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I, Summary

. Maleic anhydride: 0y :": 20

Evidence for carcinogenicity

The data base for evaluating the urcinogeniéity of maleic anhydride is
ah:ost' non-sxistent, 6ne inadequate .study treated 3 Wister~derived rats for
61 wveoks with\uahic anhydride and 4 untreated r‘nts of the same type. In one
gr;ated ‘rat, 2 £ibrosarcomas occurred at the site of injection compared to mo
tumors in the untreated ‘rats. . .

Three studies showed that maleic anhydride had gnti-carcinogenic activity
in mice against skin tumors induced by polyecyelic arm:t'ic hydrocarbons,
against a primary tumor system Lewis lung cells inocwlated .‘.n‘t'c.» mices and
againgt Friend leukemia virus.

Maleic anhydride should be tested for cgrcinogtnicity using short temm

mut.aganesis, ecell transformation and animal biocassay tests.

Unit risk assessment: No adequate test of carcinogenicity hes been .

done. ‘ .
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Il. Introduction

‘Maleic anhydg:l.de dust or vappr' is an acute skin, eye, and reopiratorf
tract irritant. . The IJ'..S. occupational staundard for exposure is 1 agfm’ (0.25
ppu) based on its high 1rri’£aut property. Inhal;;'ion can cause pul‘mnary edena
and {nflammatory changes ln"k'-idncyc. and other oréans. These changes are geilerally
irreversible (Bobexr c.nd Sagan, 1970). Direct contact with the skin may cause
burns. -Maleic anhy&r:lde is ul‘lo a respiratory tract sensitizer and persons
may become highly sensitirzed to vary small éoncentrations. Chronic exposure in

hunans also csused asthms, chronic bronchitis, and dermatitis (Patterson et al.,
1976). - )

>

III. In vitro Studies : . ) -

Ko in vitro studies for mutagenicity or ability fo trensform celle exist,

These tests should be done.

IV, Carcinogenesis Studies

" A, Carcinogenicity in rats )

The data base for evaluating carcincgenicity is almost non—-exlstent. This

chemical should be tested for carcinogenicity.

Only one inadequate test has been .mnde of the cercinogenic properties of
maleic anhy.dr:l;d-. Dicken and Jones (1963) injected 1 mg maleic anhydride in
u:ichia oil twice weekly into 3 Wistar-derived male rats for 61 weeks and .-
arachis oil only into 4 rats of the sane type. One 'tteated rat developed 2
fibrosarcomas at the- site of injection compared to no tumors in the controls. This
study is judged to be of poor gquality due to the small pumber of animsls and
the lack of histopathology. The di_.fference between control and treated is
not statistically significant and the meaning of a tumor at the site of
injection of a highly irritating compound {s unclear.

B. Anti-tumor activity in mice

Three studies have shown that maleic anhydride has an anticarcinogenic

effect.
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. Crabtree (1944) l};aved that maleic -.anhydrldo painted on the skin of mice
pfev:l.'ously' painted with dibenzanthracens or bsnzopyrene retarded thé tine at
which skin tumors appeared. No éont:_’ol group treated only with maleic anhydride
was included in the expu".hi:‘ent. Groups of 25-30 hybrid mice (paxantal stocks
not given) wera painted twice weekly for 9 months with 0.1-0.3% benzopyrene
or 0.2% dibenzanthracene. l;ulcic ‘nhydr.i.de wvas painted over the l.me. ares &
times weekly on the days between thc_'cucinogen paintings. The conecnt:atic;n .

| vas 1, 2, 4, oriﬁz maleic anhy.dri.dc. Righly significant anti-tumor activity of maledc
anhydride wvas cbserved both ﬁ the'tine tt' which tumors first appeared and in .
the number of animals with tumors. . .

Klein (1965) treated B6AF1 t"omale mice with d:l.neth'ylbenzanthra:cne. croton
oil, and maleic anhydride in various comb:l.nations' onsthe skin and measuraed skin
tumors at least 1 mm in dismeter. Each experimental group contained 40 mice.

No control group treated only with maleic anhydride was included. Maleic
anhydride reduced tumor incidence, delayed time of appearance to first tumor,
and caused tumor regression.

