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,Benzidine 

Synopsis. 

Benzidine has been used primarily as an intermediate in the manufacture of dyes and 
pigments. It is not produced in Canada, and although it may have been imported in 
small amounts between 1980 and 1987, there no longer appears to be any commercial ’ 

activity in Canada involving this substance. No conclusive information on the release 
or occurrence of benzidine in the Canadian environment was identified. Based on 
available data, benzidine is not expected "to persist in the environment. 

Available data on the toxic effeCts of benzidine on aquatic organisms indicate that 
surface water concentrations in the range of 0.1 mg/L would be required before 
adverse effects on fish would be expected. Since benzidine is not currently. produced in 
or imported into Canada, and since its half-life in environmental media is less than a 
few weeks, concentrations of benzidine in surface water in the range of the estimated 
effect threshold are considered very unlikely. No information on the toxicity of benzid- 
ine to wildlife was identified. However, due to the low accumulation of benzidine in 
aquatic organisms, adverse effects on aquatic-based wildlife due to decreased 
availability of prey are considered unlikely. 

Due to its low volatility, and because it is expected to photooxidize rapidly in air, 
benzidine is not expected to contribute to ozone depletion, global warming or the 
formation of ground-level ozone. - 

Benzidine has been shown to cause cancer in occupationally exposed workers and 
experimental animals and is therefore considered to be a "non-threshold toxicant" (i.e., 
a substance for which there is believed to be some chance of adverse effect at any level 
of exposure). For such substances, where datavpermit, estimated exposure is, compared 
to quantitative estimates of cancer potency to characterize risk and provide guidance 
for further action (i.e., analysis of options to reduce exposure). For benzidine, such 
values would be expected to be low, owing to the lack of confirmed sources of 
exposure of the general population of Canada to this substance. 

Based on these considerations, the Ministers of the Environment and of Health 
have concluded that benzidine is not entering the environment in a quantity or 
concentration or under conditions that constitute a danger to the environment or 
to the environment upon which human life depends. If benzidine were to enter 
the Canadian environment (as a consequence of its commercial use), however, it 
might constitute a danger to human life and health. Therefore, benzidine is con- 
sidered to be "toxic" as defined under section 11 of the Canadian Environmental 
Protection Act. '

'
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1.0 Introduction 

The Canadian Environmental Protection Act (CEPA) requires the Ministers of the 
Environment and of Health to prepare and publish a Priority Substances List that 
identifies substances, including chemicals, groups of chemicals, effluents-and wastes,- 
that may be harmful to the environment or constitute a danger to human health. The 

‘ Act also requires both Ministers to assess these substances and determine whether they 
. are "toxic" as interpreted in section 11 of the Act, which states: 

. .a substance is toxic if it is entering or may enter the environment in 
a quantity or concentration or under conditions 

(a) having or that may have an immediate or long-term 
harmful effect on the environment; 

(b) constituting or that may constitute a danger to the 
environment On which human life depends; or 

(c) constituting or that may constitute a danger in Canada 
to human life or health." ' 

I 

Substances assessed as "toxic" according to section 11 may be placed on the List of 
Toxic Substances (Schedule I of the Act). Consideration can then be given to develop- 
ing guidelines, codes of practice, or regulations to control any aspect of their life cycle, 
from the research and development stage through manufacture, use, storage, transport. 
and ultimate disposal. 

The assessment of whether benzidine is "toxic", as interpreted under CEPA, was based 
on the determination of whether it enters or is likely to enter the Canadian environ- 

' ment in a concentration or quantities or under conditions that could lead to exposure 
of humans or other biota to levels that could cause harmful effects.- 

Data' relevant to the assessment of whether benzidine is "toxic" under CEPA were 
. identified through evaluation of existing review documents (ATSDR, 1989; US. EPA, 

1980, 1986, 1987; IARC, 1982, l987), as well as an unpublished review of the envi- 
ronmental behaviour and health effects of .this substance prepared under contract by 
Cambridge Environmental Inc. (Croy and DeVoto, 1990), supplemented with informa- 
tion from published reference texts and literature identified through on-line searches 
(from 1965 to 1992) of various databases (HSDB, RTECS, IRIS, CCRIS, TOXLINE, , 

