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c. Other relevant data

No data were available on the genetic and related effects of chlornaphazine in humans.

Rats administered chlornaphazine excreted metabolites of2-naphthylamine (see p. 261)
in the urine. Chlornaphazine induced chromos omal aberrations in Chinese hamster cells,
mutation in mouse Iymphoma cells and unscheduled DNA synthesis in rat hepatocytes in
vitro. A single study of cell transformation in virus-infected Syrian hamster embryo cells
was inconclusive. It induced sex-linked recessive lethal mutations and chromos omal
aberrations in Drosophila and was mutagenic to bacteria3.
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BIS(eHLOROMETHYL)ETHER AND eHLOROMETHYL METHYL
ETHER (TEeHNieAL-GRADE) (Group 1)

A. Evidence for carcinogenicity to humans (suffcient)

Numerous epidemiological studiesl-9 and case reportslO-13 from around the world have
demonstrated that workers exposed to chloromethyl methyl ether andj or bis(chloromethyl)-
ether have an increased risk for lung cancer. Among heavily exposed workers, the relative
risks are ten fold or more. Risks increase with duration and cumulative exposure.

Histological evaluation indicates that exposure results primarily in lung cancer of the

small-cell type8. Maximal relative risks appear to occur 15-20 years after first exposure6, and
latency is shortened among workers with heavier exposureS,I1.

B. Evidence for carcinogenicity to animais (sufficient)

Bis( chloromethyl)ether produced tumours at the site of its administration to mice after
exposure by inhalationl,14, skin applicationl or subcutaneous injectionl'Is and was an
initiator of mouse skin tumourslS; it also increased the incidence of lung tumours after its
subcutaneous administrationl. ln rats, it produced tumours of the respiratory tract (lung
tumours and nasal-cavity carcinoma) after exposure by inhalationI4,16-18.

Technical-grade chloromethyl methyl ether produced local sarcomas in mice after its
subcutaneous administration and was an initiator of mouse skin tumoursl; in rats and
hamsters, it produced a low incidence of tumours of the respiratory tract after exposure by
inhalatio n 1 9.
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C. Other relevant data

A slight increase in the incidence of chromosomal aberrations was observed in
peripheral lymphocytes of workers exposed to bis(chloromethyl)ether or chloromethyl
methyl ether in the preparation of ion-exchange resins20.

Bis( chloromethyl)ether did not cause chromosomal aberrations in bone-marrow ceUs of
rats treated in vivo. It induced unscheduled DNA synthesis in human fibroblasts in vitro and
was mutagenic to bacteria20.

Chloromethyl methyl ether enhanced virus-induced transformation of Syrian hamster
embryo cells and was mutagenic to bacteria20.
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BITUMENS (Group 3) and
EXTRAeTS OF STEAM-REFINED AND AIR-REFINED BITUMENS
(Group 2B)

A. Evidence for carcinogenicity to humans (inadequate for bitumens)
No epidemiological study of workers exposed only to bitumens is available. A cohort

study of US roofers indicates an increased risk for cancer ofthe lung and suggests increased
risks for cancers of the oral cavity, larynx, oesophagus, stomach, skin and bladder and for
leukaemia. Some evidence of excess risks for lung, oral cavity and laryngeal cancers is
provided by other epidemiological studies ofroofers. As roofers may be exposed not only to
bitumens but also to coal-tar pitches (see p. 174) and other materials, the excess cancer risk
cannot be aUributed specifically to bitumensl. Several case reports of skin cancer among
workers exposed to bitumens are available; however, exposure to coal-tars (see p. 175) or
products derived from them cannot be ruled out1-.

B. Evidence for carcinogenicity to animaIs (limited for undiluted steam-refined and
cracking-residue bitumens; inadequate for undiluted air-refined bitumens; sufficient for
extracts of steam-refined and air-refined bitumens)

ln severa! studies, application to the skin of mice of various extracts of steam- and
air-refined bitumens and mixtures of the two resulted in tumours at the sites of
applicationl.4. Undiluted steam-refined bitumens and cracking-residue bitumens produced
skin tumours when applied to the skin of mice. No skin tumour was found in mice after
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