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Several studies have shown elevated standardized mortality ratios for cancers at various
sites among workers in the rubber industry (see p. 332), where there is potential exposure to
1,3-butadiene, among other chemicals3.

B. Evidence for carcinogenicity to animaIs (suffcíent)
1 ,3-Butadiene was tested for carcinogenicity in mice by inhalation. It was carcinogenic

to animaIs of each sex, producing haemangiosarcomas of the heart, malignant lymphomas,
alveolar j bronchiolar adenomas and carcinomas, papilomas and carcinomas of the
stomach, hepatocellular adenomas and carcinomas, mammary-gland carcinomas and
granulosa-cell tumours of the ovaryl. Exposure of rats to 1,3-butadiene by inhalation
resulted in increased incidences of tumours of the mammary gland, thyroid and pancreas4.

C. Other relevant data
No data were available on the genetic and related effects of 1 ,3-butadiene in humans. It

induced micronuc1ei and sister chromatid exchanges in bone-marrow ce Ils of mice but not of
rats treated in vivo. It was mutagenic to bacteria5.
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1,4-BUTANEDIOL DIMETHANESULPHONATE (MYLERAN)
(Group 1)

A. Evidence for carcinogenicity to humans (suffcíent)
Leukaemia patients who had been treated with Myleran developed many different

cytological abnormalities, and some developed carcinomasl-8. A follow-up study of patients
with bronchial carcinoma who were randomized to chemotherapy after pulmonary
resection showed that of 69 who had been given Myleran and had survived five years, four
developed acute nonlymphocytic leukaemia (three myelomonocytic leukaemias and one
erythroleukaemia) and 15 others developed pancytopenia in the succeeding four years;
among 148 other survivors at five years who had not been given Myleran, one case of
pancytopenia appeared. Risk was not dose-related, although the cases were confined to
those who had received no radiation and no other cytotoxic agent9.--
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B. Evidence for carcinogenicity to animais (limited)
Myleran was tested for carcinogenicity by intraperitoneal injection and by intravenous

injection in mice and rats and by oral administration to rats. Intraperitoneal administration
of Myleran to mice did not increase the incidence of tumours in two studiesl'lO, but
leukaemia" and hypoplastic marrowii,ii were induced in further studies and T-cell
Iymphoma in another, in which the effect was markedly enhanced by combined adminis-
tration of chloramphenicolI3. Leukaemiaj Iymphosarcoma was also reported in one studyii,
but the ex periment could not be evaluated due to incomplete reporting. No mammary
tumour was seen in rats after intraperitoneal injection, but near-Iethal doses were used and
the animaIs were followed for only five monthsl4. Intravenous administration of Myleran to
mice significantly increased the incidences of thymic and ovarian tumoursl. Intravenous
administration of7% of the LD50 dose to rats for one year was reported to induce a variety of

tumours in male rats, but the experiments could not be evaluated due to incomplete

reportingl5. Oral administration to rats of Myleran did not increase the incidence of
tumours over that seen in untreated animalsl.

C. Other relevant data
Myleran is a bifunctional alkylating agent. Patients treated with Myleran for chronic

myeloid leukaemia were found to have increased frequencies of sister chromatid exchanges
and chromos omal aberrations (in a single study) in their peripheral blood lymphocytesl6.

Treatment of rodents in vivo with Myleran induced dominant lethal mutations and
increased the frequency of chromosomal aberrations and micronuclei in bone-marrow celIs;
in single studies, it induced DNA damage but not mutation. Evidence for covalent binding
to DNA, RNA and protein was obtained in mice treated in vivo. Myleran induced chromo-
somal aberrations and sister chromatid exchanges in human and rodent ce lis in vitro, and
mutation in rodent cells in vitro. It induced sex-linked recessive lethal mutations in

Drosophila and was mutagenic to bacteria 16.
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eADMIUM AND eADMIUM eOMPOUNDS (Group 2A)

A. Evidence for carcinogenicity to humans (limited)
Exposure to cadmium (primarily as the oxide) has been associated with increased risks

of prostatic and respiratory cancers1,2. ln one follow up of an investigation of269 cadmium-
nickel battery workers (see also summary for nickel, p. 264) and 94 cadmium-copper alloy
factory workers in Sweden, additional cases of nasopharyngeal, colorectal, prostatic and
lung cancer were reported3. ln another study, the mortality of 347 cadmium-copper alloy
workers in the UK who were exposed to cadmium fume was compared with that ofworkers
exposed indirectly to cadmium but also to arsenic (see p. 100). A third group of iron or brass
founders was inc1uded, and the mortality rates were compared separately with statistics for
the general population. Significantly increased mortality from prostatic, genito-urinary and
lung cancers was seen in people working in the vicinity, but not in the cadmium workers
themselves. Insufficient information was given regarding the movement of men between or
out of the three adjacent plants to assess the relative contributions of arsenic, cadmium and
smoking to the results (which run counter to those of most other studies)4.

Follow-up studies offour populations of cadmium-exposed workers have been reported
more recently. ln the UK, excess lung cancer (16 observed, 11.3 expected) was noted among
6995 male workers employed at one of 17 plants in a group that had had 'ever medium'
exposure for ten years or more; and an excess risk of prostatic cancer was seen in a group
that had had 'always low' exposures for ten years or more (15 observed, 11.0 expected)5.
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