
para-CHLOROANILINE

1. Exposure Data

1.1 Chemical and physical data

1. 1.1 Synonyms, structural and molecular data

Chem. Abstr. Serv Reg. No.: 106-47-8
Chem. Abstr. Name: 4-Chlorobenzenamine
IUPAC Systematic Name: para-Chloroaniline
Synonyms: 4-Aminochlorobenzene; para-aminochlorobenzene; 1 -amino-4-chloroben-
zene; 4-amino- 1 -chlorobenzene; 4-chloro- 1 -aminobenzene; 4-chloroanilne; 4-chloro-
phenylamine; para-chlorophenylamine

CInNH2
C6H6CIN MoL. wt: 127.57

1. 1.2 Chemical and physical properties of the pure substance

(a) Description: Rhombic prisms (Lide, 1991); technical material: crystalline, colourless
to light-amber; flakes, light-yellow to tan (DuPont Co., 1991a,b)

(b) Boiling-point: 232°C (lide, 1991)
(c) Me/ting-point: 72.5 °C (Lide, 1991)

(d) Density: 1.429 at 19 °C/4 °C (Lide, 1991)
(e) Spectroscopy data: Infrared, ultraviolet, nuclear magnetic resonance and mass

spectral data have been reported (Pouchert, 1981, 1983; Sadtler Research Labora-
tories, 1980, 1991; Weast & Astle, 1985).

(j Solubility: Slightly soluble in water (0.237 wt%), acetone, ethanol and diethyl ether

(Lide, 1991; DuPont Co., 1991a,b)
(g) Volatility: Vapour pressure, 0.15 mm Hg (20 Pa) at 25°C (technical material);

relative vapour density (air = 1),4.4 (DuPont Co., 1991a,b)

(h) Octanol/water partiton coeffcient (P): log p, 1.83 (Hansch & Leo, 1979)
(i) Conversion factor: mg/m3 = 5.22 x ppm1

lCalculated from: mg/m3 = (molecular weight/24.45) x ppm, assuming normal temperature (25°C) and.
pressure (760 mm Hg (101.3 kPJ)

-305-

kajo
Rectangle



306 IAC MONOGRAHS VOLUME 57

1.1.3 Trade names, technical products and impurities

para-Chloroaniline is commercially available as a technical-grade product with the
following specifications: purity, 98.5-99.0% min.; water, 0.10% max.; aniline (see IARC,
1982a, 1987a), 0.1 % max.; and isomeric chloroanilnes, 0.5% max. (DuPont Co., 1991a;
Hoechst Celanese Corp., 1989). It is also available in research quantities at purities ranging
from 98 to :; 99% (Janssen Chimica, 1990; Riedel-de-Haen, 1990; Heraeus, 1991;

Lancaster Synthesis, 1991; TCI America, 1991; AIdrich Chemical Co., 1992; Fluka Chemie
AG, 1993).

1.1.4 Analysis

A simple gas chromatographie method was developed which provides sensitivity and
specificity for the analysis of complex mixtures of common herbicide metabolites, including
para-chloroaniline, in aqueous solution. The anilnes were converted to N-acetyl,N-tri-
fluoroacetyl derivatives and analysed by gas chromatography with electron capture detection
(Hargesheimer et al., 1981).

A thin-layer chromatographic method was reported for the analysis of primary aromatic
amines, including para-chloroanilne, in mixtures with a low-nanogram detection leveL.
Thin-layer chromatograms are developed by diazotization of the amines with nitrogen oxide
vapour, followed by coupling with N-(I-naphthyl)ethylenediamine dihydrochloride to

produce sharp spots with distinctly different colours (Narang et al., 1982).
ln order to assess the applieability of methods developed by the US Environmental

Protection Agency and similar survey methods for the determination of a broad range of
principal organic hazardous constituents, James et al. (1983) evaluated gas chromatography
with flame ionization detection and with mass spectrometry for the analysis of complex
mixtures containingpara-chloroaniline. The limit of detection for this compound was 0.20 ng
by the first method and 1.9 ng by the second.

A macroporous cation exchanger in the hydrogen form was developed to retain organic
bases, including para-chloroaniline, as cations from aqueous samples. Neutral organic
compounds are removed by washing with methanol and ethyl ether, and the protonated bases
are converted to their free base forms with ammonia. Afer evaporation, the individual bases
are separated by gas chromatography with flame ionization detection (Kaczvnsky et al.,
1983).

