin, none developed fibrosarcoms. Of 50 hamters gi ven
a single injection of 25 l1 nickelocene in 0.2 ml trioctaoin, 29 surived
for IL IDnth¡ of these, 4 develope fibrosarcos. Of 50 hamters given

8 injections of 5 l1 nickelocene in 0.2 ml triocanoin, none develope
fibrosarcos.

Table IV

Sarca induction after i.m. injection of
metallic counds in Fischer ratsa

Dose Loal sarca
Corrund l1/rat l.a tom of incidence by

rrtal/rat 2 years

Neneb
0 0 0/20

Ni3S2 5.0 60 8/10c

20.0 240 9/10c

NiS 5.6 60 0/10

22.4 240 0/10

Ni 3.6 60 0/10

14.4 240 2/10

Fe 3.5 60 0/10

14.0 240 0/10

. d 9.2 85 (Ni) 1/10Ni 4FeS 4

36.8 340 (Ni) 8/10c

aSunderm & Maenza (1976)

bRats in this control group received a single Lm. injection of

0.5 ml of the vehicle (peicillin G procaine suspesion).

cp-CO.OOl coed with controls (X2 test)

~artially converted mtte (54% Ni, 14% Fe, 32% S)
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(c) Intravenous admstration
~use: Hueper (1955) saw rD neoplasm in response to 2 i.v. injections

of 0.05 ml of a 0.005% suspension of nickel poer in 2.5% gelatin into the

tail vein of 25 C57BL mae mice, 19 of mich lived for ITre th one year

and 6 of which Ii ved for rrre th 15 ITnth. "N controls \ære usd.

Rat: Hueper (1955) gave 6 \æekly injections of 0.5 ml¡kg l: of a 0.5%

suspesion of nickel p:er in physiological saline in the saphenous vein

of 25 Wista rats. The only neplasm that could be attributed to treat:t

arose 7-8 IDnth after the first injection in 7 rats near the site of injec-

tion (region of groin), where seepage of the injected m:terial had occured.

Deposits of black p:er in the lungs ID 2 rats indicated tht at least sar

of the injected m:terial remined in the vein at the ti of injection. "N

controls were used.

Lau et al. (1972) injected 6 doses of 20 lll¡kg hw nickel calxmyl

(9 mg Ni/kg hw) into the tail vein at intervals of 2-4 \æeks into m:le

and femle Sprague-Dawley rats. The aniils \ære obsered mitil death.

Of 61 males and 60 femles that surived the 6 injections, 19 (16%) develope

malignt tuiurs, corising 6 undifferentiated sarca at vaious sites,
3 fibrosarca at various sites, 1 liver carcinom, 1 kidney carcinom:,

1 mary carcinom, 1 haergioedotheliom, 1 undifferentiate leukaema
and 5 pulina lymhoma. Am:mg 15 :rle and 32 femle shainjected
controls, the onl y m:lignt tururs seen \ære 2 pulina 1 ymhom:s .

The dif ference in incidences of m:lignt tuiurs te~en treated and

control rats was statistically signficant (P~O. 05) .

Rabit: Hueper (1955) saw no neoplasm in 10 rabits given 6 v;ly

injections of 0.5 ml/kg l: of a 1% suspsion of nickel p:er in 25%
aqueous gelatin solution. Only 4 of the rabits surived for ITre than

2 yeas. "N effects were seen in 5 control rabi ts observed up to 40 IDnths.

(d) Oter exprimtal system

Intrapulna admnistration: Hueper & Payne (1962) introduced fine

nickel poer (0.02 ml of a suspeion of 0.2 g nickel/ml of 10% gelatin)
directl y into the lungs of 34 NIH Black rats by thoracotOI. AlI suri vors
were simlarly treated 12 ITnth later. Of 14 rats tht lived for 18 or
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nore nonth after th first treatit, one develope a sarca at th site

of injection. No epithelial tuurs of the lung ~re sen. No controls

were used.

Intrapleural admistration: Hueper (1955) saw no neoplasm attributale

to treatit in 50 CS 7BL :rle mice, 37 of which suri ved for rrre th 12

nonths and 4 of which surived for rrre th 18 rrnths, after a single injec-

tion of 0.02 ml of a O. 06 % suspension of nickel paer in 2.5 % gelatin-saline

solution.

Huepe (1952) reported the formtion of round-cell and spindle-cell
tururs at the si te of injection in 4/12 femle Osbrne-Medel rats that
died betw 7 and 16 m:mth after 5 rrnthly injections of 0.05 ml of a
12.5% (by volur) suspension of nickel poer in lanolin.

Fust et aL. (1973) admistered 5 rrnthly injections of 5 II nickel
pcder in 0.2 ml saline to 5 male and 5 femle Fischer rats. 'Inty control

rats (10 :rles, 10 femles) were given 5 rrnthly injections of saline solution.

Pleural rnsothelian develope in 2/10 of the Ni-treated rats and in 0/20
controls.

Intramullary injection into the fem: Hueper (1952) reported 1

squarus-cell carcinor of a fistulous duct and 3 osteosarcos at the si te
of injecion in 4/17 femle Osborne-Medel rats suiving 7 ITnth after an

inj ection of 0.05 ml of a 12.5% (by voll.) suspsion of nickel pJer in

lanlin. Ths fining was not oonfirr in a subseqent study (Hueper,

1955) in which 27/100 Wistar rats, 40 of which surived for rrre than 18

rrnths, develope neoplas at or near the site of injection of 0.1 ml of
a 5% suspeion of nickel poer in 20% gelatin-saline. Sa ar1s
received a secnd injecion after 18 rrnth. The author COnted that
thre was usually sar sepage of the nickel suspsion froID the rrCM
cavity into the periosteal tissue. Sixeen of the tUIurs ~re fibrosarcos¡
4 were rhaomosarcas ¡ 5 were thought to te neurogenic in origin ¡ 1 was
an angiosarco¡ and l, a reticult:cell sarco:r. Metastases ~re sen in

14/27 rats being injection-site tururs. ln addition, 20 neplasm were

see at sites remte fran the injection site, but their ocrence was not
considered to be causally related to nickel.
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Huepe (1955) reported that 1/6 rabits given 2 injections, 27 m:mths

apa, of O. 25 ml nickel p:er in lanolin (12.5 % nickel by volur) develope

a metastasizing endosteal fibrosarcan of the fem. 'T rabbits given
injections of lanolin alone did not develop local ttnurs.

Imlantation: Gili (1966) reported the occuence of rhaomyosarcos

in 2/45 and fibrosarcans in 14/45 Swss mice gi ven a single i .m. imlant of
5 mg nickel subsulphide¡ 5 rhaomosarcc and 16 fibrosarcos were see
ln 50 Swiss mice simlarly treate with nickel oxide. No controls W2re used.

Mitchell et aL. (1960) imlanted 4 nickel pellets (2 mu diarter) sub-

derrlly in each of 5 mae and 5 ferle Wistar rats. Withn 104 W2ekS after

imlantation of the nickel pellets, 3 mIes and 2 femes had develope
sarcos around one pellet. ln another group of rats tht received simlar
imlantations of pellets of a nickel -gallium alloy, sarcoms develope

around one or more pellets in 9/10 rats. ln contrast, no ttnurs occurred

in 10 other groups of 10 rats each that received simlar imlants of pellets

of various materials tht have been used in dentistr, including fused

porcelain, silver, silver amlgam, vitallium and copper.

Gili & Herchen (1963) induced tunurs in groups of 20 Fischer rats

by the i.m. imlantation into roth gluteal regions of nickel subsulphide

adristered ei ther as 10 ID of poer wi th paticles of 2-4 lJ diarter,
500 mg as 3-5 rr diamter fragrnts, 500 ID as single dises of IL rr dia-

meter, or as 10 mg of poer wi thin a millipore diffusion char. Rh
domosarcans arose in approximtely 70% of imlantation sites in aIl 4

groups. Several tururs gave rise to distant rrtastases. On Y 1/19 control

rats that received 2 imlants each of emty diffusion chamrs developed a

tumur .

Herchen & Gili (1964) imlanted solid dises of ooressed nickel

subsulphide poer (mesuring 8 x 1 rr and W2ighing approxltely 250 ID)

into the right gluteal regions of 120 inred Fischer rats. Th imlants
were rerved fran groups of ten rats after 2, 4, 8, 16, 32, 64, 128 and

256 days. Palpale local tururs arose in 4, 7 and 10 rats in the last
thee groups, respecti vel y. For control purses, simlar 1 y sized dises

of ferric oxide were imlanted into the left gluteal regions of the sam
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anIs: no local tUlurS arose at the si tes of ferric oxide imlants,

irrespecti ve of hOW long they rEmned in si tu.

Payne (1964) corned the cacinogenicities of 9 nickel counds (7 mg)

of varying solubili ty by 3 surgical imlantations of the compunds, forrd
into pellets with sheep fat, into the rmscle (unpecified) of groups of 35

NIH Black rats. Pellets of sheep fat alone ~re simlarly imlanted in a

control group of 35 rats. After 18 rrnths, 12/35 rats imlante with nickel

subsulphide, 6/35 rats imlanted wi th nickel carnate and 4/35 rats irlan-

ted with nickel oxide (NiO) had develope sarcos at the site of irlantation.

Single sarcans were observed with imlantations of nickel sulphate an

nickel acetate tetrahydrate. No tururs ~re observed at imlantation si tes
in rats tht received nickel chloride, nickel acetate, nickel amnium sul-

phate or nickel oxide (Ni203) or in controls. Th author concluded that

the carcinogenicity of each compund was a reflection of its solubility

and of the valence state of the nickel.

Gilm (1966) reported the induction of rhaomosarcomas in 9/17 and
fibrosarcan in 3/17 rats follOWing the introduction (presl.l y into the
thigh mucles) of millipore diffusion chars containing 10 mg nickel

subsulphide. This observation was taen to indicate that diect contact

between metal paticles and cells is mt necessary for cacinogenesis.

The sam paper reported the induction of tururs at the si te of irlantation

in 22/40 Wista rats given nickel subsulphide and in 19/40 Wistar rats given

nickel hydroxide but, in contrast, in 0/28 Wistar rats gi ven nickel rrno-

sulphide. A dose-response relationship was found for nickel subsulphide

and the induction of rhaboItosarcoms in Fischer rats: 10 mg per si te

gave an 80% turur incidence. No controls ~re usd.

3.2 Oter relevant biological data

Hackett & Sundern (1969) reported that Lv. admnistration to rats of

nickel cabonyl in LD -LD doses led to diffuse dilatation of the rough-50 100
surfaced endoplasmc reticulum and nucleolar fragrtation ln hepatic cells.

Sundern (1967b) found that inlation of nickel carl:xmyl inited pheno-

thazine induction of bezo(a)pyrene hydroxylase in the lung and liver of
rats .

99



Swierenga (1970) reported that in tissue cultures of rat emryo mucle

cells, nickel subsulphide profoundly inibite glyceraldehyde-3-phosphate

dehydrogenase activity, whereas nickel chloride and nickel sulphate cause

only slight inibition of this imrtt glycolytic enzyr.
After acute or chonic exsure of rats to nickel cabony 1 by inalation,

increases in nickel occu predomtly in the microsoml an suprnatat
fractions of lung and liver. After chronic expsure, increas amunts of
nickel are also obsered in nuclear and mi tochondrial fractions of the lung
(Sunderm & Sunderm, 1963).

Web et aL. (1972) studied the intracellular distribution of nickel in
nickel-induced rhabomosarcomas in th rat and foun that a major portion

(70-90%) occus with the nucleus. Fuenrre, subfractionation indicated
that an average of 53% (range 41-63%) of nuclea nickel is present in the

nucleolar fraction. Nucleolar loclization of nuclea nickel has also be
observed by Webb & Weinzierl (1972) in IIuse derrl fibroblasts grc in

vi tro in the presence of 6 3Ni 2 + colexes.

Sunderm et al. (1974) gave 5 groups of 10, 24 or 40 male Fischer

rats single Lm. injections of 2.5 m: nickel subsulphide (Ni3S2) alone or

in cointion with eqinlar amunts of alumium, copper, chramum or

maganese dusts. Rats in 5 control grups were treated identicall y,
except that the Ni3S2 dust was artted. After 24 irnths, the incidence

of locl saroos wa 15/24 (63%) (P~O.OOl versus Ni3S2 alone) in th

group tht received the canination of Ni3S2 and maganese dusts; inci-

dences of 96 to 100% were see in the groups that received Ni3S2 alone or

in comination with alumium, cor or chromium dusts. No locl sarcomas

occued in th 106 rats in the 5 control grups. The finding that con-
curent admnistration of maganese dust decreaes tururigenesis induced

by Lm. injection of Ni3S2 in Fischer rats has been confirnd in other
studies by Sunerm et al. (1975, 1976).

RN derived from the lungs of rats expsed to nickel carbonyl shaved

abnorrl physicochemcal properties (Sunderm, 1963). This caund
inits the synthesis of hepatic RN, as dem:mstrate by th inhibition

of cortisone induction of hepatic trtopha pylase (Sunderm, 1967a),
inibition of 14C-orotic acid incorpration in vivo into liver RN
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(Beach & Sunenn, 1969) and inibition of DNA-depedent RN-polyrrase

activity in hepatic nuclei (Sundenn, 1971; Witschi, 1972). Bech &
Sundenn (1970) have sha- that the inibition of RN sythesis persists

after the disrution of hepatic nuclei, and they exclude the possibility

tht inition is due ta inired tranport of RN precusors across the

nuclea rærane. Nickel canyl resemles actinOIcin D in its differen-
tial effects upn hepatic synthesis of RN (high inibition) an proteins
(lCM inibition) an in its inhitory effects on liver enzy induction

(Sunenn, 1971).

Baru & Gili (1967) and Swierenga & Baru (1968) shCed that

addition of nickel subsulphide to cutured emryonic nncle cells inhibits
rntotic activity and induces abnorr rntotic figues. Their findings
suggest that nickel may interfere with gene replication an with the

control of cell division. Olinici et al. (1973) re:!rted the presece of

maker chrarsars in tw cell lines in tissue cultures of Ni-induced
rhabæyosaco. ln bath cell lines, choirsan abnorri ties persisted
thugh may tranplant generations.

Those nickel caunds which have been sha- to be carcinogenic in

exr:ltal anims have not be tested for Imtagenicity. Soluble nickel

a:unds (nickel chloride and sulphate) which have not produce tururs
in exrirntal anls have likewise produce negative results in two

Imtagencity tests (Buselmer et al., 1972; Corbtt et aL., 1970).

3.3 Observtions in ma

Ten cass of cacer of the nal cavities arng workers in a nickel
refinery in Cl ydach, Wales, wee describ in the Report of the Chef
Inspctor of Factories and Workshops for 1932 (Chief Instor of Factories,

1933). By 1950, 52 cases of cacer of the nasal cavities and 93 cases of

lung cace had ben reported fran the refinery (Chief Insctor of Factories,
1952); these wee considered by the Mister of Pensions an National Insurance

to be industrial diseases. MJrgan (1958) and 0011 (1958) found tht the

relative freqency of death fran lung cace or cancer of the nasal cavities
in thes workers wa signficatl y higher th in th male :!pulation at

large. 0011 et al. (1970) undertaok a follCM-up study of 845 ræ enloyed
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at the refiner for at least 5 years and who w=re first enloyed before

1944. They obsered tht in ræ enloyed before 1925, death from lung

cancer were abut five to ten tis the mmibrs exted froID national
rates, while death froID cancer of the nasal cavities v;re 100 to 900 tlis

the expte figues. Men enloyed in 1925 or later shaw no excess ln

rrrtlity from these cancers. The results confirr previous suggestions

(0011, 1958¡ Morgan, 1958) tht the cacer hazard in the refinery had

be effectively rerved by 1925. Fue:ire, arng v.rkers exse
before 1925, the risk of developing cancer of the nasal cavities persisted

rrre or less unchaged for 15 to 42 years after the cacinogen was elll-

ated, whereas the risk of developing lung cacer decreased over tli (Doll

et aL., 1970). According to data reported by the Panel on Nickel of the

US National Acade of Sciences (CMEE, 1975), a total of 78 caes of

cancer of the nasal cavi ties and 174 cases of lung cancer v;re recozed
am::mg workm at the Clydach, Wales, nickel refinery during the 50 years

from 1921 to 1971.

Twenty-four cases of cacer of the nasal cavities and 92 cases of

lung cancer occued anng workrn at tw nickel refineries in Ontario,
Caada, during the years 1948 to 1968 (CMEE, 1975¡ Matromtteo, 1967;
Virtue, 1972). Foureen cases of cacer of the nasal cavities, 51 cases
of lung cancer and 5 cases of largeal cacer occured arng workrn at
a nickel refinery in Kristiansand, Norway during the years 1950 to 1971

(IØen, 1950; Pedersen et aL., 1973). Significant increases in the
incidence of cacers of the respiratory tract have also ben ciserved

arng workm in nickel refineries in the Ge Deratic Republic:
45 cases of pulmna cacers in 1932-1953 and 3 in 1972 (Konetzke, 1974a,b;

Rockstroh, 1958); Japa: 19 cases of lung cacer in 1957-1959 (Tsuchiya,

1965); and the USSR (Sayn & Shain, 1970, 1973¡ Tataskaya, 1965, 1967¡

Znamnskii, 1963). Sakyn & Shaynina (1970, 1973) have also suggested that
in addition to cancers of the respiratory tract, the incidence of gastric

carcinomas may be higher anng workers at four nickel refineries in the

USSR.
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The histopathlogic classifications of 49 cases of lung cacer and 49

cases of nasal cavi ty cancer that occured arng nickel workm have been
tabulated by the Panel on Nickel of the US National Academ of Sciences

(CMEE, 1975).

Although the exct nature of the cacinogenic agents in nickel

refineries is unow, the cacer hazard has been associated with theearly

stages of nickel refining which invol ve heavy exsure to dust froID rela-

tively crude nickel ores (0011 et al., 1970). Suspicion of carcinogenicity

has be foced primil y upn respirable particles of nickel subsulphide
an nickel oxide and upon nickel cabonyl vapour (CMEE, 1975). Th view
tht nickel carbcmy 1 alone is responsible has been discounted due to the

pronounced dimnution of cacer risk despi te continued use of the nickel
carlxmyl procss after 1925 in Clydach, Wales, and due to the occurrence

of excess risk of respiratory cacer arng workers in nickel refineries

that use the electrolytic process in lieu of the nickel carbonyl procss

(CMEE, 1975; 0011 et aL., 1970; Mastromtteo, 1967; Pedersen et aL.,
1973; Sunderm, 1968, 1973).

There have ben thee case reports of cacers of the respiratory tract

in workers who were invol ved in nickel plating and grinding operations

(Bourasset & Galland, 1966; Sunderm, 1973; Touraine & Raud, 1968).
HCMever, no epidEmological studies of cacer incidence have been reported

am:mg workm who have been exsed to nickel counds in nickel plating

plants, am::mg welders, or aIng workmn who have ben expsed to nickel
cata ysts in chemcal industries.

4. Corrts on Data Reported and Evluation

4.1 Animl data

Nickel subsulphide iS carcinogenic in rats following its inalation:

it prbduced malignt lung tururs. Intraiscular injection and/or

inlantation of nickel susulphide, nickel ~er, nickelocene or nickel

oxide, carbonate or hydroxide produced locl rhabomyosarcomas and/or

fibrosarcos in rats; nickel susulphide and nickel oxide produced

simlar tururs in mice an nickel pJer and nickelocee, in haters.

103



A clserespons relationship for local tuur induction after intramcuar
injection of nickel subsulphide has been dernstrate in rats.

Admnistration of nickel cabony 1 to rats by repeated intravenous

injection was associated with an increased incidence of rrlignt tururs

in various tissues. Inhlation exsure of rats to nickel cabonyl wa

assoiated wi th a few pulm::mary rrligncies.

4.2 Hum data

Epidemological studies conclusively dernstrate an excess risk of

cancer of th nasal cavity and lung in VDrkers in nickel refinries. It

is likely tht nickel in sar fonn(s) is cacinogenic to ma.
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EPXIDES



DIEPXYUTAN*

1. Chemcal and Physical Data

1.1 Synonym an trade nas

(a) Diepoxyutae

Chem. Abstr. Reg. SeriaI No.: 1464-53-5

Chem. Abstr. Nam: 2,2' -Bioxirane

l, l' -Bi (ethy lene oxide) ¡ butadiene diepoxide ¡ butadiene dioxide ¡
2 , 4-diepoxybutae ¡ l, 2: 3, 4-diepoxyutae ¡ dioxybutadiene ¡
eryic.o1 anydride

Bioxiran¡ Bioxirane

(b) DL- l, 2 : 3 , 4-Diepoxyutane

Chem. Abstr. Reg. SeriaI No.: 298-18-0

Chem. Abstr. Nam: (R* ,R*) - (+-) -2,2' -Bioxirane

l, 2: 3, 4-Dianydro-DL-thei toI ¡ ( +- ) -l, 2 : 3 , 4-diepoxybutane ¡
DL- 1,2: 3 , 4-diepoxybutae ¡ D, L-diepoxybutae

(c) D- 1,2: 3 , 4-Diepoxyutae

Chem. Abstr. Reg. SeriaI No.: 30419-67-1

Chem. Abstr. Nar: (R-(R*,R*) )-2, 2 '-Bioxirane

l, 2: 3 , 4-Dianydro-D-thei toI ¡ D-diepoxybutae ¡ (2R, 3R) -depoxy-
butae ¡ (2R, 3R) - l, 2 : 3, 4-diepoxybutae

(d) L- 1,2: 3, 4-Diepoxybutae

Chem. Abstr. Reg. SeriaI No.: 30031-64-2

Chem. Abstr. Nar: (S- (R* ,R*) )-2,2' -Bioxirane

1 ,2: 3 , 4-Dianydro- L-thei toI ¡ (25, 3S) -diepoxybutce ¡ L-iepoxybutae ¡
(2S, 3S) - l, 2 : 3 , 4-diepoxybutae

*Considered by th Working Group, Febru 1976
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(e) me so- l, 2: 3, 4-Diepoxyutae

Cher. Abstr. Reg. SeriaI No.: 564-00-1

Cher. Abstr. Nar: (R* ,S*)-2,2'-Bioxirane

1,2: 3 , 4-Dianydroeryi toI i me so-diepoxybutae i (R* , S*) -diepoxy-

butane

1.2 Chencal fonma and nolecular ~ight

CH2 _ÇH_~-JH2
'\0/ 0

C4H602

1. 3 Chemcal and physical properties

fuI. wt: 86. 1

(a) Description: Colourless liquid

(b) Boiling-point: 1380Ci 140-1420C (meso-fonn)

M21ting-point: 40C (DL-fonn);

Density: d¡8 1.113

Refractive index: ~O 1. 4289

(Van Duuren et al., 1963)

(f) Spectroscopy data: Infra-red e:¡:oxide bad at 1250 an-l

(c) o
19 C (meso-fonn)

(d)

(e) (DL-fonn); ~3 1.4272 (meso-form)

(g) Solubility: Miscible with water

(h) Stabi1ity: Slowly hydrolysed in water to eryitol or theitol

(i) Reacti vi ty: Reacts wi th 4- (4 1 -ni trobenzy 1) pyridine (Preussm
et al., 1969)

1.4 Technical products and imurities

No data were available to the Working Group.
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2. Prcxuction, Use, Ocurrence and Anlysis

For imrtt background infonntion on this section, see preale, p. 19.

2.1 Prcxuction an use

Diepoxyutane was prepared in 1884 by treat:t of erythityl chlore-

hydrin with alkali. It has since be rrde by reacting 1,4-dichloro-2,3-

butanediol or a 2, 3-dialogeno- l, 4-butaol wi th soum hydroxide. Th
DL-fonn has be prepaed fror 1,4-diror2-butene and the meso-form froID

1,4-dihydroxy-2-butene or 3,4-epoxy-l-butene (Shostaovskii et al., 1966¡

Stecher, 1968). The L-fonn has be prepaed fran (2S,3S)-theitol 1,4-bis-

ræthesulphonate via (2S , 3S) - l, 2-epoxy- 3, 4-butaediol 4-rrthanesulphonate

(Feit et al., 1970).

ln sorr countries diepoxyutae has b2en usd in th cuing of pol ymrs,
for cross- lining textile fibres and in the prevention of rncrobial spoilage

(Stecer, 1968). Several patents have b2en issued on its us in polyrr,

paper an texile treabnts and as a chemcal intenriate.

2.2 Occurence

No data were available to the Working Group.

2. 3 Anal ysis

See setion 'General Remrks on the Substaces Considered', p. 29.

3. Biological Data Relevant to the Evluation

of Carcinogenic Risk ta Ma

3.1 Carcinogenici ty and related studies in anIs

(a) Skin application

MJuse: 'Io groups of 30 8-we old rrle ICRHa Swiss rnce ~re gi ven

thice weely sun applications on the clipped dorsal skin of 10 rr/aninl
D, L- or meso- l, 2: 3 , 4-diepoxybutae in O. 1 nù acetone. M:ian suri val tiIs
were 78 and 154 days, respectively. With D,L-iepoxybutae, 2 rnce develope

skin tUIurS¡ one of these had a squs-cell carcinorr. With the meso

isorr, 6 rnce develope skin tUIurs ¡ 4 of these had squs-cell
carcinoma. Amng 90 solvent control rnce 8 develope skin papillois
(Van Duuren et al., 1963).
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ln anther exprimt, tw groups of 30 8-\\ old femle ICRjHa Swss

mice recei ved 3 and 10 ID of D, L- l, 2: 3 , 4-diepoxybutae in 0.1 ml acetone,
respeti vel y, applied on the clippe dorsal skin thrice \\l y for lifespa.

One nouse gi ven the higher dose develope a skin papilloma (rr sui val

tii, 165 days). Of mice given the lower dose, 10 develope skin papillOIs

and 6 develope squaius-cell carcinomas of the skin (rran sui val tir,

475 days). meso-l,2:3,4-Diepoxybutae was tested at the sa doses: 5

anÍfls at th higher dose develope skin papillomas and 4 developed

squarus-cell carcinoms of the skin. At the lowr dose 1 aninl develop
a skin papi1 lom ; there were no cacinan. No skin tururs occured in
60 acetone-treated controls (Van Duuren et al., 1965).

(b) Subutaeous and/or intramcular admistration

!-use: In groups of 50 and 30 8-we old femle ICR/a Swss rnce
gi ven s. c. inj ections of O. 1 or 1. 1 ID/ aninl D, L- 1,2 : 3, 4-diepoxybutae in
tricapry lin once weekl y for over a year, 5/50 and 5/30 rnce, respecti vel y,
develope local fibrosarcos. The rran survival tiis ~re 456 and 328

days. No local sarcorrs develope in 3 groups of sol vent-treated controls
(Van Duuren et aL., 1966).

Rat: Of 50 6-~ek old femle Sprague-Dawley rats given once ~ly
s.e. injections of 1 ID D,L-l,2:3,4-diepoxybutae in tricaprylin, 9 anIs

develope local fibrosarcoms; the ræian surival tir was 470 days. No

local tururs develope in 50 solvent-injected controls (Van Duuren et al.,

1966) .

(c) Intraperi toneal admnistration

!-use: Groups of 15 male and 15 femle 4-6-wek old A/J mice ~re

given 12 thice weekly Lp. injections of L-l,2:3,4-diepoxybutae dissolved

in water or in tricaprylin. Total doses in water were 1. 7, 6.7, 27, 108

and 192 rngjkg lM, and the resulting incidences of lung tuurs were 21,

40, 55, 64 and 78%, respectively (0.2, 0.5, 0.8, 0.9 and 1.5 tururs per

nouse). 'Ital doses in tricaprylin were 3, 12, 48 and 192 rrjkg lM, and

the resulting incidences of lung tururs were 40, 43, 46 and 50%, respectively

(0.5, 0.6, 0.8 and 0.75 tururs per nouse). Of 447 controls injected with
water or tricaprylin, 35% had lung tururs, with 0.44 tururs per rrus
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(Shimin et aL., 1966) (The increases in numrs of 1ung ti.urs were
significat (P~O. 01) at the 3 highest dose levels adristered in water).

3. 2 Oter relevant biological data

(a) Exrirtal system

(i) Diepoxybutane (mied steroisoirs): The oral ID in rats
50

is 78 mg/kg hw (Sm et aL., 1954) and the percutaeous ID in rabits is
50

98 mg!kg hw. ln rats, the IC is 371 mgjm3 (90 ppm) for a 4-hour expsure.
50

Exsure caused lachrtion, clouding of the cornea, labured breathing
and congestion of the lungs. Suri ving animIs gained w=ight less rapidl y

th controls during recovery and suffered from atrophy of the thymus and

involution of the splee (Hine & Roe, 1963).

ln rnce, toxicity and a high rate of rrrtlity have be associated
wi th percutaeous tests inv01 ving application of an acetone or arachis oil

solution of 1,2:3,4-diepoxybutae (Hendr et al., 1951). ln rabbits,

diepoxybutae is an eye irritat, produces burs and blisters on the skin

and causes extrer irritation of the pulInar tract. Six intramcular
injections of 25 mg/kg hw produced leucopeia and lymhopnia (Hine & Rawe,

1963) .