Ottenbrite et 21., (1977) studied the ability of maleic anhydride and its
polymers to inhibit the growth of Lewid lung cells, a pr:l.mnry:_ tmo; Bystem in
BDF mice, and Friend Injukmia virus in Balb/C mice. O'n.e million Lewis lung cells
were inoculated subcutanecusly in each mouse followed by dafly i.p. injections of
n;Ieic anhydride for 10 days. !_Ialcic anhydride homopolymer at 25, 50, or 75
isfks for 10 days inhibited the growth of Lewis lupg tumor up to 781 inhibition
of the primary tumor efze at the highest dose but did not prolong survival.
tima. These authors suggest that maleic anhydride is more e.ff.ct:l.v..e sgainst
the primary tumor than against metastatic tumor cells. Maleic anhydride
polymers of 6 different molecular weight ranges tton)lO0.00b‘to
L1000 inhihited splenomegaly in Friend leukemia virus-treated mice. The
zolecular veight fraction most effective against Friend leukemia virus was

10,000-30,000 mw (Goodell et a1., 1978).
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mmcmormmm ’
lorenzo Tomatis

.fntez’watiqngz Agency for Reseavsh on Cancer
- Iyon, France

.ma:wentpaper ummya:ﬂmtennwl cancermrtalitydatain
the'DSAme reviewed w:.ththa purpose of assessing the loss to society
x:ansedbycamer Forthisreason, ﬁmeyearsofla.felosta.ndﬂuemk
years lost cdue to cancer :rortality for cancer ocourring at different a.ges'
an.ﬂ at'diffgrent sites were evaluated. The authars came to two main, and
=ther obvinﬁs, conclﬁsions- (1) that cancer occurring at an early age
r@resents a greater loss in terms of work vears lost than cancer ocourring

at a late age, even if at a much greater freg,uency cancer of the prostate

 in meles, for instance, ranks seco:ﬂmfrequawyandyetlwerﬂ:anw.fth
as a cause for work years lost. (It is perhaps pertinent to remember that

occupational cancer is rot a disease of old age: the average age at diagnosis
of pecple with haemang:.osarm of the livaer due to vinyl chloride is 47 years
and that of the 33 cases for vh:.ch. camplete mfo::mation is availsble, five
were diagnosed before 39, and 12 between 40 and 44, years of age.) (2) that
3in view of the limited success cbtained up to now with improved diagnostic

systans and therapy, the greatest potential for cancer control lies in

‘preventive measures.

Even if one looks at the cancer problem with an eye on costs ard
benefits, it appears that the most promising and rewarding approach is
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~thet of primary prevention, which means firstly the avoifance of exposure
o carcinogenic agents. In addition, it does not appear that periodic
ealth examinations give any guarantee of a longer and heslthier life
{Elegel 1966)2. Accordingly, an intensified health surveyance of pesple
athighcancerrialm,asfori:stamepeople:ﬁposedtnhiqh]eve‘lsof
“yinyl chloride, does not guarantee a better survival or an improved
outeame of the disease. .

Xt has been stated repeatedly that a large ramiber of cancers can be .
attributed to envivommental factors inproportimsvﬂﬁchcanvaxyfmnﬁ%
(WHO 1964) } to BO% (Haddow 1967, Boyland 1969)*:5 o 90% (Higginson 1968)E.
One can dispute 'L'.h&le percentages and reduce them to much lower and more
acceptable proportions, but the fact remains that a certain proportion of

- hman cancers are certainly due to envirormental factors. Of these factors,
some have been identified and their carcinogenic ﬁfacto'nmnhas basn
proved, many more have been identified as possibly hazardous to man, but
the actual proof of their carcinogenicity relies only on experimental evidence,
and for an even larger mmber, the available data are insufficient to build
up any kind of evaluation.

