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1. ABSTRACT

Arylamines are chemically synthesized and 
contained in oxidants, epoxy polymers, explosives, 
fungicides, pesticides, colorants, polyurethanes, 
and are used in various chemical industries. Many 
arylamines are present in cigarette smoke, cooking 
fume hoods, foods, automobile exhaust, industrial 
sites, etc. Arylamines can be generated through 
azo reduction by intestinal, skin, and environmental 
microbes from widely used azo dyes; by reduction of 
the nitro-group containing polyhydrated hydrocarbons; 
or by release of burning nitrogen containing organic 
materials. Some medicines are arylamines. Some 
arylamines are essential constituents, or the result 
of abnormal metabolism of foods. Some arylamines 
are mutagenic or carcinogenic. Arylamines can 
also cause various diseases. Some arylamine are 
the major etiological agents of bladder tumors but 
may induce other types of cancers. The organ, 
tissue, and species specificity of the arylamine-
inducing carcinogenesis may be determined by 
their availability, distribution, and the presence of 
metabolic activation/detoxicification enzymes of each 
organ or tissue of different species. The ubiquitous 
arylamines, therefore, pose serious hazards to 
human health and environment. This article will 

address the occurrence, uses, carcinogenicity, and 
other arylamines-induced diseases.

2. INTRODUCTION

Arylamine is a chemical group with at least 
one amino group bound to an alkyl hydrocarbon or 
an aromatic system. The term is called aromatic 
amine if the arylamine component is an aromatic 
hydrocarbon. Heterocyclic aromatic amine contains 
a heterocyclic ring structure. For example, 
2-amino-1-methyl-imidazole(4,5-f) (IQ), 2-amino-3-8-
dimethyl-imidazole (4,5-f) quinolone (MeIQx), 2-amino-
1-methylphenylimidazo(4,5-b)pyridine (PhIP), etc. 
are known food-derived mutagens and carcinogens 
and are not included in this definition. Information 
about the mutagenicity and carcinogenicity of 
heterocyclic aromatic amines is available elsewhere 
and therefore will not be included in this article. For 
aromatic amines, the chemical reactivity of this amino 
group is dependent on the mesomeric interaction 
with the aromatic system, which is determined by 
further substitutes and steric factors (1, 2). Based on 
the substitution, these arylamines may form primary, 
secondary, or tertiary amines. Common examples 
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of arylamines are 4-aminobiphenyl, auramine, 
benzidine, 3, 3’-dimethyl-benzidine (o-tolidine), 3, 
3’-dichloro-benzidine, 3, 3’-dimethyoxybenzidine, 
magenta, 4, 4’-methylene-(2-chloroaniline) (MOCA), 
2-naphthylamine, o-toluidine, and 4-chloro-o-
toluidine. The amino group is an important functional 
group responsible for most of the key biochemical 
interactions.

This article addresses the occurrence, use/
application, the various types of cancer, and other 
maladies in humans and animals caused by some 
commonly used arylamines. Research perspectives 
concerning arylamine inducing diseases are also 
discussed.

3. OCCURRENCE AND USES

Many arylamines are chemically synthesized 
and used in industry. A few examples are mentioned 
below.

3.1. Auramine
Auramine (Case No. 2465-27-2) {4, 

4’-carbonimidoyl-bis-(N, N’-dimethyl)-hydrochloride 
(1:1) also called C.I. Basic Yellow 2, is a 
benzenamine. Currently, auramine manufacturing 
is mainly located in India and China. It is available 
from various suppliers in many countries. Of the 
suppliers, Amesco offers this dye in bulk form and 
Wako Chemical USA in pure form.

Auramine is used extensively as a yellow 
dye for paper, textiles, and leather (3). Historically, 
it was used in brilliantine (4). Particularly in the 
1930s, it was used to prepare Solvent Yellow 34, 
which is used as a solvent dye in inks in typewriter 
ribbons, ballpoint inks, printing inks, and stamp inks. 
The presence of auramine in ballpoint ink has been 
used for forensic research (5, 6). It has also been 
used as a solvent dye in oils and waxes in Brazil (7). 
Auramine is also widely used as a florescent staining 
agent to stain acid-fast bacteria in septa or infected 
tissues, in combination with the dye rhodamine in the 
truant auramine-rhodamine stain for Mycobacterium 
tuberculosis (8). Auramine has also been reported to 
be used as a food colorant in some countries of Latin 
America (9). Some fishermen used it to dye maggots 
through internal dyeing involving feeding the larvae 
meat treated with auramine or other dyes such as 
rhodamine or chrosoidine (10, 11). Auramine has 
also been reported to color the smoke in military 
applications (12) and firework displays (13). 
Auramine is present in fresh peas in India (14, 15) 

and bean products in China (16). The major source 
of auramine pollution in the environment is possibly 
released from Solvent Yellow 34.

The U.S. National Occupational Exposure 
Survey (1981-1983) estimated that 19,092 workers 
were exposed to auramine. The workers included the 
paper and health products and the health services 
industries (17). Case and Pearson (18) described 
groups of workers in Britain who used auramine.

3.2. Benzidine
Benzidine (Case No. 92-87-5) 

(1, 1’-biphenyl)-4, 4’-diamine) is used mainly as an 
intermediate in the production of azo dyes, sulphur 
dyes, fast color salts, naphthols, and other dyeing 
compounds (19). Benzidine based-dyes were 
primarily used to color textiles, leather, and paper 
products, and were also used in the petroleum, 
rubber, plastics, woods, soap, fur, and hair dyes 
industries.

Total U.S. production of benzidine reached 
14 million kilograms (31 million lbs.) in 1948 (19). In 
1974, nine U. S. manufacturers produced benzidine-
based dyes. By 1979, only one manufacturer 
remained, producing 17 benzidine-based dyes. 
Domestic production was about 2.9. million kilograms 
in 1976 and dropped to about 780 kg in 1978. By the 
end of 1979, most manufacturers started phasing out 
the use of benzidine-based dyes and replacing them 
with other types of dyes. More than 300 benzidine 
based dyes are listed in the Colour Index, including 
18 commericially available in the United States. 
Access to these dyes for home use is no longer 
permitted (20).

Benzidine is released by the reduction of 
benzidine-based azo dyes such as Acid Black 29, Acid 
Black 232, Acid Black 94, Acid Orange 45, Acid Red 
85, Azoic Diazo Component 112, Direct Black 4, etc. 
(Table 1). Occupational exposure to benzidine and 
benzidine congeners and their related dyes can occur 
during the production and use of these substances. 
Benzidine-based dyes and benzidine congeners-
based dyes can be metabolized to benzidine and the 
respective congeners, which may result in aromatic 
amine exposure (21, 22, 23, 24, 25).

3.3. Benzidine congeners
3, 3’-Dimethylbenzidine (also called 

o-tolidine) (Case No. 119-93-7) (4, 4’-diamino-3, 
3’-dimethylbiphenyl) is used as a dye or an 
intermediate for producing dyestuffs and 
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pigments, or to produce polyurethane-based high 
strength elastomers, coatings, and rigid plastics. 
3, 3’-Dimethylbenzidine is used in small quantities 
by clinical laboratories in test tapes for the detection 

of blood, and is used by water companies, swimming 
pool owners, and others to test for chlorine in water 
or air (26). It is also used in chemical tests for the 
detection of gold.

Table 1. Examples of arylamine and their sources or references
Names of Arylamines Sources or references

Auramine Released from paper and allied industry, and the health service industry, auramine-production, 
and other process chemicals (e.g. dimethylaniline, formaldeyde sufur, ammonium chloride, 
ammonia , etc., (3, 4, 8, 9, 10, 14, 15, 16, 209.)

Benzidine* Released from Acid Black 29; Acid Black 232; Acid Black 94; Acid Orange 45; Acid Red 85; Azoic 
Diazo Component 112; Direct Black 4;
Direct Black 29; Direct Black 38; Direct Blue 2; Direct Blue 6; Direct Brown 1; Direct Brown 1:2; 
Direct Brown 2; Direct Brown 6; Direct Brown 25; Direct Brown 27; Direct Brown 31; Direct Brown 
33; Direct Brown 51;
Direct Brown 59; Direct Brown 74; Direct Brown 79; Direct Brown 95;
Direct Brown 101; Direct Brown 154; Direct Dye (C.I. No. 21060); Direct Green 1; Direct Green 6; 
Direct Green 8; Direct Green 8:1; Direct Orange 1;
Direct Orange 8; Direct Red 1; Direct Red 10; Direct Red 13; Direct Red 17;
Direct Red 28; Direct Red 37; Direct 44; Direct Violet 1; Direct Violet 4;
Direct Violet 12; Direct Violet 22; Direct Yellow 1; Direct Yellow 24; Mordant Red 57; Direct Black 
100; Direct Black 126; Direct Black 131;Direct Blue 11, Direct Blue 16: Direct Blue 19, Direct Blue 
26, Direct Blue 38;Birect Blue 42 Direct Blue 43: Direct Blue 47; Direct Blue 49; Direct Blue 51; 
Direct Blue 58; Direct Blue 63; Direct Blue 64; Direct Blue 131;Direct 177; Direct Blue 230; Direct 
Brown; Direct Brown 5; Direct Brown 7, etc.

3, 3’-Dichlorobenzidine* Released from Direct Red 46; Direct Orange 60: Acid Dye (C. I. No. 23070), Direct Red 61, etc.,

3, 3’-Dimethylbenzidine (o-tolidine)* Released from Acid Black 209; Acid Red 114; Acid Red 24; Azoic Diazo Component 113; Direct 
Black 154; Direct Blue 3;Direct Blue 14; Direct Blue 21; Direct Blue 25; Direct Blue 295; Direct 
Brown 222; Direct Brown 223; Direct Green 85; Direct Orange 6;Direct Orange 7; Direct Orange 
10; Direct Red 2; Direct Red 21; Direct Red 22; Direct Red 39; Direct Blue27; Direct Blue 31; 
Direct Blue 39; Direct Blue 53; Direct Blue 60 Direct Blue 231; Direct Red 67; Acid Red 167; Direct 
Violet 21’ Direct Yellow 48.etc.

Magenta {Magenta 0, Magenta 1, 
Magenta II, Magenta II I (New fuchin)}

Released from dyestuffs manufacturing plant, commercially produced by various countries. 
(17, 18, 41, 43, 234)

 4, 4’-Methylene-bis-(2-chloroaniline) 
(MOCA)

Released from coating and casting polyurethane plants, commercially produced by various 
countries.(43, 47, 48)

p-Phenylenediamine Released from hair dyes, commercially available from various countries (85, 86, 87)

4-Aminobiphenyl Released from drugs, D & C Yellow 1, tobacco smoke, cooking oil, etc., (50, 56, 57, 58, 64, 65, 159)

2-Naphthylamine* Released from Acid Red 16, Azoic Diazo Component (C.I. No. 37270), Direct Dye (C. I. 29260); 
Solvent Orange 8, hair dyes. etc.

o-Toluidine* Released from Acid Red 114, Acid Red 115, Acid Red 148, Acid Red 158, Acid Red 24, Acid Red 
265, Acid Red 35, Acid Dye (C. I. No. 19610), Direct Red Dye (C.I. No. 19565), prilocaine and 
lidocaine administration, hair dyes, rubber industry, etc., (59, 64, 65, 69; 72)

4-Chloro-o-toluidine* Released from Azoic Diazo Component 11, Disperse Red 220, Direct Brown 147 (C. I. No. 23360), 
chlordimeform, etc.(15, 161)

*Source: Opinion of the Scientific Committee on Cosmetic Products and Non-Food Product Intended for Consumers (SCCNFP) 
Concerning the Safety Review of the use of certain Azo-Dyes in Cosmetic Products, adopted by the SCCNFP during the19th plenary 
meeting of 27 February 2002, SCCNFP/0495/01, final
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In 1978, the major company producing 3, 
3’-dimethylbenzidine in the United States stopped 
producing this compound; its annual production 
had averaged approximately 200,000 lb from 
report of National Toxicological Program (2005). 
Imports appeared to be the major source of 3, 
3’-dimethylbenzidine in the United States. The major 
sources of the 3, 3’-dimethylbenzidine released to the 
environment are the reduction of 3, 3’-dimethylbendine-
based azo dyes including Acid Black 209, Acid Red 
114, Direct Black 154, Direct Blue 45, etc. (Table 1).

3, 3’-Dichlorobenzidine (Case No. 1331-
47-1) (dichloro(1,1’-biphenyl)-4, 4’-diamino) is used 
for the production of dichlorobenzidine-based dyes. 
The United State International Trade Commission 
(USITC) reported that the 1983 production volume 
of 3, 3’-diclorobenzidine-based dyes was over 
18 million lbs. However, 3, 3’-dichlorobenzidine is 
no longer used to manufacture dyes in the United 
States (27). Available information indicates that 3, 
3’-dichlorobenzidine was produced and/or supplied 
in Hong Kong Special Administrative Region, India, 
China, the United Kingdom, and the USA (28).

The 3, 3’-dichlorobenzidine released into 
the environment is probably not from reduction 
of the 3, 3’-dichlorobenzidine-based azo dyes. 
Studies in which azo compound based on 3, 
3’-dichlorobenzidine such Pigment Yellow 13 orally 
administered to rats, hamsters, rabbits, and monkeys 
were generally not detected in significantly amount of 
3, 3’-dichlorobenzidine in the urine (29). The potential 
exposure to 3,3’-dichlorbenzidine is probably during 
the production of dichlorobenzidine-based dyes.

3, 3’-Dimethoxylbenzidine (also called 
o-Danisidine) (Case No. 119-90-4) (1, 1’-biphenyl)-4, 
4’-diamine) is used almost exclusively as a chemical 
intermediate for production of dyes and pigments. 
3, 3’-Dimethoxy-benzidine is also used as a dye 
for paper, plastics, rubber, and textiles, and a test 
substance to detect metals, thiocyanates, and 
nitrite (30, 31). The Society of Dyers and Colourists 
reported its use in the production of 89 dyes in 1971, 
including Direct Blue 218, Pigment Orange 16, Direct 
Blue 1, Direct Blue 15, Direct Blue 8, and Direct 76, 
and Direct Blue 98. Some of 3, 3’-dimethoxylbenzidine 
are used as a chemical intermediate to produce 
o-dianisidine diisocyanate for use in adhesives and 
a component of polyurethane.