Diepoxybutae alkylates DNA prirrily at the N-7 position of guine

(Van Duuren, 1969).

It produce 97% inhibition of the graw of Walker carcinor ln rats
(Hendr et al., 1951).

Diepoxybutae induce prophage ln Baci L lus megateriwn and Pseudomonas

pyocyanea (Lwoff, 1953) and in Escherichia coli k-12 (Heinem & Howard,
1964). It induced reverse mutations in strain ~ 1535 of Salmonella

typhimuriwn (Mcan et al., 1975), in Schizosaccharomyces pombe (Clarke &

Loprieno, 1965) and in B and Bjr strains of Escherichia coli after treat-

ræt for 1 hour at 370C with 0.01 M and 0.02 M aqueous solutions, respec-

tively (Glover, 1956). Reverse mutations were also induced in the purle,

adenine-reqring mutat 38701 of Neurospora crassa after treatmnt with a
0.2 M solution (Kølrk & Westergaard, 1953).
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The coniund produce IT totic gen conversions in strai D4 of

Saccharomyces cerevisiae after 5 hours of treat:t with a 0.005 M solution

(Zimrm, 1971; Zimrm & Vig, 1975). ln Drosophila melanogaster it
has produce sex- lined recessi ve lethal ITtations, visible ITtations, ser-

lethl mutations (Bird & Fah, 1953), translocations (Watson, 1966, 1972)

and miute mutations (Fah & Fal, 1970).

Diepoxybuta produced chrorrsom abrrations in cells taen from a

patient suffering from Fanconi' s anaema which were treated in vi tro for

7 days (Wolm & Auerbach, 1975).

(ii) D,L-l,2:3,4-Diepoxybutae: ln rats, a solution of 5 rr D,L-

1,2:3,4-diepoxybutae in 0.5 ml tricaprylin admstered intragastrically

once weely for a year was non-toxic (Van Duuren et al., 1966); in ITce,

skin dage was see (Van Duuren et al., 1963).

(iii) L- 1,2: 3, 4-Diepoxybutane:

16 mgjkg bw (Shim et aL., 1966).
The i. p. Il in strain AI J ITce is

50

(iv) meso-l,2:3,4-Diepoxybutae: The Lp. ID in rrce is 25 irjkg hw
50

(Stecher, 1968). It prouces 55% inibition of the graw of Waler cacincr
in rats CHendr et aL., 1951).

The ITtagenici ty of the indi vidual steroisorrrs of diepoxybutae has
be tested onl y in plants, in which they have been found to be mutagenic

(Bianchi & Contin, 1962; Ehenrg & Gutafsson, 1957).

(b) Ma

In ma, mir, accidental exsure to diepoxyutae (nuxed stereo

isos) caused swlling of the eyelids, painful eye iritation and upr

respiratory tract irritation within 6 hours (Hine & :R, 1963).

3. 3 Observations in ma

No data were available to the Working Group.
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4. Corts on Data Reported and Evluation 1

4.1 Animl data

D, L- and meso- l, 2: 3, 4-diepoxybutane are cacinogenic in rnce by skin
application: bath comunds prcxuce squs-æll skin carcinor. The

D ,L-racete also produced local sarcan in rnce and rats by subtaeous
injection. L- 1,2: 3, 4-Diepoxyutae is cacinogenic in mice by intraperi-
toneal injection.

4 .2 Hum data

N' case reports or epidemological studes ~re available to the

Working Group.

lSe also the secion 'An Data in Relation ta the Evaluation

of Risk to Ma' in the intruction to this volur, p. 17.
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DIGLYCIDYL RESORCllL El*

1. Chcal and Physical Data

1.1 SynnyI and trade nars

Chem. Abstr. Reg. SeriaI No.: 101-90-6

Chem. Abstr. Nar: 2, 2' - (l, 3- Pheny lene bis (oxythy lene) Jbis-
oxirane

l, 3-Bis (2, 3-epoxyropxy)benzene¡ meta-bis (2, 3-epoxyropoxy)-
bezene¡ RD: resorcinol diglycidyl ether¡ resorcinyl diglycidyl
ether

Araldite ERE 1359

1.2 Chercal forma and rrlecular v;ight

0_ CH2-~-JH2

1 0
~O_CH'-'\1H'

o

C12H1404

1. 3 Chercal and physical propies

MoL. wt: 222.2

From Hawley (1971)

(a) Description: Pale-yellow liquid

Boiling-point: o
172 C at O. 8 nm(b)

(c) Density: d¡S 1.21

(d) Refractive index: ~5 1. 541

*Considered by the Working Group, Febru 1976
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1.4 Techical products and imuri ties

Tyical properties of corcial diglycidyl resorcinol ether are a

viscosity of 300-500 centipoises (250C) and an epoxy eqivalent of 130.

Speifications for ccmrcial diglycidyl resorcinol ether in Japa are
a minim of 98.5% non-volatile matter, and an epoxy eqivalent of 125-135.

2. Production, Use, Ocurrence and Anlysis

For imrtant background informtion on this section, see preale, p. 19.

2.1 Production an use

Diglycidyl resorcinol ethr was sythesized in 1948 by the reaction

of an excess of epichlorohydrin with resorcinol in alaline solution

(Werner & Farenorst, 1948), and ths is l:lieved to be the method used

for comrcial production.

Al though there are two producers of ths chemcal in the US, the

qutity produce is Ilt know¡ one cxy stared production in 1974.

One comy in Japa staed producing this cound in 1974, and an esti-
mated 5 thousand kg were produced in 1975.

Diglycidyl resorcinol ether is used as a liquid epoxy resin and as a

reactive diluent in the production of other epoxy resins (Le & Neville,

1967). Cured resins made froID it have l:en reported to have characteristics

which mae them useful for electrical, casting, taoling, adhesi ve and

lamting applications and as a coating for rrtal and certain paveInts
to increase tenile strengt. It has also been used to cure polysulphide

ruber.

2 . 2 Occurence

No pata were available to the Working Group.

2 . 3 Anal ysis

See section 'General Remks on the Subtaces Considered', p. 29.
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3. Biological Data Relevant ta the Evluation

of Cacinogenic Risk to Ma

3.1 Caciogenici ty an relater stuìies in an

(a) Skin application

Mouse: ln a prelimna:r report, Mcn et al. (1957) stated that
a signficat numr of skin tUIurS were prouced in C57Bl mice by thice

weekly skin painting of diglycidyl resorcinol ether (Th study was not

fully reported and canot be evaluatedJ.

No skin tUIurs occured in 30 8-we old fere SWss ICRjHa mice

which receiver thice weely skin paintings of a 1% solution in bezene

(approximtely 0.1 ml solution per application) for lifei the rrdian

surival til was 491 days (Van Duuren et aL., 1965).

(b) Subtaneous and/or intrarcular admistration

Rat: ln a prelimnar report McCn et aL. (1957) reported that
s.e. injection of diglycidyl resorcinol ether resulted in a statistically

significat increase in the numrs of local tUIurS in Log-Evs rats
(The study was not fully reported and cannot æ evaluatedJ.

3.2 Oter relevant biological data

(a) Exrimntal system

The oral ID 's of diglycidyl resorcinol ether in mice, rabits and
50

rats are 0.98, 1.24 and 2.57 g/kg br, respetively. Lp. ID 's in mice
50

and rats are 243 and 178 ff/kgbr.

Air saturated with diglycidyl resorcinol ethr vapour was not lethal

to mice and rats after 8 hJurs' expsure i but rabi ts Viich recei ved

7.2 g/kg bw by inhalation died. Repeated percutaeous applications of up
to a total of 1. 2 g diglycidyl resorcinol ether also caused death in

rabbits. It caused irritation to the eyes and skin (Hine et al., 1958).

ln monkeys, a once monthly i. v. injection of 100-200 ff/kg hw

diglycidyl resorcinol ether produce a progressive lo.ring of the leucote

count (Hine & Ro, 1963). It prouced a 27% inibition of the grcw of

Walker carcinam in rats (Hendr et aL., 1951).
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(b) Ma

Diglycidyl resorcinol ether prcxuces severe burs on contact with the

skin, and skin sensitization has occued in a limte mmibr of cases (Hine
& Rce, 1963).

3. 3 Observations in mm

No data were available to the Working Group.

4. Comæts on Data Reported and Evluation

4.1 Animl data

Digl ycidy 1 resorcinol etr was reported in a prelirar coication

to be carcinogenic in mice by skin application and in rats by subtaeous
injection. No cacinogenic effect was observed in a furer long-tenu skin

application study in mice. No evaluation ca be nade.

4 .2 Hum data

No case reports or epidemological studies were available to the

Workig Group.
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EPICHROHYRI*

1. Chcal and Physical Data

1. 1 Synonyr and trade nas

Cher. Abstr. Reg. SeriaI No.: 106-89-8

Cher. Abstr. Nam: Chlororthy 1 oxirane

1 ~hloro- 2, 3-epoxyropae; 3-chloro- i, 2-epoxyropae; (chloro-
methy 1) ethy lene oxide; 2- (chloranthy 1) oxirane; chloroprop lene

oxide; y-chloropropy lene oxide; 3-chloro- l, 2-propy lene oxide;
epichlorhydrin; a-epichlorohydrin; (DL) -a-epichlorohydrin;

l, 2-epoxy- 3-chloropropae; 2, 3-epoxyropy 1 chloride

SKEG

1.2 Chemcal fomua and rrleclar w=ight

G.2¿H_CH2CIo

C3H5CIO

1 . 3 Chercal and physical properties

l-1. wt.: 92.5

(a) Description: Colour less liqud

(b) Boiling-point: 116. 20C

(c) M=lting-point: -25.60C

(e)

. 20 25
Density: d4 1.1812; d4 1.1750

Refractive index: l,5 1. 4359

Solubility: Miscible with water (6.4% by wt at 200C);

miscible with ethanol, diethyl ether and chlorinated aliphatic

hydrocarbon sol vents; inscible wi th petroleum hydrcxarbons

(d)

(f)

*COnsidered by the Working Group, Februry 1976
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(g) Staility: Hydrlysis is slo. at ro teature but 1S
accelerated by heat or traces of acid.

(h) Reactivity: Reactions with active hydren corunds (e.g.,
alcohols, ames) no:rlly occu at the irre reactive epoxide

site of epichlorohydrin, although reactions involving the

chlorine are also know to occu. L t reacts wi th 4- ( 4 ' -ni tro~
bezyl)pyidie (Preussm et al., 1969).

1. 4 Techical prcxucts and Ílurities

Cocial spcifications for a prcxuct sold by one US maufacturer

are a miim of 98.0% wt purity and a maim of 0.2% wt water. Specifi-

cations for a prcxuct sold in Japa are a purity of over 98% an less than
0.1% water.

2. Prcxuction, Use, Ocurrence and Anlysis

For irrtt background ino:ition on this section, see prearle, p. 19.

2. 1 Prcxuction and use

Sythesis of epichlorohydrin was carried out by Bertelot in 1854

by treatrt of a crude glycerol dichlorohydrin miture with alkli

(Lichtenwalter & Riesser, 1964). It is produced comrrcially by the

high-temrature chlorination of propylene ta allyl chloride, followed
by chlorohydrination wi th hyphlorous acid to yield a mixture of isorrric

glycerol chlorohydrins, whch are subseqently treated with alkali to

yield epichlorohydrin.

ln the US, srll -scale production of epichlorohydrin started in abut
1937 an lage-scale production in 1949, in connection with the first
sythetic glycerin plant. Prcxuction by two canies in 1973 was abut
156. 5 million kg. Epichlorohydrin has ben prcxuced comrciall y in
Japan since 1966; prcxuction in 1974 is estirted to have ~en approxi-

rrtely 41 million kg. It is also kno. to be prcxuced by one or imre

compies in the following countries: Czechoslovakia, France, Federal

Republic of Ge:ry, Ge Deratic Republic, The Nether lands, UK and

USSR.
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The estited 1973 US consurtion of epichlorohydrin wa distributed

as follavs: sythetic glycerin, 46.4%; unified epoxy resin, 38.8%;

epichlorohydrin elastarrs, 1. 7%; other products, 9.3%; exrts, 3.8%.
The consurtion pattern in Japa is believed to be simlar to tht in the

US.

In the production of sythetic glycerin, epichorohydrin is hydrolysed

to the a.-rroc1orohydrin, whch is cove to glycein with alkli. ln

the prepaation of unfied epoxy resins, epichlorohydrin is rected wi th
bisphenol-A to produce epoxy-ternted resins mich are suseqently

cued by furer reaction wi th oter chemcals (e. g ., ames or anydrides).

Epichlorohydrin elastorrrs represent a relatively smll proprtion of

epichlorohydrin-derived products, but such elastorrs are used men resis-
tance to ozone, oil and sol vents and imrrabili ty to gases ar reired.

Oter products produce fran epichlorohydrin, nost of ther in relati vely
small a:unts, include glycidyl ethrs, sa tys of rrified epoxy resins,

wet-strengt resin for the paper industr and water treat:t resin.

It has be used to crosslin stach in foo and indus trial uses. 'Ie

foo grade product is suject in sone countries to reguations regarding

the residue of epichlorohydrin and/or its hydrlysis products.

Pennssible levels of epichlorohydrin in the working environit have
be estalished in various countries (Wine11, 1975). Th theshold limt

value in the US is 19 mg/m3 (15 pp); the ma al1awle concentration
in the USSR is 1 mg/m 3 .

2.2 Occuence

No data were available to the \'brking Group.

2.3 Anal ysis

Epichlorohydrin ca be deterned volurtrically (Swa, 1954). A

method for its colori.tric detenntion in air sarles with chrortropic

acid after peiodate oxidation has been describ (Jaraczewska & Kazper,

1967). It has also be detemied (with a 1imt of detection of 0.3%) in
aqueous solutions after exaction wi th cal:x:m tetrachloride by neasureInt
of the absorbace at 1273 cm-i (Ad & Peterka, 1972). See also section
'General Rei"ks on the Substaces Considered', p. 29.
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3. Biological Data Relevant to the Evluation

of Cacinogenic Rik to Ma

3.1 Carcinogenicity and related studes in anIs

(a) Skin application

MJuse: Of 40 90-day old C3H rnce painted thice wæl y wi th one

'bruhful' of undiluted epichlorohydrin on the clippe dorsal skin for

life, 30 were ali ve at 17 IInth, and 1 suri ved for 25 IInths. NJ tinurs
were observed (Weil et aL., 1963).

Fifty 6-8-~ek old femle ICR/Ha Swss rnce received 2 mg epichloro-

hydrin in O. 1 ml acetone thice v.l y on the clippe dorsal skin. The

duration of the exprimt was 580 days, and the rran surival ti, 506

days. No skin tururs ~re observed (Van Duen et aZ., 1974).

ln an intiation-prontion exrimt, 30 rrce recived single doses

of 2 mg epichlorohydrin in O. 1 ru acetone on the skin, fOllOled 2 wes
later by thice wel y skin applications of 2.5 ll phorbol IIristate
acetate in 0.1 ml acetone for the duration of the exrimt (385 days) .

Nine rnce develope skin papillans (the first observed after 92 days),
and 1 IIuse develope a skin carcinan. Of 30 O)ntrol animIs treated

with phorbol myistate acetate alone, 3 develop papilloms (the first

observed after 224 days). No tinurs occured in 30 solvent-treated

controls (Van Duuren et aZ., 1974).

(b) Subtaeous and/or intramscuar admistration

M:use: Of 50 6-we old femle ICR/Ha Swss rnce which recei ved wel y

s . c. injections of 1 rr epichlorohydrin in 0.1 ru tricap:r lin, 2 developed
locl sarcc after 300 days (the first after 126 days). ln earlier

exprimts the vehicle had proved to be non-cacinogenic (Van Duuren

et al., 1972).

Of 50 6-8-wee old femle ICR/Ha Swss rrce given ~ekly s.e. injecions

of 1 mg epichlorohydrin in 0.05 ml tricaprylin for the duration of the expri-

met (580 days), 6 develope locl sacc and 1 had a loc adenocinan.

Theiæ surival tim was 486 days. On locl saa: occued in 50
tricaprylin-injected controls (p-cO.05) (Van Duen et aL., 1974).
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(c) Intraperi toneal adnnistration

fuuse: Of 30 fenle ICR/Ha Swiss fice given wely i.p. injections

of 1 rr epichlorohydrin in O. 05 ml tricap:r lin for the duration of the

expri1t (450 days), IL develope papilla:r tururs of the lung. Of

30 controls treated with tricaprylin alone, 10 develope tuuurs of the
lung (Van Duuren et al., 1974).

3. 2 Oter relevant biological data

(a) Exri1tal system

The i. p. ID 's of epichlorohydrin range from 0.12-0.17 g/kg b. for
50

rats, mice, guea-pigs and rabits. Oral ID 's in fice and rats are
50

0.24 and 0.26 g/kg, respectively. The ID follCMing i:rcutaeous
50

admistration to rabits is 0.76 g/kg b.. The rrdian ti to death of

ITce inling an air-vapour miure containg 72 g/m 3 epichlorohydrin

was 9 minutes (Laurence et al., 1972).

Epichlorohydrin ca cause cetral nervous depression and irritation

of the respiratory tract; death is generally due to depression of the

respirato:r centre (Hine & Fa, 1963). Neplotoxicity is a Clative
effect of epichlorohydrin poisoning (Hine & ROl, 1963; Pallade et al.,

1968) ; renal insufficiency ocred within 24-48 hours in approxitely
80% of rats tht had be given 125 rr/kg b. of the caund (Pallade

et al., 1968). It produces exei irritation when tested intrade:rly,
derlly or intraocarly in ralits (Laurence et al., 1972).

ln a 12-~k subcute toxicity test in rats injected intraperitonelly
with epichlorohydrin, treatrt led to a dose-related derease in haerlobin
values; wi th doses of 0.056 g/kg h. an increae in segite neutraphils

was seen; a reduction in the proportion of lymoces occued at doses
of 0.022 and 0.056 g/kg h. (Laurence et aL., 1972). An increaed leucoe
count was obsered in anIs which v;re exsed chonicall y to vapours of
epichlorohydrin in air at concentrations of 2 rr/rn3 (Fomi, 1966). The
ma tolerated dose in a 13-v;ek subcute study in rats follCMing oral
admistration of epichlorohydrin wa 45 rr/kg b./day (Oser et aL., 1975).

Repeated oral adistration of 15 rr/kg b. epichlorohydrin produce

reversible inferility in male rats withn 7 days: fertility wa restored
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after dosin had be discontiued for approxitely 1 v;ek (Hah, 1970).

It produce a 27% inibition of the grow of Walker cacina in
rats (Hendr et al., 1951).

Epichlorohydrin in ethanol produce reverse mutations in Escherichia

coli strain Bir (Strauss & OkU), 1960); and a 0.15 M aqueous solution

induced reverse mutations in macroconidia of the purle, adene-reqiring

mutant 38701 of Neurospora cras sa after 30 miutes (K~lmk & Giles, 1955).
Recessive lethl mutations have be Obtained in Drosophila melanogaster

after treabænt with epichlorohydrin (Rapoport, 1948).

A dose of 150 rr/kg li epichlorohydrin adrstered by Lp. injection
did not induce domit lethl mutations in ICRa Swss rnce (Eptein et
al., 1972).

(b) Ma

Fornn (1966) found tht exsure to epichlorohydrin at a concentration

of o. 3 mg/m 3, whch represents a theshold value for the srll of that

substace for the ITst sensitive hum sujects, produced chges in the
electroecephalograr patter, whereas a concentration of 0.2 rrg/m 3 wa

inactive.

Several cases of severe skin burs have resulte fror local contact

with epichlorohydrin (Hine & Rc, 1963). On case of severe epichloro-
hydrin poisoning occued in a 39-year old larrato:i assistat: initial

irri tation of the eyes and thoat was foll~d by chonic asthtic
bronchitis; successive biopsies established a high deree of fatty infil-

tration of the liver (Schultz, 1964).

3.3 Observations in ma

No data were available to the oorking Group.
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4 . Cots on Data Rerted and Evluation 1

4.1 Animl data

Epichlorohydrin is carcinogenic in mice by subtaeous injection:
it produced local sarcos. It was active as an initiator in a twstage

skin cacinogenesis study in mice.

4 .2 Hin data

No case reports or epidemological studies were available ta the

Working Group.

lSee also the section 1 Anl Data in Relation to the Evluation
of Risk to Ma 1 in the introduction to ths volur, p. 17.
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1 -EPXY- 3,4- EPXYCYCIDHE*

1. Chca1 and Physical Data

1.1 Synonyr and trade nars

Chem. Abstr. Reg. SeriaI No.: 106-87-6

Chem. Abstr. Nar: 3-Oxirany 1 - 7 -oxaicyclo (4. 1. 0) heptane

l, 2-Epxy-4- (epoxyethy 1) cyclohexane; 3- (epoxyethy 1) - 7 -oxaicyclo-

( 4 . 1.0) heptae; 4- (epoxyethy 1) -7-oxaicyclo ( 4. 1.0) heptae;
3- (1,2-epoxyethyl) -7-oxabicyclo (4. 1.0)heptane; 4- (1,2-epoxyethyl)-
7-oxabicyclo (4.1. 0) heptae; vinylcyclohexe diepode; vinyl-
cyclohexene diepoxide; 4-viny lcyclohexene diepoxide; 4-viny 1 - 1-
cyclohexene diepoxide; 4-viny 1-1, 2-cyclohexene diepoxide; viny 1
cyclohexene dioxide; vinylcyclohexene dioxide; 4-vinylcyclohexene

dioxide; 1 -viny 1 - 3-cyclohexene dioxide; 4-viny 1 - 1 -cyc10hexene

dioxide

Chissonox 206; Unox Epxide 206

1.2 Chemcal forma and rrlecular ~ight

D-~7H2o

C8H1202

1. 3 Chencal and physical propeties

(a) Description: Colourless liqud

M)1. wt: 140.2

(b) Boiling-point:
o

227 C at 760 mu; o
110- 113 C at 20 mm

(c) oFreezing-point: Sets to a glass at -55 C

20Density: d20 1.0986(d)

*Considered by th Working Group, Februar 1976
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(e) Refracti ve index: ~o 1.4787

-1Infra-red epoxide band at 1250 an(f) Spectoscopy data:

(g) Solubility: Miscible with water (l8. 3% w/w) at 200C

(h) Staility: Slowly hydrolysed in water

(i) Reacti vi ty: Reacts wi th active hydrogen conpunds (e. 9 . ,
alcohols, ames)

1. 4 Technical products and imuri ties

One grade of 1 -epoxyethy 1 - 3, 4-epoxycyclohexane available in the US
has an epoxy eqivalent of 74-78 (Anon., 1964).

2. Production, Use, Ocurence and Anl ysis

For imrtt background inforrtion on this section, see prearle, p. 19.

2.1 Production and use

1 -Epxyethyl - 3, 4-epoxycyclohexe ca æ prepaed by peracetic acid
epoxidization of 4-vinylcyclohexae (Wallace, 1964).

It has been produce canrcially by one US naufacturer for aOut

20 years, but no data on US production, irrts or exprts are available.

The comund is used as a reactive diluent for other diepoxides and
for epoxy resins derived fran bisphenol-A and epichlorohydrin. It has

also be proposed for use as a chemcal intei:ate (e.g., for conden-
sation with dicarxylic acids) an as a IInaær (e.g., for prepration

of polyglycols containg uneacted epoxy grups or for hoipolyrrization

to a thee diional resin) (Anon., 1964).

2.2 Occurence

No data were available to th Working Group.

2. 3 Anl ysis

Gas chromtogaphy and infra-red spetroscopy have ben used. Se
also secton 1 General Reks on the Substaces Considered 1, p. 29.
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3. Biological Data Relevant to the Evaluation

of Carcinogenic Rik to Ma

3.1 Carcinogenicity and relate studies in animIs

(a) Skin application

MJuse: Repeated skin applications of 16 Il of a corcial sale of

1 -epoxyethy 1-3, 4-epoxycyclohexane in acetone 5 tirs ~l y for 12 lInths

produced skin ti.urs in 11/20 male alino mice; 9 of these had sqarus-

cell cacincrs and/or sarcomas. Th last lIuse died 21 IInth after the
sta of treatrnt; no control data were reported (Hendr et aL., 1951).

In two other studies, 1/20 and 4/18 C57Bl or C3H mice develope skin

tururs after applications of a 10% solution in acetone and total doses

of 70 and 78 mg (Kötin & Falk, 1963; Weil et al., 1963) (Control data

were gi ven for nei ther of the abve studies).

Of 30 8-week old male Swiss ICR/Ha mice painted on the clippe dorsal

skin wi th 0.1 ml of a 10% solution in benzene thice weekl y, 14 develope
skin tururs; 9 of these had squarus-cell carcinors; the rran suri val

tir was 326 days. Arng 150 benzene-treated mice, skin tuiurs occured

ID il, 1 of which had a squaius-cell cacinoma. Of 207 nntreated mice,

13 had skin tururs; 1 of these had a sqarus-cell carcinor (Van

Duuren et al., 1963) (P~O.OOl).

(b) Intraperitoneal admistration
Rat: Of 10 male and 4 femle stock albino rats given twice weekly i.p.

injections of 250 mg/kg bw 1 -epoxy- 3, 4-epoxycyclohexe in arachis oil for

10 weeks, 1 male developed a sarco in the peritoneal cavity after 7 rrnths.

No other ti.urs occured in other rats survi ving 21 nonths. No data were

reported for arachis oil-injected controls (Hendr et al., 1951).

3. 2 Other relevant biological data

ln rats, the oral LD of l-epoxy-3,4-epoxycyclohexae is 2.83 g/kg
50

l:; in rabbits, the percutaneous ID is 0.68 Il/kg l: (Weil et aL.,
50

1963). The 4-hour inhalational LC in rats was 4580 Il/m3 (800 ppm);
50

death occured soon after expsure (Hine & RCMe, 1963).
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This compund causes acute respiratory-tract irritation and congestion

of the lungs. It produces redess and swelling o:atible with a first-

degree bur on the clippe skin of rabbi ts. Treated rats shawd focal

necrosis of the thymus, and the leucoce count fell by nore than 60 %

during the first 4 days (Kodam et al., 1961). Both Kodam et al. (1961)

and Hine & Rowe (1963) report testicular atrophyin so of the animIs

that had been expsed to this cound.

This epoxide causes 94% inibition of the grav of Walk carcinan

in rats (Hendr et ai., 1951).

3. 3 Observations in ma

No data vvre available to the Working Group.

4. Conmts on Data Reporte and Evaluation 1

4 . i Animl data

1 -Epxyethy 1 - 3, 4-epoxycyclohexane ls cacinogenic in mice by skin
application: i t prcduced squam::ms-cell skin carcinCJs.

4. 2 Hur data

No case reports or epidemological studies were available to the

Working Group.

lSee also the section 'Anl Data in Relation to the Evluation

of Risk to Ma' in the introduction to this volur, p. 17.
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3, 4-EPOXY-6-MECIHE- 3, 4-EPXY-
6-MECLO CAXYTE*

1. Chemcal and Physical Data

1.1 SynonyI an trade nas

Chem. Abstr. Reg. Serial No.: 141-37-7

Chem. Abstr. Na: 4-Methy 1 -7 -oxabicyclo (4. 1. 0) heptae- 3-caooxy lic
acid, 4-rrthy 1 -7-oxaicy 10 ( 4. 1.0) hept- 3-y 1 rrthy 1 ester

a-Dicyclodiepoxycarooxy 1 - 3, 4-epoxy-6-rrthy lcyclohexy lrthy 1 - 3,4-
epoxy-6-rrthy lcyc10hexenecarooxy late; 3, 4-epoxy-6-rrthy 1cyclo-

hexaecarooxylic acid, (3, 4-epoxy-6-rrthylcyclohexylrthyl) ester;
3, 4-epoxy-6-rrthy lcyclohexy lithy 1-3, 4-epoxy-6-methy lcyc10hexae-
carooxy late; 3, 4-epoxy-6-rrthy lcyclohexy lrthy 1-3 ' ,4 ' -epoxy-6 ' -
methy lcyclohexae carooxy late; 4, 5-epoxy- 2-methylcyclohex lithy 1-

4, 5-epoxy- 2-rrthy 1cyclohexanecarxy 1ate; 6-methy 1 - 3, 4-epoxycyclo-

hexylrthyl 6-rrthyl-3,4-epoxycyclohexane caooxylate; (6-rrthyl-

3, 4-epoxycyclohexy 1) rrthy 1 6-rrthy 1 - 3, 4-epoxycyclohexanecaooxy late;

4-methy 1 -7-oxaicyclo ( 4.1. 0) heptane- 3-rrthanol -4-methy 1 - 7-oxaicyclo-

( 4 . 1 . 0) heptae- 3-carooxy late

Chissonox 201; EP 201; Epxide 201; Unox 201; Unox Epxide 201

1.2 Chercal forma and irlecar v.ight

o
Il

O~CH2-0_C~.~CH3 H3C~"

C16H240 4 l'I. wt: 280.4

*Considered by the Working Group, FebruI:.! 1976
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1. 3 Chemcal and physical propeies

(a) Description: Liquid

o
123- 135 C at 0.08 mm; o

185- 186 C at 3 mm;(b) Boiling-point:
o

215 C at 5 mm

Deity: d~~ 1.121

Refractive index: ~5 1.4937; ~6 1.4861;

Solubility: Miscible with water (0.3% w/w)

~o 1.4822

(c)

(d)

(e) and acetone

1.4 Technical products and imurities

No data were available to the Working Group.