MmmeMwasfizstfacedwiththerequesthoprwide\mef;ﬂ
information on envirormental carcinogens, cur first reaction was to prepare
two lists of chemical carcinogens, one for chemicals carcinogenic to man
and the other for chemicals carcinogenic in experimental animals. This
project was soon discarded because (1) a liet was considered too rigid to
take into account the multiple aspects required for a proper evaluation,
and (2) because it would have been relatively easy to prepare lists of
chemicals for which results were clear and unquestionable, but it would
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Quantity and/or quality of the available data varied ccmsi.derably. There
msalsot?nhrplicitdmgarﬂatalldmicalsmtincludeﬂinthem

list® ofmcirngamcmﬂdhewmticallyasmedsafe.
ay .
Forthesereascm.thenm.fouowmgtheadvioeofanadhoamﬁdmg

group, initiatedtlup:ogrmontheeva]mtionofﬁaecamﬁwgmcﬁsk

ofchemicals to:ran, which is centered cn ﬂ:eprq:arauonofmngramson
individual chemicals. Eachmxographcmpr:.ses several sect:.onsmwhi::h
data are sumarized en: chemical and physical characte;isti.m; production,

' ‘use, occurrence and amalytical wethods; biological data relevant to the
'_ evaluation ofthecérci.mgenic rigk of the chemical to man, covering all

available data on carcinogenicity studies, data on the metaboliem of the

‘chemical in experimental animals and man, the carcimogenicity of the

metabolites, if tested, essential data cn acute toxicity and, since last

year, data on mutagenicity; and cbservations in man covering epidamiological

studies and case reports. The last section of the monograph is a brief
camnent on the ensenble of the experimental and human data with, whenever
possible, an evaluation of the data in terms of a possible risk to man.

Up to now, eight volumes’~1%, each containing several monographs,
have been published. The first volume, which appeared in 1972, contained
monographs ‘on 19 chemicals pertaining to different chemical groups. Once
the feas:.b:.lity of the qonographs was ngreed, each volune co:_xta.ined data
on chemicals pertaining to one oa": two chemical gm;ps, plus a mn—ielated
smsm when its evaluation appeared particularly urgent. This was the
case, for instance, with vinyl chloride, which was adfed to the session
called in Jure 1974, when anti-thyroid substances and nitrofurans were
evaluated,

S/
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'mmmsﬁorw}ﬁchammisﬁepuedueselectedmrdm
to two Tain criteria: (1) that there is evidence of mran exposure, and
(2) that some exper:lmental evidance of carcinogenicity and/or same evidence

. or a strong suspicion of a human hazard exists. mmtofﬂuepossible

human exposure is assessed in many instances with some approximation on the
basiaofthedatnﬁntheuseandpro&zctimofaclmial. Thig infermation
has been cbtained mainly through the collaboration of the Stanford Research
Institute, cpaxaﬁxagimderanagreenmt with the NCI.

The data are also intended to be of some help to epidemiologists, as
thay may indicate where a study could be initiated. The NCI suppcrts this
programme financially and has helped the Agency considerably by providing
surveys of available pertinent literature. It is worth noting that it has
been our policy to only include for consideration work which has been
published or accepted for publication, and o diaregard unpublished
results and personal camunications. After having assambled reprints on
studies related to the chemicals selectad for the preparation of a monocraph,
a draft monograph is prepared, either by an external consultant or by IARC
staff. These drafts are then circulated among IARC staff and a group of
expert consultants for camnents. An ad hoe working group of experts is
thmconveneamlyonarﬂﬂmmngraphsarefinalizedafteracaxeful
and painstaking checking of all data,

The first eight volumes cover a total of 196 chemicals. Of these,
17 (sbout 9%) were found to be associated with the induction of tunours
inman (Tsble I). These 17 chemicals are listed in Table IT. Aflataxin
is included in this list, but it must be noted that only a strong suspicion,

.
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and not absclute evidence, of its rola on the infuction of livar cancer in
man exists. The carcinogenicity for men of the majority of these chenicals
' mesfzblishedasamultofshﬂiecmducteﬁmpeoplemnm
'oom:pationanya@oseatottm In fact, with the exception of aflataxin,
on which, as mentionad before, smedoubts still exist and forwh:l.ch
“expomisaa.etary mﬂofdﬂwuptnzmeandstilboestml, for which
exposure s medicinal, exposure to all others is occupaticnal (Tsble II).
If we oorpare the effect of these human carcinogens on e:q_aerimental animals,
wefindthatnearlyallarecarcinogexﬂsinonecrmreanimalspecies,
excepti.cnsbeuv;memc,haexatitearﬂposs:blybaume Ifweﬂmccxfpare
tazgetou:gansinmanandexperinentala:ﬁmals (Table III)}, we can see that

A

often, but certainly not always, target organs coincide. This is certainly »
- ot ‘a new cbservation, ‘but it is perhaps worth stressing, as it may have some
relevance in assessing the value of studies on chemicals for which human
data are not available. | |

That exposure levels are mostly unknown means several things:

R )] t‘nat ncbody really queried exposure of workers +o compounds which, in
nost cases, before being found carcinogenic, were known to produce acute
and subacute toxic effects; .