Different adsorption-desorption techniques were compared, including capilary gas
chromatography with flame ionization and/or electrochemical detection and a reverse-
osmosis technique using reverse-phase high-performance liquid chromatography, for the
analysis of selected organic pollutants, includingpara-chloroaniline (Malaiyandi et al., 1987).

Polar aniline derivatives, including para-chloroaniline, were determined in aqueous
environmental samples by on-line liquid chromatographic preconcentration techniques. The
limit of detection using ultraviolet absorption at 235 nm or electrochemical detection was
10 ppt (Hennion et al., 1991).

Fourier transform-infrared techniques were applied to environmental samples to allow
identification of trace components at a nanogram leveL. The precision of the techniques was
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shown to be comparable to that obtainable by gas chromatography-mass spectrometiy
(Gurka et al., 1991).

1.2 Production and use

1.2.1 Production

para-Chloroaniline is prepared primarily by the reduction of para-nitrochlorobenzene
(Dunlap, 1981). It has also been produced by the reaction of 1,4-dichlorobenzene (para-
dichlorobenzene; see IARC, 1982b, 1987b) with ammonia (US National Library of Medi-
cine, 1992).

Production of para-chloroanilne in the USA has been estimated to be 45-450 tonnes
peryear. The compound (or its hydrochloride salt) is produced byone company each in India,
Japan, the United Kingdom and the USA and by two companies in Germany (Chemical
Information Servces, 1991).

1.2.2 Use

para-Chloroaniline is used as an intermediate in the manufacture of dyes (Vat Red 32;
Azoic Coupling Agents 5 and 10) and pigments (Pigment Green 10) and as an intermediate in
the production of some pharmaceuticals and agricultural chemIcals (urea herbicides, e.g.,
monuron; see IARC, 1976) (US National Library of Medicine, 1992).

1.3 Occurrence

1.3.1 Naturaloccurrence

para-Chloroaniline is not known to occur as a natural product.

1.3.2 Occupational exposure

No data were available to the Working Group.

1.3.3 Uiter and sediments

Aniline and chlorinated anilines enter the estuarine environment by various routes,
since they are formed during the microbial degradation ofphenylcarbamate, phenylurea and
acylanilde herbicides and nitroaniline fungicides. They can also enter as waste effuents
from dye manufacturing plants. ln laboratory studies, photolysis was shown to be an
important degradation route for para-chloroanilne in estuarine water. There was no micro-
bial degradation of chloroanilines during short-term (up to three days) incubations; however,
there was rapid microbial degradation of chloroanilne and aniline photoproducts (Schaefer
et al., 1980; Sakagami et aL., 1986; Huang et al., 1987; Mutanen et aL., 1988).

During 1976-78, the water of the Rhine River contained about 0.1 J.g/l para-chloro-
anilne. Following bank or dune filtration of the water, the levels were 0.03-0.1 J.g/l or
.c 0.01 J.g/l para-chloroanilne, respectively. The half-life of the compound in water was
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estimated to be 0.3-3 days in river water and 30-300 days in groundwater (Zoeteman et al.,
1980).

ln 1979, the mean concentration ofpara-chloroaniline in the Rhine River at Lobith, the
Netherlands, was 0.22 J,g/l (max., 0.74). Mean concentrations in the Rhine tributaries, Boven
Merwede and Ijssel, were 0.14 (max., 0.24) and 0.13 (max., 0.29) J,g/l, respectively. para-
Chloroaniline was frequently detected in the Meuse River at Eijsden and Lith, but the mean
concentrations were only 0.02 (max., 0.08) and 0.03 (max., 0.12) J,g/l, respectively (Wegman
& De Korte, 1981).

para-Chloroaniline was not detected in two tap-water samples from municipal sources in
the Lake Ontario region (Kingston and Trenton), Canada; the estimated detection threshold
was 20-30 pg (Malaiyandi et al., 1987).

1.3.4 Soil

ln soil, para-chloroaniline binds to humic materials and is slowly degraded by aerobic
and anaerobic processes (Hargesheimer et al., 1981; Freitag et al., 1984; Dao et al., 1986).
Residues of para-chloroaniline were detected in soil up to 12 years after application of the
herbicide buturon (Reiml et al., 1989).

