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produced fibrosarcomas, sarcomas and haemangiosarcomas of the spleen and peritoneal
cavity!. ln several limited studies, largely negative results were obtained following oral
administration to rats!, subcutaneous injection of mice! and hamsters3, and after single
intraperitoneal injection of mice4.

C. Other relevant data
No data were available on the genetic and related effects of aniline in humans.

Aniline induced sister chromatid exchanges, but not micronuclei, in bone-marrow cells
of mice treated in vivo, and DN A strand breakage was induced in liver and kidney of rats in

vivo. Sister chromatid exchange assays in human cells in vitro gave negative results. Syrian
hamster embryo cells and virus-infected Fischer rat embryo cells were not transformed by
aniline, but BALBj c 3T3 cells were. It induced sister chromatid exchanges and chromosomal aberrations but not DN A strand breaks or unscheduled DN A synthesis in

mammalian cells in vitro. Aniline did not induce sex-linked recessive lethal mutations in
Drosophila and did not induce mutation or mitotie recombination in fungi. It was not
mutagenic to bacteria and did not cause DN A damage. Urine from rats treated with aniline
was reported to be mutage

nie to bacteria5.
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ARSENie AND ARSENIC eOMPOUNDS (Group 1*)
A. Evidence for carcinogenicity to humans (sufficient)
Many cases of skin cancer have been reported among people exposed to arsenic through

medical treatment with inorganic trivalent arsenic compounds, particularly Fowler's

-This evaluation applies to the group of chemicals as a whole and not necessarily to ail individual chemicals within the group (see
also Methods, p. 38).
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solutionl, and further reports have confirmed these findings2-9. ln sorne instances, skin
cancers have occurred in combination with other cancers, such as liver angiosarcoma (after
six rnonths' treatment with Fowler's solution giving a total intake of 0.24 g arsenic)6,
intestinal and bladder cancers7 and meningioma9. Liver angiosarcomas have also been
associated with medicinal exposure to arsenicl,6,lo.

Epidemiological studies of cancer following medical treatment with arsenic have shown
an excess of skin cancers, but no clear association with other cancers has been obtained 1, as

confirmed by a recent cohort study on individuals treated with Fowler's solutionll. No
relation was found between prostatic cancer and treatment of syphilis with arsenicalsl2.

An association between environmental exposure to arsenic through drinking-water and
skin cancer has been observedl and confirmedI3,14; two cases of bladder cancer were also

described, with latent periods of eight to 20 yearsl5. The latent periods for two cases of skin
cancer related to arsenic in drinking-water were 20 and 23 years, and the concentrations or
uptake of arsenic were reported to be 1.2 and 1 mg per day, respectively, with an estimated
total ingested dose of about 8 gin one studyl4.

Epidemiological studies in areas with different frequencies of black-foot disease and
where drinking-water contained 0.35- 1.14 mgj 1 arsenic revealed elevated risks for cancers of
the bladder, kidney, skin, lung, liver and colon in both men and womenI6,17.
A case of liver angiosarcoma was reported in the 20-month-old chi

Id of an exposed

worker living in the vicinity of a copper mine and smelterl8. Four rather inconsistent studies
describing the effect of air pollutants containing arsenicl,19,20 were followed by further

reports that indicated an effect on lung cancer incidence of arsenic in polluted air from
smelters and pesticide production, with risk ratios of 2.0-2.5 near smelters21,22. Two further
studies near smelters showed no clear effect23,24.

Occupational exposure to inorganic arsenic, especially in mining and copper smelting,

has quite consistently been associated with an increased risk of cancerl. A number of studies
of smelter workers relate to populations that have been reported previouslyl and represent
both partial25-27 and total28,29 updates. An almost ten-fold increase in the incidence of lung

cancer was found in workers most heavily exposed to arsenic, and relatively clear doseresponse relationships have been obtained with regard to cumulative exposure29 and

especially with 30-day ceiling levels27. Sulphur dioxide in the smelter environment appeared

to play a minor role, if any, in the development oflung cancer27. Other forms of cancer were
considered, but their incidences were not found to be consistently increased28. Other US
smelter worker populations have been shown to have consistent increases in lung cancer
incidence, as well as increases of about 20% in the incidence of gastrointestinal cancer and of
30% for renal cancer and haematolymphatic malignancies30,31. The 0 bservation in an earlier

study of an increase in lung cancer risk among a population of Swedish smelter workersl has
been confirmed, with a risk of six to eight fold among roasters32.
A decrease in lung cancer risk after cessation of exposure to arsenic has been observed in
sorne studies30,33, possibly indicating a late-stage effect of arsenic34,35.

With regard to histological type of lung cancer, a significant, relative excess of adenocarcinomas and a slight excess of oat-cell cancers were seen among smelter workers36.
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A multiplicative effect of arsenic exposure and smoking was observed among Swedish
smelter workers37. A slightly increased risk was also indicated for exposure to sulphur
dioxide in this study. Other studies have shown a lesser influence of smoking25,33.

Relatively high concentrations of arsenic, as weIl as of antimony, cadmium, lead and
lanthanum, were found in lung tissue of lung cancer cases, whereas the concentrations of
selenium were low38,39.

An approximately two-fold risk for lung and stomach cancers has been observed among
(fine) glass workers with sorne exposure to arsenic but who were also exposed to other

potentially carcinogenic metals and to asbestos. Stomach cancer was especially frequent
among glass blowers, suggesting an association with oral contact with contaminated pipes40.