(2) tﬁaﬁtherewasmrealinterestinﬂzﬂ_ingmtﬂeegposurelevels
Mpmamhmdm,umeymudhmma
fantastically high difference betwean the present levels or the accepted
Jevels and the levels to which workers had been exposed for a long time.
The exarple of vinyl chloride (W), for instance, is quite demonstrative:
at present, several campanies are fighting for the acceptance of a level
: whichliesbeuzemzsandlbmn,vmueafmcarpmﬁesareorientated
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mzasécceptmglevelsbetwemlmﬂsi;‘m Although there is no,

evidencewhatsoevazﬂuatevenlummndbewiﬂnutadvameeffecbs. it
isworﬂmransnberingﬂntmﬁmmee:qaosedonlyreoenﬂytoz,ooo-
3,000 prm. At these levels of exposure, itiswellkr_wnthatanmber

of lesions and diseases were caused, bwbwi&xﬂaeprasantupgradingof
maﬁwdisasep@m312me,bﬂmmtﬁm§mmmm
are forgotten; ' ‘

{3} that the recent interest to establish the actual lewvels causing
ca:wermexposedmkars couldberather:usp:.cious Scmebodymuld

.surely be i.nteres'ced in denonstrating that cancer occurs only at very high

levels of exposure and that low levels are "safe".

For 94.0f the 196 chemicals, there is m'questioxnble-ev:iﬂeme_‘of
carcinogenicity in experimental animals. For 89 of them, human exposure
has been confirmed (Teble IV) and again in the majority of cases, it is
occupational (Table V). For 41 chemicals, a limited carcinogenic activity
has been fourd in experimental animals., For most of these chemicals, haman
exposure has been confirmed and, as before, in a large proportion it is
occupational (Table VI). For 26 chemicals, the available data were
insufficient to reach any conclusion on their possible carcindgenicity in
experimental animals, while for 18 the available data did not reveal a
carcinogenic effect.

In general, there were more experimental than epidemiological or case
reports (Table VIT). This can in part be explained by the higher cost and
longer duration of human than animal studies, but it also reflects the
greater emphasis which for quite a long time was put on experimental
rather than on huran studies.
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Mﬁseofreq:ﬁnizeddmnimlmfchpgmin (oratleaststx‘!;ﬂd
be) dear,aswe:ybodyagreesﬂuthmmtocamﬁp;ensmtbe
avoided, although disagreement exists en how, to what extent and how
quickly this sl'mldbedme Adﬁfermtarﬁm;orp:oblenistheevaluat&on
ofthepossiblecamimgmmeffectofauhanicalmmanmﬂmabsemeof

‘q:idaniologiulsuﬂiescrcnezeports. Of the 196 chanicals considered

in the IARC Moncgraphs, the:ea.re 124 for which such a problem exists. For
15 of these (4,4’-met-hy1ene bis (2—c£hlomaniline) (MOCR) , BHC, dieldrin, DD;r,

. chlorcbenzilate, amitrole, PCBs, OCl,, hydrazine, l,l—dﬁmthymydxazine.

ethylene thiourea, c-dianisidine, beryllium, lead salts, g~propiolactone)
the world production figure is above 500 thousand kilograms a year. Present
reguhttmsrmnaﬂazeromlmmfoodformwsform

-experimental  evidence of carcinogenicity exists. In so far as food additives
. are concerned, therefore, an extrapolation for p:blic health purposes is

carried out systematically with a procedure which obviously implies that
sxperimental evidence of ca.rcinogmiciw is sufficient per se to snggest
caxt:irn:genicity in man (Tomatis et agl. 1973)15, However, this cautious
procedure, with which most people agree, has not been applied to other
situations, and certainly not to chemicals present in and around factories.