2. Production, Use, Occurence and Anl ysis

For I.rtant background informtion on this section, see preamle, p. 19.

2.1 Production and use

This chemcal was prouce in the US by one coany until abut 1965

for use in the rrufacture of cued resins by reaction wi th a variety of
cuing agents. It is believed to have been replaced in these applications

by the corresponding chemcal which lacks the rrthyl groups on each of the

cyclohexy 1 rings.

2. 2 Occurence

No data were available to the oorking Group.

2.3 Analysis

This chencal ca be detected by paper chomatogaphy, with a limit

of detecion of 10 l1g (Novak, 1968). See also section 'Geeral Reks
on the Subtances Considered', p. 29.

3. Biological Data Relevant to the Evluation

of Carcinogenic Risk to Ma
3.1 Cacinogenici ty and related studies in anirls

Ski application

MJuse: Groups of 30-40 13-wee old C3H mice, 21 52-wee old lC3FL an
23 52-we old C3lF mice were painte on the clippe dorsal skin thice
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weel y wi th one 'bruhful' of the midiluted substace (u), or a miure of

50 parts with 50 pats ckecane (do), for life (se table). Th numrs

of mice that develope skin tururs (papillom and cacinoms) in relation
to the numrs of animls ali ve at the appearance of the first tUIur were
as follows:

No. of mice Total nos of

Strain Concentration alive at the mice wi th
appearance of skin tururs
first turur

Papi1 læi Cacinans
C3H u 15 9 3

C3H u 39 20 9

C3H u 21 14 7

C3H u purified 37 29 21
lC3Fl u 18 13 6

C3lFl u 9 7 1

C3H do 37 9 6

No tururs developed in 2 groups of 27 and 28 C3H IIce panted with a

5% solution of the compmid in acetone and suri ving 17 or rrre rrnth

(weil et al., 1963).

Of 30 8-væek old f6lle ICR/Ha Swss IIce painted on the clipp dorsal

skin thice ~l y wi th approximtel y 0.1 ml of a 10 % solution in acetone

for life, IL anls develope skin cacinoms, the first of which was

obsered after 544 days, an IL had skin keratoacanthan. Th rrian
surival tir was longer th the 544 days which constituted the duation

of the expiit. No skin tururs develope in 120 control animIs painted

with acetone (Van Duuren et aL., 1967).

3.2 Oter relevant biolOCical data

The oral ID in rats is 5. 51 g/kg l:. Rats exsed to a IIxture in
50

air saturated at 170C surived a 4-hour exsure, but 5/6 died following

an 8-hour expure. Rabits surived single skin applications of IL g/kg
bN (weil et al., 1963). Th subtace caus faint erem on rabit
skin (Hine & Ro, 1963).
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3.3 Observations in ma

No data were available to the Working Group.

4. Comrts on Data Reported and Evaluation l

4.1 Animl data

3, 4-Epxy-6-ræthy lcyclohex lrthy 1 - 3, 4-epoxy-6-ræthy lcyclohexae
carboxylate is carcinogenic in mice by skin application: it prcxuced

skin carcinans.

4.2 Hum data

No case reports or epidemological studies ~re available to the

Working Group.

lSe also the seion 'Anl Data in Relation to the Evaluation

of Risk to Ma' in the intrcxuction to ths volui, p. 17.
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CIS-9,10-EPXYSTEIC ACID*

1. Checal and Physical Data

1 .1 Synonym and trade nas

Chem. Abstr. Re. SeriaI No.: 2443-39-2

Chem. Abstr. Nai: cis-3-Otyl-oxianeotaoic acid

cis-9,10-Epxyoctadecanoic acid¡ cis-9, 10-epoxy octadecanoate¡

epoxyoleic acid

1 .2 Chemcal fonnla an rrlecular ~ight

H H
l 1

CHi_(CH2) 7-\-j_(CH2)7 _COOH
o

C18H3403

1.3 Chemcal an physical proprties

fuI. wt: 298.5

(a) Description: Colourless platelets (frar acetone)

(b) rll ting-p:int : o
59.5-59.8 C

(c) Solubility: Soluble in ethol, ether, chloroform and

ethy 1 acetate

1.4 Technical prcxucts and imuri ties

No data were available ta the Working Group.

2. Prcxuction, Use, Occurrence and Analysis

2.1 Production an us

cis-9,10-Epxystearic acid can be prepared fram oleic acid by reaction
with perbezoic acid (Swern et aZ., 1944) or by reaction with hypicxous

*Considered by the Working Group, Februar 1976
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acid folla. by treatit of the resul ting iodohydroxy acid wi th alcoholic

potassimn hydroxide (Raov & Ivanova, 1968). It is maufactured only in

labratory quanti ties for research puses.

2 . 2 Occuence

The glyceride of cis-9, 10-epoxysteic acid is a constituet of the
oil of saI nuts from the tree Shorea robusta (Bringi et al., 1972) and is

found in soiæ malvaceus seed oils (Hassan El Malah et aL., 1966). The
acid has be detecte at levels of up to O. 5 % in a numr of sunflavr
see oil samles after prolonged storage (Mikolajczak et al., 1968).

2 .3 Analysis

The rrthyl ester of cis-9, 10-epoxystearic acid can be analysed by

gas- liqud chrantoaphy (Miolajczak et al., 1968). Se also section
1 General Reks on the Substances Considered 1, p. 29.

3. Biological Data Relevant to the Evluation

of Carcinenic Risk to Ma

3.1 Caciogenicity and relate stues in anls

(a) Skin application

rbuse: Of 30 8-\\ek old male ICR/Ha Swss mice painted with abut

o .1 ml of a 1% solution of cis-9, 10-epoxystearic acid in acetone thice
~ek y on the clippe dorsal skin for life, 3 develope skin papillan.
The rrian surival tir was 165 days. Of 90 acetone-treate controls,

8 mice had papilloma (Van Duuren et al., 1963). In a simlar exrirt,

30 8-we old femle ICR Swss mice \\re painte on the clipp dorsal
skin thice weely with awroxitely 0.1 ml of a 10% solution of cis-
9,10-epoxystearic acid in acetone. Half of the arls \\re ali ve when

the expimt was tennated after 539 days. No skin tururs \\re observed
(Van Duuren et aL., 1967a).

(b) Subtaeous and/or intramcuar admistration

rbuse: 'I groups of 50 and 30 8-v, old feme 1eRHa Swss mice

were given weely s.e. injections of 0.1 or 10 mg cis-9,10-epoxysteic

acid in 0.05 ml tricaprylin. Th rran surival period were 525 and
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301 days, resptively, an the duations of the exirts were 590 and

530 days, respectively. ~ locl tiurs were observed (Van Duuren et aL.,

1966) .

Thee groups of 10 8-week old femle BA/c llce received twice ~ly

s.e. injections of 1.0, 0.5 or 0.005 mg cis-9,10-epoxysteic acid in
0.1 ml tricaprylin for 57 or 40 weeks. Eightee anIms were alive at 18
rrnth, and 1 animl in each group develope a locl sarco. A fuer 3

groups of 15 f6Ile CF (Swiss-Webster) llce were treated as abve for 41
weeks with doses of 1.0, 0.5 and 0.005 mg cis-9,10-epxystearic acid in

0.1 ml tricaprylin. 'lenty anls were alive at 18 rrnth, and 3 llce

(2 in the median dose group and 1 in the low dose group) developed locl

sarcos. ln a control group of 10 BA/c llce treated with tricaprylin,
liS ans alive at 18 rrnths develope a locl saco. ~ local tururs

wee obsered in 21 control CF llce inject with the vecle and suving

18 rrnth (Swern et al., 1970).

Rat: 'lenty 6-week old ferle Sprague-Daley rats were given weekly

s . c. injections of 100 mg cis-9, 10-epoxysteric acid in 0.2 ml tricapry lin.
The rran surival tin was 505 days, at which tir the exirnt was

tennted. ~ local sarcæi were observed (Van Duuen et al., 1967b).

3.2 Oter relevant biological data

No data were available to the Working Group.

3.3 Observations in rr

No data were available to the Working Group.

4. Corrts on Data Report and Evluation

4 . 1 Animl data

cis-9,10-Epxysteaic acid has æen tested in mice by skin application
and in llce an rats by subutaeous injection. Th lirted arunt of data
do not indicate tht the CXIIund is cacinogenic.

4.2 Hum data

~ case reports or epidemological studies were available to the

Workig Group.
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EI OXIDE*

1. Chemcal and Physical Data

1 . 1 Synonym and trade nas

Chem. Abstr. Reg. SeriaI No.: 75-21-8

Chem. Abstr. Nai: Oxirane

Dihydraoxirene; diithy lene oxide; l, 2-epoxyethane; ethy leneoxide;

EI; oxacyclopropane; oxane; oxidoethane; Ci, ß-oxidoethane

1.2 Chemcal formla and ITlecular ~ight

~2¿H2
o

C2H40

1.3 Chemcal and physical properties

MoL. wt: 44 . 1

(a) Description: Colourless, inflanle gas

(b) Boiling-point: 10.70C

(c) M=lting-point: -llloC

(d) Density: d~ 0.891; d¡O 0.869

(e) Refractive inde: ~ 1. 3597

(f) Solubility: Soluble in water, ethol and diethyl ether

(g) Volatility: The vapour pressure at 200C is 1095 Im.

(h) Reactivity: Reacts wi th active hydrogen ~unds (e. g . ,
alcohols, aInes and sulphydr 1 counds) and wi th inorganc
chloride in foos to fonn ethylene dilorohydrin (Ragelis et al.,

1966; Wesley et al., 1965). It reacts with 4-(4'-nitrobezyl)-

pyridine (Preussm et al., 1969).

*Considered by th Working Group, Febru 1976
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1.4 Techncal products and imuri ties

Etylene oxide is available in cylinders or tan cars as tecical and
pure (99.7%) grades (Raley, 1971). Specifications for a typical tecical

grade product are as follCMS: water, 0.03%; acetaldehyde, 0.01%; acetic
acid, 0.002%; non-volatile residue, 0.1 g/l; residual odour, none. It is

also available as a 10-80% pressurized or liquified gas formlated with

carron dioxide, trichlorofluorarthe or dichlorodifluorarthe to reduce

fire hazards (US Environital Protection Agency, 1973).

2. Production, Use, Ocrence and Anlysis

For imrtt background infonntion on this section, see preale, p. 19.

2.1 Production and use

Ethylene oxide was prepared in 1859 by Wutz fra ethylene chlorohydrin

and potassium hydroxide (Stecher, 1968). This process was the principal

nethod of maufacture until 1957 but has Ilt been used in the US since 1972.

AlI US production is nCM by the direct catal ytic oxidation of ethy lene wi th
air or oxygen.

Ethylene oxide is produced in Argentina, Australia, Belgium, Brazil,

Bulgaria, Caada, Czechoslovakia, Deratic Germ Republic, Federal
Republic of Germy, France, India, Iran, L tal y, Japan, Mexico, The

Nether lands, Nort Korea, Poland, Romaia, Spain, Sweden, Taiwan, UK,

US and USSR.

Ethylene oxide was first produced cc.rcially in th US in 1921

(US Tariff Comssion, 1922). ln Mach 1973, the 13 companies in the US

and Puerto Rico had a total prodction of 1,892 million kg (US International

Trade Comssion, 1975).

It has be produced comrcially in Japan since 1934 and is curently

produced by five compies by the oxidation of ethy1ene. Total production

in 1974 was 415 million kg. Euopean prouction in 1972 has ben estirted

at 865 million kg.

The largest use for ethy lene oxide is as an intermiate in the

production of ethylene glycol, whch is used rninly in anti-freeze prooucts,

and as an interrate for polyethylene terephthlate polyester fibre and
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film prcxuction. It is also us in the naufacture of non-ionic surface

active agents, diethylene glycol, triethylene glycol, ethanolanes, choline
an choline chloride and oter organc chercals.

It is estimted that 387 nullion kg ethylene oxide vvre used in Jap
in 1974: 67% for ethylene glycol, 15% for surface-active agents, 6% for

ethanolanne, 5% for glycol ethers, 2% for fXlyethylene glycol and 5% for

other uses.

Ethy lene oxide is registered in the US as a fungicide for treatIt by

fumgation of boks; dental, phanceutical, ræical and scientific eqp-
ræt and supplies (g lass, metals, plastics, ruber or teles); drgs;

leather; irtor oil; paper; sail; beding for exrirtal a:ls;

clothing; furs; furture; and tranfXrtation vehcles (jet aircraft,

buses and railroad passenger cas) (US Envirorutal Protection Agency, 1973).

It has also been use to sterilize footuffs such as spices, cx,
flour, dried egg f:er, desiccated conut, dried fruts and deydrated

vegetables (Wesley et al., 1965). It has æe used to accelerate the

maturing of tobacco leaves (Fishbin, 1969).

Pennssible levels of ethy lene oxide in the v.rking envirorut have
ben estalished in various countries (Winell, 1975). Th theshold lint
value in the US is 90 mg/m 3 (50 pi:); the ma allo.le concentration

in the USSR is 1 mg/m 3 .

2.2 Occurence

When bread in sealed plastic bags was treate with ethylene oxide, the

initial concentration of the fumgant present in the atrsphere of the

package was reduced by half iriately after the treatIt; it was vir-

tually negligible after 3 days (Buqet & Machon, 1970; Machon & Buet,
1970). No ethlene oxide was foun in fish or lxme mels ~lve hours after

sterilizing, whereas rrat mel contained traces of the fumgant 24 hours

after treatrt (Reaelli et al., 1967). ln connection with the treat:t

of foos with ethylene oxide, it should be noted that ths Cüund reacts
wi th inorganc chlöride in foos to fonn ethy lene chlorohydrin (Ragelis et

al., 1966; Wesley et al., 1965).
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The ethy lene oxide content of cigarette srke wa low in untreated

cigarettes but increased with longer treatrt ti and/or higher concen-

trations of ethy lene oxide. S.llar leve1s W2re found in th srke frc

canrcial cigarettes fror various countries (Austria, Federal Republic of

Ge:ry, Japa, UK and US) (Muramtsu et al., 1968). ln exprirts with

Austrian cigarettes, the paiculate phase of the srke wa rerved with a
Caridge fil ter, and the concetrations of ethylene oxide W2re found ta be

0.02 llg/ml for untreated tobacco, 0.05 llg/ml for tobacc treate with 150 g
ethy lene oxide per m 3 an up to O. 3 llg/ml for tobacco exausti vel y furgated

(Binder & Lindner, 1972). Canrcial chrcol filters rerve ethylene oxide

fror cigarette srke (Muramtsu et al., 1968).

Ethylene oxide is used in the US as a post-harst fugant for black

walnut rrats, copra an whole spices; residues of up to 50 mg/kg are

pe:rtted (US Code of Federal Regations, 1974).

The use of ethylene oxide as a fumgant and its transfonntion inta

ethylene chlorohydrin have been reviewed (FAO/WO, 1972). No t01erances
were proposed for levels of ethy lene oxide as ethylene chlorohydrin in

foo.
2. 3 Anal ysis

Ethylene oxide can be dete:red by sptrophotarrtr (Pozzoli et al.,

1968) by colorimtr (Adler, 1965; Critchfield & Johnon, 1957; Gage, 1957)

or volurtrica11y (Guther, 1965; Hollingswrt & Waling, 1955; Lubtti,

1944; Swan, 1954). Gas chrartogaphy of air sales and residues frc

fumgate materia1s has be used for footuffs, phaiceuticals and

surgical eqpæt (Adler, 1965; Be-Yehoshua & Krin, 1968; Beck, 1965;
Brow, 1970; Buquet & Machon, 1970; Heuser & Scudare, 1968, 1969;
Kular et al., 1968; Machon & Buqet, 1970). It ca æ detened in

cigarette srke by gas chromtoaphy or mass spctrartr after conversion

to ethy1ene chlorohydrin (Binder & Lidner, 1972; Muamtsu et aL., 1968)
and in mixtures of lowr olefin oxides and aldehydes by gas chortogaphy
(Kalibrdo & Vaabl, 1967). The l.lts of detection by sptrophotortr

an gas chrartography were generall y of the order of 1 ID/kg.
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For rrthods of anlysis of ethylene oxide and assoiated residues ln

caities furgated with ethylene oxide see FAO;tJHO (1972).

3. Biological Data Relevant to the Evluation

of Carcinogenic Risk to Ma

3.1 Carcinogenici ty and related studies in animIs

(a) Skin application

Mouse: Thirty 8-week old femle ICR/Ha Swss mice were pated thice

weekly on the clippe dorsal skin with approxitely 0.1 ml of a 10% solution

of ethylene oxide in acetone for life. The ræian suival t. was 493 dayS¡

no skin tUlurs were observed (Van Duuren et al., 1965).

(b) Subtaneous and/or intrarcular admistration

Rat: 'Ielve rats received maim total doses of 1 g/kg li ethylene
oxide in arachis oil by s.c. injection (dosing schedule not given). The

period of treatrt was 94 days. Th animls \\re observed for lifetii ¡
no locl sarcorrs were observed (Walpole, 1958).

(c) Oter exprimtal system

Mouse: ln a study not designed te test the cacinogenicity of ethylene
oxide, 86 ferle Swiss-Webster rrce, gennfree and inred, \\re exsed to

ethy lene oxide-treated ground-corncob bedding for 150 days and then to
untreated beding for lifespa (maim, 900 days) ¡ 63 mice develope

tUlurS at various si tes. No tUlurs were reported in 83 femle rrce,

100-600 days old, which were not exsed to treated beding (Reiers

et al., 1964) (This observation does not allow an evaluation of the carcino-

genici ty of ethy lene oxide).

3.2 Oter relevant biological data

(a) Exrimntal system

The LD 's of ethy lene oxide admistered intragastricall y as an
50

aqueous solution to rats and guea-pigs are o. 33 and 0.27 g/kg hw,

respectively (Smth et al., 1941). Th oral ID , men adristered as
50

a solution in olive oil to rats, is 0.2 g/kg b. (Hollingswort et al., 1956).
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ln rats exsed to 15 gjm3 (8000 ppm) for 4 hours, the IIrtlity wa 6j6

(Weil et al., 1963). The Le 's were 2.6 gjm3 (1460 pp) in rats and
50

1.5 gjm3 (835 ppm) in mice follawg 4-hour exsures (Jacobson et al.,

1956). When anllls were subjected to repeated 7-hour exsures of
ethy lene oxide vapour on 5 days per W2 for 6 or 7 IInth, guea-pigs,

rabbits and IInkeys tolerated 200 mgjm3 (113 ppm), and mice and rats

tolerated 90 mgjm3 (49 ppm) without adverse effects (HollingSWrt et aL.,

1956); while, in a sirlar exrimt, dogs, mice and rats tolerated

183 mgjm3 (100 ppm) (Jacobson et al., 1956).

Oral admistration to rats of 15 doses of 0.1 g¡kg li ethylene oxide

for 21 days caused maked loss of body v.ight, gastric irritation and

slight liver dage; no injur resulted from 22 doses of 0.03 g¡kg bw

over 30 days (Hollingswrth et al., 1956).

This caaund has anaesthetic proprties (Hollingswrt et al., 1956);
and toxic doses in IInkeys, rabbi ts and rats cause muscular atrophy of the

hind-lims (Hollingswort et al., 1956; Jacobson et al., 1956).

Dose-related eye irritation was observed in rabi ts wi th concetrations
of over 1. 8 gjm3 (1000 ppm) (McDonald et al., 1973). Exsure to high

concentrations of ethylene oxide vapour cause reversible, slight fatty

degeneration of the Ii ver. Mice and rats exsed to ooncentrations of
0.36-1.5 gjm3 (200-850 ppm) for 7 hours a day on 5 days per wee died from

oeem and secondary respiratory disease (H011ingswort et al., 1956).
Ethylene oxide is 2 or 3 tls as toxic as propylene oxide (Jacobson et al.,

1956) .

After expsure of mice to a miure of (1,2-3H)-ethylene oxide vd¡ur

in air for 75 minutes, 90-95% of the radioactivity was elimated in 24
hours. The highest concentrations of residua1 radioactivity v.re found in

protein fractions of the spleen; smller anunts occued in the liver,
kidney, lung and testis (Ehrenrg-et aL., 1974).

Ethylene oxide reacts with DNA, primily at the N-7 position of

guosine, to fonn N-7-hydroxy-ethlgune (Brokes & Laley, 1961;

Ehenrg et al., 1974).
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Treabnt wi th a 9.55 mM ethanol solution of ethy lene oxide for one
hour at 250C produced reverse mutations in Salmone L la typhimuriwn strain

TAl535 (Raug et aL., 1976). Reverse mutations were also produced in the

adenine-reqiring mutant strain 38701 of Neurospora crassa by treatmt

wi th a O. 025 M aqueous solution for 15 minutes (KjZlik & Westegaard, 1953).

Ethylene oxide has induced recessive lethals (Bird, 1952; Raport, 1948a,b),

translocations (Nako & Auerbach, 1961; Watson, 1966) and minute mutations

(Fah & Fah, 1970) in Drosophila melanogaster.

Exsure of male Long-Evans rats for 4 hours to 1. 83 gjm 3 (1000 pprn)

ethylene oxide produced dcmant lethal mutations; chClsar abrrations

were observed in J:me-marow cells of male Long-Ev rats exsed to 0.45

gjm3 (250 ppn) ethylene oxide for 7 hours per day for 3 days (Erree &

Hine, 1975).

(b) Ma

Systemc poisoning due to expsure to ethy lene oxide is rare, but 3
cases have been reported in which headache, vom ting, dyspnoea, diarhoea

and lymhocosis occured (Hine & Roe, 1963). Skin burs occued ln

workers in prolonged contact with a 1% solution of ethylene oxide in

water (Sexton & Henson, 1949); one case of corneal bur was reporte

by McLaughlin (1946). Workers have develope severe skin irritation from

wearing ruber g loves which had absorbe ethy lene oxide; redess, cedem,
blisters and ulceration were Observed (Rayce & More, 1955).

3. 3 Observations in ma

No data were available to the Working Group.

4. Comrnts on Data Reported and Evaluation

4 . 1 Animl data

Ethylene oxide has been tested in mice by skin application and in rats

by subutaneous injection. Although no cacinogenic effect was observed,

the data do not allow an evaluation.

4.2 Hum data

No case reports or epidemological studies v-re available to the

Working Group.
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FUSAREN- X*

1. Chemcal and Physical Data

1.1 Synonym and trade nas

Chem. Abstr. Reg. SeriaI No.: 23255-69-8

Chem. Abstr. Nam: 4-Acety loxy- 12, 13-epoxy- 3, 7 , I5-trihydroxy-

(3a, 4ß, 7ß) -trichothec-9-en-8-one

Fusarenon¡ fusarenone X¡

epoxy-i" 9 -trichothecene¡

ni valenol -4-0-acetate

3,7, 15-trihydroxy-4-acetoxy-8-oxo- 12,13-
3,7, 15-trihydroxyscirp4-acetoxy-9-en-8-one ¡

1.2 Chemcal fonmla and imlecular ~ight

C=o
1

CH3

CI 7H2208

1. 3 Chemcal and physical properties

(a) Description: Transpaent crystals

Mol. wt: 354

(b) tælting-point: 91-920C

(c) cptical rotation: (aJ~5 +580 (1% in rrthanol) ¡

(in ethanol)

(aJ~4 +56oC

(d) Spectroscopy data: À 220 nm (in rrthanol) ¡ inra-redma
carbonyl band at 1680 an-l

*Considered by the Working Group, Febru 1976
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(e) Solubility: Soluble in water, ethyl acetate, ethanol, ræthanol

and chlorofo:r; insoluble in n-hexane and n-petane.

(f) Reactivity: Susceptible to hydrolysis to fo:r nivalenol

1.4 Techncal products and ÍIuri ties

No data were available to the Working Group.

2. Production, Use, Occurence and Analysis

2 .1 Production and use

Fusarenon-X is not produced cxrciall y.

2.2 Occurence

Fusarenon-X is fonr by fungi such as Fusarium nivale~ F. episphaeria~

F. oxysporu and Gibberella zeae (Smalley & Strong, 1974; Ueno et al.,

1972a, 1973).

Strains such as F. nivale and G. zeae have occasionally be isolated

from scabbe wheat grains in Japan (Tsuoda, 1970; Ueno et aL., 1972b),
and 20% of daæstic wheat and baley sales W?re found to be contanated

by such fungi (Tsurta, 1974).

2. 3 Analysis

Analytical rnthods emloying thin-layer chromatography (limts of

detection, 0.1-0.2 llg) (Ueno et aL., 1973) and gas chromatography (Saito &

Ohtsub, 1974) have ben describd.

3. Biological Data Relevant to the Evluation

of Carcinogenic Risk to Ma

3.1 Carcinogenici ty an re1ated studies in an1s

(a) Oral admstration

Rat: A group of 20 male 8-W?ek old Donr rats was gi ven 0.4 ff/kg bw
fusarenon-X weely by oral intubtion. ~lve rats surived 50 weeks, and

1 develope a hepatom. No tUlurs occued in 10 male controls during the
expI1tal period of over 400 days (Sai to & Ohtsub, 1974).
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(b) Subcutaneous and/or intrarcuar admistration

MJuse: 'Io groups of 16 and 18 8-we old male DDD TIce recei ved 10 or

20 weely s.e. injections of 2.5 rr/kg lM fusarenon-X and were observed for

up to 400 days. One case of leukaera was observed. No tuiurs occued

ln Il control mice during th exriItal period of over 400 days (Sai to

& Ohtsub, 1974).

Rat: Eightee 8-wee old male Donr rats være given væekly s.c.
injections of 0.4 ID/kg li fusarenon-X for 22 væek; IlSt of the rats

suri ved Ilre th 1 year, and 1 develope a lung adenom. No tuiurs were

seen in 10 controls (Saito & Ohtsub, 1974).

3.2 Oter relevant biological data

(a) Exrimtal system

The i.p. LD of fusarenon-X in male and femle mice was 3.4 II¥j/k.g hw;
50

the s. c. LD in newbm mice was 0.1 ID/kg li; the oral ID 's in male50 50
and feme Wistar rats were 4.4 and 4.0 ID/kg li, respecti vel y; the i. p.
LD in guinea-pigs was abut 0.5 rr/kg li (Ueno, 1971; Ueno et aZ., 1971a).

50

Rats and mice admnistered fusarenon-X had cyotoxic dage in the

mucosa of the small intestine, in the genn centres of the 1 ymh follicles

and in the spleen, lymh nodes, thymus and bone marow. Fusarenon-X, as

other trichothecene comunds, causes severe irritation of the skin (Ueno,

1971; Ueno et aZ., 1970, 1971b).

Following its i.p. injection in mice, Ilst of a dose of 3H-fusarenon-X

was rapidly excreted in the urine; aJst no radioactivity rerned in the

tissues after 3 hours. Fusarenon-X was shaw to be :rtalized into

uncharacterized polar comunds (Ueno et aL., 1971a).

(c) Ma

Splashing of a crude solution caused irri tating dermti tis of the

hands and face in labratory workers (Saito & Ohtsub, 1974).

3 . 3 Observations ln ræ

No data were available to the Workig Group.
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4. Comænts on Data Reported and Evaluation

4.1 Animl data

Fusarenon-X was inadeqtely tested in mice and rats. No assesSfnt

of its carcinogenicity can te Ifde.

4.2 Hum data

No case reports or epiderological studies ~re available ta the

Working Group.
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GLYCIDAIEHE*

1. Chemcal and Physical Data

1. 1 Synonym and trade mlires

Chem. Abstr. Reg. SeriaI No.: 765-34-4

Chem. Abstr. Nææ: Oxrane-carboxaldehyde

Epihydrina1dehyde; epihydrine aldehyde; 2,3-epoxyropaal;

2 , 3-epoxy- 1 -propaal; 2, 3-epoxyropiona1dehyde; gl ycidal;
glycidyl aldehyde

1.2 Chencal fomula and irlecular v;ight

CHijH_CHO\o

C3H402

1 . 3 Chencal and physical properties

MoL. wt: 72. 1

(a) Description: Colourless liquid

(b) Boi1ing-point: 112- 1130C at 760 mm;
o

53 C at 101 nI

(c) Density: d~O 1.1403

(d) Refractive index: ~2 1. 4225; ~O 1. 4198

(e) Spetroscopy data: Infra-red cabonyl bad at 1730 an-l
-1

and epoxide band at 1228 an

(f) Solubi1ity: Miscible with water and aIl corrm:m solvents;

inscib1e with petroleum ether

*Considered by the Working Group, Febru 1976. Ths corrqxmnd
should be c1early distingushed from glycera1dehyde (CH20H.CHOH.æO)
which does not contan the epoxy group.
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(g) Stability: Undiluted glycidaldehyde is stable at room temrature,

but a 30% aqueous solution lost 94% of the epoxide after 2 rrnths

at room temrature.

