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INTRODUCTION

Metals and metalloids are among the first agents reported to be associated with
human cancer (Furst, 1984) with skin cancer induction by arsenical mixtures used for
medicinal purposes being reported as early as 1888.

The objective of this evaluation is to analyze the carcinogenicity data for three agents
namely cadmium, arsenic, and selenium, in order to evaluate their potential for car-
cinogenicity in humans. Cadmium is selected because of the particular concern as to
whether it should be considered carcinogenic by the oral route as oral exposure by
dietary ingestion is being evaluated under our food toxicology program. The metalloids
arsenic and selenium are chosen because of the great controversy surrounding around
these two inorganics. While some consider both elements carcinogenic, selenium has
been reported to inhibit carcinogenesis under certain conditions and used as a
chemotherapeutic agent in cancer treatment, whereas arsenic has been suggested by
some to be an essential nutrient. Both these substances are being evaluated for drink-
ing water standards development under our drinking water program. Selenium has
also been extensively evaluated by the Department because of the recent finding of
selenium contamination in the Central Valley of California (Fan et al., 1988).

Cadmium

Most of the epidemiological studies on human exposure to cadmium have reported
increased mortality from respiratory cancer in the cadmium exposed worker popula-
tion by inhalation of cadmium-containing aerosol and dust (IARC, 1987). All of the
studies reporting significant increases in the incidences of respiratory cancer have
limitations in that potential confounding variables were present.

Mortality from cancers at sites other than the respiratory tract has not been shown to
be significantly correlated with exposure to cadmium. Although increased mortality
from cancer of the prostate was reported in cadmium exposed workers by Kipling and
Waterhouse (1967), this was not confirmed in a follow-up study (Sorahan, 1987).

In experimental animals, cadmium has produced tumors following exposure by in-
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halation (cadmium chloride) (Takanaka et al., 1983), intramuscular (Gunn et al.,
1963; Heath and Daniel, 1964; Furst and Schlauder, 1977; Furst and Fan, 1986), in-
trathoracic (cadmium) (Furst et al., 1973), intratracheal (cadmium oxide) (Sanders
and Mahaffey, 1984), subcutaneous (cadmium sulfide, cadmium oxide, cadmium
sulfate) (Kazantis and Hanbury, 1966; Haddow et al., 1964), but not oral, (cadmium
chloride) administrations (Loser, 1980).

The experimental data showed that lung carcinomas were observed in rats following
inhalation of cadmium chloride aerosols (Takanaka et al., 1983), local sarcomas
following subcutaneous or intramuscular injection in rats or mice(Heath and Daniel,
1964; Gunn et al., 1963; Furst and Schiauder, 1977; Furst and Fan, 1986; Haddow
et al., 1964; Kazantis and Hanbury,1966) of cadmium powder, cadmium sulfate,
cadmium oxide, or cadmium sulfide. Most of these were local tumors at the site of cad-
mium administration. But tumors at distal sites, such as testicular interstitial cell tumors
(Levy et al., 1973; Reddy et al., 1973) and pancreatic islet cell tumors(Poirier et al.,
1983), were also reported following subcutaneous injection. The study of Loser
(1980) which involved dietary administration of cadmium chloride at 0 to 50 ppm cad-
mium chloride to male and female Wistar rats for two years did not show a significant
increase in tumor incidence. Male animals in the high dose group had a reduced
weight gain indicating that a maximum tolerated dose was reached. Other lifetime oral
bioassays of cadmium in rodents also did not find any increases in tumor incidences
(ATSDR, 1989). On the other hand, these studies suffered from various deficiencies
such as the limited number of animals and tissue sites examined microscopically in the
studies of Levy et al., (1975) and Levy and Clark (1975).

In studies of the genotoxicity of cadmium, the substances have generally been
shown to produce negative responses in mutagenicity assays (IARC, 1987). Some po-
sitive responses were seen in cell transformation studies and studies of chromosomal
aberrations. Cadmium, therefore, is not mutagenic but is genotoxic in certain studies.