In the literature there is an evident preoccupation of warning
scientists about unduly extrapolating from a:permmtal data to man and
aphasis is, of course, put on the fallacy of interpreting towicity data
cbtained in experimental animals as autcmatically hﬂimti.ng»adangar for
man. Very little emphasis, if any, if put on the mistakes made in the
opposite direction, that is, mistakes made when results cbtained in animals
were not taken as indicative ofa;possibledarngertom. -
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There is no evidence that a chemical which is carcinogenic to
experimental animals will not in any circumstances produce tumours in
man (Saffiotti 1973)16, Neither is there any scientific criteria on which
tommelusualargmmtﬂutasitisinpossibletomapoﬁt;fm.
WM data to man, experimental evidence of carcinogenicity has no
value in attenmpting an assessment of a possible human risk. The fact is
‘ that an cbvious daclaration of impotence has been used for different
purposes. There are data which indicate that experimental resuits can
‘be taken as indicators of a possible human hazard and that measures should
be taken to warrant an immediate control of the state of health of pecple
who are or who have been exposed, and to adopt immediate steps to reduce
or possibly eliminate exposures until the results are carefully assessed.
There is. really no justification to wait for the proof that a chemicel

causes cancer in man before measures to avoid exposure are taken (D011 1967)17.

The example of bis(chloramethyl)ether and vinyl chloride well illustrate
this statement!®(Table VIII). In fact, experimental evidence of carcinogenicity
of the former compound existed in 1968 and was confirmed in 1969, but it was
only in 1973, after a retrospective epideminlogical etudy showed an excess
of Iing cancer in workers exposed t0 bis({chloromethyl)ether that measures to
reduce exposure in the working environment were adopted. Similarly, for
vinyl chloride, experimental evidence of carcinogenicity existed slready in
1970 and was long preceded by the evidence of toxic effects of the same type
in man arnd experimental animals. It was only in 1974, however, that measures
for drastically reducing its acceptable concentration were adopted and only
after a report on the occurrence of angiosarcama of the liver among workers
exposed to vinyl chloride,
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Gautious attitude would have resulted in

a successful prevention.” = -~ -- -- ‘

In these two cases, a

highriaksandﬂutcertainp&evemivemasuesareinmmstmnes

. adopted once the risk is detected on the basis of the epidemiological

evidenoeofaﬁmusuallyhighixﬁidenceofcmw. On the other hand,

'thareaxeobjectimsagaimti;heuseinnarchwgeniciqrtesﬁngof
" experimental models which will ma:u‘.mizethepbssiblecarcmogenic effect

of a chemical wnder test (and in particular the use of high dose levels)

as if thiswa'ca-an inmproper procedure which would never reflect the human
situation and would give misleading results. It is difficult to acocept
these objections because in most instances when a chemical has been found
to be closely related to cancer in man this was because tha incidence was
so high that it could be easily detected. _ The m.'r:king‘e.nvimmrent, therefore,
maximized the hazard to such a macroscopic effect that epidemiologists or
alert physicians could not help but detect it. The hazard, however, is not
necessarily limited to the workers involved in a particular manufacturing
process: they are at the forefront of the risk, but this may expand far
beyord the borders of the factories. The risk may be relatively low or at
least low enough that nommal epidemiological methods are unable to detect
it, even if the incidence of cancer related to a 'given chemical could be

‘numerically important as a large proportion of the population may be

exposed. The cbservations of a few cases of angicsarcoma of the liver in
persons with no occupational exposure to VC, but who had lived for many
years in the proximity of factories utilizing polyvirnyl chloride, and the

[ =X
“t.\vém? _L(m) wo o cadie |
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cmmi;qofcasuofmtheliciminmc]:osemasbésmsfacmries
(Greerberg and Davies 1974)1%, illustrate well this eventuality. —

Mtwmwmmmsf;lmmmgmm
is proven, and of course not only in occupationally-exposed pecple. The
removal or at least drastic reduction of ccoupaticnal exposures to hazardous
-char&calsmybeobtainedinéhemjorityofcasesbymiupmtin
manufacturing procedures. These inproverents do not represent in general
too severe a blow to the economy of a factory, but just a marginal losg of
profit. An example of the success which can be cbtained in this way is the
disappearmceofﬂwmessofmsalsinusarﬁlmxgm'mnidcelwrkers
in the UK and Norway, who began their work after an industrial process had
undergone major changes in order to eliminate exposure of workers to dust
and fumes (Doll et al. 1970, Pedersen et al. 1973)20,21,