(h) Reacti vi ty: The aldehyde and epoxide groups are bath reacti ve .

1.4 Technical products and imuri ties

No data were available to the Working Group.

2. Production, Use, Occurrence and Analysis

For imrtant background inforntion on this section, see preanle, p. 19.

2 . 1 Prcxuction and use

Acrolein can be converted to gl ycidaldehyde by the action of hydrogen

peroxide (at pH 8) or sodium hyphlorite (Guest et aL., 1963).

No evidence was found that gl ycidaldehyde has ever been prcxuced or
used cornrciall y in the US; h~ver, in the UK, i t has been usd as a

cross- lining agent for the finishing of wol, for the oil taing

( , chamising') and fat- liquoring of leather and surgical sutures and for
protein insolubilization (Hine & Row, 1963).

Gl ycidaldehyde has been tested as a vapour-phase dis infectant (Dawson,
1962). It inactivates foot-and-rruth viru and ca be usd in the preparation

of an inune seri for the protection of animIs against that disease (McKercher

& Giordano, 1967).

A process for maing glycerine from acrolein via glycidaldehyde has

been suggested (Guest et al., 1963).

2 . 2 Occuence

Glycidaldehyde occurs in sunflower oil, and its concentration increases

wi th that of peroxides during storage, causing deterioration of the flavour.

'I maintain a high quali ty of the oil, peroxides should Ilt excee 0.25 % and

glycidaldehyde not rrre than 0.46 rr/nù (Romysh & Dubnetskaya, 1967).

Gl ycidaldehyde has been detected in rancid samles of coircial lard (Woller

& Nagy, 1968).
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2. 3 Anal ysis

Gl ycidaldehyde has be determned in air by use of agas scrur

containing hydrochloric acid in saturated aqueous magnesium chloride

solution, follCMed by titration with soum hydroxide (Dawson, 1962).

Its detennnation in fats may be made colorirtrically (Fan et ai., 1963).

See also 'Geeral Remks on the Substances Considered', p. 29.

3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Mc

3.1 Carcinogenicity and related studies in animIs

(a) Skin application

MJuse: Applications of a 3% solution of glycidaldehyde in bezene on
the clippe dorsal skin of 8-wee old female ICR/Ha SWss mice thrice weekl y

for life resulted in the developit of skin tururs in 16/30 animIs; 8
had papilloms and 8 had carcinams (Van Duuren et al., 1965).

A group of 41 8-wee old fenle ICR!Ha SWss mice recei ved thice

weekly applications on the dorsal skin of 10 mg glycidaldehyde as a 10%

solution in acetone. Skin papillcms develope in 6/41 mice; 3 of these
had squarus-cell carcinomas of the skin after 308 days. The rnan surival
tir was longer than 526 days. No skin tururs v.re seen in 300 acetone-

treated controls (Van Duuren et al., 1967a) (P~O.Ol).

(b) Subtaeous andlor intrarcular admistration
MJuse: 'Io groups of 30 and 50 8-v.ek old feme ICRa SWss mice

were given weekly s.e. injections of 3.3 or 0.1 mg glycidaldehyde in

0.05 ru tricaprylin. Loal sarcos and sqarus-cell carcinoms were

produced in 5/30 and 3/50 mice at the tw doses, respectively. No local

tururs develope in 110 tricaprylin-injected controls (Van Duuen et al.,
1966) (P~O. 01).

Rat: 'Io groups of 20 and 50 6-v.ek old femle Sprague-Dawley rats

received weekly s.e. injections of 33 or 1 mg glycidaldehyde in 0.1 ml

tricaprylin. Loal sarcos occured in 5/20 and 1/50 rats at the two dose

levels, respectively (Itim duration of tests, 539 an 558 days).
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Tricaprylin-injected and nntreated controls develope no local tururs
(maum duration of tests, 554 and 565 days) (Van Duuren et aL., 1966,

1967b) .

3.2 Other relevant biological data

(a) ExrÍIntal system

The ID of intragastrically admnistered glycidaldehyde in rats Vlas
50

230 mg/kg l:; the 1£ in rats for a 9-32-hour exsure by inalation
50

was 735 mgjm3 (250 p¡::m). ln rabbits, the percutaeous ID of glycidal-
50

dehyde was 250 mg/kg l:; none of 3 anls died after a skin application

of 40 mg/kg l:, although severe local injur occued.

Sixt Y 4-oour expsures to 29 rrjm3 (10 ppm) glycidaldehyde vapour in

air had no effect on rats; concentrations of 60 m::i/m3 (20 ppm) and of

118 mgjm3 (40 ppn) resulted in retardations in lxy-weight gain, several

deaths and soræ effects on the haantopoietic system. Exsure to 235 mgjm3

(80 ppn) caused the death of 8jlO rats before the 5th expsure, with focal

necrosis of liver and kidney (Hine et al., 1961).

Gl ycidaldehyde is irri tating to surface tissues and rmcous ræranes.

Repeated i. v. injections into rabbits lo.ered the leucocte connt and the

proportion of pol ymrphonuclear cells; the minibr of nucleated nio. cells

was significantly decreased in rats exsed chronically to the vapour (Hine

et al., 1961; Kodam et al., 1961).

Exsure of bacteriophage T4 to a 300-fold dilution of glycidaldehyde
for 30 minutes at 370C induced rmtations in the rII region of the phage by

producing base-pair transitions (primily A-T to G-C) , frarshift rmtations

and soræ deletions (Corbett et al., 1970).

Glycidaldehyde has also produce base-pair rmtations in two strains

of Salmonella typhimurium (TAl535 and TAIOOO) (McC et al., 1975). A

1% solution in ethol induced reverse base-pair rmtations in Saccharomyces

cerevisiae strain S211; a 2-4% solution induced petites cytoplasmc

mutations in strain N123 of the sar organism (Izard, 1973).
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(b) Ma

Gl ycidaldehyde produces rrrked skin irritation wi th slCM healing,

follCMing by pigmtation. Accordig to Hine & Rce (1963), several cases
of skin sensitization have occured. They suggested that an at:spheric
concentration of 2.94 mgjrn3 (1 ppm) be set as a 'permssible exsure' ,

on the basis of ccrort (avoidance of skin and nasal irritation) and

potential haempoietic effects.

3. 3 Observations in ma

No data were available to the Working Group.

4. Conmnts on Data Reported and Evaluation 1

4.1 An.ll data

Glycidaldehyde ls carcinogenic in mice by skin application and by

subutaeous injection and in rats by subtaeous injection. It prouced
rrlignant tururs at the si te of application in bath speies.

4. 2 Htm data

No case reports or epidemological studies ~re available to the

Working Group.

ISee also the section 'Anl Data in Relation to the Evaluation

of Risk to Ma' in the introduction to this volt., p. 17.

179



5. References

Corbett, T.H., Heidelbrger, C. & Dave, W.F. (1970) Detennnation of the
rnutagenic acti vi ty to bacteriophage T4 of cacinogenic and noncarcino-
genic conpunds. Malec. Phamcol., ~, 667-679

Dawson, F.W. (1962) Glycidaldehyde vapor as a disinfectant. Arr. J. Hyg.,
76, 209-215

Forn, A.A., Fedorov, N.A. & Kaatkin, LN. (1963) Qutitative detennn-
ation of fatty acids using distributive paper chamtography. Vop.
Me. Khim., 9, 76-79

Guest, H.F., Kiff, B.W. & Stasbur, H.A., Jr (1963) Acrolein and deri-
vati ves. ln: Kirk, R. E. & otr, D. F ., eds, Encyclopedia of
Chemcal Technolog, 2nd ed., VoL. l, New York, John Wiley and Sons,
pp. 261-262

Hine, C.H. & Roe, V.K. (1963) Glycidaldehyde. ln: Patty, F .A., ed.,
Industrial Hygiene and Toxicolog, 2nd ed., Vol. 2, New York, Inter-
science, pp. 1635-1637 -

Hine, C.H., Guzm, R.J., Dunlap, M.K., Lim, R. & Lcvar, G.S. (1961)
Studies on the toxicity of glycidaldehyde. Arch. enviroru. Hlth, ~,
23-30

Izard, M.C. (1973) Recherches sur les effets rrtagènes de l'acroléine
et de ses deux époxydes: le glycidol et le glycidal, sur Saccharo-
myces cerevisiae. C.R. Acad. Sei. (Paris), 276, 3037-3041

Kodam, J.K., Guzm, R.J., Dunlap, M.K., Lcvar, G.S., Li, R. &
Hine, C.H. (1961) Sci effects of epoxy COunds on the bloo.
Arch. environm. Hlth, 2, 50-61

HcCan, J., Choi, E., Yaraki, E. & AIs, B.N. (1975) Detection of ca-
cinogens as rnutagens in the Salmonella/microsor test. Assay of 300
chercals. Proc. nat. Acad. Sci. (Wash.), 72, 5135-5139

l1CKercher, P. D. & Giordano, A. R. (1967) Imune response of steers inoc-
lated with chemcally-treated faot-and-rruth disease virus prepaations
previously studied in swine. Arch. ges. Virforsch., 20, 190-197

Rornsh, L.F. & Dunetskaya, M.M. (1967) Stadards for oxidative spoilage
of sunflowr oil. Vop. Pitan., 26, 82-87

Van Duuren, B.L., Orris, L. & Nelson, N.
lactones and peroxy compunds. II .

(1965) Carcinogenicity of epoxides,
J. nat. Cancer Inst., 35,707-717

180



Van Duuren, B.L., Lagseth, L., Orris, L., Teer, G., Nelson, N. & Kuscher, M.
(1966) Cacinogenicity of epoxides, 1actones and peroxy caunds. IV.
Ttr response in epithelial and connective tissue in nuce and rats.
J. nat. Cancer Inst., 37, 825-834

Van Duuren, B.L., Lagseth, L., Goldschmdt, B.M. & Orris, L. (1967a) Car-
cinogenici ty of epoxides, lactones and peroxy cOIunds. VI. Strcture
and carcinogenic activity. J. nat. Cancer Inst., 39, 1217-1228

Van Duuren, B.L., Lagseth, L., Orris, L., Baden, M. & Kuschner, M. (1967b)
Carcinogenici ty of epoxides, lactones and peroxy corrunds. V.
Subtaneous injection in rats. J. nat. Cancer Inst., 39, 1213-1216

Woller, R. & Nagy, M. (1968) Chges ln lard during storage. 1. Fleisch-
wirtschaft, 48, 810-812

181



GLYCIDYL OLETE*

1. Chemcal and Physical Data

1.1 Synonym and trade nas

Chem. Abstr. Reg. SeriaI No.: 5431-33-4

Chem. Abstr. Nar: Oxirany l1thy 1 ester of 9-octadecenoic acid

2,3-Epxy-l-propaol oleate¡ 2,3-epoxyropyl ester of oleic acid¡
2,3-epoxyropyl oleate¡ glycidol oleate¡ glycidyl octadecenoate¡

oleic acid glycidyl ester

1.2 Chemcal fonnla and rrlecular v.ight

CH 3- (CH 2)7 - CH = CH - (CH 2)7 - COO-CH2 _CH_JH 2

~
C21 H3803

1. 3 Chemcal an physical properties

MoL. wt: 338.5

(a) Description: Colour less oil

Boiling-point: 185- 1900C at 1 mm

-O. SoC

(b)

(c) M=l ting-point:

(d) Stability: Susceptible to autoxidation and to hydrolysis

(e) Reacti vi ty: Both the epoxide and the double bond are reacti ve.

1.4 Technical products and lmuri ties

No data were available to the Working Group.

*Considered by the Working Group, Febru 1976
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2. Production, Use, Ocurrence and Anysis

For imrtant background infonntion on this section, see preale, p. 19.

2.1 Production and us

Glycidyl oleate ca be prepared by treating ixtassium oleate with

epichlorohydrin in the presence of b2nzyltri.thylarnium chloride
(Carreau, 1970).

Although patents have b2en issued on the use of glycidyl oleate as an

inteImiate for the corresponding diydroxy ester (2,3-dihydroxyropyl

oleate) and for the production of rrified proteins recCJnded for use
in the treabnt of damged hair, no indication was found that it has ben

used for such purses.

2 .2 Occurrence

No data were available to the Working Group.

2.3 Analysis

See section 1 General Remks on the Substaces Considered 1, p. 29.

3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Ma

3.1 Carcinogenici ty and related studies in animls

Subtaneous and/or intramcular admnistration

MJuse: Of 15 8-week old femle BA/ c mice gi ven twice v.ekl ys. c .
injections of 0.25 m:/animl glycidyl oleate in 0.1 ml tricaprylin for 52

week, 10 surived 9 or Ilre Ilnths, and 5 develope local sarcomas after

10- IL Ilnths. Of 7 controls inj ected wi th tricapry lin alone and sur ving
9 or Ilre Ilnths, 1 developed a local sarcoma after 13 ITnths; 5 suii ved

longer than 18 Ilnths (Swern et aL., 1970) (P:;0.05J.

3.2 oter relevant biological data

Exrimntal system

The oral LD

percutaus LD
50

of glycidyl oleate in rats was 3.5 ml/kg bN; the
50

in rabbi ts was 8. 0 ml/kg bN. Rats suri ved an 8-hour
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expsure to an atnsphere saturated with glycidyl oleate vapour (Weil
et al., 1963).

Glycidyl oleate was only ~akly irritating to surface and mucous ir-

branes. 'Io of thee gunea-pigs that v.re tested by an intra-cutaneous

injection becam sensitized to this substance (Weil et al., 1963).

3 . 3 Observations in ma

No data were available to the Working Group.

4. Corrts on Data Reported and Evaluation

4 .1 Animl data

Glycidyl oleate has l:en tested in a linted study in mice in which

subtaneous injection produced a lo, incidence of local sarcoms. Ths
result is insufficient for evaluation.

4.2 Hum data

No case reports or epiderological studies were available to the

Working Group.
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GLYCIDYL STTE*

1. Chemcal and Physical Data

1.1 Synonym and trade ris

Chem. Abstr. Reg. SeriaI No.: 7460-84-6

Chem. Abstr. Nam: OXranylmthyl ester of octadecaoic acid

2, 3-Epo:xy- 1 -propaol stearate; 2, 3-epoxyropy 1 ester of stearic acid;

2,3-epoxyropyl stearate; glycidol stearate; glycidyl octadecaoate;

steaic acid glycidyl ester

1.2 Chemcal forma an nolecular ~ight

CHi _(CH2 ),6 -COO_CH2 _CH_CH2\/
C21H4003

1. 3 Chemcal an physical properties

(a) Description: Solid

(b) M21ting-point: 520C

MoL. wt: 340.6

(c) Solubility: Spaingly soluble in water

(d) Stability: Slowly hydrolysed in water

(e) Reacti vi ty: The epoxide group is reacti ve.

1.4 Techncal products and imuri ties

No data were available to the Working Group.

*Considered by the Working Group, Febru 1976
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2. Production, Use, Occurence and Analysis

For imrtant background inforntion on this section, see preamle, p. 19.

2. 1 Production and use

Glycidyl stearate ca be prepared by treating stearic acid or its

salts with epichlorohydrin in the presence of a quaternary amnium halide
and an alkali metal salt (Nevin & Fletcher, 1961). It has also ben made

by the catalytic hydrogenation of glycidyl linoleate (Ann., 1969).

Patents have been issued on the use of glycidyl stearate as an inter-

meiate in a numr of reactions: for the corresponding diydroxy ester

(2,3-dihydroxyropyl stearate) ¡ for condensates with short-chain polyamnes

(e . g ., diethy lenetriamne), wi th pol yethy lenime (recorded as textile
softeners) or with dialkyl amnes (recornded as antistatic agents for
plastics) ¡ for mixed triglycerides containing thee different fatty acid

substituents¡ for polymrization to waes¡ and for the production of
modified proteins recorrnded for use in the treatment of damged hair.

However, no indication was found that the comund is used in such appli-

cations .

2 . 2 Occurence

No data were available to the Working Group.

2 . 3 Anal ysis

See section 'General Remks on the Substances Considered', p. 29.

3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Ma

3.1 Carcinogenicity and related studies in anIs

Subtaeous and/or intramuscular admistration

Mouse: One group of 12 femle BA/ c mice and 2 groups of 16 femle

Swiss Webster mice (age at start Ilt spified) were given twice vvekly or

weekly s.e. injections of glycidyl stearate in doses of 10 rr, 0.1 rr and

0.005 mg per injection in tricaprylin for 33 or 26 vveks (total doses 660,

2.6 and 0.13 rr/anim, respetively). At aIl doses, 1 animl/group
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develope a local sarcoma after 16- 23 nonths. Th numrs of animIs
suri ving 15 or more month v;re 10, 13 and 13 in the thee groups, respec-

tively. One local sarco occured aIng 10 PA/c controls injected with
tricaprylin alone¡ 5 of these surived 15 or nore nnnth. NJ local tUIurs
occured in 3 other groups of 15-29 Swss Webster mice injected with tricap-

rylin alone, once or thice v;ekly¡ only 9 of these controls surived 18 or
more month (Swern et aL., 1970).

ln studies conducted in two different labratories the sææ chemcal
was admnistered in tricaprylin by s.e. injection once v;ekly for 26 weeks

at 2 dose levels (0.05 or O. 1 rr) to groups of 15 or 16 ICRHa Swss or
Swiss Webster Itce (age at star not spcified). One local sarco was

observed in each test grOUP¡ no local sarcoms occured in the 46 vehc1e-
injected controls (Van Duuren et al., 1972).

3.2 Other relevant biological data

No data were available to the Working Group.

3. 3 Observations in ma

No data were available to the Working Group.

4. Corrts on Data Reported and Evluation

4 .1 Animl data

Glycidyl stearate was tested in mice by subutaneous injection¡ it

prcxuced no signficant increase in the incidence of local tUlurS.

4 . 2 Hum data

No case reports or epidemological studies were available to the

Working Group.
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PROPYL OXIDE*

1. Chemcal and Physical Data

1.1 Synonym and trade nas

Chem. Abstr. Reg. SeriaI No.: 75-56-9

Chem. Abstr. Nar: J.thyloxirane

Epxyropae;
propeneoxide;

l, 2-epoxyropane; rrthy i ethy lene oxide; rrthy 1 oxirane;
propene oxide; propy leneoxide; l, 2-propy lene oxide

1.2 Chemcal formla and ITlecular v.ight

\~1H_CH3

C 3H60 Mol. wt: 58. 1
1. 3 Chemcal and physical properties

(a) Description: Colourless liquid

(b) Boiling-point: 350C

(c)
o 20

Density: d40.859; d200.831

Solubility: Miscible with water (40.5% at 200C;

miscible wi th COIln organc sol vents

(e) Refractive index: ~5 1. 363

o
59% at 25 C);(d)

(f) Reacti vi ty: Reacts wi th active hydrogen caunds (e . g ., alcohols,
ames) and with inorganic chloride in foos to fom l-chloro-2-
propaol (Ragelis et aL., 1966; Wesley et aL., 1965). Also reacts
with 4-(4'-nitrobenzyl)pyridine (Preussff et aL., 1969)

*Considered by the Working Group, Februar 1976
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1. 4 Technical products and imuri ties

Propy lene oxide is available, in dr or ta cars, froID one US

producer as a product of 99.99% purity. Another producer gives the follow-

ing speifications: acetic acid, 0.005%; water, 0.01%; propionaldehyde,

0.05%; boiling range, 33.0-37.00C; and no residual odour.

2. Production, Use, Occurrence and Analysis

For imrtant background infomation on this section, see preale, p. 19.

2. 1 Production and use

Propylene oxide was prepared in 1861 by Oser fram l-chloro-2-propaol

and potassium hydroxide (Mark et al., 1967). Until 1969, essentially aii

the propy lene oxide produced in the US was by the chlorohydrin process
(Stecher, 1968). ln that year, the first US plant using a peroxidation

process stared production, and by mid- 1973, 70% of the propylene oxide

in the US was produced by the chlorohydrin process and 30% by the peroxi-

dation process. The peroxidation process is based on the oxidation of

isobutane to tertiar-butyl hydroperoxide and tertiar-butyl alcohoL.

The tertiary- but Y 1 hydroperoxide, after separation, is used to oxidize

propy lene to propy lene oxide. Ethy 1 l:nzene can l: substi tuted for isobu-

tane in this process.

Propylene oxide was first produced comrcially in the US in 1925

(US Tariff Commssion, 1926). ln July 1973, there \Vre 5 rrjor comies,

and total production in that year was 796 million kg (US International Trade

Commssion, 1975). ln 1972, US imports of propylene oxide arunted to
14 million kg, and exprts are est:ited to have l:en 23 million kg.

Propylene oxide is also produced in Canada, Japan and several Euopean
countries, including Belgium, Federal Republic of Gey, France, ltaly,

The Netherlands, Poland, Spain and UK. ln 1973, Euopean propylene oxide
capacity was estimted ta be 903 million kg. Ths compund has been

produced commrcially in Japa since 1960; in 1974, the seven producing

companies had a total output of 131 million kg.

The widest use for pro~rlene oxide (accounting for 64% of US consll-

tion in 1972) is as an intemediate in the production of pJlyether pJlyols,

which are used primily to mae r:lyuethane foa. Much of the reminder
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(25%) is used to pra.uce propylene glycol, nost of mich is consui in the

maufacture of unaturated j?lyester resins. Miscellaneous uses, includig

conversion to dipropylene glycol, glycol ethers and synthetic glycerin,

account for the re.inder.

Propy lene oxide has been us as a furgant for sterilizing niterials

ranging frorn plastic rncal instrunts to footuffs. ln the US, propylene

oxide is registered for treatrt of packaged dried prues and glacé fruts

such as candied cherries; a residue tolerance of 700 m:¡kg (exressed as

propylene glycol) has be set dow. It is also registered as an insec-

ticidal and fungicidal furgant for co, gu, processed spices, stach
and procssed nut rnts (except peanuts) men such bul foo are to be

further procssed into a finl foc. Th residue tolerance for products

so treate is 300 m:¡kg (expressed as propy lene oxide) (US Code of Federal

Reations, 1975). This (Xmpund may also be used for sterilizin foc-

stuffs such as spices, coa, flour, dried egg p:er, desiccated conut,
dried fruts and dehydrated vegetales (Wesley et al., 1965).

Per:ssible levels of propy lene oxide in the v.rking environrt have
be estalished in various countries (Winell, 1975). The theshold l.lt

value in the US is 240 mg/rn 3 (100 ppr); th ma allowle concetration

in the USSR is 1 m:/rn 3 .

2. 2 Occurence

Several studies have be made on the pesistece of prop lene oxide
in treated focs. When various focs (includg cereal flours, sugars,

dried fish, rnlk ¡:er, seasonings, dried fruts, biscuits, etc.) were

fuugated with 2:8 propylene oxide:can dioxide for 2-4 hours at 500C,
a propy lene oxide residue was detected by gas chantogaphy in all
sarles except sucrose, glucose, tale salt an soium glutarte. Levels

of 1000-2600 mg/kg were found in nutm, pepper an coriander; dried

fish, wheat and soya bean flours contaied the lo.est arunts of residue

(Og et aL., 1968). Levels of 4000-9000 m:/kg propylene oxde ~re

found in sarles of linseed, soya be, sesar, rapeseed, olive and cator

oils, in lard, bef tallow, butter, niyonnse and shorting, and in
linoleic and oleic acids after fugation at 500C for 2 hours. When the
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furgated fatty naterials were kept at 370C for 24 hours, no propylene oxide

was found in linse, soa be and olive oils, but 4147 rr/kg ære found
in lard and 5910 m:/kg in oleic acid (Og et aL., 1969).

Various plastic and cellulose products used as foo wrappings and

containers were furgated with a 2: 8 combination of propylene oxide and

carlxm dioxide. The fumgant residue detected by gas chortography iri-

atel y, or after storage for 3 hours at ro tenrature, wa rrre th
2000 rn/kg in cellulose acetate film, wc shavings, paper cups, ruber
tubing, nylon film, polycarbnate film and polyvinylidene chloride film.

Sarr polyethlene products oontaied nore th 1500 m:/kg propylene oxide

(Hirashim et al., 1970).

2 . 3 Anal ysis

Propy lene oxide can be dete:red volurtricall y (Gunther, 1965 ;

SW, 1954) and by gas chronatogaphy in various foos (Heuser & Scudare,
1969; Og et al., 1968, 1969), in plastic and cellulose product
(Hirashi et aL., 1970) and in a nuture of l~r olefin oxides and

aldehydes (Kalibrdo & Vaabl, 1967). It can be rrasured in air sales

by spectrophototi (Pozzoli et al., 1968; Sayann, 1969); naoile
quanti ties ca be dete:red by rrsurert of residual periodte after
fonntion of glycol and subeqent cleavage with periodate (Mishmh &

M21oa, 1972).

3. Biological Data Relevant to the Evluation

of Cacinogenic Risk to Ma

3.1 Carcinogenicity and relate studes in anls

Subtaneous and/or intramcuar admistration

Rat: Of 12 rats (age at sta not spcified) given total doses of

1500 rn/kg b; propylene oxide in arachis oil by s.e. injecion within 325

days (dosing schedule not specified), 8 develope local sarcomas after

507-739 days. ln a sirlar exrimt in whch total doses of 1500 m:/kg

hw propylene oxide in water ære injected subutaeously, 1/12 rats

develope a local sacoma after 158 days, and 2 develap local saraJS
after 737 days. ln a concurent exrirt, ethylene oxide produce

negative results (Walpole, 1958).
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3.2 Other relevant biological data

(a) Eximntal system

The ID 's of propylene oxide given intragastrical1y to rats and gunea-
50

pigs were 1.14 and 0.69 g/kg bw, respectively (Sm et aL., 1941); the

percutaeous ID in rabits was 1. 3 g/kg l: (Weil et al., 1963).
50

Rats tolerated expsure by inlation to 9520 mg/m3 (4000 ppn) of

vapour for 0.5 hour, to 4760 mg/m3 (2000 ppm) for 2 hours, or to 2390

mg/m3 (1000 ppm) for 7 hours; 4/10 rats died afte exsure to the highest

concentration after 4 hours. Repeated oral doses of 0.2 g/kg bw adistered
as a 10% solution in oil on 5 days/week for 24 days produced no toxic effects

in rats. When guea-pigs, monkeys, rabits and rats were exsed for 7

hours to propylene oxide vapour on 5 days/week for 6 or 7 month, rabbits

and monkeys, but not guinea-pigs or rats, tolerated 1095 mg/m3 (460 ppm) .

While monkeys, rabits, rats and male guinea-pigs to1erated 464 rr/m3

(195 ppm) propylene oxide vapour, in fenle guinea-pigs there was an

increase in the average weight of lungs; all four spcies tolerate 243

mg/m3 (102 ppm) without adverse effects (Roe et al., 1956). Propylene

oxide is abut one-third as toxic as ethy lene oxide when adrstered by
ingestion or by inhlation, in aIl of the spcies studied.

ln rabbi ts, hypraema and oeem of the shaved skin resul ted fran
contact with undiluted or aqueous solutions of propylene oxide. Exsure
of rats and guea-pigs to propylene oxide vapour produced eye irritation,

nasal irritation, difficulty in breathg, dro:siness and weakess (Ro:e

et al., 1956).

Propy lene oxide reacts wi th DNA at neutral pH to yield two principal

products, N-7- (2-hydroxyropyl) guine and N-3- (2-hydroxyropyl)adene

(Law1ey & Jami, 1972).

Reverse mutations were induce in macroconidia of the purle, adenine-

reqiring mutat 38701 of Neurospora crassa after treatmnt with 0.5 M

propylene oxide in water for 15 miutes (Kølmk & Giles, 1955). Propylene
oxide has also induced recessive lethl mutations in Drosophi la melanogaster

(Rapoport, 1948a,b; Schalet, 1954).
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(b) Ma

Three cases of cornal bur fro proplene oxide vapour w=re

describ by McLughlin (1946).

3 . 3 Observations in ma

No data were available to the Working Group.

4. Corrts on Data Report and Evluation 1

4 .1 Animl data

Propy lene oxide was cacinenic in a l.l ted study in rats by

subtaeous injection: i t produced locl sacx.