Data on production of 3, 
3’-dimethoxybenzidine in the USA were last reported 

in 1967 when five companies produced approximately 
368,000 lbs. (30). The aggregate production volume 
of 3, 3’-dimethoxybenzidine dihydrochloride was 
less than 500,000 lbs. (31). Available information 
indicates that 3, 3’-dimethoxybenzidine was 
produced and/or supplied in Germany, Hong 
Kong Special Administrative Region, India, 
Japan, Switzerland, the United Kingdom, and 
the USA (28), whereas 3, 3’-dimethoxybenzidine 
dihydrochloride was produced and/or supplied 
in the following Countries: Germany, Hong Kong 
Special Administrative Region, India, Japan, China, 
and USA (28).

3.4. Magenta
Magenta is another common arylamine. 

Historically, the dye Magenta has been referred to 
the mixture of major constituents comprising Basic 
Fuchsin, Basic Red 9 (Magenta O) (Case No. 
569-61-9) (4, 4’-((4-imino-2, 5-cyclohexandien-1-
ylidene)methylene)bis(benzenamine), (Magenta 1) 
(Rosaniline) (Case No. 632-99-5){(4- aminophenyl)-
4-(4-imino-2, 5-cyclohexadien-1-ylidene)methyl)-2-
methylbenzenamine monohydrochloride}, Magenta II 
(Case No. 26261-57-4) {4-(4-aminophenyl(4-imino-
3-methyl-2, 5-cyclohexadien-1-ylidene)methyl)-
2-methylbenzenamine monohydrochloride}(1:1), 
and Magenta III (New Fuchsin) (Case No. 3248-
91-7) {4-(4-amino-3-methyl)(4-imino-3-methyl-2, 
5-cyclohexadien-ylidenemethyl)-2-methyzenamine 
monohydrochloride (1:1).

Magenta III is used as thin-layer 
chromatography (TLC) developing for perfluorinated 
organics. Under the name of Basic Violet 14, 
Magenta is used in hair dyes and also in cosmetic 
products not intended to come in contact with 
mucous membranes (EU Directive 76/768/EEC). 
Magenta stains animal fibers directly and vegetable 
fibers after mordanting. Under the name of Basic 
Red 9, magenta is also used as a colorant in artists’ 
paints (32). Magenta is antiseptic against gram 
positive bacteria and can be used in dermatology 
for the treatment of pyoderma, dermatitis, intertrigo, 
eczema, and burns in solution of 2-5 % (33). Known 
as Castellani’s paint or Magenta paint, Magenta has 
been used topically since it was introduced in the 
1920s (34) to treat skin conditions such as fungal 
skin lesions (35) or infective dermatitis (36). Carbol-
Fuchsin solution, containing less than 1% of Basic 
Red 9, is used to treat postoperative phenol nail 
procedure and also as a dermal first aid antiseptic 
drying agent (37). Magenta is reported to be used as 
food irradiation dosimeter in an aqueous solution of 
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3.1.3 x 10-5 mol/L (38) and as a meat-marking color 
in New Zealand (39).

The group of workers exposed to 
Magenta includes those who worked in the 
dyestuffs manufacturing plant in Germany (40), 
the manufacture of Magenta in the British chemical 
industry (1910-1952) (18), and the manufacture of 
New Fuchsin in an Italian dyestuffs factory (41, 42). 
Occupational exposure can occur during its use as 
a dye intermediate and when dyeing textiles (cotton 
and wool), fabrics, and paper products (43).

3.5. 4, 4’-Methylene (2-chloroaniline) 
(MOCA)

4, 4’-Methylene (2-chloroaniline) (MOCA) 
(Case No. 101-14-4) (bis-4-amino-chlorophenyl)-
methane is a synthetic chemical used in industry 
for coating and casting polyurethanes. There is no 
commercial use for MOCA other than laboratory 
work (44).

US manufacturers stopped producing 
MOCA in 1983, and MOCA in the US is imported 
(45). The amount of import was 5 million lbs. in 1983 
and 2.0. million lbs. in 1991 (45). Most of MOCA 
used in the US is manufactured in Taiwan and China 
where the annual production is about 5,000 to10, 
000 tons (46).

Occupational exposure to MOCA occurs 
during its production. MOCA is present in various 
form of liquid emulsion, solid pellets with dust, or 
solid pellet without dust. Workers can be exposed 
through contact by inhalation, ingestion, or dermal 
absorption. It was estimated that the number of 
workers potentially exposed in the U. S. in 1977 
ranged from 2,100 to 30,000; in 1979, 1,400 workers 
were directly exposed and 7,400 indirectly exposed 
while working in polyurethane manufacturing 
processes involving MOCA (47). In 1982, the EPA 
estimated that 1,400-2,700 workers were directly 
exposed, and 7,600-15,200 were indirectly exposed. 
Rappaport and Morales (48) estimated in 1972, that 
10,000 people in industrialized countries worldwide 
were exposed occupationally.

3.6. 4-Aminobiphenyl
4-Aminobiphenyl (1, 1’-biphenyl)-4-amine 

(Case No. 92-67-1) has been used formerly as 
rubber antioxidant. It is still used in the detection of 
sulfates and as a model carcinogen in mutagenicity 
studies and cancer research (Merck on-line).

4-Aminobiphenyl has not been produced 
commercially in the U. S. since the mid-1950s (49). 
It was present in the drugs and cosmetic color 
additive D & C Yellow No 1; however, use of 
this color additive was discontinued in the late 
1970 (50). 4-Aminobiphenyl also has been reported 
as a contaminant in diphenylamine (50) and in food 
dyes (51). It can also occur in workers exposed to 
benzidine and benzidine-based dyes, from which 
4-aminobiphenyl can be metabolically released by 
deamination of benzidine (52, 53). It is also present 
in tobacco smoke (54, 55) and fumes from cooking 
oils (56).

Living near benzidine-contaminated 
sites could entail 4-aminobiphenyl exposure, as 
benzidine in the environment can be degraded into 
4-aminobiphenyl by bacterial culture (57). Historically, 
occupational exposure to 4-aminobiphenyl mainly 
occurred during its production and its use as a 
rubber antioxidant and dye intermediate.

P-Phenylenediamine, the key constituent 
of color development for many permanent hair 
dyes, can be contaminated with 4-aminobiphenyl up 
to 500 ppb (58). 4-Aminobiphenyl was detected in 
8 out of 11 different oxidative and direct hair dyes 
tested (58, 59). In other words, not only smokers 
and occupational workers, but also the general 
population is likely to have chances to be exposed 
to this carcinogen.

3.7. 2-Naphthylamine (2-NA)
2-Naphthylamine (2-NA) or β-naphthylamine 

(Case No. 91-59-8) (β-naphthaleneamine), is now 
used only in laboratory research. It was formerly used 
commercially as an intermediate in the manufacturing 
of dyes, as an antioxidant in the rubber industry, 
and to produce 2-chloronaphthylamine (30, 50). 
According to the European Union (EU) legislation, 
the manufacture of 2-NA has been banned since 
1998.

2-NA is formed in the pyrolysis of 
nitrogen-containing organic matter and can occur 
in nature (60, 61). It may occur in the waste 
streams from plants where it is produced and 
used; it has been reported to be present in the 
effluent from certain dyestuff factories in Japan 
(62). Occupational exposure of the 2-NA mainly 
occurs in its production and in the manufacture 
of azo dyes. It can occur in the laboratory when 
2-NA is used for cancer research and in workers 
exposed to pyrolysis fumes containing 2-NA 



Occurrence, uses, and carcinogenicity of arylamines

 372 © 1996-2015

such as foundry fumes, environmental tobacco 
smoke, heated cooking oils or workers exposed to 
2-nitronaphthalene (e. g. foundry workers), a nitro-
PAH that can be metabolized to 2-NA. Exposure 
can also occur in workers exposed to products 
containing 2-NA as a contaminant such as certain 
rubber chemicals. Several dye intermediates have 
been shown to contain a small amount of 2-NA in 
1-naphylamine, 6-amino-2-naphthalene sulfonic 
acid, auramine (63), hair dyes (59, 64) and rubber 
antioxidants such as Nonox S and Agerite Resin. 
The general population can be exposed to 2-NA 
environmentally via tobacco smoke, via fumes 
containing 2-NA, or hair dyes contaminated with 
2-NA. Exposure to the nitro-PAH 2-nitronaphthalene 
can also form an indirect source of exposure to 
2-NA. The nitro-PAH 2-nitronaphthalene is formed 
by the incomplete combustion of organic material 
and generally occurs in the environment as a mixture 
of other nitro-PAH and non-nitro-PAH compounds.

3.8. o-Toluidine
o-Toluidine (Case No. 95-53-4) is 

also called 2-methylaniline or 2-aminotoluene, 
2-methylbenzanamine or 1-amino-2-methylbenzene. 
o-Toluidine and o-toluidine hydrochloride are used 
primarily as intermediates in the manufacture of more 
than 90 dyes and pigments. They are used in acid-
fast dyestuffs, azo pigment, triarylmethane dyes, 
sulfur dyes, and indigo compounds. o-Toluidine is 
also used as an intermediate for synthetic rubber and 
rubber vulcanizing chemicals, pharmaceuticals, and 
pesticides (31,65). Other minor uses of o-toluidine 
and its hydrochloride salt are as an intermediate in 
organic synthesis and as an ingredient in a clinical 
laboratory reagent for glucose analysis (31).

o-Toluidine is not known to be present as a 
natural substance; however, the general population is 
known to be exposed to o-toluidine though the origin 
is not known. Occupational exposure to o-toluidine 
can occur during its production or the production of 
dyes, pigments, and rubber chemicals manufactured 
from o-toluidine. Laboratory and medical personnel 
may be exposed when using o-toluidine for staining 
tissues.

Unspecified isomers of o-toluidine were 
found in commercially available samples of kale, 
celery (1.1. mg/kg), and carrots (7.2. mg/kg) (66), 
and also has been identified in the volatile aroma 
components of black tea (67). o-Toluidine has 
been detected in part per billion levels in human 
breast milk samples (68) from both smokers and 

nonsmokers (<0.0.1 to 0.2.6 ppb). o-Toluidine occurs 
in the constituents of tobacco smoke (54). Eight U.S. 
commercial cigarette brands have been found to 
contain 8.6.-144.3.ng of o-toluidine per cigarette (60). 
In a study from Turkey (59, 64), o-toluidine was 
found in 34 of the 54 hair dyes tested, at quantities 
up to 1,547 (µg/g). Excretion of o-toluidine was 
detected in the urine of the smokers as well as 
nonsmokers (70). Riffelmann et al. (71) reported that 
there are significant differences between smokers 
and nonsmokers. o-Toluidine is a major metabolite 
of prilocaine (RS)-N-(2-methylphenyl)-N2-
propylalaninamide), which is a widely used for local 
anesthetic. Prilocaine can interact with hemoglobin 
to form hemoglobin (Hb) adducts. It was found that 
o-toluidine-Hb adducts were significantly increased 
24 hr after prilocaine treatment from o-toluidine was 
assessed (72). Prilocaine, as a component of EMLA 
(eutectic mixture of local anesthetics), is also used as 
a pain reliever in neonates during circumcision (73) 
and during venipuncture in children (74).

3.9. 4-Chloro-o-toluidine
4-Chloro-o-toluidine (Case No. 95-69-2) 

(2-amino-5-chlorotoluene) and its hydrochloride 
salt have been used commercially to produce azo 
dyes for cotton, silk, acetate, and nylon and as an 
intermediate in the production of Pigment Red 7 and 
Pigment Yellow 49. As an azoic diazo component, 
p-chloro-o-toluidine is used in the synthesis of some 
azoic dyes (65, 75, 76).

p-Chloro-o-toluidine has also been used in 
the manufacture of the pesticide chlordimeform (75). 
It has been used in the production of chlordimeform 
since the 1960s (65, 75, 77). p-Chloro-o-toluidine 
is also an impurity (as the hydrochloride salt) and a 
metabolite of chlordimeform, which is an insecticide 
and acaricide.

Occupations with the greatest potential 
for exposure to 4-coloro-o-toluidine include those 
involved in the production and use of 4-chloro-o-
toluidine as an intermediate for the manufacture of 
dyestuffs, pigments, and chlordimeform. Exposure 
to 4-chloro-o-toluidine can also occur in workers 
applying chlordimeform. Chlordimeform has not been 
used in the USA since Nov. 30,1989 (31). Workers 
could be exposed to 4-chloro-o-toluidine during its 
laboratory use as an immunochemical stain. Under 
the name Fast Red TR, 4-chloro-o-toluidine is also 
reportedly used in colorimetric method to assess the 
authenticity of drugs.
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4-Chloro-o-toluidine occurred in water 
as a result of the hydrolysis of chordimeform via 
hydrolysis of the intermediate N-formyl-4-chloro-
o-toluidine (78). The microbial degradation of 
chlordimeform to 4-chloro-o-toluidine in soils 
by a number of bacterial species has been 
reported (79). 4-Chloro-o-toluidine has been 
identified in field samples of plant materials treated 
with chlordimeform, e.g. young bean leaves at 
concentrations of less than 0.1.- 0.2. ppm; in grape 
stems and berries at 0.0.2- 0.5. ppm; and in prunes 
and apples at less than 0.0.4 ppm (80)). 4-Chloro-o-
toluidine was found in rice grains at 3-61 ppb in straw 
parts 42 days after the last of three treatments with 
chlordimeform (81). 4-Chloro-o-toluidine was also 
detected as a metabolic product of cotton plants, 
cargo rice and husks, cucumbers, and apples after 
treatment with chlordimeform (82, 83, 84).

3.10. Others
There are other arylamines used in various 

industries. For examples, p-phenylenediamine, 
p-aminophenol, 4, 5-diaminopyrazol, pyrimidine, 
m-aminophenol, m-phenylenediamine, 2, 
5-diaminotoluene, N-phenyl-p-phenylenediamine, 
o-aminophenol, 2-amino-4-chlorophenol, 2-nitro-p-
phenylenediamine, 4-amino-2-nitrophenol are used 
as hair dye components (85, 86, 87). In medicine, 
there are many arylamines used to treat various 
diseases. For examples, procainamide is used 
to treat heart rhythms;isoniazid is known to treat 
tuberculosis; sulfonamides are well known sulfur 
drugs. Martelli and Bramibilla (88) reported that there 
were more than 109 arylamine drugs, representing 
a wide variety of therapeutic families. Many of the 
new drugs including arylamine entering the drug 
marketplace can cause an increasing number of 
disorders including lupus. Arylamines are a group of 
chemicals that are profusely exposed to the modern 
industrial world.