1.3.5 Other

Levels of para-chloroaniline were determined in goldfish (Carassius auratus) after
experimental pond water had been treated to maintain a para-chloroaniline concentration of
50 ppb (J,g/l) for four to six weeks. The highest levels after 10 weeks were found in fat (about
7 mg/kg) (Gebefuegi et al., 1988).

1.4 Regulations and guidelines

Occupational exposure limits have been set in several countries: Bulgaria, 0.3 mg/m3
(time-weighted average, TWA) with a notation that the compound may irritate skin;
Romania, 5 mg/m3 (average), 10 mg/m3 (max.), with skin irritation notation; the former
USSR, 0.3 mg/m3 (maximal acceptable concentration) with a skin irritation notation; and the
former Yugoslavia, 0.05 mg/m3 (TWA) (Cook, 1987).

DuPont Co. (1991b) proposed an acceptable exposure limit of 0.5 mg/m3 for an 8-h
TWA and 0.3 mg/m3 for a 12-h TWA, with a skin irritation notation.

2. Studies of Cancer in Humans

No data were available to the Working Group.

3. Studies of eancer in Experimental AnimaIs

3.1 Oral administration

3.1.1 Mouse

Groups of 50 male and 50 female B6C3Fi mice, six weeks of age, were fed a diet
containing 2500 or 5000 mg/kg (ppm) para-chloroaniline (technical grade (purity
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unspecified), melting-point, 68-71 cC) for 78 weeks, followed by a 13-week observation
period. A group of 20 male and 20 female con trois received the diet alone. Decreased body
weight gain was observed in both treated males and females relative to that of controls. The
numbers of survving animaIs at 91 weeks were: males-control, 18/20; low-dose, 44/50;
high-dose, 44/50; females-control, 20/20; low-dose, 41/50; high-dose, 39/50. Haemangio-
sarcomas occurred in different organs (subcutaneous tissue, spleen, liver, kidney) in 2/20
control, 9/50 low-dose and 14/50 high dose males; one haemangioma was observed in the
low-dose group. The increased incidence otall vascular tumours was significant ip .: 0.025,
Cochran-Armitage trend test). Among females, haemangiosarcomas occurred at aIl of the
sites in 0/18 control, 3/49 low-dose and 7/42 high-dose animaIs; one haemangioma was
observed in the high-dose group. The increased incidence of combined vascular tumours in
females was significant (p = 0.012, Cochran-Armitage trend test) (US National Cancer
Institute, 1979).

Groups of 50 male and 50 female B6C3Fi mice, seven to eight weeks old, were admi-
nistered 3, 10 or 30 mg/kg bw para-chloroaniline (99.1 % pure) in aqueous hydrochloric acid
(molar equivalents) by gavage on five days a week for 103 weeks. Controls received
deionized water at a volume of 5 ml/kg. Survval at 104 weeks was: males-controls, 43/50;
low-dose, 36/50; mid-dose, 29/50 (p = 0.005); high-dose 35/50; females-controls, 39/50;

low-dose, 42/50, mid-dose; 44/50, high-dose, 41/50. Hepatocellular adenomas were
observed in male mice: controls, 9/50; low-dose, 15/49; mid-dose, 10/50; high-dose, 4/50;
and hepatocellular carcinomas occurred with a significantly positive trend: controls, 3/50;
low-dose, 7/49; mid-dose, 11/50; high-dose, 17/50 (p .: 0.001, logistic regression trend test).
The incidence in males ofhepatocellular adenomas and carcinomas combined was: controls,
11/50; low-dose, 21/49 (p = 0.019, logistic regression test); mid-dose, 20/50 (p = 0.045,
logistic regression test); high-dose, 21/50 (p = 0.027, logistic regression test). The incidence
of haemangiosarcomas of liver and spleen combined was 4/50 controls, 4/49 low-dose, 1/50
mid-dose and 10/50 high-dose male mice (p = 0.014, logistic regression trend test). No
significant increase in the incidence of such tumours occurred in females (US National
Toxicology Program, 1989; Chhabra et al., 1991).