Arsenic

Inorganic arsenic has been shown to cause lung cancer in smelter workers following
inhalation and skin cancer in humans following ingestion from drinking water (IARC,
1980). The evidence was obtained from studies in Taiwan (Tseng, 1977; Tseng et al.,
1968), Mexico (Cebrian et al., 1983}, India (Chakraborty and Saha, 1987), and Chili
(Zaldivar et al., 1981). The most relevant information is that from the studies in
Taiwan. The prevalence rate in Taiwan was 10.6 per 1,000. The arsenic concentra-
tion was in the range of 0.01 to 1.82 mg/!, with an average of 0.4 to 0.6 mg/!. The
prevalence rate in Mexico was 14 per 1,000 and the mean arsenic concentration was
0.411 mg/!. The skin cancer is often associated with other skin manifestations such as
hyperkeratosis and skin pigmentation. Studies in the United States involving several
countries and communities in different states (Oregon, Utahk, Alaska, California) did
not report an increase in skin cancer incidences (Morton et al., 1976; Southwick et al.,
1983; Harrington, et al., 1978; Valentine et al., 1985; Goldsmith et al., 1972).

Evidence of increases in lung and liver cancer incidences was also suggestive in
Taiwan’s Blackfoot disease endemic area (Tseng, 1977) and in wine growers in Ger-
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many (Roth, 1958) who might have been exposed to arsenical insecticides that were
used at one time and arsenic from grapes made into a wine substitute. The data obtain-
ed from Taiwan should be examined more closely for kidney and bladder tumor induc-
tion,

Contrary to the findings in humans, arsenic has not been shown to be a carcinogen
in rodents. In experimental animal studies in which rats and mice were given arsenic in
the diet and drinking water, or by parenteral injection and skin painting, the responses
were either negative or inconclusive. Inhalation bioassays have generally produced
negative results except for the positive findings reported following intratracheal ad-
ministration (Pershagen et al., 1984; Pershagen and Bjorklund, 1985; Ishinishi,
1983).

Selenium

The carcinogenicity of selenium was first suggested in studies in the 1940s through
the 1970s but these studies suffered from deficiencies in experimental design and inter-
pretation of lesions. In particular, some test animals developed neoplastic lesions only
when they had liver cirrhosis produced by frank selenium toxicity. These limitations do
not allow for a clear interpretation of the experimental data, and precluded an ade-
quate evaluation of the carcinogenicity of selenium to be made.

Nelson et al., (1943) first reported liver changes in rats following feeding of the
animals with seleniforus feedstuff. The study, however, had problems in histo-
pathological diagnosis and was not able to discriminate between hyperplasia and tu-
mor. In other studies, rats administered sodium selenate and sodium selenite were
reported to produce a negative response (Tinsley, 1967; Harr, 1967). Further study
whereby tumors were reported in uncontrolled trials when rats were fed selenium in
the diet was not confirmed when another study using controlled animals was evaluated
{Volgarev and Tschevkes, 1967). In addition, when rats were administered sodium
selenate and sodium selenite with semi-purified diet containing no selenium and in
drinking water, tumors were reported with selenate given the semi-purified diet
(Schroeder and Mitchner, 1971). The study used small numbers of test animals and
the nutritional status of the animals was not clear.

Selenium sulfide, an ingredient in anti-dandruff shampoo, has been reported to be
carcinogenic for rats and female mice when given by gavage (NCI, 1986), producing
hepatocellular carcinomas in male and female rats and female mice and alveolar/bron-
chiolar carcinomas and adenonas in female mice. However, selenium sulfide is a
separate and distinct compound, rather than just another salt of selenium, therefore,
the EPA has stated that it cannot be assumed that the results show that other inorganic
selenium compounds (selenite or selenate) are carcinogenic (EPA, 1988a). The effect
seen appeared to be more of a specific effect of the compound rather than an effect of
selenium itself.

On the other hand, selenium has been reported to inhibit experimental car-
cinogenisis by other chemicals in laboratory animals and it has been used in clinical
trials for cancer prevention (Fan and Kizer, 1990). It needs to be pointed out that the
dose levels at which tumor inhibition was seen occurred at levels which were toxic to
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Table 1. Carcinogenicity and public health evaluation for cadmium, arsenic
and selenium

Evidence for carcinogenicity’

Chemical In Animals In Humans CDHS? Public Health
Evaluation
Cadmium Sufficient Limited Ingestion from food (e.g.,

Cd in fish and waterfowl,
or leached from ceramic

tableware).

