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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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U sing a case-control approach for these cases of prostatic cancer and for those in two other

UK cohorts (of cadmium-nickel battery and cadmium-copper alloy workers), 39 cases were
reported to have an odds ratio for cadmium exposure of 1.6 for 'ever medium' compared to
'al ways low' exposure levels and 1.4 for 'ever high' compared to 'always low' exposures; a
similar approach for nine renal cancer patients revealed no elevation of odds rati06. ln a
cohort of 522 male Swedish cadmium workers, eight cases of lung cancer were reported,
resulting in a statistically nonsignificantly elevated standardized mortality ratio (SMR) for
five years' exposure and ten or more years'Iatency. For prostatic cancer, four cases resulted
in a statistically nonsignificant excess for the same exposure and latent periods7.

ln the USA, a follow-up study of602 white male cadmium smelter workers with at least
six months of production work between 1940 and 1969 was extended to 1978. The SMR
(95% confidence interval) for respiratory cancer deaths was 165 (101-254), based on 20
deaths, and that for lung cancer, 157 (93-249), based on 18 deaths. Concomitant exposure to
arsenic was especially high up to 1925. Reanalysis of lung cancer mortality for workers
employed before or after 1 January 1926 revealed SMRs of714 (195-1829) for the pre-1926
group (four cases) and 229 (131-371) for the post-1926 group with two or more years
employment (16 deaths). For the post-1926 group (576 workers), a significant trend was
noted for cumulative cadmium exposure and lung cancer mortality. Although the data on
smoking are inadequate, and arsenic exposure continued after 1926, albeit at a lower level,
the authors contend that these factors do not account for the excess lung cancer rates noted
in the study. The number of prostatic cancers was unchanged from the earlier study
(3 observed, 2.2 expected)8. Further reports of a UK population of 3025 (2559 male and 466
female) cadmium-nickel battery workers showed an excess of lung cancer in groups exposed
for 18 years or more9. The excess mortality from prostatic cancer was accounted for by the
original four cases described in 19671.

Potential confounding factors in these studies, such as smoking and exposure to nickel
and arsenic, do not appear to account for the excess of lung cancer deaths. For prostatic
cancer, the risk appears to be debatable, especially when the four hypothesis-generating UK
cases from 1967 are removed from the analysis.

B. Evidence for carcinogenicity to animais (suffcient)

Cadmium chloride, oxide, sulphate and sulphide produced local sarcomas in rats after
their subcutaneous injection, and cadmium powder and cadmium sulphide produced local
sarcomas in rats following their intramuscular administration. Cadmium chloride and
cadmium sulphate produced testicular tumours in mice and rats after their subcutaneous
administrationl'Io. ln one experiment, cadmium chloride administered subcutaneously to
rats produced local sarcomas, testieular tumours and a significant increase in the incidence
of pancreatic islet-cell tumoursll. Cadmium chloride produced a dose-dependent increase in
the incidence of lung carcinomas in rats after exposure by inhalation 12,13 and a low incidence

(5 j 100) of prostatie carcinomas after injection into the ventral prostatel4. Administration of
up to 50 mgj kg (ppm) cadmium chIo ride in the diet to rats did not increase the incidence of
tumourslS. Cadmium acetate was not carcinogenic in a mouse-Iung adenoma assayl6.
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C. Other relevant data

People exposed occupationally to cadmium (in an alkaline-battery factory and in the
manufacture of cadmium pigments) did not exhibit increased frequencies of chromosomal
aberrations in their peripheral lymphocytes. These findings contrast markedly with the
positive results obtained on workers exposed in zinc smelting plants and on people
environmentally intoxicated by cadmium; these people were also exposed to other
compounds. ln one study, sister chromatid exchanges were not induced in people exposed
to cadmium in the environmentl7.

Cadmium compounds did not produce dominant lethal effects in mice or rats nor did
they increase the frequencies of chromos omal aberrations or micronuclei in mice treated in
vivo. Cadmium compounds induced aneuploidy in hamsters but not in mice treated in vivo.
They did not induce sis ter chromatid exchanges in human cells in vitro, and studies of
chromos omal aberrations gave inconc1usive results. They induced transformation of
cultured rodent cells in severa! test systems and induced chromos omal aberrations but not
sister chromatid exchanges in rodent cells in vitro. Cadmium compounds induced DNA
single-strand breaks in human and rodent cells, and there is confIicting evidence that they
produced mutation in rodent cells in vitro. Cadmium compounds did not induce aneuploidy
or somatic or sex-linked recessive lethal mutations in Drosophila. They induced mitotic
recombination in yeast, but they did not induce mutation in yeast or bacteria, nor did they
induce prophage in bacterial7.
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eARBON BLAeKS (Group 3) and
eARBON-BLAeK EXTRAeTS (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate for carbon blacks)
One study ofthe carbon-black producing industry showed a high proportion of cancers

of the skin, particularly melanomas, in equal numbers of carbon.black workers and of a
comparison group consisting of other workers in the same plantl. A study from the UK in
which workers were followed up beyond retire ment showed excesses of cancers of the lung
and bladder. The excess of lung cancer occurred in each of the five plants studied and was
concentrated among persons with ten or more years of follow-up. The bladder cancer excess
was based on only three deaths but was also concentrated in the group followed up longer2.
Excesses of stomach cancer were reported in workers in other ind ustries whose employment
entailed exposure to dusts that included carbon blacksl,3.

B. Evidence for carcinogenicity to animais (inadequate for carbon blacks; sufficient for
carbon-black extracts)

ln limited studies by oral administration in mice, carbon blacks were reported not to
produce the gastrointestinal tumours seen after administration of solvent (benzene) extracts
of one carbon blackl. No increase in the development of colonie tumours occurred in mice
or rats fed carbon black in the diet4. Skin-painting studies with carbon blacks showed them
to have no tumorigenic activity in mice, while solvent (benzene) extracts induced benign and
malignant skin tumours. Inhalation studies in mice, hamsters, guinea-pigs and monkeys
with carbon blacks did not demonstrate tumorigenic activity; the studies suffered from
many inadequacies, including poor characterization ofthe carbon-black aerosoL. Studies in
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