4 . 2 Hum data

No case reports or epidemological studies ~re available to the

Working Group.

lSee also th section 'Anl Data in Relation to the Evaluation

of Risk to Ma' in the introduction to this volur, p. 17.
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STY OXIE*

1. Chemcal and Physical Data

1.1 Synnym an trade nas

Chem. Abstr. Re. SeriaI No.: 96-09-3

Chem. Abstr. Nai: Phenyloxirane

Epxyethy lbzene; (efXxyethy 1) ænzene; l, 2-epoxyethy lbnzen;
efXxystyrene; a, ß-efXxystyrene; phenethylene oxide; phenylethy len

oxide; 1 -pheny 1 - l, 2-efXxyethe; 2-pheny loxirane; pheny 1 oxiane;
styene efXxide; styreneoxide; styrl oxide

1.2 Chemcal for:a and nolecuar ~ight

~\~-r'
C8H80

1.3 Chemcal and physical propies

(a) Description: Colourless liqud

fuI. wt: 120.2

(b) Boiling-point: 194.1-1950C

(c) Freezing-point: -36.80C

(d)
20Desity: d20 1.0540

Refractive index: ~5 1. 5328

Spctroscopy data: À 250 nm; El = 13.2ma 1
Solubility: Miscible with water (0.28 w/w at 250C) ;

miscible wi th mot organc sol vents

(e)

(f)

(g)

*Considered by th WJrking Group, Febru 1976
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(h) Volatility: Vapour pressure is 0.3 nm at 200C.

(i) Reactivity: Polyrrizes and reacts with active hydrogen counds
(e.g., alcohols, amnes). Reacts with 4- (4'-nitrobenzyl)pyridine

(Preussm et aL., 1969)

1. 4 Technical products and lluri ties

Styrene oxide (98 noIe % pure) is available in the US with the follow-

ing specifications: density, 1.0490-1.0515 (25/2SoC); distillation range

at 760 mm: fraction betwen 5 and 95% by volui shall bail withn a

3.00C range, whch includes the terrature 194. 10C; water, 0.25 % by wt

(Mak et aL., 1967).

2 . Production, Use, Occurence and Anl ysis

For imrtt background inforntion on ths section, see preamle, p. 19.

2 . 1 Production an us

Styrene oxide was prepared 11 1905 fran a-phenyl-ß-iodoethanol by

treatrnt with potassium hydroxide (Foureau & Tiffeneau, 1905). It is

report to be produce coIlrciall y ei ther by the chlorohydrin route or

by epoxidation of styrene wi th peroxyacetic acid (Lapkin, 1967).

Styrene oxide is produced in the US by one ccy at two locations.

ln Japa, one compy has æen producing ths COund corcially since

1964. Anual production has approached 100 thousand kg in the past, but
srrller quti ties are no being produced.

Styrene oxide is us as a reactive diluent in epoxy resins (Le &

Neville, 1967). It is also reportd to be useful as an interriate in

the prepaation of agricul tural and biological chemcals, cosrtics,
surface coatings and in the treatrt of textiles and fibres.

ln Japan, styrene oxide is usd primil y as an interriate for the

production of pheny lethy 1 alcohol an as a diluent in epoxy resins.

2 . 2 Occurrence

No data were available to the Working Group.
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2. 3 Anal ysis

Styrene oxide ca be detennned voluitricall y in epxide-gl ycol

miures (Swan, 1954). It ha be anlysed in biological rra by gas
chrantography with flar-ionization deteion and by th-layer chomto-
graphy of the picrate (Leil & Oriz, 1970). Indirec spectophotortric
deterrtion of styrene oxide at the naarle level has also ben reI=rted

(Mislish & M31oa, 1972).

3. Biological Data Relevant to the Evluation

of Cacinogenc Risk to Ma

3.1 Carcinogenicity and related studies in ani.ls

Skin application

l-use: Fort Y 12-w= old C3H rnce r.re painte on th clipp dorsal

skin with a 5% solution of styrene oxide in acetone thce w=ly for life.

No skin tururs were observed in 33 arls tht suived 17-24 Ilnths.

Fort C3H rnce wee sinlarly painted with a 10% solution of styrene oxide
in acetone i onl y 2 rnce sui ved at 17 ITnths, an no tururs r.re observ
(Weil et al., 1963).

Of 30 8-r. old male Swiss ICRa rnce given thice w=ly applications

of O. 1 ml of a 10% solution of styrene oxide in tezene on the clip¡: dorsal

sun for life, 3 develo¡: skin tururs i one of these had a squs-cell
carcinom. The rrian survival ti was 431 days. Of 150 benzene-pated

controls, IL develope skin tururs, and one of these ha a squs-cell
cainom (Van Duuren et al., 1963).

3.2 Otr relevant biological data

(a) Exrirtal system

The oral LD of styne oxide in Wista rats is 4290 rr/kg li (Smy
50

et al., 1954); the i.p. LD is 460 mg/kg hw (Ohtsuji & ~a, 1971) i
50

and the 4-hour Le is 4900 mgm3 (1000 pp) (Weil et aZ., 1963).
50

The LD by skin application in mae N6 Zealand rabbi ts is 1060 mg/kg bw
50

(Sr et al., 1954).
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Styrene oxide causs corn injur in rabits even with dilutions as

low as 1%. IntradeI1l injection sensitized 6 of IL guea-pigs (Weil et
al., 1963).

The main route of excretion of styrene oxide rrtali tes in animIs

1S urina¡ in rabbits, abut 80% of a single oral dose wa excreted via

the kidneys (J~s & White, 1967).

Anysis of urine fran rabbits given 1. 7 nnl/kg 00 styrene oxide (1)
(see scher) revealed 1. 2% N-acetyl-S- (2-hydroxyhenethyl)-Ircysteine

(hydrxyhenethl rrrcaturic acid) (2), 30% (+)-madelic acid (4), 25%

hippuric acid (5) and 20% glucosiduronic acid¡ a greater proportion (6%)

of N-acetyl-S- (2-hydroxyhenethyl) -Ircysteine (2) was excreted by rats

given 2.1 rml/kg 00. Phenylethylene glycol (3) per se wa Ilt idetified

aIngst the urin rrtalites of styrene oxide (1) (Jars & Whte, 1967).

Ths evidence is corroborated by the finding of Ohtsuji & Iked (1971) that
in rats styrene oxide (1) an phenylethylene glycol (3) yielded phenyl-

glyoxylic acid (6), madelic acid (4) and hippuric acid (5). Injection of

maelic acid into rats resul te in the excretion of increase arunts of
pheylglyoxylic acid (6), hippuric acid (5) and madelic acid (4) in the
urin¡ but admistration of pheylglyoxylic acid (6) failed to produce
any canund other than phenylglyoxylic acid (6) itself. It is imrobale

that madelic acid (4) and phenylglyoxylic acid (6) are interconvertible
in vivo (Ohtsuji & Ikeda, 1971).

The first step in the fOI1tion of N-acetyl -5- (2-hydroxyhenethyl) -L-

cysteine (2) is catalysed by glutathione-S-epoxide tranferase (Jars &
Whte, 1967). Conjugation of th epoxide with glutathione wa denstrated
in vitro in rat liver eyosol (Boyland & William, 1965) and in a purified

enzy preparation (Fjellstedt et al., 1973). Leib & Oriz (1970)

deinstrated that styrene oxide is rrtalized into phenylethylene glycol

(3) by hepatic microsail prepaations in th absence of a NAPH-generating

system.

Styrene oxide (1) is converted in vitro into styrene glycol (phenyl-

ethylene glycol) (3) by microsol epoxide hydrase fran the liver, kidneys,
intestine, lungs and skin of several I1lian spies (Oech, 1973).
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Scher

~IH_CH2_S_CH2-IH_COOHOH NH-CO_CH3
(2)

N-Acetyl-S- (2-hydrxyhenethyl) -L-cyteine

r
~CVH'

(1)

Styrene oxide

!

~b:_CH,OH (3)
Styrene glycol (pheny lethy lenegl ycol)

!

~COOH ~ ~fH_COOH (4) -+ ~CO-COOH (6)
OH

Bezoic acid Madelic acid Phenylglyoxylic acid

!
~CO_NH_CH2_COOH (5)

Hippuric acid

~talic pathays for styene oxide
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The biotranformtion of styene oxide into phenylethylene glycol was

stimlated by pre-treatrt of rats with phenobabitone; havever, the

furer iætalism of phenylethylene glycol to madelic acid was not (Oesch

et al., 1971; Ohtsuji & Ikeda, 1971).

Styrene oxide caused 18% inhibition of the grCM of Waler cacinom
in rats (Hendr et aL., 1951).

It prouce reverse mutations in Salmonella typhimurium strains TA535

and TAlOO (Milvy & Garro, 1976), forwrd mutations in Schizosaccharomyces

pombe, mitotic gene conversions in strain D4 of Saccharomyces cerevisiae

and azaguane-resistant mutats in V79 hamter cells (Lorieno et aL.,
1976) .

(b) Ma

Acute exsure to styrene oxide causes skin and eye iritation and
skin sensitization. There is s~ evidence that it is absorbe slowly

though the ski (Hine & Ri, 1963).

Urine of workers exsed to styrene oxide vapour contaed large
arunts of madelic acid (4) and phenylglyoxylic acid (6) (Huzl et aL.,
1967; Ohtsuji & Ikeda, 1970), but the hippuric acid (5) ooncetrations
were nornl (Chtsuji & Ikeda, 1970; Stear et al., 1968).

3 . 3 Observations in ma

No data were available to the Working Group.

4. Ccts on Data Rert and Evluation

4 .1 Aninl data

Styrene
application.
observed .

oxide has be teste in u. limted studies in mice by skin

No significant increase in th incidence of skin tuurs wa

4 . 2 Hum data

No case re¡nrts or epiderological studies v.re available to the

oorking Group.

206



5. References

Boyland, E. & William, K. (1965) An enzym catalysing the conjugation of
epoxides with glutathone. Biocer. J., 94, 190-197

FjellstOOt, T .A., Allen, R.H., Ducan, B.K. & Jakoby, W.B. (1973) Enzytic
conjugation of epoxides with glutathione. J. biol. Cher., 248,
3702-3707

Foureau & Tiffeneau (1905) Sur quelques oxydes d'éthylène aromatiques ITno-
substitués. C.R. Acad. Sci. (Paris), 140, 1595-1597

Hendr J .A., Horr, R.F., Rose, F .L. & Walpole, A.L. (1951) Cyotoxic
agents. II. Bis-epoxides and related camp::mnds. Brit. J. Pha.col.,
§., 235-255

Hine, C.H. & Rowe, V.K. (1963) Styrene oxide. ln: Patty, F.D., ed.,
Industrial Hygiene and Toxicolog, 2nd 00., VoL. 2, Ne York, Inter-
science, pp. 1649-1651

o
Hazl, F., sýkora, J., Mainerová, J., Janova, J., Srutek, J., Junger, V. &

La, V. (1967) 'I the probler of health hazard during the work with
styrene. Pracov. Lék., 19, 121-124

Jams, S.P. & White, D.A. (1967) Th rrtallism of phenethyl bromde,
styrene and styene oxide in the rabbit and rat. Biochem. J., 104,
914-921

Lapkin, M. (1967) Epxides. ln: Kik, R. E. & Othr, D. F ., ed, Encyclof€ia
of Chemcal Techolog, 2nd 00., Vol. 8, Ne York, John Wiley and Sons,
p. 289

lJe, N. & :Nville, K. (1967) Hadlk of Epxy Reins, Ne York, McGraw-Hill,
p. 13-10

lJil, K.C. & Ortiz, E. (1970)
tion of olefins to glycols.

Epxide intenriates in rncrosan oxida-
J. Phacol. ex. Ther., 173, 242-246

Loprieno, N., Abbondandol0, A., Barale, R., Baoncelli, S., Bonatti, S.,
Bronzetti, G., Ca:llini, A., Corsi, C., Corti, G., Frezza, D.,
lJporini, C., Mazzaccao, A., Nieri, R., Rosellini, D. & Rossi, A.
(1976) Mutagenicity of industrial caunds: viyl chloride, styrene
and their possible rrtablites. Mutation Re. (in press)

Mak, N.F., Gaylord, N.G. & Bikalis, N.M., OOs (1967) Encyclopeia of
Pol ymr Science and Technolog, VoL. 6, New York, Interscience, p. 170

Milvy, P. & Garro, A.J. (1976) Mutagenic activity of styrene oxide (1,2-
epoxyethylbnzene), a presur styene rrtablite. Mutation Re.,
40, 15-18

207



Mishmh, H.E. & M21oa, C.E. (1972) Irrirect sptrophot.tric detemina-
tion of iiirle qutities of oxiranes. Anlyt. Chem., 44, 835-836

Oesch, F. (1973) Malian epxide hydrases: inducible enzy catalysing
the inactivation of cacinogenic and cyotoxic iætalites derived fran
arantic and olefinic COunds. Xenobiotica,~, 305-340

Oesch, F., Jerin, D.M. & Daly, J. (1971) A rad.tric assay for hepatic
epoxide hydrase activity with (7- 3H) styene oxide. Biocer. biophys.
acta, 227, 685-691

Ohtsuji, H. & Iked, M. (1970) A rapid coloriitric rrthod for the deter-
mition of phenylg1 yoxylic acid and madelic acids. Its application
to the urinal yses of ~rkers exsed to styrene vapour. Bri t. J.
industr. M2d., 27, 150-154

Ohtsuji, H. & Iked, M. (1971) Th rrtalism of styene in the rat and
the stimulatory effec of phenobabi toi. 'lxicoI. appI. PhacoI.,
18, 321-328

Preussr, R., Schneider, H. & Eple, F. (1969) Untersuchungen zum Nachweis
alk lierender Agentien. II. De Nachwis verschiedener Klassen alk-
lierender Agentien nu t einer l.fikation de Farbreaktion nu t 4- (4 ' -
Nitrobezyl)pyridin (NBP). Arzneirttelforsch., 19, 1059-1073

Smth, H.F., Jr, Carpnter, C.P., Weil, C.S. & Pozzani, U.C. (1954) Rage-
fining toxicity data, list V. Arch. industr. Hyg. ocp. Me., 10,
61-68

Stewa, R.D., Do, H.C., Baetta, E.D. & Schaffer, A.W. (1968) Hmi
expsure to styene vapour. Arch. environm. Hlth, 16, 656-662

Swan, J.D. (1954) D2tenntion of e:¡xides with soilU sulfite. An1yt.
Cher., 26, 878-880

Van Duuren, B.L., Nelson, N., Orris, L., Palrs, E.D. & Schtt, F.L. (1963)
Carcinogenicity of epxides, lactnes and peroxy cxunds. J. nat.
Cacer Inst., 31, 41-55

Weil, C.S., Condra, N., Huh, C. & Striegel, J.A. (1963) Exiital ca-
cinogencity and acute toxicity of representati ve epxides. AIr.
industr. Hyg. Ass. J., 24, 305-325

208



TREl GLYCOL DIGLYCIDYL El*

1. Chemcal and Physical Data

1.1 Synonym an trade nas

Chem. Abstr. Re. SeriaI No. : 1954- 28-5

Chen. Abstr. Nar: 2,2' - (2,5, 8, Il-tetraoxa-l,12-dodecane diyl)bis-
oxirane

l, 2-Bis (2- (2, 3-epoxyropoxy) ethoxy )ethe; 1,2 : 15 , 16-diepoxy-
4,7,10, 13-tetraoxaexdecae; TDE

Epl; Ethlucid; Etlucide

1.2 Chemcal fo:rmula an noleclar ~ight

t¿H_CH,O_(CH,_CH,oi,_CH'-VH'

C12H2206

1. 3 Chemcal and physical properties

fuI. wt: 262.3

(a) Description: Liquid
o

133-149 C at 0.1 mm;
o

195- 197 C at 2 mm(b) Boiling-point:

(c) M21ting-point: -15 to -lloC

(d) Density: d~O 1. 1312

(e) Refractive index: ~O 1. 4622

(f) Solubility: Miscible with water

(g) Staility: Unstale men exsed to air

*Considered by th Working Group, Febru 1976
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i.4 Technical products and imurities

The undiluted ccmund is available ln arules of 1 nù (ICI, 1971) or

5 nù (ICi, undated). No data on imurities ~re available to the Vbrking

Group .

2. Production, Use, Occurrence and Analysis

For imrtant background inforntion on this section, see preamle, p. 19.
2.1 Production and use

Triethylene glycol diglycidyl ether was prepared in 1962 by the reaction

of epichlorohydrin with triethylene glycol in the presence of a roron tri-

fluoride-diethyl ether oouplex or by the reaction of triethylene glycol

diallyl ether with soum hyhlorite (Stecher, 1968). It has also been
prepared by the reaction of epichlorohydrin with triethylene glycol in the

presence of sodium hydroxide (Blyak, 1967).

No evidence was found that triethylene glycol diglycidyl ether has ever

ben produced comrrciall y or found use other than as a research chemcal
in the US; however, it is ITufactured on a carcial scale in the UK for

use as an anti -neoplastic agent gi ven by intravenous or intraarerial

injection (ICI, 1971; Soieté Suisse de Pha.cie, 1975). Th drg has
also been used in patients with non-invasive carcinom (multiple papillomtosis)
of the bladder by direct intracavitary instillation of 100 nù/day of a 1%

solution for 2 weeks (Abbassian & Wallace, 1966; ICI, 1971; Riddle &

Wallace, 1971). It may be injected into the pleural or peritoneal cavity
of patients with malignant effusions, but it is not active orally (ICi, 1971).

Although patents for the use of triethylene glycol diglycidyl ether as a

chemcal intenæiate (e.g., for polymr and fibre m:ification or in the
synthesis of antistatic agents) have teen filed, it has probaly never been

used for this purse.
2 .2 Occurrence

No data were available to the Working Group.

2 . 3 Anal ysis

An anlytical method for deteITnation of triethylene glycol diglycidyl
ether in bloo is based on the reaction of the epoxy groups wi th 4-hydroxy-

4 '-sulphoazobenzene to gi ve a coloured product wi th an absorption peak at
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440 nm; the linut of detection wa 5 llg/II (Duncan & Sno, 1962). Se
also section 'General Reks on the Substaces Considered', p. 29.

3. Biological Data Relevant to the Evluation

of Carcinogenic Risk to Ma

3.1 Carcinogenici ty and related studies in anIs

Intraperi toneal admnistration

.Muse: Fi ve groups of 15 male and 15 femle 4-6-v.ek old A/J nuce,
were given i.p. injections of 0.2 II of an aqeous solution of triethylene

glycol diglycidyl ether thice wely for 4 v.eks (total doses, 7.2, 3.6,
0.9, O. 22 or O. 06 g/kg l:). When the exriIt was tennated, 39 v.s
after the first injection, pulinar tUIurS v.re observed in 12/17 (70%,

1.2 tUIurS per mouse), 9/24 (38%, 0.6 tururs per mouse), 14/29 (48%,

0.6 tUIur per mouse), 14/28 (50%, 0.6 turur per mouse), and 4/29 (14%,

0.1 tUIur per mouse) animIs, respeively. ln 339 nale and femle controls

injected with water only, the pulnary tUIur incidences were 37% in males

and 27% in femles, and the rran values v.re 0.5 turur rer mous in nales

and 0.3 turur per lIuse in femles (Shiin et a i., 1966) (Th increased

incidence of lung tumurs at the highest dose level was highly significant,
P~O.OOl) .

3.2 Oter relevant biological data

(a) Exrirntal system

The i. v. ID of triethylene glycol diglycidyl ether in rats is
50

approxirtely 700 irjkg l:; death occured withn 2 or 3 days; doses of

1200 irjkg l: caused death wi th a few hours. Rats and dogs gi ven i. v .
doses of 800 and 500 irjkg l:, respeti vel y, shON nerosis of the renal

tubular epi the 1 ium an of the adrenl cortex and intestinl epi thelium;

intradennl injection in gunea-pigs produce severe necrosis (ICI, undated).

ln dogs, an i. v. dose of 100 to 200 ir/kg l: caused the virtual dis-

appearance of neutrophils froID the blcx after 9 days. Lynhoce counts
fell to 50% of nonnl; eryoces and platelets remined fairly constat,
but the brief appearance of pol ychOOtic and nucleated re cells arund
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day 14 show tht eryopiesis was slightly affeced. Dos with severe
granulocia due to triethylene glycol diglycidyl ether nay develop a
fulnating septicaeia; in the surivors the bloo picture retums te

nonnl with 2 or 3 w=eks (ICI, undated).

Testicular atraphy and decreased spnntogenic activity were observed

in strain A/J mice 39 we after the first of 12 Lp. injecions (Shiin

et aL., 1966).

Repeated i. v. injections of 300 rr/kg b. at 3-5-day intervals to rats

with estalished 6-7-day old Walker cacinan resulted in colete sup-

pression of turur graw in 50% of the animls (ICI, undated).

ln rats treated intravenously or subtaneously with triethylene
glycol diglycidyl ether, 75% of the dose was excreted in the urine as

triethy leneg 1 ycol -bis- 2, 3-dydroxyrol ethr, toether wi th a trace
of the corresponding m:mo-diol and tw sulphur-containig netalites, which

were provisionally identified as a hydroxy-rrrcapturic acid an an olefinic

rrrcapturate derived fran the hydroxy rrrcapturate by deydration. A tri-

ethylene glycol diglycidyl ethr glutathione conjugate and the corresponding

cysteinylglycine an cysteine conjugates w=re excrete into the bile. Wh

triethylene glycol diglycidyl ether was incute with rat-liver hoenates,
only the cysteinylglycine conjugate was foun (Jar & Solhe.l, 1971).

(b) Ma

The severe kidney dage se in rats and dogs after adistration

of this CCun has not be obsered in hum patients; hCMver,

haemtological depression was prcxuce in cace patients injecte with

150-250 mg/kg hw (ICI, 1971).

Side-effects of this drg include leucopea in 8 patients and
~rar dysuria in 12 (ICI, 1971).

3. 3 Observations ln ma

No data were available to the Workig Group.
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4. Cots on Data Reprted and Evluation 1

4.1 Anim data

Triethylene glycol diglycidyl etr was cacinCXenc in a limted
stud in TIce by intraperitoneal injecion: it increased the incidence

of pu.na tururs.
4 .2 Hum data

No case report or epidemolCXical studies ~re available to the

Workig Group.

lSe also the secion 'Animl Data in Relation te the Evaluation

of Risk to Ma' in th intruction to ths volu:, p. 17.
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BENZYL CHRIE*

1. Chemcal and Physical Data

1.1 SYonym and trade nas

Chem. Abstr. Reg. SeriaI No.: 100-44-7

Chem. Abstr. Nam: Chlororrthylbzene

Benzy lchloride; (chlorarthy 1) l:nzene; chloropheny lrthe;

a-ch10rotoluene; w-chlorotoluene; tolyl choride

1.2 Chemcal formla an rrlecar ~ight

(gCHZCI

C7H7Cl

1. 3 Chemcal an physical propertes

MoL. wt: 126.6

AlI from Weast (1975), uness oterwise speif ied

(a) Description: Colour less liqud

(b) Boiling-point: 0
760 nm;

0
179. 3 C at 42.6 C at 10 nm

(c) Freezing-point: - 390C

(d)
20

Density: d20 1.1002

Refractive index: l£0 1. 5391(e)

(f) Spetroscopy data: À 217 nm; El = 559 (in ethanol)ma 1
(g) Solubility: Imscible with water, but deomses in hot

water; miscible with ethanol, ether an chlorofonn

(h) Volatility: Vapour pressure is 1 nm at 220C (Jorda, 1954).

*Considered by the Working Group, Februar 1976
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1.4 Technical products and imuri ties

Benzyl chloride is available in the US as technical and refined grades.

Smll arunts of sodium bicarlxmate or lir are generally added as a stabi-
lizer when i t is shipped ln steel dr. Oter stailizers which may be
used include amnes such as triethylamne or dioctylame, alcohols such

as hexyl alcohol and dialkylthoureas (Hawley, 1971; Sidi,1964).

Tyical specifications for corcial benzyl chloride are as

clear, colour1ess liquid; density, 1. 104- 1. 110 at 15.50/15. SoC;

range of 20C at 760 nn, including 179. 40C (Ann., 1970).

follCMs :

boi1ing

2. Production, Use, Ocurrence and Analysis

For imrtant background infonntion on this section, see prearle, p. 19.

2 . 1 Production and use

Benzyl chloride was first prepared by the chlorination of toluene

(Caizzaro, 1855); the principal rrthod of corcial production is still

the controlled chlorination of toluene until a certin increase in weight

ls achieved.

Commrcial production of benzyl chloride was first reported in the US

in 1944 (US Tariff Comnssion, 1946). ln 1972, thee US coanies reported
the production of 36 million kg (US Tariff Gossion, 1974); two additional
US companies can produce benzyl chloride and rry do so for captive

consurtion. Onl Y minor arunts have been imrted or exrted by the US.

Benzyl chloride has been produced corcially ln Japa since 1936.

ln 1974, tw Japaese comes produced 7.3 million kg, and 83 thousand kg
of the chencal were exprted. It is produced by one coy in Belgium.

It is estimted that 65-70% of the total US production of benzy1

chloride is consur as an intenniate in the rrufacture of butyl benzyl

phthalate, a viny 1 resin plasticizer. Th remining 30- 35 % is used as an

intenrdiate to produce benzyl alcohol, quaternary arnium chlorides and a

numr of other organic chemcal products, such as benzyl acetate, bezyl
cyande, benzyl salicylate and benzyl cinte.

It has been used as an irritant gas in chemcal warfare (von Oettingen,

1955) .
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Permssible levels of ænzyl chloride in the ~rk envirorit have
be estalished in vaious countries (winell, 1975). Th theshold limt
value in the US is 5 mg/m3 (1 ppn); the ma allowle concetration in
the USSR is 0.5 mg/m3.

2 .2 Occuence

No data were available to the Working Group.

2 . 3 Anal ysis

Gas chromtogaphy has æen used to identify bezyl chloride in a

photochlorintion study (Solorrns & Ratcliffe, 1973) and in trace quantities
in water (Jun et al., 1974).

3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to Ma

3.1 Carcinogenici ty and related studies in a.ls

(a) Subtaeous and/or intramcular admistration

Rat: Of 14 14-~ek old BD rats given ~ekly s.e. injections of 40 ff/kg

bw benzyl chloride in arachis oil for 51 ~eks (total dose, 2.1 g/kg 00), 3

develope local sarcos wi thn 500 days. Of 8 rats gi ven 80 mg/kg 00

weely for 51 weeks (total dose, 3.9 g/kg 00), 6 developed locl sarcoma
by 500 days; lung metastases were observed in rrst an:ils. Injection of

arachis oil did not produce local tururs in control rats (Druckrey et aL.,

1970; Preussm, 1968).

(b) Intraperi toneal adnistration

Nbuse: 'lree groups of 20 A/He mice of ooth sexes, 6-8 ~eks old,

received 8-12 Lp. injecions of ænzyl chloride in tricaprylin thice

weely (total doses, 0.6, 1.5 and 2 g/kg 00). AlI surivors were killed
24 weeks after the first injection; lung tuiurs occurred in 4/15, 7/16

and 2/8 suri ving mice in the thee groups, respecti vel y, wi th averages of
0.26, O. 50 and o. 25 lung tururs per nouse. The incidence was reported
ta æ not statistically different fro that in controls receiving tricaprylin

alone or no treatrnt (Poirier et al., 1975).
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3.2 Oter relevant biological data

(a) ExÌ1tal system

ln rats, the s. c. ID of benzyl chloride in oil solution is 1000 ff¡kg
50

l: (Druckrey et aL., 1970). The IC 1 S in llce and rats by 2-hour inalation
50

expsure are 390 and 740 rr/m3 (80 and 150 pp), respetively (Miailova,

1964). Irritation of mucous ræranes and conjunctivitis foll~ exsure
to 100-1000 mg/m3 for 2 hours. It is a strong skin sensitizing agent for

guea-pigs (von Oettingen, 1955) and leucoa has also be ooserved
(Mikhailova, 1964).

Benzyl chloride is absorbed though the lungs and gastrointestinl

tract. Following its s.e. injecion in rats and rabits or its oral

admstration to dogs, i t reacts wi th tissue protein and is rrtalized
into bezyl mecapturic acid (N-acetyl-S-bezyl cysteine) (von Oettingen,

1955). Follawing its oral adstration in rabits it is excrete in the

urine as mercapturic acid an benzoic acid (free or conjugated with glycine)
(Bray et al., 1958).

Benzyl chloride was v.akly nutagenc in strain TIOO of Salmonella

typhimuriwn after treatrt with 2 ff/plate (McC et al., 1975).

(b) Mm

Air concentrations of 160 ff/m3 (32 pp) caus severe irritation

of the eyes an respiratory tract (von Oettingen, 1955).

3 . 3 Observations in rr

NO data -we available to the Workig Group.