Arsenic Inadequate Sufficient Drinking water standard
development.

Selenium Inadequate Inadequate Drinking water standard

development. Ingestion
from foed (e.g., selenium
in fish, ducks, agricultural
crops, animals and
animal products).

'1ARC classification scheme
2CDHS = California Department of Health Services

the experimental animals. The chemotherapeutic level suggested is not likely to pro-
vide an adequate safety margin to protect from the adverse effects of selenium (e.g.,
nail and hair changes) that can result from long-term exposure and, therefore, would be
much higher than that permissible for daily exposure for the general population.

Epidemiological studies have suggested an inverse relationship between environmen-
tal selenium levels and the incidences of certain types of cancer but a causal relation-
ship has not been established.

SUMMARY AND DISCUSSION

The available evidence for carcinogenicity of cadmium, arsenic, and selenium and
their public health evaluation status in California are summarized in Table 1.

For cadmium, there is limited evidence that inhalation causes respiratory cancer in
humans. There is sufficient evidence that it causes respiratory cancer in laboratory
animals following inhalation. Local sarcomas were induced in laboratory animals
following intramuscular and subcutaneous injection. Oral administration did not in-
duce carcinogenesis at any site in rats. Cadmium is generally not mutagenic but shows
genotoxic activity in some studies. The available data are not sufficient to permit a
definitive evaluation of the carcinogenicity of cadmium by the oral route. On the other
hand, although the weight of evidence shows that cadmium is a probable human car-
cinogen by the inhalation route especially under conditions of occupational exposure,
it also suggests that cadmium is not a human carcinogen by the oral route in the
general population. This view may be modified if deemed appropriate when new data
provide new evidence otherwise. Public health evaluation of ingestion of cadmium
from food would, therefore, likely be based on the evaluation of the systemic effects of
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cadmium. The issue on exposure route is being addressed by an internal working
group.

For arsenic, there is sufficient evidence for carcinogenicity in humans primarily bas-
ed on its association with skin cancer induction. Drinking water standard development
would likely be based on providing adequate protection from increased cancer risk
from arsenic in considering the revision of the current drinking water standard of 50
ug/L. Although animal data have suggested that inorganic arsenic may be an essential
nutrient (EPA, 1988b), the relevance of the animal data to humans is unclear and a
specific biochemical or physiological role for arsenic has not yet been determined. No
arsenic deficiency syndrome in humans has yet been reported.

For selenium, there is inadequate data for the evaluation of its carcinogenicity.
Human epidemiologic studies suggested an inverse relationship between selenium
levels and certain types of cancer but a causal relationship has not been established.
The published laboratory studies suffered from various flaws and limitations. Although
selenium has been reported to inhibit experimental carcinogenesis under certain condi-
tions, this effect occurred only at dose levels that were toxic to the animals. Dose levels
suggested in clinical research generally aim to achieve biologic activity of selenium but
do not consider providing an adequate safety margin to protect from the chronic, ad-
verse effects of overexposure to selenium. Evaluation of the public health implications
of exposure to selenium from various sources, and the revision of the existing drinking
water standard of 10 ug/!, would be based on the evaluation of the systemic effects of
the chemical and the consideration of the regular dietary intake by the general popula-
tion of selenium, which is also a beneficial micronutrient.

REFERENCES

ATSDR (Agency for Toxic Substances and Disease Registry, 1989): Toxicological pro-
file for cadmium. U.S. Public Health Service in collaboration with U.S. Environ-
mental Protection Agency, ATSDR/TP-88/08.

Cebrian, M.E., Albores, A., Aguilar, M. and Blakely, E. (1983): Chronic arsenic
poisoning in the north of Mexico, Hum. Toxicol., 2, 121-133.

Chakraborty, A.K. and Saha, K.C. (1987): Arsenical dermatosis from tubewell water in
West Bengal, India J. Med. Res., 85, 326-334.

EPA (Environmental Protection Agency, 1988a): Health effects assessment for
selenium (and compounds) PB 86-13 4699, Environmental Protection Agency,
Washington, D.C.

EPA (Environmental Protection Agency, 1988b): Risk Assessment Forum, Special
Report on Ingested Arsenic: Skin Cancer; Nutritional Essentiality.
EPA/625/3-87/013, EPA, Washington, D.C., July 1988.