Arother side of the same problem is the possibllity of preventing or
reducing the incidence of cancer in pecple who have already been exposed.
Does prevention help in such a condition? According to Doll?2, "the effect

e —————

of s sure to a carcinogen after g prolonged period of exposure
is likely to vary with the nature of the carcincgen". It also depends, for

a given carcinogen, on the different target organs, as was the case of the
' persistence of the risk of developing nas;l cancer and the decreasing xisk
of developing lung cancer up to 40 years after cessation of exposure to
nickel carboryl (Doll 1970)2%. In a non-occupational situatien, the high
risgk of lung cancer in heavy cigarette smokers decreased if exposure to
cigarette smoke was discontimued but still remained higher than in pecple
who had never smoked?2.
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Once a chemical is marketed and produced in large amounts, the claim
is often made that its withdrawl would be an econcmic disaster for-all,
and that the reshaping of the mamfacturing processes in order to protact
workers from exposure would increase the cost of prbd:.}étimtninposéible
levels. Ofcome,pacplewhouseti:esewoaxgm-mtsforg;atabcu;me ’
profit already made with the chemical. One can therefare explain why
certain industries lock at long-term toxicity tests as procedures "to |
satisfy whims rather then provide data for safety evaluation” (Gehring
et al. 1973)23, Amother argurent is that all present health regulations
aretalcen'atﬂuWOf themanufacmrenaxﬂﬂnt'fhismsefinally
' reverberates on the consumer (Gehring et 4l. 1973)23; It is therefore
obvious that ﬂxemnufacturarsfalﬁeit for granted that if the manufacturing
process became nore costly to satisfy the elementary protactionofthe.
workers and the general population, the product would have to be sold at
a higher price. »
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| SIMMARY

The International Agency for Research on Cancer has initiated a
progmmtpmraluatethemrchﬁgenicrisk.o_f_chsnicals to man. This
dzmﬂ.cals,consistingpfdatamusea:ﬂmoduction,carcimgenicityin
experimental animals, epidemiological studies and case reports, and other:
biological data such as metabolism and matagenicity, and ending with a
balanced evaluation of all the data made by an international group of
experts., Chemicals to be surveyed for the preparation of monographs have
so.far been selected among those for which scme evidence or suspicion of
carcinogenicity in experimental animals and/or man exists and for which
human exposure is known to occur. Of the 196 canpounds already evaluated,
17 have been fourd to be associated with cancer in man. Ninety-four
campounds ware definitely carcinogenic in axpearimental animals and 41 were
shovm to have a limited carcinogenic effect in experimsntal animals., A
mmber of the chemicals found carcinogenic in experimental animals are
produced in very large quantities. The type of exposure to the 17 chemicals
fourd carcinogenic to man was occupaticnal for 14, medicinal for tweo and
dietary for one.
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Table

- NUMBER OF CHEMICALS

EVALUATED

NUMBER OF CHEMICALS
CARCINOGENIC TO MAN

196

17
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TABLE {1

CHEMICALS FOR WHICH CARCINOGENICITY TO MAN OR A STRONG SUSPICION OF CARCINOGENICITY 1O MAN HAS BEEN FOUND

CHEMICAL

AFLATOXIN?
4-AMINOBIPHENYL
ARSENIC COMPOUNDS

ASBESTOS (CROCIDOLITE,
AMOSITE & CHRYSOTILE)

AURAMINE

BENZENE

BENZIDINE
BIS(CHLOROMETHYL )ETHER
CADMIUM OXIDE & SULPHATE

CHROMIUM (CHROMATE
PRODUCING INDUSTRIES)

- HAEMATITE (MINING)

2-NAPHTHYLAMINE
NICKEL (NICKEL REFINING)

N,N-BIS{2-CHLOROETHYL )2~
NAPHTHYLAMINE

S00T and TARS

STILBOESTROL
VINYL CHLORIDE

TYPE OF EXPOSURE

Dietary
Occupational

Occupational,
medicinal

Occupational

Occupational
Occupational
Occupational
Occupational
Occupational
Occupationatl

Occupational
Dccupational
Occupational
Medicinal

Occupational
Environmental

Medicinal
Occupational

TARGET ORCAN(S)