Arylamines can be produced by combustion 
of nitrogen-containing organic materials at high 
temperatures, and are present in cigarette smoke 
and cooking fume hood smoke (54 -56). A large 
amount of arylamine is released by degradation of 
azo compounds, which are widely used in a variety 
of industries including food, paper, textiles, and 
other industries. Chung et al. (21, 22, 23, 24, 25, 89) 
reported that intestinal microbiota and environmental 
microorganisms including bacteria, fungi, and 
helminths could produce aromatic amines 
by cleavage azo dyes ingested from food or 
contaminated water. Plazek et al. (90) reported that 

human skin bacteria can break down azo dyes to 
aromatic amines. Keck et al. (91) demonstrated that 
reduction of azo dyes to release aromatic amines 
could be accomplished by redox mediators free 
of living microorganisms. The azo dye degrading 
enzymes have been reviewed (92). The typical 
examples of aromatic amines produced by industrial 
and cosmetic dyes (mainly azo dyes) are listed in 
Table 1.

Arylamines can also be produced 
by reduction of nitrated polycyclic aromatic 
hydrocarbons (nitro-PAHs) by anaerobic bacteria of 
human intestine (93, 94, 95). Nitro-PAHs have been 
detected in carbon toners, urban air particulates, 
diesel fuel emissions, used motor oils, barbecued 
food, and tea leaves (96-99). Nitrated-PAHs are 
ubiquitous environmental contaminants that are 
formed from various combustion sources (98). They 
are potent mutagens in the Salmonella typhimurium 
test system and in mammalian cells and have 
carcinogenic activity in laboratory animals (98-101). 
Another source of arylamines is from munitions 
such as dinitrotoluene (DNT). DNT can be reduced 
by environmental microoraganisms to aromatic 
amines, which contaminate the groundwater. 
Stayner et al. (102) reported that there was excess 
hepatobiliary cancer mortality among munition 
workers exposed to DNT.

Furthermore, there are numerous 
arylamines generated endogenously. Endogenous 
arylamines are either the end products or 
intermediates of normal metabolism. However, 
under certain conditions, endogenous arylamines 
could accumulate in high concentrations through 
abnormal metabolism. For example, excess 
intake of a tryptophan-containing diet or deficiency 
of vitamin B6, or during the induced activity of 
tryptophan dioxygenase (TDO) or indoleamine-2, 
3-dioxygenase (IDO), various tryptohan metabolites, 
such as anthranilic acid, 3-hydroxyanthranilic 
acid, kynurenine, 3-hydroxykynrenine, and 
3-methoxykynurenine may accumulate (103-107). 
Some of the tryptophan metabolites have been 
reported to be involved in cancer (103). Other 
metabolites such as tryptamine and serotonin are 
also produced from tryptophan and are involved in 
many physiological functions. Other arylamines such 
as cadaverine, glutamine, putrecine, spermidine, 
spermine, arginine, ornithine, citrulline, histamine, 
dopamine, norepinephrine, epinephrine, thyroxine, 
triiodothyronine, sphingosine (sphingenine) are also 
produced endogenously. These arylamines could 
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certainly affect the normal physiological functions 
and health. Whether or not these endogenously 
arylamines are involved in cancer has not been 
reported.

4. CANCERS INDUCED BY ARYLAMINE

In 1895 in Germany, Rhen first reported 
that three out of four women employed in a single 
plant manufacturing magenta (fuchsin), appeared at 
their clinic with bladder cancer. Hueper in 1942 (108) 
suggested that a limited number of aromatic amines 
are responsible for bladder cancer in humans. Many 
epidemiological studies indicate that arylamines are 
the primary cause of bladder cancer since the reports 
of Rhen (40) and Hueper (108). Bladder cancer ranks 
ninth in worldwide cancer incidence. It is the seventh 
most common malignancy in men and seventeenth 
in women (109). An estimated 386,300 new bladder 
cancer cases and 150,200 deaths from bladder 
cancer were diagnosed worldwide in 2008 (110). The 
incidence of bladder cancer in the developed world is 
slowly decreasing (109). Such a trend of decreasing 
is probably due to the restricted use of the arylamines 
or the ban of some of the arylamines or azo dyes 
used. It is predicted that the burden of bladder cancer 
will increase in less developed areas of the world 
because of smoking prevalence that goes along with 
economic development (109). In the United States, 
bladder cancer is the fifth most common type of 
cancer with an estimated 68,000 newly diagnosed 
cases and 14,000 deaths in 2008 (111).

Bladder cancer is often used as the 
paradigm for the study of arylamine-induced 
carcinogenesis. Arylamines are generally recognized 
as the primary chemical that induced the formation of 
bladder cancers in humans, primarily the transitional 
cell carcinoma. Although bladder cancer was one of 
the first documented occupational cancers reported, 
arylamines can also induce cancers of other organs 
or tissues of humans and animals. For example, 
auramine, beside bladder carcinomas and papilloma, 
was also suspected to induce prostate and stomach 
cancers in humans (112, 113), and fibrosarcoma and 
hepatoma in Wistar rats (32). Benzidine has been 
reported to be the cause of many human cancers 
(Table 2). Benzidine also induces various cancers in 
different animals (Table 3). Some other arylamines 
caused both human and animal cancers are also 
tabulated in Table 4.

The International Agency in Cancer 
Research (IACR) of the World Health Organization 
(WHO) classified chemicals as carcinogens to 
humans as IARC category 1 or chemicals that 
are probably carcinogenic to humans as IARC 
category 2A and chemicals that are possible 
carcinogenic to humans are IARC category 
2B (114). The agent is not classifiable as to its 
carcinogenicity to humans is IARC category 3. The 
agent probably not carcinogenic to humans is IARC 
category 4. According to the IACR’s classification, 
benzidine, dyes metabolized to benzidine, MOCA, 
4-aminobiphenyl, 2-naphthylamine, o-toluidine 
were classified as IARC category 1 carcinogens. 
4-Chloro-o-toluidine and occupational exposure 
to a hairdresser were classified as IARC category 
2A carcinogens; auramine is classified as IARC 
category 2B carcinogen because auramine could 
cause animal tumors, and many mechanistic data 
indicated that auramine is genotoxic, but there is 
insufficient data to support that auramine caused 
cancers in humans.

However, Neumann (115) pointed out 
that the chemical and biochemical properties of 
aromatic amines, as well as the primary lesions, 
are very similar. Their acute and chronic effects 
can be explained by a common mode of action. 
Therefore, it is implied that all aromatic amines have 
a carcinogenic potential.

Since some arylamines are proven to be 
human carcinogens, the European Union banned 
certain azo dyes, which can be broken down under 
reductive conditions including human intestinal 

Table 2. Human cancers caused by benzidine
Names of cancer References

Bladder cancer (162, 163, 164, 65, 166, 167, 168, 
169, 170, 171, 172 ) 

Genitourinary cancer (173, 174)

Pancreatic cancer (173)

Liver cancer (174)

Gallbladder (174)

Bile Duct cancer (174)

Lung cancer (174, 175)

Large Intestine cancer (174)

Stomach cancer (175)

Lymphopoietic cancer (176)

Non-Hodgkin’ lymphomas (177)

Renal Cell cancer (178)
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Chemical/animal Cancer or Disease References

Benzidine/mouse Liver cancer (179, 180, 181, 182, 183, 184, 185, 186)

Breast tumors (187)

Zambal gland tumors (184, 185, 187, 188) 

Mammary tumors (185, 187, 189)

Intestinal tumor (185) 

Sarcomas (184, 185)

Fibrosarcoma (188)

Rhabdomyosarcoma (188)

Myeloid Leukaemia (184, 187)

Harderian gland tumor (171)

Lung cancer (179, 183)

Lymphoreticular tumours (179)

Angioma of the uterus (181, 190) 

Rat Mammary carcinoma (191)

Hamster Liver tumor (192)

Cholangima (192)

Rabbit Bladder tumor (193)

Dog Bladder tumor (194)

Frog Liver tumor (195)

Haematopoietic tumor (195)

Fish Hepatotoxicity (196)

3, 3’-Dichlorobenzidine/ Liver tumor (196, 197)

Mouse Carcinoma of the sebaceous gland (198)

Lung tumor (198)

Haematopoietic system tumor (198)

Sarcomas (198)

Tumors of lower jaw (198, 199)

Rat Zambal gland tumors (198, 199, 200)

Skin tumors (198)

Mammary Gland tumors (199, 200, 201, 202)

Intestinal tumors (199, 201)

Bladder tumors (199, 201)

Tumours of haematopoietic system (198, 199)

Salivary Gland tumors (198)

Liver tumors (198, 199)

Thyroid tumors (198, 199)

Table 3. Animal tumors caused by benzidine or benzidine congeners

Contd...
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or liver enzymes. According to the European 
Parliament Directive 2002/61/EC of July 2002, the 
European Union decided that by September 11, 
2003, harmonized legislation regarding some azo 
dyes in consumer goods had to be enacted. In order 
to protect human health, azo dyes that can be broken 
down under reductive conditions to release any of 
a group of defined aromatic amines are prohibited 

from being used in consumer goods considered 
to have regular skin contact. The list of banned 
aromatic amines and azo dyes was followed in 1994 
by the German Consumer Goods Ordinance that 
restricted the use of certain azo dyes in consumer 
goods. The list has been up-dated since 1994 and 
now includes 21 aromatic amines and two azo dyes, 
which are shown in Table 5 (116)).

Chemical/animal Cancer or Disease References

Leukemias (200, 202)

Sarcomas (199)

Sebaceous tumors (201)

Bone tumors (201)

Lung tumors (202)

 Dog Bladder tumors (203)

Lung tumors (203)

3, 3’-Dimethoxybenzidine/Rat (o-Danisidine) Zymbal Gland tumors (201, 204, 205)

Mammary gland tumors (201, 205)

Ovarian tumors (201)

Bladder tumors (204)

Skin tumors (204, 205)

Preputial tumors (205)

Clitoral Gland tumors (205)

Uterus tumors (205)

Oral Cavity tumors (205)

Intestine tumors (205)

Liver tumors (205)

Mesothelium tumors (205)

3, 3’-Dimethylbenzidine (o-Tolidine)/Mouse Lung tumors (206)

Rat Mammary tumors (191, 207, 208)

Liver tumors (208)

Lung tumors (208)

Skin tumors (207, 208)

Preputial Gland tumors (207, 208)

Forestomach tumors (207)

Oral Cavity tumors (208)

Intestine tumors (208)

Clitoral Gland tumors (208) 

Zymbal Gland tumors (207, 208)

Table 3. Contd...
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5. DISCUSSION AND PERSPECTIVES

To assess the mode of action and the 
carcinogenic potential, it is also necessary to analyze 
both the genotoxic and epigenotoxic effects of 
these compounds. It is possible that both genotoxic 
and epigenotoxic effects are necessary for tumor 
development (117, 118). However, there are limited 
reports available on the epigenotoxic data. How 
these epigenetic effects interact with the genotoxic 
effects needs to be investigated.

Exogenous arylamines or an endogenous 
arylamine at the abnormal concentration would no 
doubt interfere with the balance of various normal 
biochemical and physiological function. Whether 
malfunction of the normal metabolism in the presence 
of the non-carcinogenic arylamine could facilitate the 
development of carcinogenesis is a critical question. 
Indepth understanding of molecular mechanisms 
would certainly be beneficial to the development of 
strategy of design of chemotherapy.

Chung and Cerniglia (119) found that the 
mutagenic moieties of mutagenic azo dyes are 

benzidine and p-phenylenediamine. Benzidine has 
been identified as a carcinogen for the urinary bladder 
cancer (120, 121). Benzidine and its congeners 
such as 3, 3’,-dimethylbenzidine (o-tolidine) 3, 
3’- dimethooxybenzidine (o-dianisidine) and 3, 
3’- dichlorobenzidine are the starting materials for 
the synthesis of azo dyes referred to as benzidine-
based or benzidine congener-based dyes. Examples 
of benzidine-based dyes are Direct Blue 6, Direct 
Brown 9, and Direct Black 38. Benzidine-based dyes 
are manufactured by coupling tetrazotized benzidine 
with phenols and/or amines. However, the production 
of benzidine-based dyes has significantly decreased 
during the last century. Although the National Institute 
of Occupational Safety and Health (NIOSH) and the 
Environmental Protection Agency (EPA) documentally 
listed many potentially available derived dyes; only a 
few are found in commercial use in the United States 
and Europe (122). Some of these dyes are mutagenic 
and/or carcinogenic (123, 124). Benzidine and 
benzidine congneres can be generated from azo dyes 
through reduction by intestinal and environmental 
microorganisms (25, 89) (Table 2). Mutagenicity of 
benzidine, benzidine analogues, and benzidine-
based dyes were reviewed and to be mutagenic 

Table 4. Cancers caused by some arylamines
Name of Arylamine Name of human cancer (reference) Name of animal cancer (reference)

Auramine 
(technical grade)

Bladder cancer (18, 63, 209) Liver neoplasm and sarcoma in rats, liver neoplasm in dogs (114)

Magenta Bladder cancer (40, 41, 43, 209)

Para-Magenta 
(C.I. Basic Red 9)

Hepatocellular carcinoma and adenoma in mice; skin, subcutis, Zymbal 
gland, thyroid gland, and liver tumors in rats; adrenal cortex adenoma, 
papillary, intestinal adenocarcinoma, adenocarcinoma & subcutaneous 
fibrosarcoma in hamster (210, 210)

MOCA 
(4,4’-Methylene-bis- 
(2-chloroaniline)

Bladder cancer (46, 212) Haemangioma, hepatoma in mice, lung tumors in rats, pleural 
mesotheliomas, hepatocellular adenomas, and mammary gland 
adenocarcinomas in rats; bladder tumors in dogs (210, 203, 213, 214, 215.)