Fan, A.M., Book, S.A., Neutra, R.R., et al. {1988): Selenium and human health im-
plications in California’s San Joaquin valley, J. Toxicol. Environ. Health, 23,
539-559.

Fan, A.M. and Kizer, K.W. (1990): Selenium: Nutritional, toxicologic, and clinical
aspects, West. J. Med., 153, 160-167.



188

Furst, A. {1984): Mechanism of action of nickel as a carcinogen: needed information,
IARC SCI. Publ., 53, 345-352.

Furst, A., Cassetta, D.M. and Sasmore, D.P. (1973): Rapid induction of pleural
mesotheliomas in the rat, Proc. West. Pharmacol. Soc., 16, 150-153.

Furst, A. and Fan, A.M. (1986): Cadmium carcinogenesis not negated by selenate.
Presented at the 14th International Cancer Congress, August 21-27, 1986,
Budapest, Hungary.

Furst, A. and Schlauder, M.C. {1977): Inactivity of two noble metals as carcinogens,
J. Environ. Pathol. Toxicol., 1, 51-57.

Goldsmith, J.R., Deane, M., Thom, J. and Gentry, G. (1972): Evaluation of health
implications of elevated arsenic in well water, Water Res., 6, 1133-1136.

Gunn, S A., Gould, T.C. and Anderson, W.A.D. (1963): Cadmium-induced in-
terstitial cell tumors in rats and mice and their prevention by zinc, J. Natl. Cancer
Inst., 31, 745-759.

Haddow, A., Roe, F.J.C., Dukes, C.E. et al. (1964): Cadmium neoplasmia: sar-
comata at the site of injection of cadmium sulphate in rats and mice, Br. J. Cancer,
18, 667-673.

Harr, J.R., Bone, J.T., Tinsley, 1.J., Weswig, P.H. and Yamamato, R.S. (1967).
Selenium in rats. I1I. Histopathology, in Selenium in Biomedicine, Muth, O.H.,
(Ed.), (Avi Publ. Co., Westport, Conn.), p. 153.

Harrington, J.M., Middaugh, J.P., Morse, D.L. and Honsworth, J. (1978): A survey
of a population exposed to high concentrations of arsenic in well water in Fair-
banks, Alaska, Am. J. Epidemiol., 108, 377-385.

Heath, J.C. and Daniel, M.R. (1964): The production of malignant tumours by cad-
mium in the rat, Br. J. Cancer, 18, 124.

International Agency for Research on Cancer (IARC, 1987a): IARC Monographs on
the Evaluation of Carcinogenic Risk of Cancer to Humans. World Health Organi-
zation, JARC, Lyon, France. (Suppl), 6, 132-134.

Ishinishi, N., Yamamoto, A., Hisanaga, A., and Inamasu, T. (1983): Tumorigenicity
of arsenic trioxide to the lung in Syrian golden hamsters by intermittent instilla-
tions, Cancer Lett., 21, 141-147.

Kanzantis, G. and Hanbury, W.J. (1966): The induction of sarcoma in the rat by cad-
mium sulphide and cadmium oxide, Br. J. Cancer., 20, 190-199.

Kipling, M.D. and Waterhouse, J.A. (1967): Cadmium and prostatic carcinoma,
Lancet, 1, 730-731.

Levy, L.S. and Clack, J. (1975): Further studies on the effect of cadmium on the pro-
state gland. 1. Absence of prostatic changes in rats given oral cadmium sulfate for
two years, Ann. Occup. Hyg., 17, 205-211.

Levy, L.S., Clack, J. and Roe, F.C. (1975): Further studies on the effect of cadmium
on the prostate gland. II. Absence of prostatic changes in mice given oral cadmium
sulfate for eighteen months, Ann. Occup. Hyg., 17, 213.

Levy, L.S., Roe, F.C., Malcolm, D., Kazantzis, G., Clack, J. and Platt, H.S. (1973):
Absence of prostatic changes in rats exposed to cadmium, Ann. Occup. Hyg., 16,
111-118.



189

Morton, W., Starr, G., Dohl, D., Stoner, J., Wagner, S. and Weswig, P. (1976): Skin
cancer and water arsenic in Lane County, Oregon, 37, 2523-2532.