4. Cots on Data Rerted and Evluation 1

4 .1 Animl data

Benzyl chloride was tested in llce by intraperitoneal injecion and

in rats by subutaeous injection. It was cacinogenic in rats, in which

i t produced locl sarcos.

lSe also the section 1 Anl Data in Relation to the Evaluation

of Risk to Ma 1 in the introduction to ths volur, p. 17.
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4.2 Humdata

No case report or epidemological studies w=re available to the
Workig Group.
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ß-BUTIANE*

1. Chemcal and Physical Data

1.1 Synonyr and trade nas

Chem. Abstr. Reg. SeriaI No.: 3068-88-0

Chem. Abstr. Nar: 4-Methy 1 - 2-oxetaone

3-Hydroxyutaoic acid, ß- lactone; 3-hydroxybutyric acid lactone;
3-hydroxybutyric acid, ß- lactone

1.2 Chemcal forma an rrlecar v.ight

CHz_C=O

1 1
CHi_CH_O

C 4H602

1. 3 Chemcal and physical proprties

(a) Description: Liquid with acetone-like cxour (Richter, 1934)

fuI. wt: 86.1

(b) Boiling-point: 54-560C at 10 mu (Coffey, 1965);

29 mu; 110- 1180C at 180 mu

o
71-73 C at

(c) 20Density: d20 1. 0555 (Richter, 1934)
24Refractive index: l" 1. 4052 (Van Duuen et al., 1965)

-1Spectroscopy data: Infra-red bad at 1841 an (Coffey, 1965)

(d)

(e)

(f) Solubility: Miscible with water (15.3% wjwat 180C) and

wi th rnst organc sol vents (Richter, 1934)

*Considered by the oorking Group, Februar 1976
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(g) Staility: Stale in acetone and bezene solution for at least

18 days (Van Duuren et aZ., 1967a)

(h) Reactivity: Hydrolysed by water and aquus alkali to yield

ß-hydroxybutyric acid and the saI ts , respcti vel y

1. 4 Technical prcxucts and imuri ties

No data were available to the Working Group.

2. Production, Use, Occurence and Anlysis

For imrtant background infonntion on this section, see preale, p.19.

2.1 Production and use

ß-Butyr01actone can be prepared by the catal ytic hydrogenation of

diketene (Hasek, 1967). It was prcxuced in Japa froID ketene and acetal-
dehyde until 1973; abut 30 thousand kg v.re produced in that year. It

has ben used for the production of ß-oxybutyrl-para-phenetidine.

2 . 2 Occurrence

No data were available to the Working Group.

2.3 Analysis

No data were available to the Working Group.

3. Biological Data Relevant to the Evaluation

of Carcinogenc Risk to Ma

3.1 Cacinogenicity and related studies in anirls

(a) Oral admnistration

Rat: Of 5 6-we old femle Sprague-Dawley rats given 100 mg/animl

ß-butyrolactone in 0.5 nù tricaprylin once v.ekly by gastric intubtion, 3

develope squus-ce11 carcinoffs of the forestamch. The meian survi val
tim was 426 days, and the duration of the exrirt was 492 days. No
forestoffch tUlurS develope in 5 control rats gi ven tricapry lin alone
withn 587 days; the meian survival tim was 525 days (Van Duuren et aL.,

1966) .
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(b) Skin application

fuuse: Of 30 8-~ek old ferle 1eRHa Swss mice given 0.1 ml of a 10%

solution of ß-butyrolactone in ænzene thice weekl y on the clipp dorsal

skin for life, 21 developd skin cacinors, the first of whch appeared

after 346 days, and 4 develope skin papillors; the ræian suival tim

was 466 days. No tururs develope in 60 control an.ils panted with

benzene; the medan surival tim was 498 days (Van Duen et aL., 1965).

ln a simlar expr.lt, 30 ferle ICRa Swss mice were treated in

the sam way wi th ß-butyrolactne in benzene; 20 develapd skin papillcr,

and of these, 16 develope skin carcinoms. The rran surival ti was

438 days. Of 40 femle mice of the sa strain treated in the sar way

with a 10% solution of ß-butyrolactone in acetone, only 1 develope a skin
papillor at 439 days, which prCXressed to a cacinaæ by 504 days. The

median surival tir was 452 days, and the duration of the exrirt was
598 days (Van Duuren et al., 1967a).

(c) Subtaeous and/or intramcular adristration
fuuse: Of 50 8-week old ferle ICR/Ha Swss mice gi ven w=l ys. c .

inj ections of 0.1 mg ß-butyolactone in O. 05 ml tricapry lin for life, 4

develope local sarcar. Th meian suri val tir wa 483 days, and the

duration of the exrirnt was 595 days. A second group of 30 mice

received 10 mg ß-butyrolactone in 0.05 ru tricaprylin weekly; 15 an.ils

develope local f ibrosarcom, and 2 oters had locl squs-cell

carcinomas. The median surival tir was 265 days, an the duration of

the expirt was 490 days. No tururs developed in 110 control mice

treated with 0.05 ml tricaprylin ~ekly withn 532-581 days (Van Duuen

et aL., 1966).

Of 16 8-week old fane Cf (Swiss Webster) mice gi ven s. c . injections
of O. 2 rr ß-butyolactone in O. 1 ml tricapry lin thice W2l y for 4 wees,
15 were alive at 12 IInths, and 1 animl develope a local sarca. ln

16 controls treated with tricaprylin, no local tururs were abserved at

18 m:mth (Swer et al., 1970).

Rat: No tururs were see arng 50 6-~ek old fere Sprague-Daley

rats given weely s.c. injections of 1 rr ß-butyrolactone in 0.1 ru tricaprylin;
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the rnian surval tim was 559 days. ln a fuer eximt, 20 femle
rats were given weey s.c. injections of 100 re ß-butyolactone ID 0.1 ml

tricaprylin; 9 animls develope local sarco. The rran surival ti

was 283 days, and the duration of the exrimt was 533 days. No locl
tururs were observed in 20 control rats treated with tricaprylin (Van

Duuren et al., 1967b).

3.2 Oter relevant biological data

No data on the rrta1ism of ß-butyrolactone were available to the

Working Group. It inctivates transfonng DNA fran Baciiius subtilis
(~lzer, 1967).

3. 3 Observations in ma

No data were available to the Workig Group.

4. Corrts on Data Reported and Evluation 1

4 .1 Animl data

ß-Butyrolactone is cacinogenc in mice by skin application and by
subtaeous injection and in rats by oral adistration and by suutaeous
injecion. It prcxuced tururs at the site of adstration in bath speies.
4 .2 Hur data

No case reports or epidemological studies were available to the

Working Group.

lSee also the seion 'Anl Data in Relation to the Evluation

of Risk to Ma' in the intrcxuction to this volUI, p. 17.
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y-I3IACTNE*

1. Chemcal and Physical Data

1.1 Synnym and trade nas

Chem. Abstr. Reg. SeriaI No.: 96-48-0

Chem. Abstr. Nam: Dihydro-2 (3H) -furanone

y-BL; 1,4-butaolide; butyic acid lactone; 4-butyrolactone;

a-butyrolactone; butylactone; butyl lactone; 4-hydroxybutanoic

acid lactne; 4-hydroxybutaoic acid, y-lactone; y-hydroxybutyric

acid cyclic ester; 4-hydroxyutyric acid lactone; 4-hydroxybutyric

acid, y- lactone; y-hydrxyutyic acid 1actone

6480; BW(R)

1.2 Chemcal fonna an rrlecar ~ight

/0"
CHz C=O

1 1
CHz-CHz

C4H602

1. 3 Chenca1 and physical propeties

From Weast (1975), uness otherwise spcified

MJ1. wt: 86 . 1

(a) Description: Oily liquid

(b) Boiling-fXint: 2060C at 760 rr;
o

89 C at 12 rr

(c) M=lting-fXint: -420C

(d) Density: d~6 1. 1286

(e) Refractive index:
20 1. 4341ru

*Considered by the Working Group, Februry 1976
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Spetroscopy data: À 209 mn; El = 5 (in rrthol);rn 1
infra-red, ultra-violet, mass and nuclear magntic resonance

spctral data are given by Grasselli (1973).

(f)

(g) Solubility: Miscible with water, ethanol, ether, acetori and

bezene

(h) Stabili ty: Stale at pH 7; rapidl y hydrol ysed by beses,

slCMly hydrolysed by acids

(i) Reactivity: Reacts with inorganc acids and beses, alcohols

and ames (Freifeld & Hart, 1967)

1.4 Techncal products and imuri ties

Speifications for a US grade of ths conpund are as follows: puity,

99.0%; hydroxybutyric acid, 0.1% ma.; water, 0.3% rr. Th purity of

another comrcial product was reported to be 98.8%, with y-hydroxybutyric

acid, 1,4-butanediol, l-butanol and water as imurities (Freifeld & Hort,

1967) .

2. Production, Use, Ocurrence and Analysis

For imrtant beckground informtion on this section, see preale, p. 19.

2 . 1 Production and use

Although y-butyrolactne ca be prepared by a vaiety of rrthods

(Stecher, 1968), that used for its corrcial production in the US is

believed to be the dehydrogenation of 1,4-butaedol over a coper catalyst

at 200-2500C (Freifeld & Hort, 1967). ln Jap, it is produce by the hydro-

gention of maeic anydride (Mioda & Miyaj.i, 1970). A plant using this
process was reported in 1972 to be ready to sta production in the UR

(Anon., 1972), but no indication was found that this materialized.

Corrrcial production of y-butyolactone was first reported in the US

in 1953 (US Tariff Commssion, 1954), and one coy is still producing at

the present tir. ln 1974, the US inrted 33 thousand kg from the UK,

400 kg frcm Belgium and 300 kg from the Federal Republic of Gey (US
Depa.t of Corrce, 1974).

y-Butyolactone is produced CXrcially ID th Federal Republic of

Germy. Since 1971, approx.itely 1.5 nullion kgjyear have been made by
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tv Japaese cores, one of which may have stoppe production recetl y .
Abut 180 thusand kg are exrt anuall y, and IIst of the reg
prouction is used to maufacture N-rrthy 1 - 2-pyrolidone.

US consumtion of y-butyrolactone in 1974 is estimted to have be

approxitely 14 million kg. It is used principalIy as a chcal inter-

meiate in the production of 2-pyrrolidone, as an inte:idiate for other

organic chercals an as a sol vent. US consumtion of 2-pyolidone in
tht year is estimted ta have be aOut 7 million kg! used priril y as
inte:iates for vinylpyrolidone in the maufacture of ho and oopoly-

mes. These polyms are use as film fonæs in har sprays, as bloo
plasm extenders and as clarifying agents in beer and wie; less th

50 thousad kg 2-pyolidone VÆre used in 1974 in the production of nylon
4 fibres.

The IIst I1rtt of the other y-butyrolactone derivatives is N-rrthyl-

2-pyrrolidone; US consumion in 1974 is estinted to have be approximtely
5 million kg, used primily as a solvent (e.g., in the exacton of butadienE

and as a ¡;lym solvent). y-Butyrolactone is also us as an interrate

for the herbicide 4- (2, 4-dichlorophenoxy)butyric acid (Aron., 1974).

y-Butyrolactone is used as a solvent for may polyms (includig poly-
acry loni trile, ¡;l yviny 1 chloride, ¡;l yviny lcarbzole, ¡;l ystyrene , polyamdes
and cellulose acetate), for examle, in the textile inustr as a spinning an
coagulatig solvent for polyacrylonitrile. It is a goo rrum for may
chercal reactions an is used as a selective solvent (e.g., for acetylene)
in the petroleum industr.

The soium salt has been us as an anesthetic (Walenstein et aL.,

1964) .

2.2 Occuence

Levels of 2 II/l y-butyrolactone have l: reported in ber (Spence

et al., 1973) and 5-31 II/l in apple brandy (Rudali et al., 1976). It ha

ben found in other carstibles, such as whey (Ferretti & Flagan, 1971),

vinegar (Ka et al., 1972), wie (We et aL., 1964), CXked nets (Liebich

et al., 1972; Gordon, 1972), roasted filbrts (Sheldon et al., 1972),

coffee (Gianturco et aL., 1966) and toto (Jdion et al., 1971).
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It has be detected in a carcial natural liqud v. srke prepaation
(Fiddler et aL., 1970) and in tobacco ffke oondensate (Neurath et aL., 1971).

2. 3 Anal ysis

The determtion of y-butyrolactone in the product iætioned abve
was carried out by gas chræitoaphy, in ITst instaces ooupled with mass

spectraæti. A colorirtric iæthod (Guidotti & Ballotti, 1968) and gas

chromtography (Giar & Roth, 1964) have been usd for its detennation

in biological tissues. Thin- layer chrantogaphy has also be used
(Schepaz et al., 1972).

3. Biological Data Relevant to the Evluation

of Carcinogenic Risk to Ma

3.1 Carcinogenicity and relate studies in ani.ls

(a) Oral admistration

M:use: A group of 60 4-w=ek old C3H rnce of ooth sexes reæi ved a

diet containig 1000 mg y-butyrolactone per kg of diet for life; a furer

group of 36 XVII/G rnce of ooth sexes wa given 2 mg doses in 0.1 ml water
twice weey for life. ln C3H rnce, no increases in the incidences of

rr tururs in ferles or of hepatoms in rrles w=re observed caed
with those in 54 male and 61 ferle untreated oontrols. ln treated XVI/G

rnce, the incidence of lung tururs was 55% (average suival, 571 days)

comped with 61% in 44 untreated controls (average surival, 595 days)
(Rudai et al., 1976).

Rat: Of 7 weaning rrle alino rats given 4-6 doses of 100-400 rr/kg

bw (total doses, 450-1700 mg/kg l:) y-butyrolactone by stomch tub for over

7 months and suri ving 18-28 ITnth after the first dose, 5 develap tururs,

including tw pi tui ta tururs, 2 squs-cell cacinom of the j aw and
1 interstitial -cell turur of the testis. Tuurs of the jaw and testis
were reported to occu onl y rarel y in control rats of the colony used
(Schoental, 1968) (The Working Group noted the smll numr of anlils used

and tht the product was obtained by distillation of a mixture of y-butyro-

lactone and 4,4' -diamodipheny lrthe) .
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(b) Skin application

l-use: Of 30 8-~ek old male Swss ICRa TIce painted on th clipp

dorsal skin with 0.1 ru of a 10% solution of y-butyrolactone in bezen
thice weekl y for life, 2 develop sk tururs ¡ one of the se had a skin

carcinom. Th meia surival tii was 292 days. Anng 150 bezene-

treated controls, Il mice develope skin tururs ¡ one of these had a skin

carcinoma. Me surival tiis in the 4 control groups ranged fran 262-412

days (Van Duuren et aL., 1963). No increase in turur incidence was obsered

in a group of 30 ferle Swiss ICR/Ha TIce painted with 0.1 ru of a 10% solution

in acetone thice ~ekly for life¡ the rran siival ti was 495 days (Van

Duuren et al., 1965).

Am::mg 30 4-we old XVI/G mice of l:th sexes gi ven repeated skin

applications of a 1% solution in acetone twice ~ekly for life the incidece

of lung tururs was 21/30 (70%) (average siival, 601 days) cxed with

9/17 (53%) (average surival, 499 days) in acetone-treated contrIs. No

skin tururs were observed (Rudali et al., 1976).

(c) Subtaeous an/or intrarcuar admistration

Meuse: l' local tururs ~re observed in a group of 16 feme Swss-
Webster mice given 12 s.c. injections of 0.005 ir y-butyrolactone in 0.1 ru

tricaprylin thice weekly for 4 week¡ IL TIce suived 18 ITnth (Swerr
et al., 1970) (The smll dose used should 1: noted).

Rat: F1ive 8-wee old male Wistar rats received s.c. injections of

2 mg y-butyrolactone in oil for 61 ~eks and were observed up to 100 wes.
All rats surived, an no tururs ~re obsered (Dickens & Jones, 1961)

(ln the sam exirnt, a smller total dose of ß-propiolactone prcruce

a 100% incidence of local tururs).

(d) Oter exriital system

Newrn animIs: Of 34 newbrn XVI/G mice given s.e. injections of
1 ll y-butyrolactone on the lst, 4th and 8th days of life, 18 (53%) develope

lung tUIurs (average surival, 590 days) coared with 27/44 (61%) untreated

controls (average surival, 595 days) (Rudali et al., 1976).
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3. 2 oter relevant biological data

The oral LD 's (14 days) of y-butylactone are 800-1600 rr~/kg l:
50

in rats an iice (Fassett, 1963) and 500-700 rr/kg l: in guea-pigs

(Freifeld & Hart, 1967); the Lp. ID in rats and iice is 200-400 ff::/kg
50hw. The ID followg skin application in guea-pigs is abut 5.6 g/kg

50
hw; no skin senitization occuEr (Fassett, 1963).

y-Butyrolactone has anesthetic properties: afte i. v. admstration

to rats it is converted rapidly into y-hydroxyutyric acid vtich causes

depression of the central nervus system. It is also rapidly hydrolyse
to y-hydroxybutyric acid in bloo and liver (Roth & Gia, 1965). ln
rats, (1_14C) or f4-14C)-hydroxyutyrate given by inlation is excreted

as 1400; alxmt 66% of the activity was excreted in 6 murs and an addi-
2

tional 10-20% with 18 hours (Walkenstein et aL., 1964).

3.3 Observations in ma

No data were available to the Working Group.

4. Corrts on Data Reprt and Evluation

4 .1 Anim data

y-Butyrolactone was tested in iice by oral admistration, sutaus
injection and skin application and in rats by oral and subtaeous admi-
stration. No cacinogenic effects ~re observed.

4.2 Hum data

No case reports or epidemological studes ~re avalable to the

~rking Group.
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DINTROSOP *

1. Chemcal and Physical Data

1.1 Synonyi and trade nams

ChEf. Abstr. Reg. SeriaI No.: 101-25-7

ChEf. Abstr. Nam: 3, 7-Dini troso- 1,3,5, 7-tetraazabicyclo (3.3.1) IDnane

Dini trosopetathenetetrame; dii trosopetamthy lenetetraarne;

dintroso petathylenetetrame; di -N-nitrosopetamthylene tetra-
mine; 3, 4-di -N-ni trosopetathy lenetetrame; N ~ N-dini trosopeta-

methy lene tetrame; N ~ N' -dini trosopetamthylenetetrame; ;. , N3 -
dini trosopetamthy lenetetrame; DN; l, 5-methylene- 3, 7-di troso-
l, 3, 5, 7-tetraazacyclootane; NSC 73799 **

Aceto DNP 40; Aceto DNP 80; Aceto DNP 100; ChZ 18;
Mikrofor N; Micro¡:r; cp 80; Unicel ND; Unicel NDX;

Vulcacel B-40; Vulcacel BN

1.2 Chemcal formla an irlecular ~ight

H2C_N_CH2

1 1 1ON_N CH2 N_NO

1 1 1
H2C_N_CH2

C5HION602

1.3 Chemcal an physical propies

From Lasm (1965), unless oterise specified

MJl. wt: 186. 2

(a) Description: Light-yellow æedles

(b) M21ting-¡:int: 2070C (desition)

*Considered by the Workig Group, Febru 1976

**Cacer Cheitherapy National Serice Cetre Nur, N:I, NIH, USA
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(c) Solubility: Slightly soluble in water (abut 1%), rrthanol,

ethanol, bezene, ether, acetone and pyidine; readily soluble

in d.thy Ifonude and dithy 1 sulphoxide

(e) Stabili ty: Violent decc.si tion occus in the presence of

mineraI acids and certin salts (e.g., zinc chloride).

Hydrolyses in the presence of dilute hydrochloric acid at 1000C

1.4 Technical products and imurities

Dinitrosopentathylenetetrare (DNP) ls available in the US as a
free-flaving J:der in grades containng 99%, 93%, 80% and 42% active

ingredient. The inert conents of the blended products are inorganic

diluents (e.g., silica, clay), processing aids and/or stailizers (Ann.,
1975; Lasr, 1965).

DNP produced in Japa has the following spcifications: purity,

greater than 98%; water, less than 0.1%; decc.sition terature,

200-2050C; qutity of gas generated (OoC, 1 atm), 240 ml/go

2. Production, Use, Occurence and Analysis

For imrtant background inonntion on this section, see preale, p. 19.

2.1 Production and us

DNP can be prepaed by the addition of acid to a cold, rnxed solution
of hexathylenetetrarne and sodium nitrite (Larr, 1965). Although it

was introduced in the US in 1946 by one rrufacturer, corrrcial production

was first rep:rted in 1954 (US Tariff Carssion, 1955). US exmslItion of
DNP in 1970 was estinte to have been 1. 4 million kg and was projected
to be 1. 9 million kg in 1975 (Parkinson, 1972).

DNP is rep:rted to be produced in the Federal Republic of Gey (1
producer), France (3), The Netherlans (1) and the UK (1) (Chercal Infor-
mation Services Ltd, 1975). Approxitely 5 million kg per year are
produced in Japan; aI11Ual exrts are estimted to be approximtely

150 thousand kg.

DNP is used as a nitrogen-releasing chemcal blaving agent for the
prepaation of natural and sythtic uncellular rur, which is used
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manl y in cart under lay, autoirbile and buildig v.ather stripping, thenn
insulation material, shoe linings, cuhioning and flotation products. DN
is also an effective blowng agent for the exsion of IXlyvinyl chloride

plastisols and epoxy, polyester and silicone resins.

2. 2 Occurence

No data were available to the Working Group.

2. 3 Anal ysis

Thin- layer chræitoraphy has been used to sepaate and identify DNP
(Bell & Duta, 1966).

3. Biological Data Relevant to the Evluation

of Carcinogenic Risk to l1a

3.1 Carcinogenicity and related studies in animIs

(a) Oral admstration
Rat: ln an exprirnt designed to assess the ability of various

chercals to induce rn tururs in groups of 20 7-8-y, old femle

Sprague-Dawley rats, a single oral dose of 90 rr/anlil DNP induce no

tururs withn a six-irnth period (Griswld et al., 1966) (Th short

duration of the expr:int should æ notedJ.

No tinurs were induced in 15 male and 15 femle 4-we old Fischer
rats given 9 rr/animl by oral gavage on 5 days per ~ for 1 year and
observed for a furer 6 Ilnth (Weisburger et al., 1966). Hadidian et al.

(1968) reIXrted no increases in the incidences of tururs in groups of 12

male and 12 femle, 15 male and 15 femle and 3 male and 3 fe:le 5-we

old Fischer rats, given 0.03, l, 3 or 9 ng/animl on 4 days/v.ek for 1

year, and observed up to 18 Ilnths. A sqanus-cell cacinom of the

tongue was seen in a rat given the loiest dose.

(b) Intraperitoneal injection

Rat: A group of 24 6-7-week old male CB rats received v.ekly i.p.

injections of 25 mg DNP in IXlyethylene glycol 400 for 26 v.eks (total

dose, 650 mg) and were observed for up to 2 years. Anng 13 rats that
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surived 16 or more month, 1 develope a hepato and 1 a pituita

turur. One hepatoma was also observed aIng 24 controls (Baland et al.,

1968) .

3.2 Other relevant biological data

ln TIce, the ID 's of DNPT are 120 mg/kg li (i. v. ), 130 mg/kg li
50 , .(i.p.) and 140 mg/kg hw (s.e.) (Ivan, 1965). ln rats, the oral LD 1S

50
940 mg/kg lM and the Lp. LD 220 mg/kg lM. A dose of 80 rr/kg li given

50
daily by i. p. injection for 30 days was tolerated; higher doses proouced

toxic effects within the central nervous system, whch ranged fran depres-

sion of conditioned reflexes to tonic and clonic spas (Desi et al., 1967).

3. 3 Observations in ma

No data were available to the Workig Group.

4. Comæts on Data Reported and Evluation

4 .1 Animl data

Dinitrosopetathylenetetrame was tested in rats by oral admi-
stration and intraperitoneal injection. No carcinogenic effecs were

observed .

4 . 2 Hum data

No case reports or epideIological studies v.re available to the

Working Group.
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1, 4-DIOXA*

1. Chemcal and Physical Data

1.1 Synonym and trade nas

Chem. Abstr. Reg. Serial No.: 123-91-1

Chem. Abstr. Nar: l, 4-Dioxane

Diethylene dioxide¡ 1,4-diethylene dioxide¡ diethylene ether¡
di (ethylene oxide) ¡ 1,4-dioxacyclohexae¡ dioxa¡ l, 4-dioxa¡
para-dioxa¡ dioxane¡ para-dioxae¡ dioxyethylene ether¡ glycol
ethylene ether¡ tetrahydro-l,4-dioxi¡ tetrahydro-para-dioxin

1.2 Chemcal fonmla and rrlecular ~ight

~C/~H2
HzVH2

C 4H802

1. 3 Chemcal and physical properties

(a) Description: Colourless, inflaile liquid

MoL. wt: 88.1

(b) Boiling-point: 101. lOC

(c) r-l ting-point: IL. 80C

(d) Density: d~O 1.0329

(e) Refractive index:
20 1. 4175in

(f) Solubility: Miscible with water, organic solvents, arantic

hydrocarlxms and oils

(g) Volatility: o
Vapour pressure is 37 nm at 25 C.

*Considered by the Workig Group, Febru 1976
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(h) Staility: Stale to light but form explosive peroxide ln

air, espeiall y in the presence of nnisture

(i) Reactivity: Reacts with oxygen ta fonn peroxide

1.4 Technical products and imuri ties

1,4-Dioxae is available in the US ln reagent, technical, spctro-

photantric and scintillation grades (Hawley, 1971). Th tehnical grade
is nnre th 99.9% pure. Speifications for a tyical cxcial product
are: peroxides (as HO), 50 ID:J/kg rr.; acidity (as acetic acid), 0.01%

2 2
by weight na.; water, 0.1% rr.; 2-iæthyl-l,3-dioxolane, 0.05% rr.;

and non-volatile matter, 0.0025% rn. Ths grade is substatia11y free

from suspended matter (Anon., 1970a).

Speifications for l, 4-dioxane produce in Japa are: puri ty, 99.99 %;

boiling-point range, 101-1020C; freezing-point, IL. 70C; denity d~O,

1.0333; and refractive index ~O, 1.4224. Water is present as an imurity.

2. Production, Use, Ocrence and Anlysis

For imrtat background informtion on this section, see prearle, p. 19.

2. 1 Production and use

1,4-Dioxan can be prepaed by: (1) the dehydration of ethylene glycol
(believed to be the cxcial route) (Anon. 1962); (2) the treatint of

bis (2-chloroethyl) ether with alkali (Rawley, 1971); or (3) the dirrization

of ethylene oxide (Ro, 1963).

Comcial production of l, 4-dioxane in the US was first reported in
1951 (US Tariff Ccmssion, 1952); production in 1972 was 6.3 million kg

(US Tariff Cossion, 1974) and in 1973,7.4 million kg (US Intertional

Trade Comssion, 1975). There are four cooies nCM producing this

cound in the US.
ln 1972, thee Japaese canies were rnufacturing 1,4-dioxae

(Anon., 1972a), an anothr was ccleting a plant with a capacity of

2.2 million kg per year (Anon., 1972b). ln 1968, 600 thousand kg were

produce, an in 1973, 2.3 million kg. Japan exrted 60-70 thousand kg

of 1,4-dioxae in 1974 and abut 100 thousand kg in 1975, chief1y ta th

UK and Australia.
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ln the US, 1,4-dioxae is used mainly as a stailizer in chorinte

solvents¡ in 1973, it was estite that future grow for ths purse

would be 7-8% per year (Anon., 1973). It is also us as a solvent for

cellulose acetate, ethyl cellulose, bezyl cellulose, resins, oils, waxes,

oil an soræ dyes (Stecher, 1968), and as a solvent for electical,

agricu tural and biochencal interrates and for adesi ves, selants,

cosrtics, phanceuticals, ruber chemcals and surace coatings (Ann.,

1970b) .

The major uses of 1,4-dioxae in Japan are as a solvent, as a surace-

treating agent for artificial leather and as a stailizer for trichoro-

ethy lene.

Pe:rssible levels for l, 4-dioxae in the \\rkig environit have ben
estalished in various countries (winell, 1975). Th threshold limt value
in the US is 360 mg/rn3 (100 ppn) and the maum allawle concentration in
the USSR is 10 mg/rn 3 .

2.2 Occuence

No data ~re available ta the \'brkig Group.

2.3 Analysis

Whte et aL. (1970) used activated-charcol traps and subeqt gas
chortographic analysis to detenne solvent vapours in industrial atr

spheres ¡ the sar procure in coination wi th mass spcttr was used
by Coper et al. (1971). Conditions for sepaation of a nurr of solvents,

includig 1,4-dioxa, by gas chrantogaphy are given by Grupiki (1966).

Gas chromatogaphy /rnss spetraæti has also be used to detee 1,4-

dioxae in water sarles (Harris et al., 1974). Reio (1970) used paper

chrortography to sepaate and identify several couns includg 1,4-
dioxae. Li ts of detection by gas chromtogaphic rrthods ~re of the

order of O. 3 ~/l of air.
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3. Biological Data Relevant to the Evluation

of Cacinogenic Risk to Ma

3.1 Carcinogenici ty and related studies in animIs

(a) Oral admistration

MJuse: NJ tururs occured in groups of 50 male and 50 femle B6C3Fl

mice admnistered 0.5 or 1% 1,4-dioxae in the drinng-water for 40-43

wees (King et al., 1973) (The short duration should :t noted).