Sorne excess of lung cancer was seen among female hat makers exposed to arsenic, but
also to mercury4I.

Additional reports have suggested an increased risk of skin and lung cancers in vineyard
workers42,43 and have also suggested that ingestion of arsenic in wine byproducts may have
contributed to this increase42. One case of lung cancer was reported in an individual involved
in the production of lead arsenate and calcium arsenate44; multiple skin keratoses and

chronic Iymphatic leukaemia were reported in one person involved in the production of
copper acetoarsenate45.

Three studies of two populations of workers in pesticide production showed an
increased risk ratio for lung cancer - up to about 3 - and sorne excess of malignant
neoplasms of the Iymphatic and haematopoietic tissuesI,46. ln a study of liver angiosarcomas, two of 26 cases had been in contact with arsenical pesticides occupationallyl.

B. Evidence for carcinogenicity to animais (limited)
Various arsenic compounds have been tested for carcinogenicity by perinatal treatment

of mice, by intratracheal instillation in hamsters and rats and by implantation into the

stomach of rats. Arsenic trioxide produced lung adenomas in mice after perinatal
treatment47, and induced low incidences of carcinomas, adenomas, papillomas and
adenomatoid lesions of the respiratory tract in hamsters after its intratracheal instillation48,49. It induced a low incidence of adenocarcinomas at the site of its implantation into

the stomach of rats50. A high incidence of lung carcinomas was induced in rats following a

single intratracheal instillation of a pesticide mixture containing calcium arsenatel.
Intratracheal instillations of calcium arsenate into hamsters resulted in a borderline increase

in the incidence of lung adenomas, while no such effect was observed with arsenic
trisulphide5I. Oral administration of sodium arsenite enhanced the incidence of renal
tumours induced in rats by intraperitoneal injection of N-nitrosodiethylamine52.

No adequate data on the carcinogenicity oforganic arsenicals were available to the
W orking Group.

ARSENIC AND ARSENIC COMPOUNDS

103

C. Other relevant data
ln one study of people exposed to trivalent arsenic in drinking-water, no increase in the
incidence of sister chromatid exchanges or chromosomal aberrations was observed. A
number of other studies published on people occupationally exposed to arsenic or patients
treated with arsenic have shown increased levels of chromosomal aberrations or sister
chromatid exchanges. The interpretation of these results remains uncertain because of
methodological pro blems53.

Trivalent arsenic did not induce dominant lethal mutations in mice, but it produced a
small increase in the incidence of chromosomal aberrations and micronuclei in bone-

omal aberrations and sister
chromatid exchanges in human and rodent cells in vitro, and transformation of Syrian
lis in vitro. It induced gene
conversion in yeast but did not cause mutation or induce prophage in bacteria53.
marrow cells of mice treated in vivo. It induced chromos

hamster embryo cells; it did not induce mutation in rodent ce

Pentavalent arsenic induced chromosomal aberrations in human and rodent cells in

vitro; equivocal results were obtained in assays for the induction of sister chromatid
exchanges. It induced transformation in Syrian hamster embryo cells but did not induce
mutation or DN A strand breaks in rodent cells in vitro. It induced gene conversion in yeast
but did not induce mutation in bacteria53.
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ASBESTOS* (Group 1)
A. Evidence for carcinogenicity to hum

ans (suffcíent)

Numerous reports from several countries have described cases or series of pleural and
peritoneal mesotheliomas in relation to occupational exposure to various types and

mixtures of asbestos (including talc containing asbestos), although occupational exposures

have not been identified in aIl casesl-21. Mesotheliomas of the tunica vaginalis testis and of
the pericardium have been reported in persons occupationally exposed to asbestos22-24.

Environmental exposure either in the houses of asbestos workers or in the neighbourhood of asbestos mines or facto

ries has been noted in sorne of the casesl,2,4-6,9,1l,25,26. It has

been estimated that a third of the mesotheliomas occurring in the USA may be due to
nonoccupational exposure27. ln a study from Israel, the incidence of mesothelioma was
found to be higher among those born in the USA or in Europe relative to those born in
Israel9.
ln sorne of these case reports and in other studies, asbestos fibres were identified in the

lung5,6,1i,28-32. Amphibole fibres usually predominated, but in a few cases mainly or only
chrysotile fibres were found6,28.

The long latency required for mesothelioma to develop after asbestos exposure has been
documented in a number of publicationsl 1,13,26,28,33-37. An increasing proportion of cases
has been seen with increasing duration of exposure36.

A number of epidemiological studies of respiratory cancer and mesothelioma have been
reported in relation to exposure to unspecified or complex mixtures of asbestos in shipyard
work38-45. The risk ratio for lung cancer has usually been moderately increased, both in these

studies and in studies on various other occupational groups with similarly job-related but
unspecified or complex asbestos exposures35,46-54. Risk ratios of about 2-5 have been

reported in some studies, but the ratio was considerably higher in one rather small study55

y in another"2. ln one study, individuals suffering from asbestosis
had a considerably greater risk for lung cancer, with a risk ratio of 9.056. ln sorne of the

and did not exceed unit

studies referred to, a number of mesotheliomas were also observed41,42,44,47,51,53,55.

Abdominal mesotheliomas have sometimes been mistaken for pancreatic cancer57. Mesothelioma cases have been observed to have a relatively lower fibre content in the lungs than
lung cancer cases32.

. Actinolite, amosite, anthophyllte, chrysotile, crocidolite, tremolite

