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BENZIDINE (Group 1)

A. Evidence for carcinogenicity to humans (suffcient)

Case reports and follow-up studies ofworkers in man y countries have demonstrated that
occupational exposure to benzidine is causally associated with an increased risk of bladder
cancer. ln one extreme instance, aIl five of a group ofworkers continuously employed in the
manufacture of benzidine for 15 years or more developed bladder cancerl. Earlier data
suggesting that the incidence of this cancer in workers decreased after a reduction in
indus trial exposurel have been supported by a study of a cohort of workers at a US
benzidine-manufacturing facility, in which major preventive measures were instituted in
1950 to minimize worker exposure. The study period covered 1945-1979, and, overall, there
was a clearly significant excess of bladder cancer incidence, which, however, declined in
those first employed after 19502. Although a longer foIlow-up is required to evaluate fully
the effect of preventive measures on cancer risks, the causal association is strengthened by
these two independent observations. Few other epidemiological studies have examined the
cancer risk associated with exposure to benzidine alone. ln a study at a dyestuffs factory in
Italy, it was possible to distinguish a very high bladder cancer risk (5 deaths observed, 0.06
expected) associated with benzidine production3. The study was extended and updated, but
the role of exposure to benzidine alone in the dramatically increased bladder cancer risk
could not be examined further4. Of 25 benzidine 'operators' at a plant in the USA, 13
developed bladder cancer; aIl cases had been exposed for six years or more5. A surveillance
programme of 179 active and 65 retired workers in a dyestuffs manufacturing plant in Japan
revealed nine cases of bladder cancer that occurred between 1968 and 1981; aIl of the cases
had been engaged in benzidine production6.

Other investigations have shown high incidences of cancer of the bladder and urinary
tract after concomitant exposure to benzidine and 2-naphthylamine (see p. 261) 7,8.
Exposure to these two compounds was also associated with an increase in the occurrence of
second primary cancers at sites other than the bladder, including the liver9.

Among 1601 workers in the chemical-dye industry in China who were exposed to
benzidine, methylnaphthylamine and dianisidine (see p. 198),21 cases ofbladder carcinoma
were found. AlI had a history of exposure to benzidine, while no carcinoma was found
among workers exposed to methylnaphthylamine or dianisidine. Suggestions of a dose-
response relationship were provided by analysis according to length of exposurelO.

Bladder cancer was also found to be increased in ecological studies of areas where
benzidine (as weIl as 2-naphthylamine and other compounds) was used, manufactured or
storedll,12.

B. Evidence for carcinogenicity to animaIs (sufficient)
Benzidine andj or its salts were tested for carcinogenicity by oral administration in mice,

rats, hamsters and dogs and by subcutaneous and intraperitoneal injection and inhalation in
rats. Following oral administration ofbenzidine and its hydrochloride, significant increases
in the incidences of benign and malignant liver neoplasms were observed in mice and
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hamstersl,13-17 and of mammary cancer in rats; benzidine induced bladder carcinomas in
dogs. Following subcutaneous administration of benzidine and its sulphate to rats, a high
incidence of Zymbal-gland tumours was observed. After intraperitoneal administration of
benzidine to rats, a marked increase in the incidence ofmammary-gland and Zymbal-gland
neoplasms was observed. The results of one study in rats by inhalation could not be
evaluated 1.

Two metabolites of benzidine, N,N'-diacetylbenzidine and N-hydroxy-N,N'-diacetyl-
benzidine, produced mammary-gland and Zymbal-gland tumours in rats following their
intraperitoneal injection 1.

C. Other relevant data

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

Covalent binding products of benzidine with DN A have been described in the liver of
mice and rats treated in vivo. Benzidine induced micronuclei, sister chromatid exchanges,
DNA strand breaks and unscheduled DNA synthesis in cells of rodents treated in vivo. It
induced unscheduled DN A synthesis in humans cells in vitro. It caused transformation of
Syrian hamster embryo and BALBj c 3T3 cells and induced chromosomal aberrations,
sis ter chromatid exchanges, unscheduled DN A synthesis and DN A strand breaks in rodent
cells in vitro; conflcting results were obtained for mutation. Benzidine induced aneuploidy,
gene conversion and DNA damage in yeast, but not mutation. It was mutagenic to plants
and bacterial8.