3.1.2 Rat

Groups of 50 male and 50 female Fischer 344 rats, six weeks of age, were fed diets
containing 250 or 500 ppm (mg/kg) para-chloroaniline (technical grade (purity unspecifiedD
for 78 weeks. A group of 20 male and 20 female con trois received the diet alone. Following a
24-week observation period, the survving animais were sacrificed. There was no difference
in body weight gain in the treated animais compared to the controls. Survval at week 102
was: males-controls, 18/20; low-dose, 46/50; high-dose, 38/50; females-controls, 18/20;

low-dose, 49/50; high-dose, 45/50. Mesenchymal tumours (fibroma, fibrosarcoma, haeman-
giosarcoma, osteosarcoma, sarcoma not otherwse specified) of the spleen or splenic capsule
occurred in 0120 control, 0/49 low-dose and 10/49 high-dose male rats (p = 0.001, Cochran-
Aritage trend test) and in 0/18 control, 2/49 low-dose and 5/42 high-dose females (US

National Cancer Institute, 1979; Goodman et al., 1984).
Groups of 50 male and 50 female Fischer 344 rats, eight to ni ne weeks old, were

administered 2,6 or 18 mg/kg bw para-chloroaniline (99.1 % pure) in aqueous hydrochloric
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acid (molar equivalents) by gavage on five days per week for 103 weeks. A group of 50 male
and 50 female con trois received deionized water at 5 ml/kg. Survval at 105 weeks in
low-dose and mid-dose males was significantly greater th an that in the control group:

controls, 18/50; low-dose, 32/50 (p = 0.007); mid-dose, 32/50 (p = 0.005); high-dose 21/50;
as was that of high-dose females: control s, 27/50; low-dose, 39/50; mid-dose, 36/50;

high-dose, 37/50 (p = 0.043). The incidences of proliferative mesenchymal lesions and fatty
metamorphosis of the spleen were increased in high-dose males and females. The incidences
of fibromas and sarcomas in males are shown in Thble 1. Adrenal phaeochromocyomas,
including a few malignant phaeochromocyomas, were observed in 13/49 control s, 14/48

low-dose, 15/48 mid-dose and 26/49 high-dose male rats (p = 0.001, logistic regression trend
test). The incidence of mononuclear cell leukaemias was decreased in all treated groups:
males-controls, 21/49; low-dose, 3/50; mid-dose, 2/50; high-dose, 3/50; females-controls,

10/50; low-dose, 2/50; mid-dose, 1/50; high-dose, 1/50 (US National Toxicology Program,
1989; Chhabra et al., 1991).

Table 1. Incidences of tumours of the spleen in male rats
treated with para-chloroanilne

Thmour Control Low-dose Mid-dose High-dose

Fibroma 0/49 0/50 0/50 2/50
Fibrosarcoma 0/49 1/50 2/50 17/50**
Osteosarcoma 0/49 0/50 1/50 19/50**
Haemangiosarcoma 0/49 0/50 0/50 4/50*
Sarcomas,combined 0/49 1/50 3/50 38/50**

From US National Toxicology Program (1989); *, p = 0.07, logistic
regression pair-wise comparison; **, p .c 0.001, logistic regression
trend test

4. Other Relevant Data

4.1 Absorption, distribution, metabolIsm and excretion

4.1.1 Humans

ln a patient suffering from acute poisoning by para-chloroaniline, conjugates of the

parent compound and 2-hydroxy-4-chloroanilne (2-amino-5-chlorophenol) were detected
as major urinary metabolites (Yoshida et aL. 1992).

Other evidence for the metabolism of para-chloroanilne in humans is indirect and is
derived from studies on the anticancer drug, sulofenur (N-(5-indanesulfonyl)-N'-(4-chloro-

phenyl)urea). 4-Chloroaniline-2-sulfate (2-amino-5-chlorophenyl sulfate) and para-chloro-
oxanilic acid, which are major and minor metabolites, respectively, of para-chloroaniline in
experimental animais, were identified together with free para-chloroanilne as minor urinary
metabolites of sulofenur after administration of an oral dose of p4C-para-chlorophenyl)-

sulofenur (31 mg/kg bw; 91.7 J.Ci; radiochemical purity, :; 99%) to a patient who had
previously received the same dose of unlabelled drug daily for six days (Ehlhardt, 1991).
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4.1.2 Experimental systems

Metabolism of para-chloroaniline in vitro by human granulocye myeloperoxidase has
been reported, resulting in at least 10 unknown peroxidation products (Bakkenist et al.,
1981).