TOXLIT, MEDLINE, ENVIROLINE, CHEMICAL ABSTRACTS, BIOLOGICAL 
ABSTRACTS, ELlAS, AQUAREF, MICROLOG, CODOC). In addition, a number of
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provincial authorities were requested to provide any available information on the 
levels of benzidine in the drinking water in their provinces. The Quebec Ministry of 
the Environment was requested to provide available quantitative data on potential 
release of this substance from petrochemical facilities. Data relevant to the assessment 
of the effects of benzidine on the environment and human health obtained after 
November 1992 and February 1993, respectively, were not considered for inclusion. 

Review articles were consulted where appropriate. However, all original studies that 
form the basis for determining whether benzidine is "toxic" under CEPA have been 
critically evaluated by the following staff of Health Canada (human exposure and 
effects on human health) and Environment Canada (entry and environmental exposure 
and effects): 

R.G. Liteplo (Health Canada) 
R.J. Maguire (Environment Canada) 
M.E. Meek (Health Canada) 

In this report, a summary of technical information critical to the assessment is pre— 
sented in section 2. The assessment of whether benzidine is "toxic" is presented in 
section 3. Supporting documentation that discusses the technical information in greater 
detail has also been prepared and is available upon request. 

The environmental sections of this report were reviewed by Drs. C.M. Auer and W.H. 
Farland of the US. Environmental Protection Agency. Sections related to the assess- 
ment of effects on human health were approved by the Standards and Guidelines 
Rulings Committee of the Bureau of ChemiCal Hazards. of Health Canada. The entire 
Assessment Report was reviewed and approved by the Environment Canada/Health 
Canada CEPA Management Committee. 

Copies of this Assessment Report and the supporting documentation are available 
upon request from: 

Environmental Health Centre Commercial Chemicals 
Health Canada Branch 
Room 104 ‘ Environment Canada 
Tunney’s Pasture 14th Floor 
Ottawa, Ontario, Canada Place Vincent Massey 
KlA 0L2 351 Saint-Joseph Boulevard 

Hull, Quebec, Canada 
KIA 0H3
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2.0 Summary of InformatioriCritical to 
A5sessment of "Toxic" 

2.1_ Identity, Properties, Production and Uses 

Benzidine (Chemical Abstracts Service Registry Number 92-87-5) is a primary 
aromatic amine with the molecular formula C12H12N2. Synonyms for benzidine 
include 4,4’-bianiline, 4,4’-biphenyldiamine,_4,4’-diaminodiphenyl and 4,4’—diphenyl- 
enediamine (ATSDR, 1989; Croy and DeVoto, 1990). At room temperature, benzidine

‘ 

is white or slightly red, and in the form of either crystals, powder or leaflets (Ferber, 
1978). Benzidine has a vapour pressure of 6.6 X 10'2 Pa at 25°C (Mabey et al., 1982), 
a water solubility of 500 mg/L at 25°C (Bowman et al., 1976) and a log 
n-octanol/water partition coefficient of 1.34 (Lu et al., 1977). 

The commercial manufacture of benzidine involves the alkaline reduction of nitroben- 
zene (Ferber, 1978). Currently, benzidine does not appear to be produced inor im- 
ported into Canada, since no company in Canada reported commercial activity 

' involving more than 10 kilograms of this substance in 1990 (Environment Canada, 
1991a, 1991b). Available data indicate that benzidine has been sporadically irhported 

' into Canada since 1980: 1980, 4 tonnes; 1981, 12 tonnes; 1982, 0.1 tonne; 1983, 
0 tonne; 1984, 0 tonne; 1985, 0.3 tonne; 1986, 0 tonne; and 1987, 1.9 tonnes (Statistics 

‘ Canada, 1990). -
‘ 

Benzidine has been used primarily as an intermediate in the manufacture of dyes and 
pigments, and may also be used in the analytical» determination of various inorganic 
cations and anions, in various organic analyses, in the determination of blood in foren- 
sic and clinical medicine and as a stain in microscopy (Ferber, 1978; Budavari, 1989). 