References
IIARC Monographs, 29,149-183,391-398, 1982
2Meigs, J.W., Marrett, L.D., Ulrich, F.U. & Flannery, J.T. (1986) Bladder tumor incidence among

workers exposed to benzidine: a thirty-year follow-up. J. natl Cancer Inst., 76, 1-8
3Rubino, G.F., Scansetti, G., Piolatto, G. & Pira, E. (1982) The carcinogenic effect of aromatic

amines: an epidemiological study on the role of o-toluidine and 4,4'-methylene bis(2-methyl-
aniline) in inducing bladder cancer in man. Environ. Res., 27,241-254

4Decarli, A., Peto, J., Piolatto, G. & La Vecchia, C. (1985) Bladder cancer mortality of workers
exposed to aromatic amines: analysis of models of carcinogenesis. Br. J. Cancer, 51,707-712

5Horton, A.W. & Bingham, E.L. (1977) Risk ofbladder tumors among benzidine workers and their
serum properdin levels. J. natl Cancer Inst., 58, 1225-1228

6Yamaguchi, N., Tazaki, H., Okubo, T. & Toyama, T. (1982) Periodic urine cytology surveilance of
bladder tumor incidence in dyestuff workers. Am. J. ind. Med., 3, 139-148

7Tsuchiya, K., Okubo, T. & lshizu, S. (1975) An epidemiological study of occupational bladder
tumours in the dye industry of Japan. Br. J. ind. Med., 32,203-209

8Nakamura, J., Takamatsu, M., Doi, J., Ohkawa, T., Fujinaga, T., Ebisuno, S. & Sone, M. (1980)

Clinical study on the occupational urinary tract tumor in Wakayama (Jpn.). Jpn. J. Vro/., 71,
945-951

9Morinaga, K., Oshima, A. & Hara, 1. (1982) Multiple primary cancers following exposure to
benzidine and beta-naphthylamine. Am. J. ind. Med., 3,243-246



BENZIDINE-BASED DY ES 125

lOSun, L.D. & Deng, X.M. (1980) An epidemiologic survey of bladder carcinoma in chemical dye

industry (Chin.). Chin. J. Surg., 18,491-493
llSegnan, N. & Tanturri, G. (1976) Study on the geographical pathology oflaryngeal, bladder and

childhood cancer in the province of Torino (Ital.). Tumori, 62, 377-386
l2Budnick, L.D., Sokal, D.C, Falk, H., Logue, J.N. & Fox, J.M. (1984) Cancer and birthdefects near

the Drake superfund site, Pennsylvania. Arch. environ. Health, 39, 409-413

13 Littlefield, N.A., Nelson, CJ. & Frith, CH. (1983) Benzidine dihydrochloride: toxicological

assessment in mice during chronic exposures. J. Toxicol. environ. Health, 12, 671-685

l4Littlefield, N.A., Nelson, C.J. & Gaylor, D.W. (1984) Benzidine dihydrochloride: risk assessment.

Fundam. appl. Toxicol., 4, 69-80

15Littlefield, N.A., Wolff, G.L. & Nelson, CJ. (1985) Influence of genetic composition of 

test-animal
populations on chronic toxicity studies used for risk estimation. J. Toxicol. environ. Health, 15,
357-367

16Nelson, C.J., Baetcke, K.P., Frith, CH., Kodell, R.L. & Schieferstein, G. (1982) The influence of
sex, dose, time, and cross on neoplasia in mice given benzidine dihydrochloride. Toxicol. appl.
Pharmacol.,64, 171-186

17Vesselinovitch, S.D. (1983) Perinatal hepatocarcinogenesis. BioL. Res. Pregn. Perinatol., 4, 22-25

l8/ARC Monographs, Suppl. 6,96-100, 1987

BENZIDINE-BASED DYES (Group lA)

A. Evidence for carcinogenicity to humans (inadequate)
The epidemiological data were inadequate to evaluate the carcinogenicity of three

benzidine-based dyes, Direct Black 38, Direct Blue 6 and Direct Brown 95, to humans.
However, a study of silk dyers and painters who had had multiple exposure to benzidine-
based and other dyes indicated that those exposures were strongly associated with the
occurrence of bladder cancer!.

B. Evidence for carcinogenicity to animais (sufficient for technical-grade Direct Black 38,
technical-grade Direct Blue 6 and technical-grade Direct Brown 95)

Direct Black 38 was tested for carcinogenicity in mice by administration in drinking-
water, producing liver and mammary tumours. Commercial Direct Black 38 produced
hepatocellular carcinomas within 13 weeks after administration in the diet to rats and small
numbers of carcinomas in the urinary bladder, liver and colon after administration to rats in
drinking-water1.

ln a single study, commercial Direct Blue 6 produced hepatocellular carcinomas in rats
within 13 weeks after its oral administration.

Commercial Direct Brown 95 produced neoplastic nodules in the livers of 4j8 female
rats, and a hepatocellular carcinoma in one, after its oral administration in a single study
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