The pharmacokinetics and metabolIsm of para-chloroaniline have been studied exten-
sively in Fischer 344 rats. ln male rats administered 14C-labelled compound (5 mCi/mmol
(0.04 mCi/mg) (radiochemical purity unspecifiedD at 0.3-30 mg/kg bw by gavage in 0.01 N
hydrochloric acid, 75-85% of the dose was excreted in urine and 8- 12% in faeces by 24 h;
only 4% was excreted as unchanged amine in urine, 2.5% in bile and 1 % in faeces. At seven
days, appreciable radiolabel was stil present in blood cells, accounting for 1-2 % of the dose.
Afer an intravenous dose of3.0 mg/kg bw in ethanol:propylene glycol:water (1:1:8), 60% of
the dose was excreted in urine after 4 h, 25 % was excreted in bile after 6 h, and 90% was
eliminated in urine and faeces by 8 h. Initial levels in tissues were highest in muscle :; fat :;
skin :; liver :; blood; and the kinetics of elimination was biphasic, with an initial half-time of

8 min and terminal half-times of 3-4 h in most tissues, except small intestine and fat (23-
29 h). para-Chloroacetanilide was detected as a metabolite in bile and in blood, but not in
urine or faeces, indicating further metabolism prior to excretion (US National Toxicology
Program, 1989).

Additional studies of the metabolism of 14C-para-chloroaniline (133 ¡.Ci/mg (17 mCi/-
mmol); radiochemical purity, :; 98%) were carried out in male Fischer 344 rats, female C3H
mice and male rhesus monkeys. The compound was given by oral intubation at a dose of 20
mg/kg bw in an aqueous solution adjusted to pH 5 with hydrochloric acid. ln rats, mice and
monkeys, respectively, the urine contained 90,82 and 67-74%, and the faeces contained 8, 5
and 1 % of the dose after 48 h. The major urinary metabolite in all three species was
4-chloroaniline-2-sulfate; in rats and monkeys, its N-acetyl derivative was also detected as a
minor urinary metabolite. ln rats and to a lesser extent in mice, two additional metabolites,
para-chloro-oxanilic acid and para-chloroglycolanilide, were observed as major and minor
urinary metabolites, respectively. ln monkeys, para-chloroacetanilide, which was not
detected in urine or faeces, and 4-chloroaniline-2-sulfate were the major metabolites found
in plasma (Ehlhardt & Howbert, 1991).

Afer oral dosing of female Wistar rats with para-chloroaniline (purity unspecified) in
propylene glycol at 0.6 mmol (77 mg)/kg bw by gavage, higher levels of haemoglobin binding
(569 mmol bound/mol haemoglobin per (mmol compound/kg bw)) were observed than with
12 other monocyclic aromatic amines. The release of free para-chloroaniline after alkaline
hydrolysis is consistent with the presence of a circulating N-hydroxy-para-chloroanilne
metabolite that enters eryhrocyes, is oxidized to para-chloronitrosobenzene and forms a
sulfinamide adduct with haemoglobin (Birner & Neumann, 1988). These data are also
consistent with the observation that at seven days radiolabel persisted in blood cells of
Fischer 344 rats treated with radiolabelled para-chloroaniline (US National Toxicology
Program, 1989).

N-Hydroxylation of para-chloroaniline has been demonstrated in vitro and shown to be
catalysed by hepatic microsomal cyochromes P450 in a wide variety of species, including
rats, mice, hamsters, guinea-pigs, rabbits, rainbow trout and red-winged blackbirds. ln
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mammals, multiple isozyes appear to be involved in the catalysis, since enzyes are
induced by both phenobarbital- and 3-methylcholanthrene-tye inducers (for reviews, see
Golly & Hlavica, 1987; Dady et al., 1991). Peroxidative metabolism of para-chloroaniline has
also been shown to be mediated by horseradish peroxidase, fungal chloroperoxidases, ram
seminal vesicle prostaglandin synthase, rabbit liver mIcrosomal lipid peroxides and by rabbit
haemoglobin in the presence of eryhrocye reductases. These results indicate that the
N-hydroxy derivative may be the initial product but that it is further oxidized enzyatically or
non-enzyatically to para-chloronitrosobenzene. Several dimerIc or halogen-containing

oxidation products have also been detected (Kaufman et al., 1973; Corbett et aL., 1978, 1980;
Golly & Hlavica, 1983; GoUy et al., 1984; GoUy & Hlavica, 1985; Doerge & Corbett, 1991).