LIVER -
BLADDER
SKIN, ?LUNG

LUNG & PLEURAL CAVITY
GASTROINTESTINAL TRACT

BLADDER

BONE MARROW
BLADDER

LUNG
PROSTATE , LUNG
LUNG

LUNG

/ BLADDER® -
NASAL CAVITY, LUNG
BLADDER

LUNG
SKIN (SCROTUM)

VAGINA, UTERUS
LIVER, BRAIN, LUNG

ROUTE OF EXPOSURE

Oral
Inhalation, _ot_-al
Oral, inhalation

Inhalation, oral

Oral, inhalation,
Inhalation, skin
Inhalation, oral,
Inhalation
Inhalation, oral
Inhalation

Inhalation
Inhalation, oral
Inhalation

Oral

Inhalation
Skin contact

Orat

Inhatation, skin

sk{n

" skin

EXPOSURE LEVEL

5-15 uy/kg bw/day
Unknown
Unknown

Unknown

Unknown
Unknown
Unknown-

_Unknown
Unknown

Unknown -

Unknown

- Unknown

Unknown
4-350 g (total dose)

7 320 ug BaP/hr
Unknown

1.5-150 mg/day
50-3080 ppm *
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CHEMICAL
AFLATOXIN
4-AMINOBIPHENYL

ARSENIC
ASBESTOS
AURAMINE
BENZENE
BENZIDINE

BIS(CHLOROMETHYL)ETHER
CADMIUM OXIDE & SULPHATE
CHROMIUM COMPOUNDS
HAEMATITE

_ 2-NAPHTHYLAMINE

NICKEL COMPOUNDS
N,N-BIS(2-CHLOROETHYL)2-

NAPHTHYLAMINE
S00T and TARS
STILBOESTROL

VINYL CHLORIDE

CHEMICAL CARCINOGENS IN MAN AND THEIR EFFECTS ON EXPERIMENTAL ANIMALS

SPECIES

Rat, trout, duck
Rat, mouse

Mouse, rabbit, dog
Newborn mouse, rat

Mouse, rat, dog
Mouse, rat
Mouse, rat
Mouse

Mouse, rat, hamster
Dog

Mouse, rat
Rat
Mouse, rat

Guinea pig, mouse,
hamster

Mouse
Rat, rabbit
Hamster, dog, monkey

Mouse, rat

Mouse
Rat

Mouse, rat

Mouse

Rat

Hamster
Squirrel, monkey

Mouse, rat, hamster

TABLE 111

TARGET ORGAN(S)

LIVER, STOMACH, INTESTINE, KIDNEY
LOCAL, LIVER, LUNG, TRACHEA

BLADDER

LIVER, MAMMARY GLAND, INTESTINE

Negative

LUNG, PLEURA, PERITONEUM
LUNG, LOCAL, INTESTINE
TLEUKAEMIA

LIVER
BLADDER

SKIN, LOCAL, LUNG
LOCAL , TESTIS
LUNG, LOCAL
Negative

LIVER, LUNG
No effect
BLADDER

LOCAL

LUNG
LOCAL

SKIN, LOCAL, LUNG, STOMACH*

MAMMARY GLAND, LYMPHORETICULAR TISSUE, TESTIS, VAGINA
HYPOPHYSIS, MAMMARY GLAND, ?URINARY BLADDER

KIDNEY
UTERINE SEROSA

LUNG, LIVER, KIDNEY, ZYMBAL GLAND
*Produced by some polycyclic hydrocarbons tested separately

TARGET ORGAN(S) MAN
TLIVER
BLADDER

SKIN, LUNG, LIVER
LUNG, PLEURA, INTESTINE
BLADDER

BONE MARROW

BLADDER

LUNG

PROSTATE , LUNG

LUNG
LUNG

BLADDER
NASAL CAVITY, LUNG
BLADDER

SKIN (SCROTUM), LUNG
VAGINA, UTERUS

LIVER, ' LUNG, BRAIN




‘Table IV

NUMBER OF CHEMICALS CARCINOGENIC
IN EXPERIMENTAL ANIMALS ONLY

94

HUMAN EXPOSURE KNOWN FOR g9
OCCUPATIONAL EXPOSURE KNOWN FOR 78%
MEDICINAL EXPOSURE KNOWN FOR 16

'GENERAL ENVIRONMENTAL EXPOSURE KNOWN FOR  49*

*including 15 polycyclic -aromatic hydrocarbons
present in soot, tar and exhaust fumes
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Table V - N