2.2 Entry into the Environment
I 

No conclusive data on the environmental release of benzidine in Canada were identi- 
fied. It‘can enter the environment from any stage in the production, Storage, transport, 
use and disposal of benzidine itself or benzidine-containing materials (such as dyes 
and pigments), or possibly by atmospheric and water-borne transport from other coun- 

' 

tries. In water, benzidine can be produced by the photodegradadon of 3,3’-dichlo- 
robenzidine (Banerjee et al., 1978). No information on the extent to which benzidine 
may be formed and released into the environment by this mechanism was identified. 
Approximately 100 tonnes of 3,3’-dichlorobenzidine were imported into Canada in 
1989 (Statistics Canada, 1990). 3,3’-Dichlorobenzidine is on the CEPA Priority 
Substances List.
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2.3 Exposure-related Information 

2.3.] Fate 

Oxidation, photochemical transformation, partitioning to sediment or soil, and micro- 
bial degradation are expected to be the main pathways of distribution and transforma- 
tion of benzidine in the environment. Benzidine is not expected to persist in the 
environment, with overall half-lives in water, soil and air of less than a few weeks. The 
products formed by the degradation of this substance have not been well characterized. 

Benzidine is expected to be slightly volatile (from water), based on its low Henry’s 
law constant of 2.2 x 10'2 Pa m3/mol (Smith et al., 1980). In water, although oxidation 
(by hydroperoxyl radical or molecular oxygen), biodegradation (Baird et al., 1977; 
Tabak and Barth, 1978) and photolysis (Bilbo and Wyman, 1953; Larson and Zepp, 
1988; Lu et al., 1977; Freitag et al., 1985) may be significant processes, the most 
important process controlling the fate of benzidine appears to be oxidation by naturally 
occurring metal cations; the half-life is approximately a few hours (Callahan et al., 
1979). Benzidine is quickly absorbed into clays and subsequently oxidized. Although 
the environmental fate of such complexes is not known with certainty, it is assumed 
that further oxidation would be facile (Callahan et al., 1979). Estimated half-lives for 
the biodegradation of benzidine in surface water and groundwater are 31 to 192 h and 
96 to 384 h, respectively (Syracuse Research Corp., 1989). 

Benzidine is quickly bound in soils and sediments; however, information on the 
bioavailability of such bound residues was not identified. Zierath et al. (1980) noted 
that benzidine adsorption to soil or sediment was favoured by low pH, and highly 
correlated with the surface area of the soil or sediment. In soil, benzidine is degraded 
microbially (Graveel et al., 1985, 1986; Lu et al., 1977). The half-life of benzidine was - 

estimated to be 48 to 192 h for aerobic degradation (Lu et al., 1977). 

In air, benzidine is expected to photooxidize moderately rapidly, with an estimated 
half-life ranging from 0.3 to 3.2 h (Syracuse Research Corp., 1989).
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2.3.2 
_ 

Concentrations 

Benzidine was not detected (detection limit = 2 ug/L) in'34 samples of raw and 
1 015 Samples of treated drinking water obtained in the province of Alberta between 
1987 and 1991 (Alberta Environment, 1992). No other data on' the concentrations of 
benzidine within Canada in drinking water, surface water, groundwater, air, biota, soil 
or sediment, foodstuffs or products containing dyes derived from this substance were 
identified. 

'

' 

In the United States, benzidine was not detected in a survey of biota and sediment; 
however, it was detected (but not quantitated) in 1.1% of 1 235 samples of industrial 
effluent and 0.1% of 879 samples of natural watercollected between 1980 and 1982 
(Staples et (11., 1985). 

Benzidine accumulates only moderately in aquatic biota. Bioconcentration factors 
(after 3 days) were 55 for mosquito fish (Gambusia afi‘inis), 293 for Daphnia magna, 
456 for mosquito larva (Culex pipiens quinquefasciatus), 645 for snail (Physa sp.) and 
2 617 for a filamentous green alga (Oedogonium cardiacum) [Lu et (11., 1977]. Freitag 
et al. (1985) reported a 5-day bioaccumulation factor in activated sludge of l 200, a 
l-day bioaccumulation factor in algae (Chlorellafusca) of 850, and a 3-day bioaccu- 
mulation factor in fish (golden orfe, Leuciscus idus melanotus) of 83. While some of 
the results may suggest some potential for the bioaccumulation of benzidine by preda-

I 

tor organisms, none has been observed, nor would it be expected for a chemical with a 
log octanol-water partition coefficient of 1.34.