4-Aminobiphenyl Bladder cancer 
(49, 216, 217, 218, 219)

Bladder carcinomas in rats, angiosarcoma, hepatocellular tumors and 
bladder carcinoma in mice; intestinal tumors, liver sarcoma, mammary 
tumors, uterus in rats; bronchioalveolar adenoma in mice; uterus carcinomas 
in rat; bladder carcinomas in rabbits bladder papilloma and bladder 
carcinoma in dogs (193, 220, 222, 223, 224, 225, 226, 227)

2-Naphthylamine Bladder cancer (41, 63, 156, 162, 
165, 169, 174, 209, 228, 229, 230, 
231, 232, 233, 234, 235, 236, 237)

Liver cholangioma, hepatomas in mice, bladder papilloma in rats, bladder 
carcinoma and hepatoma in hamster, papilloma and carcinoma of bladder in 
dog (108, 192, 236. 237, 238, 239, 240, 241,242, 243, 244, 245, 246, 247, 248)

o-Toluidine Bladder cancer 
(160, 239, 240, 249, 20, 251)

Hepatocellular adenoma, carcinomas in mice, fibromas of the skin, spleen 
mammary fibroadenoma, and sarcoma of rat, fibrosarcoma or osteosarcoma 
of multiple organs of rat (76, 252, 253)

4-Chloro-o-Toluidine  Bladder cancer (254) Haemangiosma and haemangiosarcoma of mice (255, 76)
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in Salmonella tester strains TA98 and TA100, but 
require exogenous mammalian activation (S9) (125). 
IACR classified benzidine and dyes metabolized to 
benzidine as category 1carcinogens (114).

p-Phenylenediamine was reported 
to be non-mutagenic (126, 127); but Shahin 
et al. (128-130) reported it to be a weak mutagen. 
Chung et al. (131) studied the mutagenicity of 
p-phenylenediamine and found it to be weakly 
mutagenic to Salmonella tester strain TA98 with 
metabolic activation. Burnett et al. (132) discovered 

that an aqueous sdolution of p-phenylenediamine 
was non-mutagenic. p-Phenyenediamine prepared 
solution in DMSO was non-mutagenic; however, 
upon standing at room temperature for over an hour, 
this compound in DMSO became mutagenic. Lin and 
Solodar (127) also reported that p-phenylenediamine 
became mutagenic after it was oxidized. This 
finding suggests that p-phenylenediamine may 
not be mutagenic but became mutagenic after 
oxidation (130). Watanabe et al. (133) discovered 
that p-phenylenediamine became strongly mutagenic 
in Salmonella typhimurium tester strain TA1538 
in the presence of microsomal fraction following 
oxidation by H2O2. However, Shahin et al. (134) 
reported that the hair dye coupler resourcinol, and 
the oxidation product of p-phenylenediamine and 
resourcinol, hydroxy-3-(p-amino)anilino-6, N-(p-
amino)phenol)benzoquinonemonoimine-1,4 were 
found to be non-mutagenic in Salmonella tester 
strains TA1535, TA1537, TA1538, TA98 and TA100 
in the absence or presence of S9. Sulphonation, 
deamination, or substitution of an ethyl alcohol or an 
acetyl group for the hydrogen in the amino groups 
of p-phenylenediamine leads to a decrease of 
mutagenic activity. But 2- nitro-p-phenylenediamine 
becomes directly mutagen; and 2-methyl-p-
pphenylenedamine is mutagen in the presence of S9 
mix (119, 131). The p-phenylenediamine derivative, 
N, N-dimethyl-p-phenylenediamine (DMPD) is 
mutagenic with metabolic activation (22, 23), which 
can be released by azo dyes Methyl Orange, Methyl 
Red, and Methyl Yellow (also known as Butter 
Yellow, dimethylaminoazobenzene (DAB) (23). 
DAB is a recognized carcinogen (135, 136). 
p-Phenylenediamine is a monocyclic aromatic 
amine. A number of monocyclic aromatic amines 
can be released by azo reduction of azo dyes 
including 2, 4-diaminoanisole (137, 138), 2, 
4-diaminotoluene (139), Bismark Brown Y (140), etc. 
Some monocyclic aromatic amines are mutagenic, 
which have been reviewed by Chung et al. (141). 
It is suspected that some of those mutagenic 
monocyclic aromatic amines are also carcinogenic. 
p-Phenylenediamine, 2-nitro-p-phenylenediame 
and 2-methyl-p-phenylenediamine induced a dose-
related increase in chromosomal aberrations in 
Chinese hamster ovary (CHO) cells in the absence 
of the S9 mix (131). In other words, these amines 
are certainly genotoxic.

p-Phenylenediamine is mainly used as a 
component of engineering polymers and composites, 
and also is the main aromatic amine used in hair dye 
formulation (86, 137). Rollison et al. (142) reviewed 

Table 5. List of aromatic amines and azo dyes 
banned in European Union

Name of Chemical CAS number

Aminobiphenyl 92-67-1

4-Aminoazobenzene* 60-09-3

Benzidine 92-87-5

4-Chloro-Toluidine 95-69-2

2-Naphthylamine 91-59-8

4-Amino-2’, 3-dimethylazobenzene* 97-56-93

2-Amino-4-nitrotoluene 99-55-8

4-Chloroaniline 106-47-8

4-Cresidine 120-71-8

4, 4’-Diaminoanisole 615-05-4

4, 4’-Diaminodiphenylemethane 101-77-9

3, 3’-Dichlorobenzidine 91-94-1

3, 3’-Dimethoxybenzidine 119-90-4

3, 3’-Dimethybenzidine 119-93-7

3, 3’-Dimethyl-4, 4’-Diaminodiphenylmethane 838-88-0

4, 4’-Methylene-bis-(2-chloroaniline) 101-80-4

4, 4’-Thiodianiline 139-65-1

2-Aminotoluene 95-53-4

2, 4-Diaminotoluene 95-80-7

2, 4, 5-Trimethylaniline 137-17-7

2-Methoxyaniline 90-04-0

*Azo dyes, Those consumer goods containing azo dyes that, 
by reductive cleavage of one or more azo groups, may release 
one or more of the aromatic amines listed in the Table 5 are 
forbidden. The detectable concentrations of any amine should 
not exceed 30 ppm in the finished articles or in the dye parts 
thereof.Source: Pruntern A. and C. Page. 2013. European ban on 
certain azo dyes. WWW.IFL.COM
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the literature published 1992-2005 about the personal 
hair dye use and cancer and discovered at least one 
well-designed study with exposure assessment that 
observed associations between personal hair dye use 
and non-Hodgkin’s lymphoma, multiple myeloma, 
acute leukemia, and bladder cancer, but those 
associations were not consistently observed across 
studies. Turesky et al (58) reported that hair dye  
p-phenylenediamine can be contaminated with the 
carcinogenic 4-aminobiphenyl. Would the reported 
carcinogenic effects of p-phenylenediamine be due 
to the impurity rather than the p-phenylenediamine 
itself ? Whether p-phenylenediamine is a carcinogen 
remains to be further investigated. However, the 
Center of Disease Control (CDC) of the United 
States lists p-phenylenediamine as being a 
contact allergen. Exposure routes are through 
inhalation, skin absorption, ingestion, and skin/
or eye contact. Symptoms include throat irritation 
(pharynx and larynx), bronchial asthma, and 
sensitization dermatitis (NIOSH, Registry of Toxic 
Effects of Chemical Substances (RTECS) entry for 
p-phenylenediamine (PPD)).

Benigni and Passerini (143) studied 
the structure-activity relationship of carcinogenic 
compounds and discovered that the gradation of 
potency of aromatic and arylamines depends on 
their hydrophobicity and on electronic (reactivity, 
propensity to be metabolically transformed) and steric 
properties. Chung and Cerniglia (119) also found that 
some functional groups within the molecule of these 
amines affect their genotoxicities. In general, the 
SO3 group will increase the solubility and decrease 
genotoxicity of the compounds. However, Pinherio 
et al. (144) reported that increased hydrophilicity 
such as sulfonation would be unfavorable for 
bioelimination in activated sludge systems. On the 
other hand, halogen groups or NO2 groups will 
increase their genotoxicities. What we need is to 
develop chemicals that are environmentally friendly 
and with minimum genotoxicities. Another approach 
is to look for antimutgenic/antigenotoxic chemicals. 
As an example, Makena and Chung (145) found 
that various plant polyphenols can decrease the 
benzidine-induced genotoxicity.

Arylamines are not only important 
carcinogens but also important chemicals that have 
been reported to cause a variety of maladies. For 
example, Sittig (146) reported that acute inhalation 
exposure to 4-aminobiphenyl developed cyanosis, 
headaches, lethargy, urinary burning, and hematuria 
in humans. Acetaminophen and amphetamine 

affect central nervous systems. 2-Naphythylamine 
(2-NA) is considered a hazardous material. High 
levels of inhalation of 2-NA can interfere with 
the ability of the blood to carry oxygen causing 
headache, fatigue, dizziness, and a blue color to 
the skin and lips (methemoglobinemia). Higher 
levels can cause trouble breathing, collapse, and 
even death. Stasik (147) reported that 4-choro-o-
toluidine caused acute toxic effect haemorrhagic 
cystitis with methemoglobinaemia and haematuria. 
Further symptoms include dysuria, reduced bladder 
capacity and pain in the lower abdomen. Some 
arylamines were reported to cause autoimmune 
diseases including lupus (148, 149). Adham and 
Chung (150) discussed the relationship between the 
arylamines carcinogenesis and lupus and noticed 
the association between autoimmune diseases and 
cancer (151, 152). Adam and Chung (150) further 
found that autoimmune syndromes are common in 
patients with cancer. It is possible that autoimmunity 
and arylamine induced cancer may share some the 
common mechanisms of the etiology. Patient with 
autoimmune diseases may have a high chance of 
developing cancer later in their lives. It is prudent to 
have further investigation on this subject.

Endogenous arylamine such as tryptophan 
metabolite, serotonin, is reported to be related 
to anorexia (153) and serotonin syndrome (154). 
Arylamines may also be related to other diseases 
as well. Organs, tissue, and species specificity of 
the arylamines-inducing cancer may be due to their 
availability (absorption, transport and accumulation, 
residential time, and the presence of metabolic 
activation/detoxicification enzymes) for each organ, 
tissue, and species. It has been reported that triple 
primary cancers including kidney, urinary bladder, 
and liver were involved in in dye workers. Are these 
types of cancer due to the special metabolism of 
arylamine or due to many enzymes involved in the 
metabolic activation/detoxification? For example, 
cytochrome-P450, prostglandin H synthase, 
N-acetyltransferase, glutathione transferase, 
glucouronyl transferase, sulfotransferase, 
o-acetylase, etc., which have been reported in 
the metabolic activation of arylamine induced 
carcinogenesis. The expression and balance of these 
enzymes are important factors in the onset of cancer.

Dyestuff and chemical industrial workers, 
pigment and printing workers, textile dye workers, 
rubber and cable manufacture workers, gas workers, 
laboratory workers, handlers of certain rodenticides, 
and workers in the tar and pitch industries were 
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reported to have a high incidence of bladder 
cancer because they were frequently exposed to 
arylamines (155, 156). Other professions such 
as bus drivers, leather (including shoe) workers, 
blacksmiths, machine setters, mechanics, and 
hairdressers are also high risk groups of bladder 
cancer. Cigarette smokers also were reported to 
have a triple risk of bladder cancer relative to those 
who have never smoked (157). Cigarette smoking is 
also linked with an increased risk of cancers of the 
lung, larynx, oral cavity, nose and sinuse, pharynx, 
esophagus, stomach, pancreas, cervix, kidney, 
ovary, colorectum, and acute myeloid leukemia. 
Cigarette smoking accounts for at least 30% of all 
cancer deaths, and 87% of cancer deaths is due 
to lung cancer. Cigarette smoke was reported to 
contain some arylamines such as 4-aminobiphenyl, 
2-naphthlamine (54, 55,158). The decreasing trend 
of bladder cancer incidence in the developed world 
suggests that bladder cancer is a preventable 
disease should arylamines and relevant carcinogenic 
azo dyes be well regulated.

Exogenous arylamines can contaminate 
food and water and are present ubiquitously in the 
environment. Other than occupational exposure, the 
general public is likely to be exposed through various 
routes. Therefore, arylamines pose a serious threat 
to the human health of both occupational groups 
and the general public. In view of their ubiquity and 
diseases they cause, arylamines are probably one 
of the most important groups of compound intimately 
related to human health and environment. Much 
more investment in the study of arylamine induced 
carcinogenesis and other maladies is certainly 
warranted.

6. REFERENCES

1. F. A. Beland, W. B. Melchior, L. L. Mourato, 
M.A. Santos, M.M. Marques: Arylamine-
DNA adduct conformation in relation to 
mutagenesis. Mutat. Res., 376, 13-19 
(1997)

2. M. M. Marques,L. L. Mourato, M. T. 
Amorim, M. A. Santos, W. B. Melchior, F. 
A. Beland: Effect of substitution site upon 
the oxidation potential of alkylation, the 
mutagenicities of N-hydroxyalkylanilines, 
and the confirmation of alkylaniline-DNA 
adducts. Chem. Res. Toxicol., 10, 1266-
1274 (1997)

3. H. Fierz-David, L. Blagey L: Fundamental 
processes of dye chemistry. Interscience 
Publishers, Inc., New York. (1949)

4. E. Gubéran, L. Raymond, P. M. Sweetnam: 
Increased risk for male bladder cancer 
among a cohort of male and female 
hairdresser from Geneva. Int. Epidemiol., 
11(4), 549- 554 (1985)

5. G. R. Nakamura, S. C. Shimoda: 
Examination of microquantity of ball 
point inks from documents by thin-layer 
chromatography. J. Crim. Law Criminol. 
Police Sci., 56, 1113-118 (1965)

6. M. Sakayanagi, J. Komura, Y. Konda, 
K. Watanabe, Y. Harigaya: Analysis of 
ballpoint pen inks by field desorption 
mass spectrometry. J. Forensic Sci., 
44(6), 1204-1214 (1999)

7. S. D. Varella, D. L. Pozetti, W. Vilegas, 
E. A. Varanda: Mutagenic activity 
of sweepings and pigments from a 
household-wax factory assayed with 
Salmonella typhimurium. Food Chem. 
Toxicol., 42(12), 2029-2035 (2004)

8. H. Silver, A. C. Sonnenwirth , N. 
Alex: Modifications in the florescence 
microscopy technique as applied to 
identification of acid-fast bacilli in tissue 
and bacteriological material. J. Clin. 
Pathol., 19(6), 583-588 (1966)

9. M. D’Aquino, P. Santini P: Food additives 
and their possible genetic toxicity; 
microbiological determination. Arch. 
Latinoamer. Nutrition, 27(3), 411-424 
(1977), Spanish.

