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4-Aminobiphenyl
CAS No. 92-67-1

Known to be a human carcinogen
First listed in the First Annual Report on Carcinogens (1980)

Also known as para-aminodiphenyl

Carcinogenicity

4-Aminobiphenyl is known to be a human carcinogen based on suffi-
cient evidence of carcinogenicity from studies in humans.

Cancer Studies in Humans

Cancer of the urinary bladder was first reported to be associated
with occupational exposure to 4-aminobiphenyl in a descriptive ep-
idemiological study (published in the mid 1950s), in which 11% (19
of 171) of workers in a plant manufacturing 4-aminobiphenyl devel-
oped urinary-bladder cancer. These workers had been exposed to
4-aminobiphenyl for 1.5 to 19 years between 1935 and 1955. Publi-
cation of this study led to an effort to discontinue production and use
of 4-aminobiphenyl. Starting in 1955, 541 workers who had been ex-
posed to 4-aminobiphenyl were followed for an additional 14 years;
43 men (7.9%) developed histologically confirmed urinary-bladder
cancer. In a survey of workers at a plant producing a variety of chem-
icals, the risk of mortality from urinary-bladder cancer was elevated
tenfold, and all of the men who died of urinary-bladder cancer had
worked at the plant during the period when 4-aminobiphenyl was
used (1941 through 1952). The International Agency for Research on
Cancer concluded that there was sufficient evidence of the carcino-
genicity of 4-aminobiphenyl in humans (IARC 1972, 1987).

Since 4-aminobiphenyl was listed in the First Annual Report on
Carcinogens, most research on its carcinogenicity has focused on
exposure from cigarette smoking. Epidemiological studies have re-
ported the incidence of urinary-bladder cancer to be 2 to 10 times as
high among cigarette smokers as among nonsmokers. Higher levels
of 4-aminobiphenyl adducts (4-aminobiphenyl metabolites bound
to DNA or protein) were detected in bladder tumors (DNA ad-
ducts) and red blood cells (hemoglobin adducts) from smokers than
from nonsmokers (Feng et al. 2002). In a case-control study, levels
of 4-aminobiphenyl-hemoglobin adducts were higher in smokers
with urinary-bladder cancer than in a control group of similarly ex-
posed smokers (Del Santo et al. 1991). A Taiwanese study reported
that 4-aminobiphenyl-hemoglobin adducts were associated with in-
creased risk of liver cancer (Wang et al. 1998).

Cancer Studies in Experimental Animals

There is sufficient evidence for the carcinogenicity of 4-aminobiphe-
nyl from studies in experimental animals. Oral exposure to 4-amino-
biphenyl caused urinary-bladder cancer (carcinoma) in mice, rabbits,
and dogs and blood-vessel cancer (angiosarcoma) and liver tumors
in mice. 4-Aminobiphenyl administered to rats by subcutaneous in-
jection caused mammary-gland and intestinal tumors (IARC 1987).

Studies on Mechanisms of Carcinogenesis

4-Aminobiphenyl caused genetic damage in several test systems, in-
cluding mutations in bacteria and in cultured human and other mam-
malian cells. Other types of genetic damage included mitotic gene
conversion in yeast, transformation of cultured mammalian cells, and
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inhibition of DNA repair in bacteria and cultured mammalian cells.
Genetic damage in experimental animals exposed iz vivo to 4-amino-
biphenyl included micronucleus formation, chromosomal aberrations,
and sister chromatid exchange (IARC 1987, Shelby et al. 1989, Gene-
Tox 1998, HSDB 2009).

The mechanism by which 4-aminobiphenyl causes cancer is
thought to require its metabolism to a reactive form. When aryl-
amines, such as 4-aminobiphenyl, are metabolized, they can be either
activated via N-hydroxylation (by cytochrome P450 liver enzymes) or
detoxified via pathways such as N-acetylation. The N-hydroxylamine
metabolites can form adducts with blood-serum proteins (such as
hemoglobin or albumin), which circulate freely, or they can undergo
further transformation to form reactive compounds that can be trans-
ported to the bladder and can bind to DNA (Yu et al. 2002). 4-Amino-
biphenyl-DNA adducts have been found in urinary-bladder epithelial
cells from exposed dogs and humans, and 4-aminobiphenyl—protein
adducts have been found in serum albumin from exposed rats and
in hemoglobin from humans exposed via cigarette smoking (IARC
1987, Feng et al. 2002). Moreover, cigarette smokers who were slow
acetylators (with inefficient versions of the enzyme N-acetyltransfer-
ase) had higher levels of 4-aminobiphenyl-hemoglobin adducts than
did smokers who were rapid acetylators (Vineis 1994).