Rat: A group of 26 male Wistar rats was given 1% 1,4-doxae in the

drining-water for 63 ~s (total dose, 130 g). Liver tururs, ranging
from sma11 neoplastic nodules to multifocal hepatocellular cacinom,
occured in 6 animIs. ln addition, 1 rat deve10pe a tranitional-cell
carcinom of the kidney pelvis, and l, a leukaera. One 1 yrhosaca
occurred in 9 controls (Argu et aL., 1965).

Four groups of 28-32 male Sprague-Dawley rats were given 0.75, 1.0,

1.4 or 1. 8% l, 4-dioxae in the drining-water for 13 nDnth (total doses,
104-256 g/an:Il) and killed after 16 IInth. On rat receiving 0.75%, i

recei ving 1. 0% , 2 recei ving 1. 4% and 2 recei ving 1. 8 % l, 4-doxane develope
tl.iDurS of the nasal cavity; the se were mainly sqaius-cell cacinomas,

wi th areas containig adenocarcinoms in 2 cases. Li ver-cell tururs

(hepatomas and hepatocellular carcin) develope in 3 rats recei ving

1.4% and in 12 rats received 1.8%. Microscoie lesions describ as
'incipient hepatans' were observed in aIl treate groups. A subtaeous
fibrom occured 'on the back of the nase' in 1/30 controls (Argu et aL.,
1973; Hogh-Ligeti et aL., 1970).

Four groups of 60 male and 60 femle Shenn rats were given 0, 0.01,

0.1 or 1% 1,4-dioxae in the drinng-water for u: to 716 days (daly doses:

males, 0, 8-12, 59-113, 914-1229 mg/kg hw; femles, 0, 18-20, 130-160,

1416-2149 rr/kg hw). The 50% sinival t. at the highest dose wa 16

IInths, comed with 22 IInth in other groups. At the highest level 10
hepatocellular carcinans, 2 cholangiomas and 3 sqaius-cell cacinoms
of the nasal cavi ty were observed, COared wi th 1 hepatocellular cacinoma
in a rat receiving 0.1% 1,4-dioxae. NJ statistica11y significant increase

in the incidence of tt.urs was see in rats gi ven the tw lowr dose

levels (Kocib et al., 1974).
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Guinea-pig: Twenty-tw mae guea-pigs recived drining-wter

containing O. 5- 2% l, 4-dioxae, such tht noi:l grCM was mintained,
over 23 rrnths (total dose, 588-623 g/animl). AlI anIs were killed
within 28 rrnth. Tw animls had cacinams of the ga11 bladder, and 3
had hepator. No Ii ver tururs w=re reported in 10 untreated controls
(Hogh-Ligeti & Argu, 1970).

(b) Inhalation and/or intratracheal admistration

Fi ve groups of 96 mIe and 96 fem1e Wista rats were exsed ci ther
to air or air containing 0.4 It/l (Ill pp) 99.9% pure l, 4-dioxane for

7 hours/day on 5 days/wee for 2 years. Fifty per cent of the animls

surived 20-24 rrnths. No statistically signficant increase in the

incidence of tUIurS was observed in the 525 treated rats exned cced
with 347 controls ('Irkelson et aZ., 1974).

(c) Skin application

Mouse: Groups of 30 mIe and 30 fEmle Swss-Webster mice recei ved
thice weekl y paintings of O. 2 ml of an unspified concentration of 1,4-
dioxae in acetone on the clippe dorsal skin for 60 wees; 1 skin saca
and 1 malignt 1 ymhom were observed. ln simlar groups of mice, skin
paintings were preceded 1 wee ea lier by application of 50 ~ 7,12-

dimthylbzanthacene (DMB) i 4 mIes and 5 femles surved the 59
wees of treatint. Arng 15 mice examed, 8 skin tururs were observed

(2 papillcms, 2 squus-cell cacinoma, and 4 saco) i in addition,
24 other tururs (rninly malignt lymhoms and lung tururs) occured. Eight
skin papillor and 1 malignt lymhcm occued in 55 animIs recei ving
50 llg DM follow by thice weely paintings with acetone alone (Kig
et aL., 1973) (The increase in the incidence of skin 1:urs was signifi-

cant in the 2-stage skin carcinogenesis exrimt (P~O. 01) ) .

3. 2 Other relevant biological data

(a) Exrimntal system

The i. p. LD of l, 4-dioxane in mIe Sprague-Dawley rats was 5.6 gjkg
50

hw (Argu et aL., 1973). The oral LD 's in rnce, rats and gua-pigs
50

were 5. 7, 5.2 and 3.9 gjkg hw, respeti vely (Laug et aZ., 1939). ln ITce,
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rats, gunea-pigs an rabbi ts subj ected ta repeated 1. 5-hou e2sures to
3600 mg/rn 3 (1000 ppr) l, 4-dioxae in air (total e.sures, 78-202.5 hours) ,

vascular congestion of the Ii ver and deenerati ve changes in the renal
cortex were observed (Fairley et aZ., 1934).

ln male rats given single oral doses of 10, 100 or 1000 mg!kg hw

14C-i,4-dioxa~, excretion of unchaged 1,4-dioxae in exired air wa

0.043 mg!kg bw (0.43%) at the lowst dose and 252 mg!kg l: (25%) at the

highest dose (Young & Geing, 1975).

(b) Ma

Exsure of 12 volunteers to a concentration of 1080 mg/rn 3 (300 pp)

1,4-dioxae vapour in air for 15 minutes prcxuced iritation of the eyes,

nose and thoat (Silverm et aZ., 1946).

Fi ve acute death due ta l, 4-dioxane e2sure bave ben reported i
haeirrbagic nephritis and liver necrosis w=re recorded at autopsy (Barr,
1934). Another death, in a worker, probaly attributale to one æe' s

expsure to alxmt 1800 mg/rn 3 (500 ppn) l, 4-dioxae , bas be reported.

There was also a possibili ty of skin absorption, since l, 4-dioxae was

used as a solvent to reive glue fran hads. Autopsy revealed dage te
kidneys, liver an brain (Johntone, 1959).

3. 3 Observations in mm

No data were available to the Working Group.

4. COITts on Data Reported and Evluation 1

4 . 1 Animl data

1,4-Dioxae is cacinogenc in rats and guinea-pigs by oral adm-
stration: it prcxuce malignant tuurs of the nasal cavity and liver in

rats and tinurs of the liver and gall bladder in guinea-pigs. It was

also active as a prarter in a tv-stage skin cacinogenesis study in

rrce. No carcinogenic effect was observed in one inalation study in rats.

ISee also the section 'Anl Data in Relation to the Evluation
of Risk to Ma' in the intruction to this vollI, p. 17.
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4.2 Hum data

No case reports or epidemological studies were avilable to "t

Working Group.
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ET SUHIDE*

1. Chemcal and Physical Data

1.1 Synonyn an trade nas

Chem. Abstr. Reg. Serial No.: 420-12-2

Chem. Abstr. Nar: 'liirane

2, 3-Dihydrothirene;
ethy lene episulphide;

etylene episulfide;
thacyclopropane

ethylene sulfide;

1.2 Chemcal foi:a an irlecular ~ight

H2CqH2

S

C2H4S

1.3 Chemcal and physical propies

MoL. wt: 60. 1

From Weast (1975), unless otheiise specified

(a) Description: Colourless liquid

(b) Boiling-point: 55- 560C (decxsi tion)o 15 20Density: d4 1.0368; d4 1.017; d4 1.0046

20 19Refractive index: rn 1. 4937; ~ 1. 490

Spectoscopy data: À 258 nr; El = 5 (in ethol); infra-red,ma 1
ultra-violet and rnss spctra are given by Grasselli (1973).

(c)

(d)

(e)

(f) Solubility: Irscible with water; miscible with ethl,

ether, acetone and chloroform

(g) Volatility: Vapour pressure is 375 mu at 250C.

(h) Stability: Polyrrizes gradually

*Considered by the Working Group, Febru 1976
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(i) Rectivity: Reacts with 4 (4' -nitrobnzyl)pyridine (Preussm

et aL., 1969)

1.4 Technical products and imuri ties

No data were available to the WJrking Group.

2. Production, Use, Ocurrence and Analysis

For imrtt background informtion on ths setion, se preanle, p. 19.

2 . 1 Production and use

Etylene sulphide was sythsized by the reaction of 2-haloethyltho-

cyanates with sodium sulphide (Delépine, 1920). Oter rrthods of sythesis

include the follawng: (1) reaction of ethylene canate with sodium or

potassium thocante¡ (2) reaction of ethylene ITnothocarbonate with
sodium carbonate ¡ and (3) reaction of ethy lene oxide wi th thourea,

inorganic thocanates or cabonyl sulphide (Gdran, 1969).

Patents have ben filed for the use of ethylene sulphide as a ITnarr
(e . g ., in the production of horrl yrs and copol yms), as a rrifying
agent for other polyrrs (e.g., cellulose), as a chercal interniate
(e.g., for pesticides and lubricant additives) and as a direct-acting

disinfectat. No evidence was found tht it has reen usd in these appli-

cations.

The ni allowle concentration ID the USSR 18 O. 1 mg/m 3 (Pugaeva

et aL., 1969).

2.2 Occurence

Ethy lene sulphide has æen reported to æ a canent of a low-

temrature distillate of tined reef (Persson & von Sydow, 1973).

2.. 3 Anal ysis

Gas chroITtography can æ used for the detennnation of ethylene

sulphide (Raulin & 'lupace, 1974). Its sepaation fran other sulphides

has be discused by Kreir & Spicer (1973) and Golovnya & Garbuzov (1974).
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3. Biological Data Relevant to the Evluation

of Cacinogenic Risk to Ma

3.1 Carcinogenicity and related studies in animls

(a) Subtaeous and/or intramcuar admistration

Rat: Tw groups of 15 14-~ old BD rats received W3ekly s.c.
injections of 8 or 16 mg/kg bw ethylene sulphide in arachis oil for one

yea, at whch tii the first ttmur appeared in the higher dose group.

The animls were observed until death; 4/12 animls given the higher

dose develope locl sarcæ; 1/15 animIs gi ven the lawr dose develope

a local fibrcm. Th vehicle was reportd to be non-cacinogenic in

controls (Druckey et al., 1970).

3.2 Oter relevant biological data

The oral LD of ethylene sulphide in Wista rats is 178 mg/kg bw;
50

the i.p. LD is 42 mg/kg bw; and the ic during a 30-mute exsure50 50
is 10,000 mg/rn3 (4000 ppr) (Brow & Matramtteo, 1964). Th s.c. LD

50
in BD rats is 90 mg/kg bw (Druckrey et al., 1970). MacFar land et al.

(1971) found tht th one-hour IL for ethylene sulphide wa 7000 mg/rn 3
50

(2800 ppr), and the 6-hour ic 1725 ff/rn3 (690 pp). Wien given orally,
50

ethylene sulphide is abut 6 tlis as toxic (Brow & Mastrantteo, 1964)

as propylene oxide (Sr et aL., 1941).

In rats, the ingestion of high doses of ethy lene sulphide caused

depression of the central nervous syste wi th uncosciousness (Brow &
Mastrcmtteo, 1964). It is irritating to surface tissues and mucous

rrranes. Inhlation of this COund causd oongestion, oeem and

haerrrhage in the lungs (Eisengar, 1967; Kurlyandksy et aL., 1966;

MacFarland et al., 1971).

Ethylene sulphide induced sex-lined recessive lethls ln Drosophila

melanogaster (Rapoport, 1962).

3. 3 Observations in mm

No data were available to the Working Group.
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4. Ccmts on Data Rerted and Evluation 1

4.1 Animl data

Ethylene sulphide was cacinogenic in a limted stud in rats by

subtaeous inj ection: i t produce locl sarca.

4.2 Hum data

NJ case refXrts or epidemological data ~re avalable te the

Vbrking Group.

lSee also the secion 1 Anl Data in Relation to the Evuation
of Risk to Ma 1 in th introduction to ths volur, p. 17.
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TRCHLroET*

1. Chemcal and Physical Data

1.1 Synonym and trade nas

Cher. Abstr. Reg. SeiaI No.: 79-01-6

Cher. Abstr. Nam: Trichloroethene

Acetylene trichloride;

trichloride; ethylene

chloroethy lene

1 -chloro- 2, 2-dichloroethy lene;
trichloride; trichlorethy lene;

ethyl
1,1,2-tri-

Algylen; Blancosolv; Chorylen; Cincosolv; Craspol; Dueron;
Flock Flip; Gelgene; Gelgene; Thethylen; Thethylene;

Trethy lene; Trichloran; Trichloren; Triclene; Tri -clene; Trielene;

Triklone; Trilene; Triline; Trir; Triol; Westrosol

1. 2 Chemcal fonna and nolecular weight

CICH=CCI2

C2HC13 MJ1. wt: 131.4

1. 3 Chemcal and physical properties

From Weast (1975), unless otheiise specified

(a) Description: Non-flarle, colourless liqud

(b) Boiling-point: 870C

(c) Mel ting-point:
0 freezing-point: -86.40C-73 C;

(d) Densi ty: d~O 1. 4642

(e) Refractive index:
20 1. 4773~

(f) Spectroscopy data: Infra-red, ultra-violet, nuclea rægnetic

resonance and mass spetra are given by Grasselli (1973).

*Considered by the Working Group, Februar 1976
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(g) Solubility: Miscible (0.1% w/v at 200C) with water (Irish, 1962);

miscible wi th acetone, ethl, ether an vegetale oils (Lloyd

et aL., 1975)

(h) Volatility: VapJur pressure is 94 rr at 300C (Jorda, 1954).

(i) Staility: SlOtly decosed by light with fo:rtion of

hydrogen chloride

(i) Reacti vi ty:

autoxidation;
Reacts with sulphydrl grups; subject ta

not hydrlysed by water under nonnl conditions

1.4 Techncal products and imurities

Trichlorothy lene is available in the US in high puri ty, electronic,
USP tecical, rrtal degeasing an extaction grades (Rawley, 1971).

Tyical analysis of a corcial grade is: boiling range at 760 rr,

86.6-87.80C; density, d¡5 1.467-1.471; acidity (as HCl), 0.0005% ma.;

alkalinity (as NaOH), 0.001% ma.; no free halogen; residue on evapora-

tion, 0.005% ma.; rristure content, not cloudy at -120C.

Antioxidats, such as ames (0.001 to 0.2%) (Copelin, 1954) or oo
binations of epoxides and esters (0.2 to 2% total) (Starks, 1956), are

added ta trichloroethy le ne .

Speifications for trichloroethlene produced in Japan are: densityo 0 0(20 /20 C), 1. 460- 1. 475; water, not cloudy at 0 C; non-volatile matter,
0.01% ma.; acid content (as HC1), 0.003% ma.; alkali content (as NaOH) ,

0.025% ma.

2. Production, Use, Ocurrence and Anlysis

For ÍIrtat backgroun inforntion on this section, see preamle, p. 19.

2.1 Production and use

Trichloroethylene was prepared by Fischer in 1864 during exprirnts

on the reduction of hexachloroethane with hydrogen (Hardie, 1964). The

first cæicial rrthod for its preparation was the dehydroclorination

of acety lene-deri ved l, 1,2, 2-tetrachloroethane by reaction wi th calcium
hydroxide or by gas-phase pyrol ysis. Al though this rrthod is still used

today, over 90% of th trichloroethylene prouce in the us is prepared

by the chlorintion and dehydrlorination of ethylene dichloride.
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Trichloroethylene has be produce corciall y in Austria and the UK

since 1908, in Germy since 1910 and in the US since 1925 (Hardie, 1964).
Production of trichloroethylene in the US in 1974 wa 193 million kg (US

Interntional Trade Carssion, 1975a); five US coies reported pro-

duction of 98 million kg during the first nine Ilnths of 1975 (US Inter-

nationa Trade Corssion, 1975b). Output has be decreasing since 1970,

when a reported 277 million kg ~re produce by seven cces (US Tariff

Corssion, 1972). This decrease in production is due primily ta 1egis-
lation restricting the use and emssions of trichloroethylene and to the

closing of thee acetylene-base and one ethylene-based plants.

US exprts of trichloroethylene in 1974 ~re 19 million kg, rrstly to

M=xico (7.2 million kg), The Netherlands (3.3 million kg), Jap (3.3

million kg) and Brazil (1. 4 million kg) (US Depart of Cæce, 1975a).
Irrts during tht year totalled 600 thousand kg (US Depat of Ccrce,
1975b) .

ln Japa, conrcial production of trichloroethylene sta in 1935.
Four cones produced 90 million kg in 1974, comped to 112 million kg
in 1970. ln 1973, 2.1 million kg of trichloroethylene ~re exrted.

It was forecat tht th world maket for trichloroethy1ene during

1975 would be alxmt 680 million kg (Ann., 1972).

Of the trichloroethylene consur in the US, abut 90% 1S us for
vapour degreasing of fabricated TIta1 pas; another 6% is used as a

chain tertor for polyvinyl chloride production; an the reder
is use in a variety of applications. The estimted 1973 Japese constm
tion pattern for trichoroethylene was: dr-cleang, 50%; rætal cleain,
21%; solvent an other uses, 26%; and exrts, 3%.

Miscellaneous applications of trichloroethy1ene include its use as an

extractat in foo processing (e.g., for decaffeinted coffee), as a solvent

in the texile industr and as a chemcal intenæate. It ha ben us
as a compnent in several consur products, large1 y because of i ts sol vent
properties (Lloyd et al., 1975).

A pharceutical grade of trichloroethylene 15 used as a general
anesthetic in surgica1, dental and obstetrical procures and as an analgesic
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in the treat:t of trigemal neuralgia.

tat and detergent for skin, ITor wounds

also be used in a variety of animls as

L t has be used as a disinfec-
and surgical instrts. L t has

a volatile anesthetic.

Penssible levels of trichloroethy lene in the working environ:t
have be established in various countrIes (Winell, 1975). The theshold
linted value in the US is 535 rrq/m3 (100 ppn) and th ma allowable
concentration in the USSR is 10 ff/m 3 .

The US Fcx and Drug Admistration has approved the use of trichloro-

ethylene as an extraction solvent only if residues do not excee 25 rrq/kg

in decaffeinated ground coffee, 10 rr/kg in decaffeinated soluble (instant)

coffee exact and 30 rr/kg total chlorinted sol vents in spice oleoresin
(US Coe of Federal Reations, 1975). The use of trichloroethylene for
caffeine exaction has recently be discontinued in the US.

2.2 Occuence

Air: Concentrations of trichloroethylene in air samles taen at 5

land stations ranged fram 2-28 ng/m3 (0.5-5 ppt) *, at 11 sea stations fra

1-22 ng/m3 (0.2-4 ppt) and over the norteast Atlantic Ocea fram 5-11

ng/m3 (1.2 ppt) (Muay & Riley, 1973). The reported concentration in
the Nort Atlantic in Ocobe 1973 was less than 25 ng/m3 (5 ppt) (wvelock,

1974) .

The background concentration of trichloroethylene in the atnsphere

during June and July 1974 in Western Ireland was 80 ng/m3 (15 ppt)

(Lovelock, 1974). Tyical concetrations at 8 loctions in 5 US states

in 1974 ranged fram 970 ng/m3 (180 ppt) in urba areas to less th 110

ng/m3 (20 ppt) in rual areas (Lillian et aL., 1975). Less than 30 ng/m3

(5 ppt) were found in air samles in rual Pullm, Washington, from

Decemr 1974 to Februar 1975 (Grimrud & Rasmsen, 1975).

*ppt = pas pe 101 2
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It has been estite tht the concetration of trichloroethylene in

the norter hemsphere is abut 80 ng/m3 (15 ppt), and tht in the souther

hemsphere, abut 8 ng/m3 (1.5 ppt) (Yung et al., 1975).

Occupational: The numr of US workers expsec to trich10roethylene
has be estimted to be abut 283 thousand (Lloyd et aL., 1975). Levels

of 1076-43,000 mg/m3 (200-8000 ppm) were found in a smll Amrica factory

(Kleinfeld & Tabshaw, 1954).

Concetrations of vapour in a dial asseml y workshop in a Japaese

factory ranged fran belCM 135 mg/m3 (25 ppm) ta over 538 mg/m3 (100 pp) .

Concetrations in the degeasing roa were betwee 800 and 1350 mg/m3

(150-250 pp) (Taktsu, 1962).

The concetration to which surgeons and nurses were exsec in

opeating-roo vaied fram 1.6-554 mg/m3 (0.3-103 pp) (Corbett, 1973).

Abut 5000 ircal, dental and hospi tal personnel are routinel y eXfsec
to trichloroethy lene .

Water: Anlysis of water at a sewge treatrt plant in Ohio in

1974 sha,ed that the level of trichloroethy lene was slightl y enced by
chlorintion (Bellar et al., 1974). ln another study, trichloroethylene

was foun in the organc consti tuents of Mississippi river water (before
and after treatInt) and of carrcial deionized charcoal-filtered water

(Day et al., 1975).

Foo: Traces of trichloroethylene have be foun in edle oi1s

afterexraction (Gracián & Mael, 1972). Levels of trichloroethylene
in foostuffs such as dairy procts, :rt, oils and fats, beverages and

fruts and vegetales ranged fram 0.02 llgjkg in wine to 60 llgjkg in

packaged tea (McCnnell et al., 1975).

Hmi tissues: Quti ties of trichloroethy lene in post-IIrtem
samles were fror less than 1 to 32 llgjkg wet tissue (McConnell et aL.,

1975) .

2. 3 Anl ysis

A review of the anal ysis and chacteristics of trichloroethylene

wastes in water-treatrt plant sludge wa I1de by Casa (1975).
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Gas chantogaphy wi th detection by flai-ionization was us for the

detenation of trichloroethylene in the atnsphere of workplaces (Herbol-

sheirr et al., 1972; Whte et al., 1970); the l.lt of detection was

5 mg/rn3 (1 ppn). Gas chromtography-mass spectraæti was used to anlyse

atnspheric samles (Grimrud & Rasrssen, 1975) and drining-water (Novak

et al., 1973). Sewge and industrial waste waters were a:alysed using

both gas chromatogaphy with flai-ionization detection and infra-red

spectroscopy (Ellison & Wallb, 1973). Gas chromtography with detection
by thennl conductivity was used in air sarles (Grinski, 1971). Several

authors state tht electron-capture detection is nore sensitive than flar-

ionization detection, but l.l ts of detection are not gi ven. Electron

capture/gas chortogaphy has been used to detect trichloroethylene in
spice oleoresin (Page & Kennedy, 1975).

3. Biological Data Relevant to the Evluation

of Cacinogenic Risk to Ma

3.1 Cacinogenicity and related studies in anls

Oral admnistration

MJuse: Twenty-eight NL TIce (age not specified) were given oral
doses by gavage of 0.1 ml of a 40% solution of trichloroethylene in oil

twce weely for an unspecified peiode No liver lesions or hepatomas were

observed. Adstration of cabon tetrachloride or chlorofonn to the sar
strain of TIce induce hepators (Rudali, 1967).

Gastric intubtion of 2.4 or 1. 2 g/kg bN trichloroethy lene 5 ti.s

wely in male B6C3F mice (age not specified) and of 1. 8 or 0.9 g/kg bN in
femles induced hepatocellular carcinors in 30/98 (30.6%) TIce given

th leM dose and in 41/95 (43.2%) mice given the higher dose. Hepato-

cellular cacinors occured in 1/40 (2.5%) control mice (Lloyd et aL.,

1975) .

Rat: Gastric intubtion of either 1. 0 or 0.5 g/kg b. of the carqxmnd

in both sexes of Osoorne-Medel rats (age not specified), 5 tim wely
for an unpeified period produce no hepatocellular cacinans (Lloyd

et aL., 1975).
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3. 2 Oter relevat biological data

(a) Exirtal syste
The extesive literature on toxicity of trichloroethylene has been

reviewe by Brcg (1965), Lloyd et aL. (1975), von Oettingen (1964) and
Smth (1966).

The oral ID 's (causing death in 24 hours) were 3.2 g/kg bw for mice
50

(Klaassen & Plaa, 1966) and 2.8 g/kg bw for dogs (Klaassen & Plaa, 1967).

The na concentrations of vapour which produced no toxic effects after
exsure for 7 hours dail y on 5 days a wee for 6 rrnths were: rats an
rabbits, 1076 mg/m3 (200 pp); guinea-pigs, 538 mg/rn3 (100 ppn); rrnkeys,

2052 mg/m3 (400 ppr) (Ad et al., 1951).

ln 8 cats exsed to concetrations of 108 in/m3 of air (20 pp) for

1-1.5 hours per day for 4-6 rrnths, centrilobular necrosis, nephritis,

hyprtophy of 1 ymhoid glands and splenoral y were observed (Mosinger &

Fiorentini, 1955). ln mice, trichloroethylene caused less damge to th
kidneys an Ii ver than did carbon tetrachloride or chloroform (Klaassen &

Plaa, 1966).

ln rats and dogs, trichloroethylene is concentrated rrstly in fat,

brain, skeletal muscle, lung and liver (Baett et aL., 1939). Unchanged

trichloroethylene was excreted via the lungs of exed animIs (Bro.ing,
1965) .

When 36Cl-trichlorothylene was given by gavage to rats, 10-20% of the

dose was excreted in thG urine as 1-5% trichloroacetic acid and 10-15%

trichloroethol, 0-0.5% was excreted as trichloroethylene in the faeces

and 72-85% as trichloroethylene in the exired air (Daniel, 1963). It is

also rrtalized to trichloroethanol and trichloroacetic acid in dogs

(Baett & Johnston, 1939; Butler, 1949). The suggestion (Powell, 1945)

tht fo:rtion of these rrtabli tes inlies rearrangemnt of the transient

trichloroethylene oxide interriate into chloral has ben confinæ (a)

by stud of_ the rearangemnt of the oxides belonging to a series of
clorinated ethylenes (Banse et al., 1975), and (b) by the identification
of chloral as a trichloroethylene rætalite in vitro (Byington & Leib,
L965) and in vivo (Sconsetti et al., 1959).
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Trichloroethy lene turover in rats was l~red by simtaeous adri-
stration of toluene (Ikeda, 1974).

A 2-hour treai:t with 3.3 rr trichloroethylene in the presenæ of

a rrtalic acti vating microsoml syste induced reverse mutations in

Escherichia coli strain Kl2 (Greim et al., 1975). Chloral hydrate, a

rrtablite of trichloroethylene is mutagenc in Antirrhinwn (Baeliss,
1956) .

(b) Ma

Death occured in four workers exsed to roncentrations of 1076-
43,000 m:/m3 (200-8000 pp) trichoroethylene. A fifth death occured

due to accidental drinking of trichloroethylene (Kleinfeld & Tabrshaw,

1954). Irritation of the lungs and gastrointestinal tract have ben

reported after industrial over-exsure (Broing, 1965). Chonic inla-
tion affects the central nervous system (Grandjean et al., 1955) and may

caus disturbace of protein rrtablism (Guyotjeanin & Van Steeniste,

1958) .

Exsure of volunteers to 592 ff/m3 (110 pp) trichoroethylene for
tw 4-hour periods resulted in a statistically significant decrease in
performce abili ty in the tachistoscopic apperæption test, in the
Wechsler rrry scale, in a complex reaction ti test and in a maual

dexterity test (Salvini et al., 1971).

ln ma, trichloroethylene is excreted as trichloroacetic acid (7-27%)

(Powll, 1945) and trichloroethl (abut 20%) (Brong, 1965; Kirle

& Eb, 1973). Trichloroacetic acid was found in the urine 2-3 tirs nnre
often and trichloroethanol 2-3 tirs less often in wan tl in ir in

the first 24 hours after expsure (Nanyam & Nanyam, 1971). A relatively
high retention of trichloroethylene occurred after inalation of 1250-1900

mg/m3 (250-380 ppn) for 2. 7 hours (33% in ræ, 37% in v.) . It was

elimnated via the lung less rapidly in wan (17%) th in ræ (22%)
(Nomiyam & Nomiyam, 1974).

3.3 Observations in ma

No data were available te the Working Group.
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4. Cornts on Data Reported and Evluation

4.1 Animl data

According to a prelimar report, trichloroethylene induce Ii ver-
cell carcinoms in TIce but not in rats after its oral admnistration.

4 . 2 Hum data

No case reports or epidemological studies ~re available to the

Working Group.
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4-VINYCLOHE*

1. Chemcal and Physical Data

1.1 Synonym and trade nams

Chem. Abstr. Reg. SeriaI No.: 100-40-3

Chem. Abstr. Nam: 4-Ethenyl-l-cyclohexene

Cyclohexeny lethy lene; 1 -etheny lcyclohexene; l, 2, 3 ,4-tetrahydro-

styrene; 4-viny 1 - 1 -cyclohexene; 4-viny lcyclohexene- 1; 1 -viny 1 -

cyclohexene- 3

1.2 Chemcal formla and molecular weight

o-CH=CHi

C 8H12

1. 3 Chemcal and physical properties

fuI. wt: 108.2

From l'Veast (1975), unless othe.ise specified

(a) Description: Liquid

(b) Boiling-point: 1450C at 760 re;

(c) Density: d¡5 0.8623

(d) Refractive index: l,0 1. 4915

o
50-52 C at 22 re

(e) Spectroscopy data: À 230; El = 1935 (in ethanol) (Hawley,ma l
1971) ; ultra-violet spectru is given by Grasselli (1973);

mass spectr is given by Brittain (1969)

(f) Solubility: Imscible with water; miscible with ether,

benzene and irthanol

*Considered by the Working Group, Februa:r 1976
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(g) Staility: Oxidizes in air to fonn the hydroperoxide

1.4 Technical products and imuri ties

4-Vinylcyclohexene is available as a technical grade of 95% purity

and as a grade for labratory research with 99% puri ty . Since it is

prepared by dirrization of butadiene, the most 1ikely contamnant is

cyclootadiene (Hawley, 1971; Sittig, 1968); since :\t ls easily oxidized
in air, the hydroperoxide is also a contamnant. Alx)ut sa rrjkg oxidation

inhibitor are usually present (VolJ.r, 1971).