10. R. A. Cartwright: Historical and modern 
epidemiological studies on populations 
exposed to N-substituted aryl compounds. 
Environ. Health Perspect., 49, 13-19 
(1983)

11. L. J. Warren, P. Marren: Textile dermatitis 
and dyed maggot exposure. Cont. 
Dermatol.,36(2), 106 (1997)

12. Department of the Army: Military 
explosives. Washington D.C. (1990)

13. T. Shimizu: Fireworks: the art, science, and 



Occurrence, uses, and carcinogenicity of arylamines

 381 © 1996-2015

technique. Pyrotechnical Publications, 
Austin, Texas (1981)

14. M. Tripathi, S. K. Khanna, M. Dasm: 
Surveillance on use of synthetic colors 
in eatable vis a prevention of Food 
Adulteration Act of India. Food Control, 
18, 211-219 (2007) TSCA, (1979)

15. P. Rao, R. V. Bhat: A comparative study 
on the synthetic food colors usage in 
foods procured from urban and rural area 
of Hyderabad. Nutri. and Food Sci., 33(5), 
230-234 (2003)

16. Q. Lin: Simutaneous determination of 
chrysoidine and auramine O in bean 
products by HPLC (article in Chinese). Se 
Pu, 25(5), 776-777 (2007)

17. NIOSH: National Occupational Exposure 
Survey. National Institute for Occupational 
Safety and Health (1990)

18. R. A. M. Case, J. J. Pearson: Tumors of the 
urinary bladder in workmen engaged in the 
manufacture and use of certain dyestuff 
intermediates in the British chemical 
industry. II. Further consideration of the 
role of aniline and of the manufacture 
of auramine and magenta (fuchsine) as 
possible causative agents. Brit. J. Ind. 
Med., 11, 213-216 (1954)

19. IARC: Some industrial chemicals 
and dyestuffs. IARC Monographs on 
the Evaluation Carcinogenic Risks to 
Humans, 29, 1-398 (1982).

20. ATSDR: Toxicological profile for 
benzidine. Atlanta, GA: U. S. Department 
of Health and Human Services, Agency to 
Toxic Substances and Diseases Registry 
(2001)

21. K-T. Chung, G. E. Fulk, M. Egan: 
Reduction of azo dyes by intestinal 
anaerobes. Appl. Environ. Microbiol., 35, 
558-562 (1978a)

22. K. -T. Chung, G. E. Fulk, A. W. Andrews: 
The mutagenicity of methyl orange and 
a mutagenic metabolite produced by 
intestinal anaerobes. Mutat. Res., 58, 
375-379 (1978b)

23. K.-T. Chung , G. E. Fulk, A. W. Andrews: 
Mutagenicity testing of some commonly 
used dyes. Appl. Environ. Microbiol., 4, 
641-648 (1981)

24. K. -T. Chung: The significance of azo-
reduction in the mutagenesis and 
carcinogenesis of azo dyes. Mutat. Res., 
114, 269-281 (1983)

25. K. -T. Chung, S. E. Stevens, Jr., C. E. 
Cerniglia: The reduction of azo dyes 
by the intestinal microflora. Crit. Rev. 
Microbiol., 18,175-190 (1992)

26. IARC: Some inorganic substances, 
chlorinated hydrocarbons, aromatic 
amines, N-nitroso compounds and 
natural products. IARC Monographs on 
the Evaluation of Carcinogenic Risks to 
Humans, 1, 1-184 (1972)

27. ATSDR: Toxicological profile for 
dichlorobenzidine. Atlanta, GA. U. 
S. Department of Health and Human 
Services, Agency for Toxic Substances 
and Disease Registry (1998)

28. Chemical Sources-International (2010) 
Available at http:www.chemsources.com/
csintl.htm

29. K. Golka, S. Kopp, Z. W. Myslak: 
Carcinogenicity of azo colorants: 
influence of solubility and bioavailability. 
Toxicol. Lett., 151, 203-210 (2004)

30. IARC: Some aromatic amines, hydrazine 
and related Substances, N-nitroso 
compounds and miscellaneous alkylating 
agents. IARC Monographs on the 
Evaluation of Carcinogenic Risks to 
Humans, 4, 1-286 (1974)

31. EPA UN PIC and U. S. PIC-nominated 
Pesticides List. Available at http://www.epa.
gov/oppfead/internatinal/piclist.htm (2007)

32. M. H. C. Williams, G. M. Bonser: Induction 
of hepatomas in rats and mice following 
the administration of auramine. Brit. J. 
Cancer, 16, 87-91 (1962)

33. M. Balabanova, L. Popova, R. Tchipeva: 
Dyes in dermatology. Clin. Dermatol., 2, 
2-6- 9 (2003)



Occurrence, uses, and carcinogenicity of arylamines

 382 © 1996-2015

34. A. Castellani: Magenta paint. Lancet, 292, 
287 (1968)

35. G. Whitwell: Magenta paint (Letter to the 
Editor). Lancet, 292, 110 (1968)

36. W. B. Shelly: Memoir of a dermatologist’s 
residency.1946-1949. J. Am. Acad. 
Dematol., 56, 674-677 (2004)

37. Biogenex: Safety data sheet carbol-
fuchsin solution. Available at http://www.
biogenex.com (2003)

38. K. M. Khan, S. Naz: Aqueous solution of 
basic fuchsin as food irradiation dosimeter. 
Nucl. Sci. Tech., 18,141-144 (2007)

39. J. C. Dacre: Carcinogenic compounds 
on edible meat in New Zealand. New 
Zealand Med. J., 73, 74-77 (1971)

40. L. Rehn: Bladder tumour in fuchsin 
workers (Ger) Arch. Klin. Chir., 50, 588-
600 (1895)

41. G. F. Rubino, G. Scansetti, G. Piolatto, E. 
Pira: The carcinogenic effect of aromatic 
amines: an epidemiological study on the 
role of o-toluidine and 4, 4’-methylene 
bis (2-methylaniline) in inducing bladder 
cancer in mam. Environ. Res., 27, 241-
154 (1982)

42. G. E. Piolatto, E. Negri, C. La Vecchia, E. 
Pira, A. Decarli, J. Peto: Bladder cancer 
mortality of workers exposed to aromatic 
amines: an updates analysis. Brit. J. 
Cancer, 53, 457-459 (1991)

43. IARC: Occupational exposures of 
hairdressers and barbers and personal 
use of hair colourants: some hair dyes, 
cosmetic colourants, industrial dyestuffs 
and aromatic amines. IARC Monographs 
on the Evaluation Carcinogenic Risks to 
Humans, 57, 1-427 (1993)

44. ATSDR: Toxicological profile for 
chlordane. Atlanta, GA: U. S. Department 
of Health and Human Services, Agency to 
Toxic Substances and Diseases Registry 
(1994)

45. NTP: 4, 4’-Methylenebis(2-Choroaniline) 
CAS No.101-14-4 Report on Carcinogens, 
Eleven Edition: U. S. Department of Health 

and Human Services. Public Health and 
Human Services, National Toxicology 
Program. http://ntp/niehs.nih.gov/ntp/roc.
eleventh/profiles/s073mob.pdf (2005)

46. H. I. Chen, S. H. Liou, C. H. Loh, S. 
N. Uang, Y. C. Yu, T. S. Shih: Bladder 
cancer screening and monitoring of 
4, 4’-methylenebis(2-chloroaniline) 
exposure among workers in Taiwan. Urol., 
66, 305-310 (2005)

47. E. Ward, A. B. Smith, W. Halperin: 4, 
4’-Methylenebis (2-chloroaniline) an 
unregulated carcinogen. Am. J. Ind. Med., 
12, 537-549 (1987)

48. S. M. Rappaport, R. Morales: Air-
sampling and analytical method for 4, 
4’-methylenebis(2-chloroaniline) Anal. 
Chem., 51, 19-23 (1979)

49. L. G. Koss, M. R. Melamed, E. Kelly: 
Further cytologic and histologic studies 
of bladder lesions in workers exposed to 
p-aminobiphenyl: progress report. J. Natl. 
Canc. Inst., 43, 233-243 (1969)

50. HSDB: Hazardous Substances Database. 
4-Aminobiphenyl, National Library 
of Medicine. Last updates: 8/29/03.
http:/toxnet.nlm.nih.gov/egi-bin/sis/
htmlgen?HSDB and search CAS number. 
Last acess: 2/4/04 (2003)

51. N. Richfield-Frantz, J. E. Bailey Jr., C. 
J. Bailey: Determination of unsulfonated 
aromatic amines in FD&C Yellow No. 
6 by the diazotization and coupling 
procedure followed by reversed-phase 
high-performance liquid chromatography. 
J. Chromatogr., 33, 109-123 (1985)

52. A. Beyerbach, N. Rothman, V. K. 
Bhatnagar, Kashyap, G. Sabbioni: 
Hemoglobin adducts in workers 
exposed to benzidine and azo dyes. 
Carcinogenesis, 27 (8), 1600-1606 (2006)

53. V. M. Lakshmi,F. F. Hsu, T. V. Zenser: 
Transformation and activation of 
benzidine by oxidants of the inflammatory 
response. Chem. Res. Toxicol., 16(3), 
367-374 (2003)



Occurrence, uses, and carcinogenicity of arylamines

 383 © 1996-2015

54. C. Patrianakos, D. Hoffman: Chemical 
studies in tobacco smoke LXIV: On the 
analysis of aromatic amines in cigarette 
smoke. J. Anal. Toxicol., 3, 150-154 (1979)

55. D. Hoffman, M. V. Djordjevic, I. Hoffman: 
The changing cigarette. Prevent. Med., 
26, 427-434 (1997)

56. T. A. Chiang, Pei-Fen W, L. S. Ying, L. 
F. Wang, Y.-C. Ko: Mutagenicity and 
aromatic amine content of fumes from 
heated cooking oil produced in Taiwan. 
Food Chem. Toxicol., 37(2-3), 125-134 
(1999)

57. A. Bafana, S. S. Devis, K. Krishnamurthi, 
T. Chakrabarti: Kinetics of decolorization 
and biotransformation of direct black 38 
by Clostridium hominis and Pseudomonas 
shutzeri. Appl. Microbiol. Bitechnol., 74, 
1145-1152 (2007)

58. R. J. Turesky, J. P. Freeman, R. D. 
Holland, D. M. Nestorick, D. W. Miller, 
R. L. Ratnasinghe, F. F. Kadlubar: 
Identification of aminobiphenyl derivatives 
in commercial hair dyes. Chem. Res. 
Toxicol., 16: 1162-1173 (2003)

59. M, Akyüz, S. Ata: Determination of 
aromatic amines in hair dye and henna 
samples by ion-pair extraction and 
gaschromatography-mass spectrometry. 
J. Pharm. Biomed. Anal., 47(1), 486-492 
(2008)

60. Y. Masuda, K. Moir, M. Kuratsune: 
Studies on bladder carcinogens in the 
human environment. 1. Naphthylamines 
produced by pyrolysis of amino acid. Int. 
J.Cancer, 2,489 403 (1967)

61. H. G. Treible: Naphthalene derivatives. 
In Kirk, R. E. & Othmer, D. F., eds, 
Encyclopedia of Chemical Technology, 
2nd ed., New York, John Wiley & Sons, 
Vol., 13, pp. 708 (1967)

62. N. Takemura, T. Akiyama, C. Nakajima: 
A survey of the pollution of the Sumida 
river, especially on the aromatic amines 
in water. Int.J. Air Water Polut, 9, 665-670 
(1965)

63. L. D. Cassidy, A. O. Youk, G. M. March: 
The Drake Health Registry Study: cause- 
specific mortality experience of workers 
potentially exposed to β-naphthylamine. 
Amer. J. Ind. Med., 44(3), 282-290 (2003)

64. M. Akyüz: Simultaneous determination 
of aliphatic and aromatic amines 
indoor and outdoor air samples by gas 
chromatography-mass spectrometry. 
Talanta, 71(1), 486-492 (2007)

65. IARC: Evaluation of Carcinogenic Risk 
to Humans: some industrial chemicals. 
15-22, February, 2000. Lyon, France. 
IARC Monographs on the Evaluation of 
Carcinogenic Risks to Humans, Vol. 77, 
1-559 (2000)

66. G. B. Neurath, M. Dunger, F. G. Pein, 
D. Ambrosius, O. Schreiber: Primary 
and secondary amines in the human 
environments. Food Cosmet.Toxicol., 15, 
275-282 (1977)

67. O. G. Vitzthum, P. Werkhoff, P. Hubert: 
New volatile constituents of black tea 
aroma. J. Agri. Food. Chem., 23, 999-
1003 (1975)

68. L. S. DeBruin, J. B, Pawliszyn, P. D. 
Josephy: Detection of monocyclic 
aromatic amines, possible mammary 
carcinogens in human milk. Chem. Res. 
Toxicol., 12(1), 78-82 (1999)

69. R. Stabbert, K. H. Schäfer, C. Biefel, K. 
Rustemeier: Analysis of aromatic amines 
in cigarette smoke. Rapid Commun. Mass 
Spect., 17(18), 2125-2132 (2003)

70. K. Riedl, G. Scherer, J. Engl, H. W. 
Hagedorn, A. R. Tricker: Determination 
of three carcinogenic aromatic amine 
in urine of smokers and nonsmokers. J. 
Anal. Toxicol., 30, 187-195 (2006)

71. M. Riffelmann, G. Muller, W. Schmieding, 
W. Popp, K. Norpoth: Biomonitoring of 
urinary aromatic amines and arylamine 
hemoglobin adducts in exposed workers 
and nonexposed control persons. Int. 
Arch. Occup. Environ. Health, 68, 36-43 
(1995)



Occurrence, uses, and carcinogenicity of arylamines

 384 © 1996-2015

72. K. Gaber, U. A. Harreus, C. Matthias, N. 
H. Kleinsasser, E. Richter: Hemoglobin 
adducts of the human bladder carcinogen 
o-toluidine after treatment with the local 
anesthetic prilocaine. Toxicol., 229, 157-
164 (2007)

73. A. Taddio, A. Ohlsson, T. R. Einarson, B. 
Stevens, G. A. Koren: A systematic review 
of lidocaine-prilocaine cream (EMLA) in 
the treatment of acute pain in neonates. 
Pediatrics.,10:E1 (1998)

74. J. H. Tak, W. H. van Bon: Pain and distress-
reducing interventions for venipuncture 
in children. Child Care Health Develop., 
32(3), 257-268.