' 

2.4 Effects-related Information 

2.4.] Experimental Animals and In Vitro 

Based on data derived from studies involving predominantly experimental animals, it 
is apparent that benzidine may be metabolized via a number of metabolic routes 
(reviewed in Hein, 1988; and Weber and Hein, 1985). One metabolic pathway involves 
the acetylation'of benzidine by cytosolic (acetyl-coenzyme A-dependent) N-acetyl— 
transferase enzymes, which are present in many tissues. Humans (as well as some 

‘ 

animal species) may be classified as either "fast" or "slow" acetylators, based on the 
extent to which they are able to acetylate a Variety of chemical substances (Hein, 
1988). Based on results of studies on individuals with and without bladder tumours, 
it has been proposed that this "acetylation polymorphism" may be associated with the 
development of bladder cancer in individuals exposed to aromatic amines—individu- 
als with a "slow acetylator phenotype" may be more predisposed to develop bladder 
cancer than individuals with a "fast acetylator phenotype" (Weber and Hein, 1985;
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Hein, 1988; Peters et al., 1990 and references therein). Humans are capable of 
metabolizing benzidine-based azo dyes to benzidine (Martin and Kennelly, 1985; 
Gregory, 1984). 

The carcinogenicity of benzidine has been assessed in a number of animal species. An 
increased incidence of hepatocellular tumours (carcinomas, adenomas) has been 
observed in mice exposed to benzidine (in drinking water or in the diet) compared to 
unexposed controls (Littlefield et al., 1983, 1984; Nelson et al., 1982; Osanai, 1976; 
Vesselinovitch et al., 1975). Rats administered benzidine (by gastric intubation of the 
substance dissolved in sesame oil) had a greater incidence of mammary lesions (i.e., 
carcinomas, adenomas, fibromas and hyperplasia) compared to controls administered 
vehicle alone (Griswold et al., 1968). The incidence of liver tumours ("hepatomas and 
cholangiomas") was increased in Syrian hamsters administered benzidine (in the diet), 
compared to unexposed controls (Saffiotti et al., 1967). In a limited study, Spitz et at. 
(1950, cited in ATSDR, 1989; and US. EPA, 1986) reported the development of blad- 
der carcinomas in 3 of 7 dogs administered (orally) benzidine for a period of 5 years. 
Benzidine is carcinogenic following injection (intraperitoneally; subcutaneously) in ' 

rodents (i.e., rats, mice), although such routes of exposure are considered less relevant 
to the assessment of risk than those by which humans are generally exposed (i.e., oral; 
inhalation). Results of a limited study in mice indicate that benzidine may induce 
tumours transplacentally (VesselinovitCh, 1983). 

Though benzidine was not mutagenic nor did it bind covalently to DNA in some mam- 
malian cells in vitro (Phillips et al., .1990; Oglesby et al., 1983; O’Brien et al., 1990), 
the weight of evidence convincingly indicates that benzidine is mutagenic and geno- 
toxic (reviewed in ATSDR, 1989; IARC, 1982; US. EPA, 1980, 1986; Beland et al., 
1983; Beland and Kadlubar, 1985). It is mutagenic in prokaryotic and eukaryotic cells, 
has transformed a variety of rodent cells in in vitro assays, and increased sister chroma- 
tid exchange, unscheduled DNA synthesis and induced chromosomal aberrations in 
eukaryotic cells in in vivo and in vitro assays. Benzidine induced DNA damage in eu- 
karyotic cells following in vitro or in vivo exposure, and the covalent binding of 
benzidine (i.e., its metabolites) to DNA has been observed following the in vivo 
exposure of experimental animals to this substance. 