2. Production, Use, Occurrence and Analysis

For ÍIrtat backgrormd inormtion on this section, see preamle, p. 19.

2.1 Production and use

4-Vinylcyclohexene can be prepared by the dimrization of butadiene

at 4250C and 13 atm using a silicon-carbide catalyst, or at 100-1500C and

40- 1000 atm using copper or chromium salts of naphthenic or resin acids.

It is fonæ on prolonged storage of butadiene (Kirshenbum & Cah, 1964)

and is believed to be produced c()rciall y as a by-product of one rrthod

of butadiene maufacture. Al though 4-viny lcyclohexene is probabl y mde
an cons1. as an interiiate by several US chemcal maufacturers, onl y

one company has refXrted production.

4-Vinylclohexene is used as an interrdiate for the prcruction of

vinylcyclohexene dioxide, which is used as a reactive diluent in epxy

resins. Although 4-vinylcyclohexene may also have ben used at lCM levels

as a CO-ITnoiær in the fXlyrrization of other ITnomrs (e.g., styrene) and

for halogenation to fX1 yhalogenated deri vati ves used as flar retardants,

no evidence was formd that i t is no" being used in such applications.

2. 2 Occurrence

Concentrations of 4-vinylcyclohexene at its site of ITufacture have

averaged 1.2-2.4 gjm3 and have on occasion reached 3 gjm3 (Bykov, 1968).

2.3 Analysis

Gas chrortography was used by Cason & Lege (1974) to detenne the

qutity of 4-vinylcyclohexene forrd from butadiene by its dimrization

in the gas chomatograph.
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3. Biological Data Relevant to the Evluation

of Carcinogenic Risk to Ma

3.1 Carcinogenicity and related studies in animIs

Skin application

Mouse: of 30 8-W2ek old Swiss ICR/Ha ræle mice treated wi th 45 ID
4-vinylcyclohexene in 0.1 ml of a 50% solution in ænzene on the clippe
dorsal skin thice weekl y for life, 6 develope skin tururs ¡ one of

these had a squarus-ce11 carcinoma¡ the neian suval tiI was 375 days.

Of 150 control mice painted with benzene alone, 10 develope skin papillans

and 1 a carcinom. The carund was purif ied by rerving autoxidation
products with ferrous sulphate, but it is possible that it contaied a

TInute arunt of the hydroperoxide fonæ by autoxidation (Van Duuren et

al., 1963) (The increased turur incidence is signficant: p-cO.02).

When 'oxygen-free material' (0.1 ml of a 10% solution in bezene) was

applied thice weekl y for life to 30 ræle Swss ICR/Ha mice, the ræian
surival tiI was 565 days, and no carcinogenic effect was obeioo (Van

Duuren, 1965).

3.2 Oter relevant biological data

The single oral ID of 4-vinylcyclohexene in rats is 2.6 g¡kg bw,
50

and the percutaeous ID ID rabbits is 17 g¡kg bw (Sm et al., 1969).
~ 0

The inhalation ID 's in mice and rats are 27 and 47 g/rn 3, respcti vel y .
50

When 1 g/rn3 was adristered by inalation for 6 hours/day over 4 irnth,

4-viny lcyclohexene inhi ted W2ight increase and caus leucoosis,
leucopenia and iminrnt of haEmynarcs in rats and mice (Bykov, 1968).

(b) Ma

Kerati tis , rhini tis, headache, hyptonia, leucopea, riutrophilia,
1 ymhocytosis and irinnt of pigmnt and carohydrate rrtablisr have

ben noted in vvrkers expsed to 4-viny lcyclohexene (Bykov, 1968).

3. 3 Observations in ma

No data were available ta the Working Group.
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4. COrrnts on Data Reported and Evaluation

4 . 1 Animl data

Viny lcyclohexene has been tested onl y in mice by skin application.

The data do not allCM an evaluation.

4. 2 Hum data

No case reports or epidemological studies were available ta the

Working Group.
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GEN CONSIDERTIONS ON VOIATlLE ANSTHICS*

Inhlational anaesthesia was discovered in 1842. Since that tir a

numr of chemcal comp:mnds have been used as anaesthetics; the TIst
widel y used agents and the year in which each was introouced as an anaes-
thetic are as follows:

Anaesthetic Chem. Abtr. Reg. Year of introduction
SeriaI No. as anaesthetic

Diethyl ether 60- 29-7 1842
Ni trous oxide 10024-97-2 1845

Chlorofonn 67-66- 3 1847

Cyclopropae 75- 19-4 1933

Trichloroethy lene 79-01-6 1934

Fluroxene 406-90-6 1954

Halothane 151-67-7 1956

Methoxyflurane 76- 38-0 1960

Enflurane 13838- 16-9 1974

Isoflurane 26675-46,. 7 -

Admnistered in conjunction with other anesthetics, nitrous axide is

the most comnnly used volatile anesthetic. Of the halogenated ænp:mnds,

halothe is the TIst freqently used, followd by enflurane, rrthoxyflurane

and trichloroethylene. Chlorofonn, cyclopropae and fluroxee are no longer

widely used as anaesthetics. Diethyl ether is still used in vaious countries.

Anaesthetics are adristered approximtely twnty million tims each
year to patients in the twnty-five thousand operating roo throughout the

US. Approx:itely fifty thousd oprating room personnl are exsed daily

to low concentrations of anaesthetic gases which occu in operating rooms

during the admnistration of inhalational anaesthesia. Surgeons are not

*Considered by the Working Group, Febru 1976
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included in ths estimte, since they usuall y do not oprate every day and

are thus less eXfsed. The following tale lists the nurrs of operating-

room workers in the US by professional group (Cohen et al., 1974):

Professional Group Mership ( 19 73 )

Amrican Society of Anesthesiologists Il,192
Amrican Association of Nurse-anesthetists 14,594
Associations of Oprating Roa Nurses

and Technicians ( comined) 23, 799

Sorr veterinarian and an unow numr of W)rkers engaged in the
production of the various anaesthetic agents are eXfsed to these chemcals
in their working environmts.

Inhalational anesthetics are usuall y admnistered via rrchines mich
mix the appropriate gases and vapours at the desired concentrations. A

high-flow, sem-closed rebreathng system with a cabon dioxide absorber ls
lTSt conmnly used. Flo. rates in high-flo. system are usually rrintained
at 5-6 litres of gas ~r minute. Th patient uses less than 0.5 litre per
minute, the excess gases escaping into the oprating rom though a 'pop-off 1

valve located on the anesthesia machine. This valve is usuall y located
wi th O. 5- 1 rrtre of the person admnistering the anaesthetic.

A wide range of concentrations are deli vered to patients, depending on

the anaesthetic used. The potent halogenated hydrocarbons and halogenated

ethers are generally admnistered at levels of 0.2-2% for ITntenance of

anesth~sia, while the less potent nitrous oxide is usually delivered in
concentrations ranging from 50-67%.

ln a study of the concentrations of anaesthetics occurring in o~rating-
roo, 392 rrjm3 (49 ppn) halothane and 526 rrjm3 (428 pp) nitrous oxide

were found (Linde & Bruce, 1969). Askrog & Petersen (1970) found average

concentrations of 680 mgjm3 (85 ppm) halothane and 8600 rrjm3 (7000 ppm)

nitrous oxide in the inalation zone of anaesthetists when a non-rebreathing

system was used. The ranges of concentrations of several anaesthetic agents

in the operating-room envirornnt under routine working conditions are as

follaws (Corbett, 1973, 1976):
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Rages of concentrations of anaesthetic agents
found in the oprating-room envirol1nt

Agent Near anesthetist Near surgeon

IDjm 3 ppm mg/m 3 pp
Ni trous oxide 406- Il,900 330-9700 380-675 310-550

Halothe 8-208 1-26 8-16 1-2

M.thxyflurane 13.4-67 2-10 6.7-13.4 1-2

Trichloroethy lene 5.5-550 1- 103 1. 6-8 o . 3- 1. 5

Enflurane 37.5-345 5-46 7 . 5-60 1-8

The chemstry, absorption, distribution and rrtablism of inalatioral

anaesthetics have been reviewed (Cohen, 1971; Wylie & Churchill-Davidson,

1972). Collins (1966) and Wylie & Churchill-Davidson (1972) have outlined

several theories of the rrchanism of action by Vlich these chemcals

produce anaesthesia.

Hepatotoxici ty has be observed in patients treated wi th volatile

anaesthetics (Subontte on the National Halothane Study, 1966). Cases

of hepatic dysfunction attributed to chronic inalation of low concentrations

of halothe during occupational or other exsure have been reported; in

two of these cases exacerbation of Ii ver disease has ~en related to re-

expsure to halothe (Belfrage et al., 1966; Klatskin & Kimrg, 1969).

Toxic nephrbpathy has ~en observed in patients follcwing anaesthesia

induced with rrthoxyflurane. Th effects include polyuia with negative

fluid balance and raised seru sodium, urie acid, creatinine and urea.

The effects are not due to deficiency of anti-diuretic ho:ine (Crandell

et aL., 1966). The damge is generally reversible but is occasionally

pennent and leth1. The effects are probaly due to direct toxic action
of the fluoride and oxalate rrtablites on the kidney (Hollenbrg et al.,

1972; Paner et aL, 1970). The renal toxicity of anaesthetics has ~en
reviewed by Mazze & Cousins (1973).

Significantly imaired psychophysiological performce has ben
dernstrated in volunteers expsed for 4 hours to 120 mg/m 3 (15 pp)

halothane plus 615 mgjm3 (500 ppm) nitrous oxide; a lesser irinrnt
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in perfonnce follaved expsure to 112 In/m 3 (15 pp) enflurane plus 615

In/m3 (500 ppm) nitrous oxide (Bruce & Bach, 1975; Bruce et al., 1974).

After i.p. injection of 14C-lablled chlorofom and halothane to TIce,

radioacti vi ty was bound preferentiall y to endoplasmc protein and lipid
fractions in the liver. In vitro~ in the presence of rabbit liver ITcrosoirs,

oxygen and NAPH, covalent binding to protein fractions was also observed

(Uehleke et al., 1976).

The emryotoxic and teratogenic effects of anaesthetic concentrations

of inhalational anesthetics in anirls have been weIl dourted (Basford &

Fink,1968; Finketal., 1967; Srth et al., 1965).

Rats expsed prenatally by admistration to the dam of 80 In/m3

(10 ppm) halothane for 8 hours per day on 5 days a week and postnatally up

to 60 days after birt ta the sai concentration had later iminrts in
learning ability. Reduced learing ability was correlated with persistent

synaptic malfonntion in the cerebral cortex. Oter changes in the neurons

noted in young adult rats exsed to 80 rn/m3 (10 ppm) halothane for 8

hours per day on 5 days a week for 8 weeks included destrction of the

rough-surfaced endoplasmc reticulum, dilatation of the Golgi colex and

focal cytoplasmc vacuolation (Quiy et aL., 1975). Offspring of rats

expsed to 80 rn/m3 (10 ppn) halothane for 8 hours per day on 5 days a
week throughout pregancy had ul trastructural changes in the Ii ver wi thin
24 hours of birt. These changes included myelin figues and large areas

of focal cytoplasc degradation in may hepatoctes; accuation of lipids
wi thin hepatocyes and leucocyic infiltration were noted in may cases.
Focal necrosis was observed in nore than 50% of tissue samles (Chang et al.,

1975) .

Halothane inhibits phagoctosis in TIce, rabbits and hums. In vivo
studies in rodents have revealed a significant tir-dependent reductiori in
splenic antily-producing cells after 2 hours' exsure ta 1% halothane and

after 4 hours' expsure to 0.5% halothane. ln rats, recovery of norml anti-

boy-fonnng capacity did not occur until 72 hours after the end of anaesthesia.
Changes in lymhocye function were reflected in a decrease in antiby titre

and comlemnt fixtion which did not occu until 24-48 hours after anaesthesia.
The inunosuppressive effects of volatile anaesthetics in anirls and ma have

been reviewed (Bruce & Wingard, 1971).
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Nitrous oxide had different effects in various strains of rats on

leucocte counts and DNA/RN ratios of thymus tissue (Green, 1968). Bone-

marCM depression was observed in hums exsed for 4 èlys to high con-

centrations of nitrous oxide in the treatmt of tetanus (Lassen et al.,

1956) .

Mutagenicity tests with halothane and chloroform ln the presence of a

liver activation system were negative with Salmonella typhimurium strains

TA 1535 and TA 1538 and with Escherischia coli strain K-12 (Uehleke et al., 1976).

Carcinogenicity bioassays of volatile anaesthetics are lacking, although

tests on trichloroethylene (see p.263) and isoflurane have æen conducted.

The latter comp:mnd produced a significant increase in the incidence of liver-

cell tumurs (hepatomas) in male mice expsed pre- and postnatally (Corbett,

1976). A carcinogenicity bioassay of halothane by inalation is curently

being carried out in Swiss/SW mice (Corætt - USV Hospital, An Arbor,
Michigan, USA).

Epidemological sureys of occupationally exsed populations have

exaned possible carcinogenic, teratogenic and mutagenic ef fects of chronic
eXfsure to the operating-room environmt.

ln one study, a high rate of miscarriages (18/31) was observed am:mg

pregnant anaesthetists (Vaism, 1967); and in another study, pregnancies

anng anaesthetists and nurses in anaesthetic departs ended in spontane-
ous abrtion or premture delivery abut twice as often (20% compared to 10%)

as anng unexpsed worrn (Askrog & Haald, 1970). ln a third study, femle

anesthetists were found to have a higher freqency of involuntar infertility

(12% versus 6%) and si:x:mtaeous abrtion (18.3% versus 14.7%) than unexpsed

womn (Knill-Jones et al., 1972).

Birth defects occurred more freqently anng children whose mothers

worked in operating theatres during pregnancy than arng children whose

mothers did not (Corætt et al., 1974).

A national study perforrd in the US reported that worrn chronically

expsed to the operating-room environmnt have increased risks of cancer,
diseases of the Ii ver and kidney, spontaneous abrtion and congenital
anomalies in their children. An increased incidence of oongeni ta1 anomlies
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in children born to wi ves of male o¡;:erating-room p2rsonnel was also noted

(Cohen et al., 1974).

A surey was carried out to deteTIe the incidence of mlignancy in

621 femle nurse-anaesthetists in Michigan. A total of 33 mlignancies,

including malignnt thyim, leiomosarcom, hepatocellular carcinom and
carcinom of the pancreas, were reported in 31 anaesthetists. Excluding

skin cancers, the expcted incidence, adj usted for age distribution on the
basis of statistics from the Connecticut Tur Reistry, is 403/100,000 per

anum. The adjusted incidence in Michigan nurse-anaesthetists is 1,333/100,000

per anum (P~0.035) (Corbett et aL., 1973). The incidence of cancer aIng

offspring born to nurse-anaesthetists was also studied in ths surey. Thee
neoplasms occured in tVD of 434 children born ta anesthetists who worked

during the pregnancy (a neuroblastoma and a carcinom of the thyroid in one

and a carcinorr of the parotid in the other), and one neoplasm (leukaeIa)

was reported amng the 261 children torn to anaesthetists who did not work

during the pregancy (Corbett et al., 1974).

Available studies indicate that v.rking ln the operating-rcom envirorut
is associated with an increased risk of cancer, teratogenic effects and,

possibly, mutagenic effects, but it is not possible at the present tir to

detennne which particular factors are responsible. Futher epidemological

and labratory studies are necessary.
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SUPPLEY CORRGENA 'l VOli 1 - 10

A corrigenda covering Volurs 1 - 6 appeared in Volui 7, others

appeared in Volurs 8 and 10. The present one covers further errors
which have since ben brought to our attention.

Volur 1

p. III paa 4 line 4

Volur 7

p. 157 lines 4-54.1

p. 215 (b) line 10

line 12

line 16

Volur 8

p. 68 4

Volur 10

p. 188 line 1

replace 0.04 Wg/litre by 0.04 g/litre

rep lace renal and hepatic by renal,
hepatic and

rep lace Ten occuptions by Nine occupations
rep lace 14 controls by 13 oontrols
rep lace ten occupations by nine occupations

Add 1 to ti t le of section
Add footnote 1 See also the section "Animl

Data in Relation to the Evaluation of Risk

to Man" in the introduction to this vo1ur,

p. 15

insert not between was and greater
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CUTIV INEX 'l IAC MJl\HS ON TH EVATION
OF CAClI\ENIC RISK OF CHCA 'l MA

Numrs underlined indicate volur, and numrs in italics indicate
page. References to corrigenda are gi ven in parentheses.

Arsenic and inorganic arsenic compunds

Arsenic (inorganic)
Arsenic pentoxide

Arsenic trioxide
Calcium arsenate

Calcium arseni te

Potassium arsenate

Potassium arsenite

Sodium arsenate

Sodium arseni te

7,197

10,29

10,43

1,145 (corr. 7,319)

(corr. 8,349)
10 , 51

5,25
8,41

8,53

8,61 (corr. Il,295)
1,74 (corr. 10,343)
7,143

7,31

IL , 285

4,27 (corr. 7,320)
9,31

5,39

2,48

Acetade
Actinomcins
Adriamcin
Aflatoxins

Aldrin
Amranth
para-Amnoazobenzene
ortho-Amnoazotoluene
4-Amnobipheny 1

2-Amno-5- (5-nitro-2-furl) -l, 3,4-thadiazole

Am trole

Anaesthetics, volatile

Aniline

Apholate
AramteR

Asbestos
Arsi te

2 ,1 7 (corr. 7, 319 )

Anthophy llite
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Chsotile
Crocidoli te

Auramne
Azaserine
Aziridine

2,17

Benzene

Bezidine

1,69 (corr. 2,319)
10 , 73

9,37
9,47
9,51

8,75
3,241

3,45
7,203 (corr. Il,295)
1,80
3,69
3,82
3,91

3,137
Il,217
1,17

2- (l-Aziridinyl) ethanol
Aziridy 1 bezoqinone
Azobenzene

Bez (c )acridine
Benz (a )anthacene

Benzo (h) fluoranthene

Benzo (j ) fluoranthene

Benzo (a )pyrene

Benzo (e )pyrene

Benzy 1 chloride

Beryllium and beryllium corrunds
Bery 1 ore

Beryllium oxide

Beryllium phosphate

Beryllium sulphate
BHC (technical grades)

Bis (1 -aziridiny 1) morpholinophosphine sulphide

Bis (2-chloroethyl) ether
N -' N' -Bis (2-chloroethy 1) - 2-naphthy lare

Bis (chloromethyl) ether

1,4-Butanediol diithanesulphonate
ß- Butyrolactone

y-Butyrolactone
Cadmum and cadmum corrunds

5,47
9,55
9,117
4,119
4,231

4,247

Il,225
IL , 231

2,74
Il,39

Cadmum acetate

Cadmum carl:xmate

Cadmum chloride
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Cadmum oxide

Cadmum ¡:der

Cadmum sulphate

Cadmum sulphide

Catharidin
Carbon tetrachloride

Caisine
Chloramucil
Chloramhenicol
Chlor:dione acetate
Chlorobezilate
Chlorofonn
Chlororthy 1 rrthy 1 ether
Cholesterol
Chomium and inorganc chromium corunds

Baium chronate
Calcium chronate

Chanc chrnate
Chorc oxide
Chorum acetate
Chanum cabonate
Chomium dioxide
Chromium phosphate

Chrorum trioxide
Lead chronate

Potassium chromate

Potassium di chromte
Soium chronate
Sodium dichrornte

Strontium chronate

Zinc chronate hydroxide

Chsene
Chsoidine
C. 1. Disperse Yellaw 3
Ci trus Red No. 2

~, 74, Il,39

10 , 79

l,53
8,83

9,125
10 , 85

6,149

5,75
1,61

!,239
10,99

2,100

3,159

8,91

~,97

8,101
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Coumin
Cycain

Cyclochlorotine
Cyclophospharde
Daunomycin

D & C Red No. 9

DDT and associated substances

DDD (TDE)

DDE

Diacety larnoazoto1uene

2, 6-Diarno- 3- (pheny lazo) pyridine (hydrochloride)
Diazoirthane
Dibez(a~ h)acridine

Dibenz (a~ j )acridine

Dibz(a~ h)anthacene

7H-Dibzo (c ~ g ) carbazo1e

Dibzo(h~ rst )petaphene
Dibzo(a~ e )pyrene
Dibzo(a~ h)pyrene
Dibnzo(a~ i)pyrene
Dibzo(a~ l)pyrene
ortho-Dichlorobzene
para-Dichlorobenzene
3,3' -Dichlorobezidie
Dieldrin
Diepoxybutae
1,2-Diethy1hydrazine
Diethy lstilbstrol

Diethyl sulphate

Diglycidyl resorcinol ether

Dihydrosafrole

Dirthisterone

300

10, 113

1,157 (corr. 7.-,319)

10 , 1 21

10,139
9,135

10,145

!i, 107
5,83 (corr. 7,320)

8,113
8,117
7,223

l, 247

3,254

l, 1 78

3,260

l,197
3,201

3,207

3,215

l,224
7,231

-l,231

!,49
5,125

Il , 11 5

4,153
6,55
4,277

Il , 1 25

1,170
10,233

6,167



3,3'-Dimthoxybezidine (o-Dianisidine)
para-Dimthy lamoazobenzene
para-Dimthy lamobezenediazo sodium sulphonate
trans- 2 ( (Dimthy lamo) methy limo ) -5- (2- (5-ni tro-

2-furl)vinyl)-1, 3, 4-oxadiazole

3,3 '-Dimthylbnzidine (o-Tolidine)
1,1 -Dimthy Ihydrazine
l, 2-Dimthy Ihydrazine
Dimthyl sulphate
Dini trosopetathy lenetetrame
1,4-Dioxae
Endrin

Epichlorohydrin
1 -Epxyethy 1 - 3, 4-epoxycyclohexae

3, 4-Epxy-6-methylcyclohexyl1thyl - 3, 4-epoxy-
6-rrthy lcyclohexane carooxy late

cis-9,10-Epxystearic acid

Ethiny loestradiol

Ethylene oxide

Ethylene sulphide

Ethy lenethiourea

Ethy 1 methanesulphonate

Ethynodiol diacetate

Evans blue

2- (2-Formlhydrazino) -4- (5-nitro-2-furl) thiazole

Fuarenon-X
Glycidaldehyde
Gl ycidy 1 oleate

Gl ycidy 1 stearate

Griseoful vin
Haerti te
Heptachlor and i ts epoxide
Hydrazine
4-Hydroxyazobenzene

Hydroxysenkirkine

4,41

8,125

8,147

7,147

1,87

4,137

4,145 (corr . 7,320)
4,271

Il, 241

Il,247
5,157

Il,131
IL ,i 41

IL , 147

11 , 15;)

6, ??

Il , 157

Il , 257

7,45

7,245

6,173

8,151

7,151 (corr. Il,295)
Il,169
Il , 1 75

Il , 183

Il, 1 87

10,153

1,29

5,173

4,127

8,157

10,265
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Indeno( l, 2, 3-cd)pyrene
Iron-dextran complex

Iron-dextrin complex

Iron oxide

Iron sorbi toI-ci trie acid complex

Isatidine
Isonicotinic acid hydrazide

Isosafrole
Jacobine
Lasiocarpine
Lead saI ts

3,229
2,161

2,161 (corr . 7,319)
1,29
2,161

10,269

4,159
1,169

10,275

10,281

1,40 (corr. 7,319)

(corr. 8,349)
Lead acetate

Lead arsenate

Lead carbonate

Lead phosphate
Lead subacetate

Lindane

Luteoskyin
Magenta

Maleic hydrazide

Maomustine (dihydrochloride)
Medphalan

Hedroxyrogesterone acetate
.Mlphalan

Mel'halan
.Mstranol
Methoxychlor

2-Methy laziridine

Methy lazoxythanol acetate

N-Methyl -N, 4-dinitrosoailine

4 , 4 ' -Methylene bis (2-chloroailine)
4,4 '-Methylene bis (2-methylaniline)
4,4 ' -Methy lenedianiline

5,47
10,163

4,57 (corr . 7,320)

4,17,3

9,157
9,167

6,157
9,167
9,167
6,87
5,193
9,61

1,164

1,141

4,65
4,73
4,7.9 (corr. 7 ,320)

302



Methyl iæthanesulphonate

N-Methy 1 -N' -ni tro-N-ni trosoganidine

Methy 1 red

Methy 1 thiouracil

Mirex

Mi torcin C

Monocrotaline
5- (Morpholinomethy 1) - 3- ( (5-ni trofurfur lidene) amo J-

2-oxazolidinone
Mustard gas
1 -Naphthy lamne

2-Naphthy lamne

Native carrageean
Nickel and nickel cOIlunds

Nickel acetate

Nickel carlxmate

Nickel carlxmyl

Nickelocene
Nickel oxide

Nickel poer
Nickel subsulphide

Nickel sulphate
4-Ni trobipheny 1

5-Nitro-2-furaldehyde semcarbazone
1 ( (5-Nitrofurfur lidene) amo J - 2-irdazolidinone
N-( 4- (5-Nitro-2-furl) -2-thiazolyl Jacetamde

Ni trogen mus tard (hydrochloride)

Nitrogen mustard N-oxide (hydrochloride)
N-Ni troso-di -n-buty lamne

N-Ni trosodiethy lamne

N-Ni trosoirthy lame

Ni trosoethy lurea

Ni trosorrthy lurea

7,253

4,183

8,161

7,53

5,203

10,171

10,291

7,161

9,181

4 ,87 (corr. 8, 349)

4,97
10,181 (corr. 11,295)

2 , 1 26 (corr. 7, 31 9 )

Il , 75

4,113

7,171

7,181

1,181

7,185

9,193

9,209

4,1.97

1,107 (corr. IL ,2;)5)

1,.95

1,135

1,125
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N-Ni troso-N-methy lurethane

Norethisterone
Norethisterone acetate

Norethynodel
Norgestrel
Ochratoxin A

Oestradiol - 1 7ß

Oestradiol rnstard

Oestriol
Oestrone
Oil orange SS

Orange L

Orange G

Parasorbic acid
Patulin
Penicillic acid

Phenoxybenzamne (hydrochloride)
Pol ychlorinated bipheny ls
Ponceau MX

Ponceau 3R

Ponceau SX

Progesterone
l, 3-Propae sul tone

ß-Propi01actone
Propy lene oxide

Propy 1 thouracil

Quintozene (Pentachloroni trobenzene)
Reserpine
Retrorsine
Riddelliine
Saccharated iron oxide

Safrole

Scar let red

Selenium and selenium cæiunds

4,211

6,179
6,179
6,191

6,201
10,191

6,99
9,217
6,117
6,123
8,165
8,173

8,181

10,199

10 , 205

10,211

9,223

2,261
8,189
8,199
8,207
6,135
4,253
4,259

11,191

7,67
5,211

10,217
10,303

10,313
2,161

1,169

10,231

8,217
9,245
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Tetraethy llead

Tetraithy llead
Thioacetamde
Thiouracil
Thiourea
Trichloroethy lene
Trichlorotriethy lamne hydrochloride
Triethylene glycol diglycidyl ether

Tris (aziridiny 1) -para-benzoqinone
Tris (1 -aziridinyl) phosphine oxide
Tris (l-aziridinyl)phosphine sulphide
2,4 ,6-Tris (l-aziridinyl) -s-triazine
Tris (2-methyl-l-aziridinyl)phosphine oxide

Tryan blue
Uracil mustard

Urethane
Viny 1 chloride

4-Viny lcyclohexene

10 , 31 9

10,327

3,22
1,175

10,245

4,221

Il , 201

8,225

8,233

8,241

8,249

8,253

8,257
10,253

10 , 254

5,219

6,209

2,150

2,150

7,77
7,85

7,95
IL , 263

9,229
Il , 209

9,67

9,75
9,85

9,95

9,107

8,267

9,235

7,111

7,291

Il , 2 77
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Seneciphy lline

Senkirkine
Soot, tars and shale oils

Sterigmtocystin

Streptozotocin
Styrene oxide

Sudan L

Sudan II

Sudan III

Sudan brow RR

Sudan red 7B

Sunset yellow FCF

Tanic acid
Tanins
Terpe polychlorinates (StrobaeR)
Testosterone



Yellow AB

Yellow OB

8,279
8,287
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