75. IARC: Some flame retardants and 
textile chemicals, and exposure in the 
textile manufacturing industry. IARC 
Monographs on the Evaluation of 
Carcinogenic Risks to Humans, Volume 
48, 1-278 (1990)

76. NCI: Carcinogenesis assay of 4-Chloro-
o-toluidine hydrochloride for possible 
carcinogenicity (CAS No. 3165-93-3) 
(Tech. Rep. Series No. 165: DHEW Publ. 
No. NIH 79-1721, Bethesda, MD (1979)

77. IARC: Miscellanous pesticides. IARC 
Monographs on the Evaluation of 
Carcinogenic Risks to Humans, 30, 1-400 
(1983)

78. WHO: Chordimeform (Environmental 
Health Criteria 199), Geneva, World 
Health Organization (1998)

79. B. T. Johnson and C. O. Knowles: Microbial 
degradation of the acaracide N-(4-chloro-
o-tolyl)-N, N-dimethylformamidine. Bullet. 
Environ. Contamination Toxicol., 5,158-
163 (1970)

80. K. H. Kossmann, H. Geissbühler and 
V. F. Boyd: Specific determination of 
(chlorphenamidine (N’-(4-chloro-o-
tolyl)-N, N-dimethylformamidine) in 
plants and soil material by colorimetry 
and thin-layer and electron capture gas 
chromatography. J. Agric. Food Chem., 
19, 360-364 (1971)

81. H. Izuka, T. Masuda. Residual fate of 
chlorphenamidine in rice plant and paddy 
soil. Bull. Environ. Contamination Toxicol., 
22, 745-749 (1979)

82. D. L. Bull: Metabolism of chlordimeform 
in cotton plants. Environ. Entomol., 2, 
869-871(1973)

83. D. F. Fan, S. D. Ge:Gas-liquid 
chromatographic determination of 
chlordimeform and in metabolites in cargo 
rice and husk. J. Association Off. Anal. 
Chem., 65, 1517-1520 (1982)

84. P. Grubner: (Thin-layer chromatographic 
determination of chlordimeform in 
cucumber and apples) Nahrung, 21, 
39-345 (1977)

85. J. F. Corbett, R. K. Sharma,W. E Dressler: 
Cosmetic Toxicology, In: Eds.:H. 
Marguart, S. G. Schäfer, R. McClellan 
and F. Welsch, Academic Press, San 
Diego, US., pp. 899-910 (1999)

86. J. F. Corbett: An historical review of the 
use of dye precursors in the formulation 
of commercial oxidative hair dyes. Dyes 
& Pigm., 41, 127-136 (1999)

87. J. F. Corbett: Synthetic dyes for 
human hair. In: Colorant for non-textile 
applications. Eds. Freeman, H. S. and A. 
T. Peters Elsevier Science B. V., 456-477 
(2000)

88. A. Martelli, G. Brambilla: Arylamines drugs: 
interaction with nitrate and genotoxic-
carcinogenic activity of NO-derivatives. 
Front. Biosci., s E4:1964-1974 (2012)

89. K.-T. Chung , S. E. Stevenson, Jr.: 
Degradation of azo dyes by environmental 
microorganisms and helminths. Environ. 
Toxicol. Chem., 12, 2121-2132 (1993)

90. T. Plazek, C. Lang, G. Grohmann, U. S. 
Gi, W. Bates: Formation of a carcinogenic 
aromatic amine from an azo dye by human 
skin bacteria in vitro. Hum. Experm. 
Toxicol., 18, 552-559 (1999)

91. A. Keck, J. Klein, M. Kudlich, A. Stolz, 
H.-J. Knackmuss, R. Mattes: Reduction of 
azo dyes by redox mediators originating in 



Occurrence, uses, and carcinogenicity of arylamines

 385 © 1996-2015

the naphthalenesulfonic acid degradation 
pathway of Sphingomonas sp. strain BN6. 
Appl. Environ. Microbiol., 63, 3684-3690 
(1997)

92. H. Chen: Recent advances in azo dye 
degrading enzymes research. Current 
Prot. Pep. Sci., 7, 101-111(2006)

93. F. Rafii, W. Franklin, R. Heflich, C. 
E. Cerniglia: Reduction of nitrated 
compounds by anaerobic bacteria 
isolated from the human gastroinerstinal 
tract. Appl. Environ. Microbiol., 57, 962-
968 (1991)

94. P. P. Fu: Metabolism of nitro-polycyclic 
aromatic hydrocarbon. Drug Metab. Rev., 
22, 209- 268 (1990)

95. R. E. Richardson, P. P. Fu, C. E. Cerniglia: 
Metabolism of 1-, 3- and 6-nitrobenzo(a)
pyrene by intestinal microflora. J. Toxicol. 
Environ. Health., 23, 527-537(1988)

96. Y.Ohnishi, H. Kinouchi, H. Tsutsu, M. 
Uejima: Mutagenic nitropyrenes in foods. 
P. 107-118. In: Y, Hayashi, et al. (ed.), 
Diet, Nutr. & Cancer. Jpn. Sci. Soc. Press, 
Tokyo (1986)

97. H. S. Rosenkranz, D. R. Sanders: 
Nitropyrenes: isolation, identification, 
and reduction of mutagenic impurities in 
carbon black toners. Science, 209, 1039-
1043 (1980)

98. H. S. Rosenkranz, R. Mermelstein: 
Mutagenicity and genotoxicity of 
nitropyrenes. All nitro-containing 
chemicals were not created equal. Mutat. 
Res., 114, 217-267 (1983)

99. H. Tokiwa, T. Otofji, R. Nakagawa, K. 
Horikawa, T. Maeda, S. Sano, K. Izumi, 
H. Otsuka:Dinitro derivatives of pyrene 
and fluoranthrene in diesel emission 
particulates and their tumorigenicity in 
mice and rats. Develop. Toxicol. Environ. 
Sci., 13, 253-270 (1987)

100. K. B. Delclos, R. Plker, K. L. Dooley, P. 
P. Fu, F. F. Kadlubar: Carcinogen-DNA 
adduct formation in the lungs and livers 
of preweanling CD-1 male mice following 

administration of (3H)-6-nitrochrysene, 
(3H)-6-aminochrysene and (3H)-1,6- 
dinitrochrysene. Cancer Res., 47, 6272-
6277 (1987)

101. C. M. King, L. K. Tay, M. S. Lee, K. 
Imaida, C. Y. Wang: Mechanisms of tumor 
induction by dinitropyrenes in the female 
CD rats. Develop. Toxicol. Environ. Sci., 
13, 279-290 (1986)

102. L. Stayner, A. Dannenberg, T. Bloom ,T. 
Thun, M. Yearet: Excess hepatobiliary 
cancer mortality among munition workers 
exposed to dinitrotoluene. J. Occup. 
Med., 35(3), 291-296 (1993)

103. K.-T. Chung, G. S. Gadupudi: Possible 
Roles of excess tryptophan metabolites in 
cancer. Environ. Mol. Mutag., 52, 81-104 
(2010)

104. D. P. Rose: Aspects of tryptophan 
metabolism in health and disease: a 
review. J. Clin. Pathol., 25, 17-25 (1972)

105. A. Bertazzo, E. Ragazzi, M, Biasiolo, C 
V. L. Costa, A. Allegri: Enzymes activities 
involved in tryptophan metabolism along 
kynurenine pathway in rabbit. Biochem. et 
Biophy., 1527, 167-175 (2001)

106. D. F. Birt, A. D. Julius, R. Hasegawa, M. St. 
John, S. M. Cohen: Effect of L-tryptophan 
excess and vitamin B6 deficiency on rat 
urinary bladder cancer promotion. Cancer 
Res., 47, 1244-1245 (1987)

107. H. Sidransky: Tryptophan and 
carcinogenesis: review and update on 
how tryptophan may act. Nutrition and 
Cancer, 29, 181-194 (1997)

108. W. C. Hueper: Occupational Tumors and 
Allied Diseases. Thomas, Springfield, Ill 
(1942)

109. M. Ploeg, K. K. H. Aben, L. A. Kienaney: 
The present and further burden of urinary 
bladder cancer in the world. World J. 
Urol., 27, 289-293 (2009)

110. J. Jemal, F. Bray, M. M. Center, F. Ferlay, 
E. Ward, D. Forman: Global cancer 
statistics. CA Cancer J. Clin., 61(2), 69-90 
(2011)



Occurrence, uses, and carcinogenicity of arylamines

 386 © 1996-2015

111. A. Jemal, R. Siegel, E. Ward, Y. Hao, J. 
Xu: Global cancer statistics. CA Cancer J. 
Clin., 58, 71-96 (2008)

112. P. Kirsch, I. Fleig, R. Frentzel-Beyme, C. 
Gembardt, J. Steimborn, A. M. Thiess, 
W. Koch, W. Seibert, G. Wellenreuther 
and H. Zeller: Auramine. Toxicology 
and Occupational Health I (German) 
Arbeitsmed. Sozialmed. Pravenitv-Med., 
13:1-28 (1978)

113. A. M. Thiess, R. Link, G. Wellenreuther: 
Mortality study of employees exposed 
to auramine. In: El-Attal, M., Abdel-Gelil, 
S., Massoud, A. and Noweir, M. Eds, 
Proceedings of the 9th International 
Conference of Occupational Health in the 
Chemical Industry, Cairo, 1981, Page197-
208 (1982)

114. IARC: Some aromatic amines, organic 
dyes, and related exposures. IARC 
Monographs on the Evaluation of 
Carcinogenic Risks to Humans, 99, 1-692 
(2010)

115. H-G. Neumann: Aromatic amines: 
mechanism of carcinogenesis and 
implications for risk assessments. Front 
Biosci Landmark, 15, 1119-1130 (2010)

116. A. Püntener, C. Page: European on 
certain azo dyes. www.tfl.com (2013)

117. K.-T. Chung: Major hypotheses of 
carcinogenesis revisited. In: Handbook 
of Cancer Models with Applications. 
In Series in Mathematical Biology and 
Medicine. Vol. 9. Chapter 8, Page 225-
289, Tan, W. Y. and Hanin, L. (ed.), World 
Scientific, New Jersey, (2008)

118. A. P. Feinberg: The epigenetics of cancer 
etiology. Seminars in Cancer Biol., 4 (6), 
6427–432 (2004)

119. K. -T. Chung , C. E. Cerniglia: 
Mutagenicity of azo dyes: structure-
activity relationships. Mut. Res., 277, 201-
220 (1992)

120. T. J. Haley: Benzidine revisited. A 
review of the literature and problems 
associated with the use of benzidine and 

its congeners. Clin. Toxicol., 8, 13-42 
(1975)

121. G. Choudhary: Human health 
perspectives con environmental exposure 
to benzidine: a review. Chemosphere, 12, 
267-291(1996)

122. K. Schneider, C. Hafner, I. Jager: Review 
article: mutagenicity of textile dye 
products. J. Appl. Toxicol., 24, 83-9 (2004)

123. R. D. Combes, R. B. Haveland-Smith: A 
review of the genotoxicity of food, drug 
and cosmetic colours and other azo, 
triphenylmethane and xanthine dyes. 
Mut. Res., 98, 101-248 (1982)

124. W. G. Levine: Metabolism of azo dyes: 
implication for detoxication and activation. 
Drug Metabol. Rev., 23(3/4), 253-309 
(1991)

125. K. -T. Chung, L. D Claxton: Determining 
the structure-activity relationships of 
aminobiphenyl and benzidine analogues. 
Toxicol. Appl. Pharmacol., 197(3), 258-
259, 505 (2004)

126. R. Crebelli, L. Conti, A. Carere and 
R. Zoto: Mutagenicity of commercially 
p-phenylenediamine and an oxidation 
mixture of p-phenylenediamine and 
resourcinol in Salmonella typhimurium 
TA98. Food Cosmet. Toxicol., 19, 79-84 
(1981)

127. G. H. Y. Lin, W. E. Solodar: Structure-
activity relationship studies on the 
mutagenicity of some azo dyes in 
the Salmonella/microsome assay. 
Mutagenesis, 3(4), 311-315 (1988)

128. M. M. Shahin, P. Andrillon, N. Goetz, P. 
Bore, A. Bugaut, G. Kalopissis: Studies on 
the mutagenicity of p-phenylenediamine 
in Salmonella typhimurium. Mut. Res., 68, 
327-336 (1979)

129. M. M. Shahin: Mutagenic evaluation of 
nitroanilines and nitroaminophenol in 
Salmonella typhimurium. Int. Cosmet., 
Sci., 7, 277-289 (1985)

130. M. M. Shahin: The importance of 
analyzing structure-activity relationships 



Occurrence, uses, and carcinogenicity of arylamines

 387 © 1996-2015

in mutagenicity studies. Mut. Res., 22, 
165-221 (1989)

131. K.-T. Chung, C. Murdock, S. E. Stevens, 
Jr., Y. S. Li, T. S. Huang, C. I. Wei and M. 
W Chou: Mutagenicity and toxicity studies 
of p-phenylenediamine and its derivatives. 
Toxicol. Lett., 81, 23-32 (1995)

132. C. Burnett, C. Fuchs, J. Corbett and J. 
Menkart: The effect of dimethysulfoxide 
in the mutagenicity of the hair dye 
p-phenylenediamine. Mut. Res., 103, 1-4 
(1982)

133. T. Watanabe, T. Hirayama, S. 
Fukui: The mutagenic modulating of 
p-phenylenediamine on the oxidation of 
o- or m-phenylenediamine with hydrogen 
peroxide in the Salmonella test. Mut. 
Res., 245, 15-22 (1990)

134. M. M. Shahin, A Bagaut, P. Gilard, G. 
Kalopissis: Studies on the mutagenicity 
of resourcinol and hydroxy-3-(p-
amino)anilino-6-N- ((p-amino)phenol) 
benzoquinonemonoimine-1,4 in 
Salmonella typhimurium. Mut. Res., 78, 
213-218 (1980)

135. J. A. Miller, E. C. Miller: Carcinogenicity 
of certain derivatives of 
p-dimethylaminoazobenzene in rats. J. 
Exper. Med., 87, 130-156 (1948)

136. J. A. Miller, E. C. Miller, G. C. Finger: 
Further studies on carcinogenicity of dyes 
related to 4-dimethylamino-azobenzene, 
the requirement of unsubstituted 
2-position. Cancer Res., 17, 387-398 
(1957)

137. B. N. Ames, H. G. Kammen, E. Yamasaki: 
Hair dyes are mutagen.Identification 
of a variety of mutagenic ingredient. 
Proceedings of the National Academy of 
Science, U.S.A. 72, 2427-2433 (1975)

138. M. M. Shahin, C. Chopy: Studies on the 
mutagenicity of monocyclic aromatic 
amines in Salmonella typhimurium: 
detoxification effects of liver S9. Fourth 
International Conference of Environmental 
Mutagens, page 229 (1985)