Mice administered drinking water containing benzidine dihydrochloride (20 to 
160 mg/L) for their entire lifespan had vacuolation in the brain (Littlefield et al., 1983, 
1984). Mice administered (by gavage) benzidine hydrochloride (10.8 to 43.2 mg/kg 
bw/day) for 5 consecutive days had diminished immunological function (i.e., reduced 
B- and T—cell mitogenic responses, reduced natural killer cell activity, delayed 
hypersensitivity responses and reduced resistance to infection) [Luster et al., 1985]. 
Data on the reproductive and developmental effects of benzidine on experimental 
animals were limited, and of little significance in assessing the toxicological effects of 
this substance.
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2.4.2 Humans 

In case reports and series published since 1927 (cited in IARC, 1982, 1987), the 
occurrence of bladder cancer in workers in Germany, Switzerland, Italy, England, 
Japan, France and the United States who” had been occupationally exposed to 
benzidine has been reported. , 

You et al. (1990) reported a significant (p < 0.01) standardized incidence ratio v 

(SIR = 19.2) for bladder cancer (14 observed cases) in a group of males (n = 550) 
employed for at least 6 months between 1946 and 1976 in 7 factories in Shanghai 
producing benzidine—based dyes. The "standardized rate" for bladder cancer increased 
with increasing duration of exposure to benzidine. The average periods of exposure to 
benzidine and latency‘were 8 and 20 years, respectively. 

Meigs et al. (1986) reported a significant (p < 0.01) SIR (3.4, 95% confidence limit 
(CL) = 1.5 to 6.8) for cancer of the urinary bladder (8 observed cases/2.3 expected 
cases) for a group of males (n = 830) employed for at least 1 day between 1945 and 
1965 at a chemical plant in Connecticut producing benzidine and substituted benzidine 
compounds. SIRS for bladder cancer of 1.8 (95% CL = 0.05 to 10.1; 1 observed/0.55 
expected), 0 (95% CL = 0 to 4.7; 0 observed/0.79 expected), 1.9 (95% CL = 0.05 to 
10.7; 1 observed/0.52 expected) and 13 (95% CL = 4.8 to 28.4; 6 observed/0.46 
expected) were reported for males in the unexposed, low-, medium- and high-exposure 
groups, (classified based on the duration of exposure to benzidine), respectively; how- 
ever, a similar trend was not observed for "non-bladder" tumours. SIRS for bladder 
cancer of 0 (95% CL :0 to 3.2;0 observed/1.15 expected), 3.4 (95% CL = 0.4 to 12.4; 
2 observed/0.58 expected) and 10.(95% CL = 3.6 to 21.7; 6 observed/0.6 expected) 
were reported for males employed at the plant from 0 to l, 1 to 5 and more than 
5 years, respectively. The SIR for bladder cancer (4 observed cases) for males occupa— 
tionally exposed to benzidine between 1945 and 1949, was 9.8 (95% CL = 2.7 to 25), 
while the SIR based on 1 observed case was 2.1 f0r workers employed between 1950 
and 1954 (95% CL = 0.05 to 11.9). Measures to reduce the exposure of workers to 
benzidine were introduced in 1950. The average latency period was approximately 
20.9 years. 

You et al. (1990) reported a significant (p < 0.01) standardized mortality ratio . 

(SMR = 14.7) for deaths due to bladder cancer (5 observed cases) in a group of males 
(n = 550) employed for at least 6 months between 1946 and 1976 in 7 factories in 

. 

Shanghai producing benzidine—based dyes. 

Morinaga et al. (1990) reported a significant (p < 0.01) SMR (14.3) for deaths due to 
cancer of the "urinary organ" (3 observed deaths) in a group of males (n = 155) 