Properties

4-Aminobiphenyl is an aromatic amine (arylamine) that exists at
room temperature as a colorless crystalline solid with a floral odor.
It is slightly soluble in cold water, but readily soluble in hot water. It
is soluble in ethanol, ether, acetone, chloroform, and lipids. It oxi-
dizes in air and emits toxic fumes when heated to decomposition
(Akron 2009). Physical and chemical properties of 4-aminobiphenyl
are listed in the following table.

Property Information

Molecular weight 169.2

Specific gravity 1.16

Melting point 53.5°C

Boiling point 302°C

LogK_, 286atpH7.5

Water solubility 0.224 g/L at 25°C

Vapor pressure 5.79 x 10~ mm Hg at 25°C
Vapor density relative to air 58

Dissociation constant (pK) 4.35at 18°C

Source: HSDB 2009.

Use

In the United States, 4-aminobiphenyl now is used only in laboratory
research. It formerly was used commercially as a rubber antioxidant,
as a dye intermediate, and in the detection of sulfates (HSDB 2009).

Production

Because of its carcinogenic effects, 4-aminobiphenyl has not been
produced commercially in the United States since the mid 1950s
(Koss et al. 1969). It was present in the drug and cosmetic color ad-
ditive D&C yellow no. 1; however, use of this color additive was dis-
continued in the late 1970s (HSDB 2009). 4- Aminobiphenyl has been
reported to be formed by the decomposition of 1,3-diphenyltriazene
produced by the reaction of diazoaniline and aniline during manu-
facture of the dye D&C red no. 33 (Bailey 1985). In 2009, 4-amino-
biphenyl (for use in research) was available from 11 U.S. suppliers,
including one company that supplied bulk quantities (ChemSources
2009). 4-Aminobiphenyl also has been reported as a contaminant in
diphenylamine (HSDB 2009).
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Exposure

The potential for exposure to 4-aminobiphenyl is low, because it has
no commercial uses. Mainstream cigarette smoke was reported to
contain 4-aminobiphenyl at levels of 2.4 to 4.6 ng per cigarette (unfil-
tered) and 0.2 to 23 ng per cigarette (filtered), and sidestream smoke
contained up to 140 ng per cigarette (Patrianakos and Hoffmann
1979, Hoftman et al. 1997). 4-Aminobiphenyl may be present in the
the color additives FD&C yellow no. 5 and yellow no. 6 and D&C red
no. 33 at levels established by the FDA (see Regulations). The concen-
tration of 4-aminobiphenyl in D&C red no. 33 was reported to range
from 151 to 856 ppb (mean = 567 ppb) for 10 commercial samples of
the dye certified by the FDA in 1983; an eleventh sample contained
more than 6,500 ppb 4-aminobiphenyl and was reported to be with-
drawn by the manufacturer (Bailey 1985). No data were identified on
concentrations of 4-aminobiphenyl in foods prepared with any of the
dyes in which 4-aminobiphenyl was permitted, but several studies
have reported detectable levels of 4-aminobiphenyl adducts in pan-
creatic DNA (Ricicki et 4. 2005) and in hemoglobin (Sarkar et al. 2006,
Peluso et al. 2008) in both smokers and nonsmokers.

The U.S. Environmental Protection Agency’s Toxics Release In-
ventory listed only one facility reporting environmental releases of
4-aminobiphenyl, which ranged from 2 to 48 Ib per year from 1988 to
2001, except in 1997 and 1998, when no releases were reported. Most
of the releases were to underground injection wells; small amounts
were released to air in 1988, 1989, and 2000 (TRI 2009).

At greatest risk for occupational exposure are laboratory techni-
cians and scientists who use 4-aminobiphenyl in research.

Regulations

Environmental Protection Agency (EPA)

Clean Air Act

National Emission Standards for Hazardous Air Pollutants: Listed as a hazardous air pollutant.
Comprehensive Environmental Response, Compensation, and Liability Act
Reportable quantity (RQ) = 11b.

Emergency Planning and Community Right-To-Know Act

Toxics Release Inventory: Listed substance subject to reporting requirements.

Resource Conservation and Recovery Act

Listed as a hazardous constituent of waste.

Food and Drug Administration (FDA, an HHS Agency)

The color additives FD&C yellow no. 5 and yellow no. 6 and D&C red no. 33 may contain
4-aminobiphenyl at maximum levels that range from 5 to 275 ppb.
The color additive Ext. D&C yellow no. 1is banned because of contamination with 4-aminobiphenyl.

Occupational Safety and Health Administration (OSHA, Dept. of Labor)

Potential occupational carcinogen: Engineering controls, work practices, and personal protective
equipment are required.

Guidelines

American Conference of Governmental Industrial Hygienists (ACGIH)

Threshold limit value — time-weighted average (TLV-TWA) = exposure by all routes should be as low
as possible.

National Institute for Occupational Safety and Health (NIOSH, CDC, HHS)

Listed as a potential occupational carcinogen.
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