139. M. M. Shahin, A Bagaut, G. Kalopissis: 
Mutagenic evaluation of hair-dye 
component 2, 4-diaminophenoxyethanol 
in Salmonella tyimurium/microsome plate 
test and Saccharomyces cerevisiceae 
strain D4 and XV185-14C. Mutat. Res., 
102, 319-329 (1982)

140. G. M. Sole, J. K. Chipman: The mutagenic 
potency of chrysoidines and Bisdmark 
Brown dyes. Carcinogenesis, 7, 1921-
1923 (1986)

141. K. –T. Chung, L. Kirkovsky, A. Kirkovsky, 
W. P. Purcell: Review of mutagenicity of 
monocyclic aromatic amines: quantitative 
structure-activity relationships. Mutat. 
Res., 387, 1-16 (1997)

142. D. E. Rollison, K. J. Helzlsouer, S. M. 
Pinney: Personal hair use and cancer: 
a systematic literature review and 
evaluation of exposure assessment in 
studies published since 1992. J. Toxicol. 
Environ. Health. Part B. Crit. Rev., (5): 
413-419 (2006)

143. R. Benigni, L. Passerini: Carcinogenicity 
of the aromatic amines: from structure-
activity relationships to mechanisms of 
action and risk assessment. Mutat. Res., 
511, 191- 206 (2002)

144. H. M. Pinheior, E. Touraud, O. Thomas: 
Aromatic amines from azo dye reduction: 
status review with emphasis on direct UV 
spectrophotometric detection in textile 
industry wastewaters. Dyes and Pigm., 
61(2), 121-139 (2004)

145. P. S. Makena, K.-T. Chung: Effects 
of various polyphenols on bladder 
carcinogens benzidine-induced 
genotoxicity. Food Chem.Toxicol., 45, 
1899-1909 (2007)

146. M. Sittig: Handbook of Toxic and 
Hazardous Chemicals and Carcinogens. 
2nd ed. Noyes Publications, Park Ridge, 
New Jersey (1985)

147. M. J. Stasik: Urinary bladder cancer after 
4-chloro-o-toluidine. Dtsch. med. Wschr, 
116, 1444-1447 (1991) (in German)



Occurrence, uses, and carcinogenicity of arylamines

 388 © 1996-2015

148. D. D’Cruz: Autoimmune diseases 
associated with drugs, chemicals and 
environmental factors. Toxicol. Lett., 113, 
421-432.

149. M. M. Reidenberg: Aromatic amines and 
the pathogenesis of lupus erythematosus. 
Amer. J. Med., 75, 1037-1042 (1983)

150. E. Adami, K.-T. Chung: An experimental 
formula for predicting drug-induced lupus. 
The Albanian J. Natl. Technical Sci., VIII, 
3-18 (2003)

151. J. P. Dhar, D. Kmak, R. Bhan, L. 
Pishorodi, J. Ager, R. J. Sokol: Abnormal 
cervicovaginal cytology in women with 
lupus: a retrospect cohort study. Gynecol. 
Oncol., 82, 4-6 (2001)

152. J. A. Ellerhorst, C. D. Cooksly, E. A. Grimm: 
Autoimmunity and hypothyroidism in 
patients with uveal melanoma. Melanoma 
Res., 11, 633-637 (2001)

153. R. Krause, C. Humphrey, M. con 
Meyenfeldt, H. James,J. E. Fischer: A 
central mechanism for anorexia in cancer. 
Cancer Treatment Report, 65(Suppl.5), 
15-21, (1981)

154. H. Stemback: The serotonin syndrome. 
Amer. J. Psychia., 148, 705-713 (1991)

155. C. A. Veys: Bladder tumours and 
occupation: a coroner’s notification 
scheme. Brit. J. Ind. Med., 31, 65-71(1974)

156. C. A. Veys: Bladder tumours in rubber 
workers: a factory study 1946-1995. 
Occupational Medicine, (Oxford, 
England), 54, 322-329 (2004)

157. N. D. Freedman, D. T. Silverman, A. R. 
Hollenbeck, A. Schatzkin, C. C. Abnet: 
Association between smoking and risk of 
bladder cancer among men and women. 
J. Amer. Med. Assoc., 306, 737-745 
(2011)

158. American Cancer Society: Cancer Facts 
& Figures 2013. Atlanta, Georgia (2013)

159. D. A. Reilly: The determination of 
4-aminobiphenyl in refined aniline. 
Analyst (Lond), 92, 642-644 (1967)

160. D. Ward, A. Carpenter, S, Markowitz, D. 
Roberts,W. Halperin: Excess number of 
bladder cancers in workers exposed to 
ortho-toluidine and aniline. J. Natl. Canc. 
Inst., 83, 501-506 (1991)

161. P. G. Kurtz, G. Shaw, A. Kelter, R. J. 
Jackson: Assessment of potential acute 
health effects in agricultural workers 
exposed during the application of 
chloridimeform. J. Occup. Med., 29, 592-
595 (1987)

162. E. C. Vigliani, M. Barsotti: Environmental 
tumor of the bladder in some Italian dye-
stuff factories. Acta-Unio Internationalis 
Contra Cancrum, 18, 669-675 (1962)

163. M. R .Zavon, U. Hoegg E. Bingham: 
Benzidine exposure as a cause of bladder 
tumors. Arch. Environ. Health, 27, 1-7 
(1973)

164. T. Carreón, A. M. Ruder, P. A. Schulte, R. 
B. Hayes, N. Rothman, Martha Waters, 
D. J. Grant, R. Boissy, D. A. Bell, F. F. 
Kadlubar, G. P. Hemstreet III, S. Yin, G. 
L. Lemadters: NAT2 slow acetylation 
and bladder cancer in workers exposed 
to benzidine. Int. Cancer, 118, 161-168 
(2006)

165. J. W. Meigs, L. D. Marreett, F. U. Ulrich, 
J.T. Flannery: Bladder tumor incidence 
among workers exposed to benzidine: a 
thirty year follow-up. J. Natl. Canc. Inst., 
76, 1-8 (1986)

166. E. Delzell, M. Macaluso, P. Cole: A 
follow-up study of workers at a dye and 
resin manufacturing plant. J. Occup. 
Med., 31, 373-378.1.6.7. (1989)

167. E. Sathiakumar, E. Delzell: An updated 
mortality study of workers at a dye and 
resin manufacturing plant. J. Occup. 
Environ. Med., 42,762-771 (2000)

168. R. B. Hayes, W. Bi, N. Rothman, F. Broly, 
N. Caporaso, P. Feng, T. You, S. Yin, 
R. Woolsley, R. Meyer: N-acetylation 
phenotype and genotype and risk of 
bladder cancer in benzidine-exposed 
workers. Carcinogenesis, 14, 675-678 
(1993)



Occurrence, uses, and carcinogenicity of arylamines

 389 © 1996-2015

169. M. A. Bulbulyan, L. W. Figgs, S. H. Zahm, T. 
Savitskaya, A. Goldforb, S. Astashevsky, 
D. Zaridze: Cancer incidence and 
mortality among β-naphthylamine and 
benzidine dye workers in Moscow. Int. J. 
Epidemiol., 24, 266-275 (1995)

170. S. Naito, K.Tanaka, H. Koga, S. Kotoh, 
T. Hirohata, J. Kumazawa: Cancer 
occurrence among dyestuff workers 
exposed to aromatic amines. A long term 
follow-up study. Cancer, 76, 1445-1452 
(1995)

171. K. D. Rosenman, M. J Reilly: Cancer 
mortality and incidence among a cohort 
of benzidine and dichlorobenzidine dye 
manufacturing workers. Amer. J. Ind. 
Med., 46, 505-512 (2004)

172. A. M. Ugnat, W. Luo, R. R. Semenciw, 
Y. Mao and Registries Epidemiology 
Research Group: Occupational exposure 
to chemical and petrochemical industries 
and bladder cancer risk in four western 
Canadian provinces. Chron. Dis. Canada, 
25, 7-15 (2004)

173. Mancuso, T. F. A. A. el-Attar: Cohort 
study of workers exposed to beta-
naphthylamine and benzidine. J. Occup. 
Med., 9, 277-285 (1967)

174. K. Morinaga, A. Oshima, I. Hara: Multiple 
primary cancers following exposure to 
benzidine and β-naphthylamine. Amer. J. 
Ind. Med., 3, 243-2469 (1982)

175. W. Wu: Occupational cancer epidemiology 
in the People’s Republic of China. J 
.Occup. Med., 30, 968-974 (1988)

176. N. Szeszenia-Dabrowska, U. Wilczyriska, 
T. Kaczmarek, W. Szymczak: Cancer 
mortality among male workers in the 
Polish rubber industry. Pol. J. Occup. 
Med. Environ. Health, 4, 149-157 (1991)

177. Y. Mao, J. Hu, A. M. Ugnat, K. White: Non-
Hodgkin’s lymphoma and occupational 
exposure to chemicals in Canada. Annual 
Oncol., 11( Supplement,1): S69-S73 (2000)

178. J. Hu, Y. Mao, K. White: Renal cell 
carcinoma and occupational exposure 

to chemicals in Canada. Occup. Med., 
(London), 52, 157-164 (2002)

179. S. D. Vesselinovitch, K. V. N. Rao, N. 
Mihailovich: Factors modulating benzidine 
carcinogenicity bioassay. Cancer Res., 
35, 2814-2819 (1975)

180. S. D. Vesselinovitch, K. V. N. Rao, N. 
Mihailovich: Neoplastic response of 
mouse tissues during perinatal age 
periods and its significance in chemical 
carcinogenesis. Natl. Cancer Inst. 
Monograph, 51, 239-250 (1979)

181. N. A. Littlefield, C. J. Nelson, C.H. 
Frith: Benzidine dihydrochchoride: 
toxiocological assessment in mice during 
chronic exposures. J. Toxicol. Environ. 
Health, 12, 671-685 (1983)

182. C. J. Nelson, K. P. Baetcke, C. H. Frith, 
R. L. Kodell and G. Schieferstein: The 
influence of sex, dose, time, and cross 
on neoplasia in mice given benzidine 
dihydrochoride. Toxicol. Appl. Pharmacol., 
64(2), 171-186 (1982)

183. O. G. Prokofeva: Liver tumor induction by 
benzidine in mice. Vopr Onkol., 17, 61-64 
(1971)

184. G. B. Pliss: (Apropos of the carcinogenic 
properties of benzidine.) Vopr Onkol., 10, 
50-55 (1964)

185. G. B. Pliss and N. I. Vol’fson: (Effect of 
ortho-tolidine on benzidine induction of 
tumor in rat) Vopr Onkol., 20, 129-136 
(1974)

186. M. Miyakawa, O. Yoshida: Protective 
effects of DL-tryptophan on benzidine-
induced hepatic tumor in mice. Gann, 71, 
265-268.

187. M. A. Zabezhinski: (The effect of the 
inhalation method of administering various 
atomized carcinogenic substance) Bitull 
Eksp. Biol. Med., 69-72 (1970)

188. G. B. Pliss and M. G. Iogannsen: (On 
the combined action of benzidine and 
2-naphthylamine) J. Vopr. Onkol., 20, 
69-71 (1974)

189. K. C. Morton, C. Y. Wang, C. D. Garner and 



Occurrence, uses, and carcinogenicity of arylamines

 390 © 1996-2015

T. Shirai: Carcinogenicity of benzidine, N, 
N’-diacetylbenzidine, and N-hydroxy-N, 
N’-dacetylbenzidine for female CD rats. 
Carcinogenesis, 2, 747-752 (1981)

190. N. A. Littlefield, C. J. Nelson and D. W. 
Gaylor: Benzidine dihydrochloride: risk 
assessment. Fundam. Appl. Toxicol., 4, 
49-80 (1984)

191. D. P. Griswold Jr., A. E. Casey, E. K. 
Weisburger, J. H. Weisburger: The 
carcinogenicity of multiple intragastric 
doses of and aromatic heterocyclic nitro 
or amino derivatives in young female 
Sprague-Dawley rats. Cancer Res. 28, 
924-933 (1968)

192. U. Saffiotti, F. Cefis, R. Montesano 
and A. R. Sellakumar: Induction of 
bladder cancer in hamsters fed aromatic 
amines. In: Deichmann W., Lampe, K. 
F. (eds.) Bladder Cancer: a symposium. 
Birmingham, Aesculapius, Pub. Co., 
Birmingham, 129-135 (1967)

193. G. M. Bonser: Precancerous changes 
in the urinary bladder. Perugia, 435-439 
(1962)

194. S. Spitz, W. H. Maguigan, K. Dobriner: 
The carcinogenic action of benzidine. 
Cancer, 3, 789-804 (1950)

195. V. V. Khudoley: Tumor induction by 
carcinogenic agents in anuran amphibian 
Rana temporaria. Arch. Geschwulstforsch, 
4, 385-399 (1977)

196. G. B. Pliss, V. V. Khudoley: Tumor 
induction by carcinogenic agents in 
aquarium fish. J. Natl. Cancer Inst., 55, 
129-136 (1975)

197. H. Osanai: (An experimental study on 
hepatoma caused by aromatic amines) . 
J. Sci. Labour, 52,179-201 (1976)

198. G. B. Pliss: The blastomogenic action of 
dichlorobenzidine. Vopr. Onkol., 5, 524-
533 (1959)

199. G. B. Pliss: Experimental tumors induced 
in rats by dichlorobenzidine. Bull. Exper. 
Biol. Med., 10, 1238-1240 (1958)

200. E. F. Stula, H. Sherman, J. A. Zapp Jr., 

J. W. Clay, Jr.: Experimental neoplasia 
in rats from oral administration on 3, 
3’-dichlorobenzidine, 4, 4’-methylene-
bis-bis (2-chloroaniline), and 4, 
4’-methylene-bis (2-methylaniline) Appl.  
Toxicol. Pharmacol., 31, 159-176 (1975)

201. G. B. Pliss: (On some regular relationships 
between carcinogenicity of aminodiphenyl 
derivatives and structure of substance) 
Acta Un. Int. Cancer, 19, 499-501(1963)

202. N. I. Golub, T. S. Kolesnichenko, L. M. 
Shabad: (Blastomogenic effects of azo-
containing compounds on the progeny 
of test mice) Biull. Eksp. Biol. Med., 78, 
62-65(1974)

203. E. F. Stula, J. R. Barnes, H. Sherman, 
C. F. Reinhardt, J. A. Zapp: Liver and 
urinary bladder tumors in dogs from 3, 
3’-dichlorobenzidine. J. Environ. Pathol. 
Toxicol., 1, 475-490 (1978)