- occupationally exposed (between 1945 and 1971) to benzidine at two chemical plants 
in Osaka, Japan.
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Delzell et al. (1989) reported a significant (p < 0.05) SMR for bladder cancer 
(SMR = 12.5; 2 observed/0.16 expected)1 in a group (n = 379) of hourly paid 
"azo-dye" employees exposed to benzidine (in addition to other chemical compounds), 
although the observed cases of bladder cancer occurred in men who had been pre— 
viously exposed to benzidine and B-naphthylamine (former workers at the Cincinnati 
Chemical Works). The azo-dye workers had been employed for at least 12 months 
(between 1952 and 1985) at a chemical plant in New Jersey. Mortality in a subgroup 
(n = 89) of males previously employed at the Cincinnati Chemical Works was also 
assessed, and there was a significant (p < 0.05) increase in SMRs for deaths due to 
cancer of the bladder (SMR = 12; 3 observed/0.25 expected), kidney (SMR = 9.5; 
2 observed/0.21 expected) and central nervous system (SMR = 9.1; 2 observed/0.22 
expected) [Delzell et al., 1989]. 

Rubino et al. (1982) reported a significant (p < 0.001) SMR (83.3; 5 observed/0.06 
expected) for deaths due to bladder cancer in a group of males (n = 65) employed for 
at least .1 month between 1922 and 1970 at a dyestuff factory in NOrthern Italy, who 
had been exposed to benzidine during its manufacture. The mean latency period was 
23.4 years. 

Case et al. (1954) identified 10 deaths due to bladder cancer from 192] to 1952 in a 
group (number not specified) of male workers employed in the chemical industry in 
Britain who had been occupationally exposed to benzidine; the expected number of 
deaths due to bladder cancer was 0.72. 

2.4.3 Ecotoxicology 

Limited data on the acute toxicity of benzidine in aquatic organisms were identified. 
For the red shiner (Notropis lutrensis), a 72- and 96-h LC50 of 2.5 mg/L has been 
reported (Jones, 1980), while for the sheepshead minnow (Cyprinodon variegatus), 
the 96-h LC50 was 64 mg/L (Martin, 1982). 

Baird et al. (1977) reported that benzidine (20 mg/L) had some (unquantified) inhibi- 
tory effect on the respiration of organisms in activated sludge while this substance was 
being degraded, suggesting that a metabolite or metabolites may be responsible for the 
observed toxicity. 

No data on the toxicity of benzidine to wild mammals, birds, sediment or soil biota 
were identified. Because of the low accumulation of benzidine by aquatic organisms, 
adverse effects on aquatic-based wildlife due to decreased availability of prey are 
considered unlikely. 

1. SMRs for death due to all cancers (SMR = 1.9; 16 observed/8.3 expected), cancer of the stomach 
(SMR = 9.7; 3 observed/0.31 expected), and central nervous system (SMR = 9.1; 3 observed/0.33 
expected) were also significantly (p < 0.05) increased.
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3.0 Assessment of "Toxic" under CEPA 

3.1 CEPA 11(a): Environment 
The most sensitive species of fish identified is the red Shiner (Notropis lutrensis) with 
a 72- and 96-hour LC50 of 2.5 mg/L. This concentration was divided by a factor of 20 
to convert it to a chronic no-observed-effect—level, to account for interspecies differ- 
ences and to extrapolate laboratory results to the field. This yielded an estimated effect 
threshold of 0.13 mg/L. Since benzidine is not currently produced in or imported into 
Canada, and since its half-life in environmental media is less than a few weeks, con- 

- centrations of benzidine in surface water in the'range of the estimated effect threshold 
are considered veryunlikely. 

Therefore, on the basis of the limited available data, benzidine is not considered 
to-be "toxic" as interpreted under paragraph 11(a) of CEPA. 

'3.-2 CEPA 11(b): Environment on Which Human Life Depends 
Benzidine is expected to be slightly volatile and to photooxidize rapidly in air. There- 
fore, this substance is not expected to contribute to ozone depletion, global warming or 
the formation of ground-level ozone, 

Therefore, on the basis of available data, benzidine is not considered to be "toxic" 
as interpreted under paragraph 11(b) of CEPA.

' 

3.3 ' CEPA 11(0): Human Life or Health 

Population Exposure 

Quantitative data on the concentrations of benzidine in air, drinking Water, soil or food- 
stuffs within Canada (or elsewhere) were not identified. Consequently, the available 
data are inadequate to estimate the exposure of the general population of Canada to 
benzidine.