Loser, E. (1980): A two year oral carcinogenic study with cadmium on rats, Cancer
Lett., 9, 191-198.

NCI (1986): Carcinogenic study of selenium disulfide. Bethesda, National Cancer In-
stitute.

Nelson, A.A., Fithugh, O.G. and Calvery, H.O. (1943): Liver tumors following cir-
rhosis caused by selenium in rats, Cancer Res., 3, 230.

Pershagen, G. and Bjorklund, N.E. (1985): On the pulmonary tumorigenicity of
arsenic trisulfide and calcium arsenate in hamster, Cancer Lett., 27, 99-104.
Pershagen, G., Nordberg, G. and Bjorklund, N.E. (1984): Carcinomas of the
respiratory tract in hamsters given arsenic trioxide and/ or benzo-a-pyrene by the

pulmonary route, Environ. Res., 34, 227-241.

Poirier, L.A., Kasprzak, K.S., Hoover, K.L. and Wenk, M.L. (1983): Effects of
calcium and magnesium acetates on the carcinogenicity of cadmium chloride in
Wistar rats, Cancer Res., 43, 4575-4581.

Reddy, dJ., Svoboda, D., Azarnoff, D. and Dawas, R. (1973): Cadmium induced
Leydig cell tumors of rat testis: Morphological and cytochemical study, J. Natl.
Cancer. Inst., 51, 891-903.

Roth, F. (1957): The sequelae of chronic arsenic poisoning in Moselle Vintners, Ger.
Med. Mon., 2, 172-175.

Sanders, C.L. and Mahaffey, J.A. (1984): Carcinogenicity of single and multiple in-
tratrachael instillation of cadmium oxide in the rat, Environ. Res., 33, 227-233.

Schroeder, H.A. and Mitchner, M. (1971): Selenium and tellurium in rats: effects on
growth, survival and tumors, J. Nutr., 101, 1531.

Sorahan, T. (1987): Mortality from lung cancer among a cohort of nickel cadmium
battery workers: 1946-1984, Br. J. Indust. Med., 44, 803-809.

Southwick, J.W., Western, A .E., Beck, M.M., Whitley, T., Isaac S.R., Petajan, J.
and Hansen, C.D. (1983): An epidemiological study of arsenic in drinking water
in Millard County, Utah, in Arsenic: Industrial, Biomedical, Environmental Per-
spectives, (Fernsterheim, R.J., (Ed.), (Van Nostrand Reinhold Co., New York,
N.Y.}, p. 210-255.

Takanaka, S., Oldiges, H., Kourg, H. et al., {1983): Carcinogenicity of cadmium
aerosols in Wistar rats, J. Natl. Cancer Inst., 70, 367-373.

Tinsley, 1.J., Harr, J.R., Bone, J.F., Weswig, P.H. and Yamamato, R.S. (1967):
Selenium toxicity in rats. 1. Growth and Longevity, in Selenium in Biomedicine,
{(Muth, O.H , (Ed.). (Avi Publ. Co., Westport, Conn), p. 141.

Tseng, W.P. (1977): Effects and dose response relationships of skin cancer and
Blackfoot disease with arsenic, Environ. Health Perspect., 19, 109-119.

Tseng, W.P., Chu, H M., How, S.W., Fong, J.M., Lin, C.S. and Yeh, S. (1968):
Prevalence of skin cancer in an endemic area of chronic arsenalicalism in Taiwan,
J. Natl. Cancer Inst., 40, 453-463.

Valentine, J.L., Reisbord, Kang, H.K. and Schlucter, M.D., {1985): Arsenic effects
on population health histories, in Trace elements in Man and Animals, TEMA 5,



190

{Chesters, J.K., Ed.), p. 289-291.

Volgarev, M.N. and Tschevkes, L.A. (1967): Further studies in tissue changes as-
sociated with sodium selenate, in Selenium in Biomedicine, (Muth. O.H., (Ed.).
(Abi Publ. Co., Westport, Conn.), p. 179.

Zaldivar, R., Prumes, L. and Ghai, G.L. {1974): Arsenic dose in patients with
cutaneous carcinoma and hepatic haemangioendothelioma after environmental
and occupational exposure, Arch. Toxicol., 47, 145-154.