CHE!QICALS CARCINOGENIC IN EXPERIMENTAL ANIMALS ONLY

 EXPOSURE

Oampound Urﬂum . Occupational Medicinal . mVixom\antal
"1 Acetamide -—-—T—T*“_ ..............
2 2-Amino-5-(5-nitro-2- Co
furyl)-1,3,4-thiadiazole . = ... ST LU
3 Amitrole sl PO +
4 Ar-arnii:ei + . - 47
5 Benz(c)acridine * + +
6 Benz{a)anthracene * + +
- 7 Benzo(b)fluoranthrene * + *
8 Benzo(j)fluoranthene » + +
9 Benzo{a)pyrene * + +
10 Benzo{e)pyrene * + +
11 Beryl ore +
12 Beryllium .
13 Beryllium oxide +
14 Beryllium phosphate *
15 Beryllium sulphate +
16 BHC (technical grades) + +
17 Calcium chromate +
18 Carbon tetrachloride + +
19 Chlorobenzilate + R 1
20 Chrysene * + +
21 Cycasin T4
22 DDD + § e +
23 DDE + B +
24 DDT + ' R
25 Diazomethane +

* present in soot and tars

S
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CHEMICALS CARCINOGENIC IN EXPERIMENTAL ANIMALS ONLY (cont'd.) 2

26 Dibenz(a,h)acridine > - R +
‘27 Dibenz(a,j)acridine* . ... O S A +
-28 Dibenz(a,h)anthracene * Sk +
-29 7H-Dibenzo(c,g)carbazole * +
~ 30 Dibenzo(a,e)pyrene * +
“31 Dibenzo(a,h)pyrene * +
32 Dibenzo(a,i)pyrene * +*
33 3,3'-Dichlorobenzidine + o
34 Dieldrin + +
35 1,2-Diethylhydrazine *
36 Diethyl sulphate +
37 Dihydrosafrole + +
38 3,3'-Dimethoxybenzidine +
(o-Dianisidine)
39 trans-2[{Dimethylamino)
methyliminol-5-[2-(5-nitro- .
xadiazate
40 3,3'-Dimethyibenzidine +
(c-Tolidine
41 1,1-Dimethylhydrazine *
42 1,2-Dimethylhydrazine +?
43 Dimethyl sulphate +
44 Ethinyloestradiol + +
45 Ethyl methanesulphonate +
46 2-(2-Formylhydrazino)-4- +?
{5-nitro-2-furyl)thiazele @ °° ....... .
47 Hydrazine .
48 Indeno(1,2,3-cd)pyrene * + +

* present in soot and tars
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CHEMICALS CARCINOGENIC IN EXPERIMENTAL ANIMALS ONLY {cont'd.) 3

. | : mo SURE mmm
49 1Isonicatinic acid hydrazide o PRI
50 1Iscosafrole + +
51 Lead acetate * +
52 Lead phosphate - %
53 Lead subacetate *
54 Lindane o +
§5 Mestranol + +
56 Methylazoxymethanol acetate +
57 4,4'-Methylene bis {(2- +
chloroaniline)
58 4,4'-Methylene bis (2- .
methylaniline)
§9 Methyl methanesulphonate +
® Mtrosoguanidine *
61 Mirex + 4+
62 5-{Morpholinomethyl)-3-
[{(5-nitrofurfurylidine)- + +
amino]-2-oxazolidinone
63 4-Nitrobiphenyl +
64 1[(5-Nitrofurfurylidene)- + .
amino]-2~imidazolidinone
65 N-[4-{5-Nitro-2-furyl)-2- " N
thiazolyl)acetamide
66 N-Nitroso-di-n-butylamine
67 N-Nitrosodiethylamine +
68 N-Nitrosodimethylamine +
69 Nitrosoethylurea +
70 Nitrosomethylurea - +
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