'
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Effects 

The results of a number of analytical epidemiological studies as well as supporting 
data from case reports and series of workers occupationally exposed to benzidine have 
provided clear evidence for the carcinogenicity of this substance in humans. Indeed, 
the observed association between the occurrence of bladder carcinoma and occupa- 
tional exposure to benzidine fulfils the traditional criteria (consistency, strength, speci- 
ficity, temporal relationship, exposure-response relationship and plausibility) for 
assessment of causality in epidemiological studies. 

' The observed associations have been very specific, in that occupational exposure to 
benzidine has been associated with an increased incidence of, or death due to, cancer 
of the bladder—almost exclusively, transitional cell carcinoma. The results have been 
remarkably consistent, with an association between occupational exposure to benzid- 
ine and an increased incidence of, or mortality due to, bladder cancer observed in all 
the analytical epidemiological studies (Meigs et al., 1986; You et al., 1990; Morinaga 
et al., 1990; Delzell et al., 1989; Rubino et al., 1982; Case et al., 1954) in which these 
relationships were examined. 

.The association between the increased incidence of,_or mortality due to, bladder carci- 
noma is strong. Reported standardized incidence ratios (SIRS) for bladder cancer in 
occupationally exposed workers are 3.4 (Meigs et al., 1986) and 19.2 (You et al., 
1990). Reported standardized mortality ratios (SMRs) for death due to bladder cancer 
in occupationally exposed workers range from 12 (Delzell et al., 1989) to 83.3 
(Rubino et al., 1982). 

Although quantitative information on exposure to benzidine was nOt assessed in any of 
the available analytical epidemiological studies, a relationship between qualitative 
measures of exposure and an increased incidence of bladder cancer was reported in 
two studies (You et al., 1990; Meigs et al., 1986). Although the data are limited, there 
is evidence indicating that a reduction in the (occupational) exposure to benzidine was 

_ associated with a decrease in the incidence of bladder carcinoma (Meigs et al., 1986). 

The carcinogenicity of benzidinein humans is plausible, based on the overwhelming 
evidence of the genotoxicity of this substance. Moreover, the carcinogenicity of 
benzidine in experimental animals (i.e., rats, mice, hamsters) has been well 
documented. ' 

Since the observed association of bladder cancer (predominantly transitional cell carci- 
noma) with occupational exposure to benzidine fulfils the traditional criteria for assess- 
ment of causality in epidemiological studies, on the basis of the available data,

10
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benzidine has been classified in Group I (Carcinogenic to Humans) of the classifica- - . 

' 

tion scheme developed for the determination of "toxic" under paragraph 11(c) of CEPA 
, (EHD, 1992). ' 

'

’ 

For such substances, where possible, estimated total daily intake by the general popula- 
tion in Canada is compared to quantitative estimates of carcinogenic potency to charac- 
terize risk and provide guidance for further action (i.e., analysis of options to reduce 
exposure). Owing to the lack of available information on concentrations of benzidine 
in environmental media to which humans are exposed, it is not possible to quantita- 
tivelyestimate the total daily intake of this substance by the general population of 
Canada. Consequently, estimates of total daily intake have not been compared to quan- 

' 

titative estimates of cancer potency, although such values would be expected to be low 
owing to the lack of reported use of this substance in Canada. 

Benzidine has been classified as being "Carcinogenic to Humans", and is there- 
fore considered to be "toxic" under paragraph 11(0) of CEPA. 

This approach is consistent with the objective that exposure to non-threshold toxicants 
should be reduced wherever possible, and obviates the need to establish an arbitrary 
de minimis level of risk for determination of "toxic" under CEPA. 

3.4 Conclusion 

Based on the available data, benzidine is not considered to be "toxic" as defined 
under paragraphs 11(a) or 11(b) of CEPA. Benzidine is considered to be "toxic" 
as defined under paragraph 11(c) of CEPA. '

-
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4.0 Recommendations for Research 

Although a number of data gaps on the effects of benzidine on the environment and hu- 
man health were identified, because of the negligible exposure of biota and the general 
population of Canada to this substance the priority for additional research is consid— 
ered to be low. ‘
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