204. Z. Halidan, T. N. Fredrickson, E. K. 
Weisburger, J. H. Weisburger, R. M. 
Glass, N. ManTel: Tests for chemical 
carcinogens, report on the activity 
of derivatives of aromatic amines, 
ntrosamines, quinolones, nitroalkanes, 
amides, epoxide, aziridines, and purine 
antimetabolites. J. Natl. Cancer Inst., 41, 
985-1036 (1968)

205. NTP: Toxicology and carcinogenesis 
studies of 3, 3’-dimethoxybenzidine 
dihydrochloride (CAS No. 20325-40-0) 
in F344/N rats (drinking water studies), 
Technical Report No. 372, Research 
Triangle Park, NC, 203pp (1990)

206. G. J. Schieferstein, Y. Shinohara, R. R. 
Allen, W. Sheldon, D. L. Greenman,W. 
T. Allaben: Carcinogenicity study of 3, 
3’-dimethylbenzidine dihydrochloride in 
BALB/c mice. Food Chem. Toxicol., 27, 
801-806 (1989)

207. G. B. Pliss, M. A. Zabezhinsky: 
Carcinogenic properties of orthotolidine 
(3, 3’-dimethylbenzidine) J. Natl. Cancer 
Inst., 45, 283-295 (1970)

208. NTP: Toxicology and carcinogenesis 
studies of 3, 3’-dimethylbenzidine 



Occurrence, uses, and carcinogenicity of arylamines

 391 © 1996-2015

dihydrochloride (CAS No. 612-82-8) 
in F344 rats (drinking water studies) 
National Toxicological Program Technical 
Report Service, 390, 1-238 (1991)

209. R. Case, M. E. Hosker, D. B, McDonald, 
J. T. Pearson: Tumors of the bladder in 
workmen engaged in the manufacture and 
use of certain dyestuff intermediates in 
the British chemical industry. I. The role of 
aniline, benzidine, alpha-naphthylamine, 
and beta-naphthylamine, Brit. J. Ind. 
Med., 11, 75-104 (1954)

210. NTP: Toxicology and carcinogenesis 
studies of C. I. Basic Red 9 
monohydrochloride (pararosaniline) 
(CAS No. 569-61-9) in F344 rats and 
B6C3F1mice (feed studies) National 
Toxicology Program Technical Report 
Service, 285, 1-228 (1986)

211. U. Green, J. Holste, A. R. Spikermann: 
A comparative study of the chronic 
Effects of magenta, paramagenta, and 
phenyl-β-naphthylmine in Syrian golden 
hamsters. J. Cancer. Res. Clin. Oncol., 
95: 51-55(1979)

212. C. S. Liu, S. H. Liou, C. H. Loh, Y. 
C. Yu, S. N. Uang, T. S. Shih, H. I. 
Chen: Occupational bladder cancer in 
a 4,4’-methylenebis(2-chloroaniline) 
(MOCA)-exposed worker. Environ. Health 
Perspect., 113, 771-774 (2005)

213. A. B. Russfield, F. Homeburger, E. Boger, 
C. G. Van Dongen, E. K. Weisburger, J. 
H. Weisburger: The carcinogenic effect 
of 4, 4’-methylene-bis-(2-chloroaniline) in 
mice and rats. Toxicol. Appl. Pharmacol., 
31, 47-54 (1975)

214. E. Grundmann, D. Steinhoff: (Liver and 
lung tumors following 3, 3’-dichloro-4, 
4’-diaminodephenylmethane in rats.) Z. 
Krebsforsch, 74, 28-39 (1970)

215. C. Kommineni, D.H. Groth, I. J. 
Frockt, R. W. Voelker, R. P. Stanovick: 
Determination of the tumorigenic potential 
of methylene-bis-orthochloroaniline, 
J. Environ. Pathol. Toxicol., 2,149-171 
(1979)

216. W. F. Melick, J. J. Naryka, R. E. Kel: 
Bladder cancer due to exposure to para- 
aminobiphenyl: a 17-year follow up. J. 
Urol., 106, 220-226 (1971)

217. M. R. Melamed, L. G. Koss, A. Ricci,W. 
F. Whitmore: Cytological observations 
on developing carcinoma of the urinary 
bladder in man. Cancer, 13, 67-74 (1960)

218. M. R. Melamed: Diagnostic cytology 
of urinary tract carcinoma. A review 
of experience with spontaneous and 
carcinogen induced tumors in man. 
Europ. J. Cancer, 8, 287-292 (1972)

219. J. S. Zack, W. R. Gaffey: A mortality study 
of workers employed in the Monsanto 
Company plant in Nitro, West Virginia. 
Environ. Sci. Res., 26, 575-591(1983)

220. D. B. Clayson, T. A. Lawson, J. A. 
Pringle: The carcinogenic action 
of 2-aminodiphenylene oxide and 
4-aminobiphenyl on the bladder and liver 
of the C57 x 1F mouse. Brit. J. Cancer, 
21, 755-762 (1967)

221. G. J. Schieferstein, N. A. Littlefield and D. 
W. Gaylor: Carcinogenesis of 4-amino-
biphenyl in BALB/cStCrlfC3Hf/Nctr mice. 
European J. Cancer Clin. Oncol., 21, 865-
873 (1985)

222. J. W. Gorrod, R. L. Carter and F. 
J. Roe: Induction of hepatomas by 
4-aminobiphenyl and three of its 
hydroxylated derivatives administered to 
new born mice. J. Natl. Cancer Inst., 41, 
403-410.

223. K. L. Dooley, L. S. Von Tungeln, T. Bucci, 
P. P. Fu, and F. F. Kadlubar: Comparative 
carcinogenicity of 4-aminobiphenyl and 
the food pyrolysates, Glu-P-1, IQ, PhIP, 
and MeIQX in the neonatal B6C3F1 male 
mouse. Cancer Lett., 62, 205-209 (1992)

224. B. L. Parsons, F. A. Beland, L.S. Tungeln, 
R.R. Delongchamp, P. Fu, and R.H. 
Heflich: Levels of 4-aminobiphenyl-
induced somatic H-ras mutation in mouse 
liver DNAS correlate with potential for 
liver tumor development. Mol. Carcinog., 
42, 193-201 (2005)



Occurrence, uses, and carcinogenicity of arylamines

 392 © 1996-2015

225. L. S. Von Tungeln, T. J. Buccin, R. W. Hart, 
F. F. Kadlubar and P. P. Fu:Inhibitory effect 
of caloric restriction on tumorigenicity 
induced by 4-aminobiphenyl and 
2-amino-1-methyl-6-phenylimidazo-
(4,5b)pyridine (PhIP) in the CDI newborn 
mouse bioassay. Cancer Lett., 104, 133-
136 (1996)

226. A. L. Walpole, M. H. Williams and D. 
C. Roberts: The carcinogenic action of 
4-aminophenyl and 3, 2’-dimethyl-4-
aminodiphenyl. Brit. J. Indust. Med., 9, 
255-263 (1952)

227. N. L. Block, M. M. Sigel, C. M. Lynne, A. 
B. Ng and R. A. Grosberg: The initiation, 
progress, and diagnosis in dog bladder 
cancer induced by 4-aminobiphenyl. 
Invest. Urol., 16, 1600-1606 (1978)

228. J. L. Billiard-Duchene: (Occupational 
tumor of the bladder in France. Statistics-
remarks) Acta Unio Int Contra Cancrum, 
16, 284-288 (1960)

229. K. Tsuchiya, T. Okubo and S. Ishizu: An 
epidemiological study of occupational 
bladder tumors in the dye industry of 
Japan. Brit. J. Ind. Med., 32, 203-209 
(1975)

230. T. Shinka, Y. Sawada, S. Morimoto and 
T. Fujinaga: Clinical study on urothelial 
tumors of dye workers in Wakayama City. 
J. Urol., 146, 1504-1507 (1991)

231. A. H. Hashmi, A. A. Naqvi and A. H. Rizvi: 
Analysis of known risk factors for bladder 
cancer in Pakistani population. J. Pakistan 
Med. Assoc., 45:41-42 (1995)

232. K. Morinaga, S. Yutani and I. Hara: (Cancer 
mortality of male workers exposed to 
benzidine and/or beta-naphthylamine) 
Nippon Eiseigaku Zasshi, 45, 909-918 
(1990)

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

234. G. Pilatto, E. Nrgri, C. La Vecchia E. Pira, 

A. Decarli and J. Peto: Bladder cancer 
mortality of workers exposed to aromatic 
amines: an updated analysis. Brit. J. 
Cancer, 53, 457-459 (1991)

235. P. A. Schulte, K. Ringen, G. P. Hemstreet, 
E. B. Altekruse, W. H. Gullen, S. Tillett, 
W. C. Allsbrook Jr, J. H. Crosby, R. 
Witherington, W. Stringer and M. M. 
Brubaker: Risk factor for bladder cancer 
in a cohort exposed to aromatic amines. 
Cancer, 58, 2156-2162 (1986)

236. G. M. Bonser, G. D. B. Clayson, J. W. 
Jull and L. N. Pyrah: The carcinogenic 
properties of 2-amino-1-naphthol 
hydrochloride and its parent amine 
2-naphyjylamine. Brit. J. Cancer, 6, 412-
424 (1952)

237. R. M. Hicks and J. Chowaniec: The 
importance of synergy between weak 
carcinogen in the induction of bladder 
cancer in experimental animals and 
humans. Cancer Res., 37, 2943-2949 
(1977)

238. R. M. Hicks, R. Wright and J. S. Wakefield: 
The induction of rat bladder cancer 
by 2-naphthylamine. Brit. J. Cancer, 
46646-661(1982)

239. G. M. Bonser, D. B. Clayson, J. W. Jull 
and L. N. Pyrah: The carcinogenic activity 
of 2-naphthylamine. Brit. J. Cancer, 10, 
533-538 (1956)

240. L. H. Harrison, C. E. Cox, K. W. Banks 
and W. H. Boyce: Distant metastases 
from β-naphthylamine induced vesical 
tumors in dogs. J. Urol., 102, 586-589 
(1969)

241. G. M. Conzelman, Jr., and J. E. Moulton: 
Dose-response relationships of bladder 
tumorigen 2-naphthylamine: a study in 
beagle dogs. J. Natl. Cancer Inst., 49, 
193-205 (1972) .

242. A. M. Romanenko and A. G. Martynenko: 
(Morphology of bladder neoplasms 
induced by β-naphthylamine in dogs) 
Vopr Oncol., 18, 70-75 (1972)

243. E. Rigotti, D. Fontana, G. L. Negri,G. 



Occurrence, uses, and carcinogenicity of arylamines

 393 © 1996-2015

Palestro, D. F. Randone and M. 
Borgno:(Results of hyperthermia on the 
bladder carcinomas of the dog (author’s 
translation) J. Urol. Nephrol. (Paris), 83, 
175-184, (1977) PM

244. J. L. Radmoski, T. Ramdonski and 
W. E. MacDonald: Cocarcinogenicity 
interaction between D, L-tryptophan and 
4-aminobiphenyl or 2-naphtylmaine in 
dogs. Nippon Geka Hokan, 58, 1831-
1834 (1977)

245. I. F. Purchase, A. E. Kalinowski, J. 
Ishmael, J. Wilson, C. W. Gore and I. S. 
Chart: Life time carcinogenicity of 1- and 
2-naphthylamine in dogs. Brit. J. Cancer, 
44, 892-901(1981)

246. G. M. Conzelman Jr., J. E. Moulton, L. E. 
Flander , III, K. Springer and D. W. Crout: 
Induction of transitional cell carcinoma 
of the urinary bladder in monkeys fed 
2-napthylamine. J. Natl. Cancer Inst., 42, 
825-826. (1969)

247. J. C. Thiess J. C, M. B. Shimkin and E. 
K. Weisburger: Pulmonary adenoma 
response of strain A mice to sulfonic acid 
derivatives of 1- and 2-naphthylamine, J. 
Natl. Cancer Inst., 67, 1299-1302 (1981)

248. G. D. Stoner, P. B. Conran, E. A. Greisiger, 
J. Stoper, M. Morgan and P. M. Pereira: 
Comparison of two routes of chemical 
administration on the lung adenoma 
response in strain A/J mice. Toxicol. Appl. 
Pharmacol., 82, 19-31(1986)

249. IARC: Some aromatic azo compounds. 
IARC Monographs on the Evaluation of 
Carcinogenic Risks to Humans, Volume 
8, 1-357 (1975)

250. IARC: Overall evaluations of 
carcinogenicity: an updating of 
monographs of volumes 1 to 42. 
IARC Monographs on the Evaluation 
of Carcinogenic Risks to Humans, 
Supplement, 7, 1-440 (1987)

251. T. Sorahan, L. Hamilton and J. R. Jackson: 
A further cohort study of workers employed 
at a factory manufacturing chemicals for 
rubber industry, with special reference to 

the chemicals, 2-mercaptobenzothizole 
(MBT), aniline, phenyl-β-naphthylamine 
and o-toluidine. Occup. Environ. Med., 
57, 106-115 (2000)

252. S. S. Hecht, K. El-Bayoumy, K. Rivenson 
and E. Fiala: Comparative carcinogenicity 
of o-toluidine hydrochloride and 
o-nitrosotoluene in F-344 rats. Cancer 
Lett., 16, 103-108 (1982)

253. NTP: NTP technical report on the 
comparative toxicity and carcinogenicity 
studies of o-nitrotoluene and o-touidine 
hydrochloride (CAS Nos. 88-72-2 and 
636-21-5) administered in feed to male 
F344/N rats. National Toxicology Program 
Techenical Report Service, 44, 1-9 (1996)

254. W. Popp, W. Schmieding, M. Speck C. 
Vahrenholz and K. Norpoth K: Incidence 
of bladder cancer in a cohort of workers 
exposed to 4-chloro-o-toluidine while 
synthesizing chlordimeform. Brit. J. Ind. 
Med., 49, 529-531. (1992)

255. E. K. Weisburger, A. B. Russfield, F. 
Homburger, J. H. Weisburger, E. Boger, 
C. G. Van Dongen and K. C. Chu: Testing 
of twenty-one environmental aromatic 
amines or derivatives for long term toxicity 
or carcinogenicity, J. Environ. Pathol. & 
oxicol., 2, 325-356 (1978)

Key Words: Arylamines, Cancer, 
Carcinogenesis, Chemical induced cancer, 
Review

Send correspondence to: King-Thom Chung, 
Department of Biological Sciences, The 
University of Memphis, Memphis, TN 38152, 
Tel: 901-678-4458, Fax: 901-678-4457, E-mail: 
kchung@memphis.edu