4.2 Toxic efTects

4.2.1 Humans

Methaemoglobinaemia, which is also consistent with the presence of a circulating N-
hydroxy-para-chloroaniline metabolite, has been reported in workers exposed to para-
chloroanilne and in neonates inadvertantly exposed in incubators to chlorhexidine gluco-
nate, which is known to decompose spontaneously to para-chloroaniline (Faivre et aL., 1971;
Linch, 1974; van der Vorst et al., 1990). Methaemoglobinaemia and haemolytic anaemia
have also been observed (Hainsworth et al., 1989; Taylor et al., 1989) in phase 1 clinical trials
after high doses of sulofenur (Ehlhardt, 1991).

4.2.2 Experimental systems

High levels of methaemoglobinaemia have been demonstrated after oral treatment of
female Wistar rats with para-chloroaniline (purity unspecified) in propylene glycol at
0.6 mmol (77 mg)/kg bw; of male and female Fischer 344 rats with para-chloroaniline hydro-
chIo ride (purity, ). 99%) in water at 5-80 mg/kg, five days per week for 13 weeks; of male
and female B6C3Fi mice withpara-chloroaniline hydrochloride (purity, ). 99%) in water at
7.5- 120 mg/kg, five days per week for 13 weeks; and of cats with para-chloroaniline (purity
and vehicle unspecified) at 0.0625 mmol (8 mg)/kg bw (McLean et al., 1969; Birner &
Neumann, 1988; Chhabra et al., 1990). Fischer rats given 80 mg/kg for a further 13 weeks had
lowered body weights; and both rats and mIce showed dose-related decreases in eryhrocye
haemoglobin and increases in spleen weight. Numerous lesions indicative of haemolytIc
anaemia and methaemoglobinaemia were observed, including haemosiderosis in the kidney,
liver and spleen and increased haematopoiesis in the liver and spleen in mice and rats;
bone-marrow hyperplasia was seen only in rats (Chhabra et aL., 1990). Nephrotoxicity was
also reported in male Fischer 344 rats given a single intraperitoneal dose of para-chloro-
aniline (purity unspecified) at 1.5 mmol (191 mg)/kg bw in saline, which induced decreased
urine volume, haematuria, elevated blood urea nitrogen and decreased renal cortical uptake
of para-aminohippurate (Rankin et al., 1986).

LDso values for para-chloroaniline (purity and vehicle unspecified) were estimated to be
200-480 mg/kg bw after single gavage doses to male Carworth-Wistar rats and 360 mg/kg bw
after dermal administration to male New Zealand rabbits (Smyth et al., 1962).
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ln the 103-week carcinogenicity study described on p. 309, several treatment-related
non-neoplastic lesions were observe d, inc1uding haemolytic anaemia, methaemoglobi-
naemia and fibrosis and fatty metaplasia of the spleen (US National Toxicology Program,
1989; Chhabra et al., 1991).

4.3 Reproductive and developmental efTects

4.3.1 Humans

No data were available to the Working Group.

4.3.2 Experimental systems

ln a study conducted in Germany, zebrafish (Brachydanio rerio) were kept in tap-water to
which 0, 0.04, 0.2 or 1.0 mg/l para-chloroaniline (technical grade; purity, ). 99%) had been
added (Bresch et al., 1990). The concentrations in the aquaria were analysed weekly by
high-performance liquid chromatography. No adverse effect was noted in the Fo fish or on
the numbers and viability of eggs produced. Eggs collected during the 22nd week of exposure
were allowed to develop with 'continuing exposure to 4-chloroaniline. Mortality was not
increased, but, at sexual maturity, over 90% of the Fi fish raised in 1.0 mg/l had spinal
abnormalities and ab normal abdominal swellings. Significantly fewer eggs were produced by
Fi fish in ail three exposed groups, and the viability of eggs was reduced in the 1.0 mg/l group.
An F2 generation exhibited the same effects: morphological abnormalities, reduced egg
counts and reduced viability of eggs at 1.0 mg/l, and reduced egg counts at 0.04 and 0.2 mg/L.

4.4 Genetic and related efTects

4.4.1 Humans

No data were available to the Working Group.

4.4.2 Experimental systems (see also Table 2 and Appendices 1 and 2)

para-Chloroaniline preferentially kiled the pol A - strain in the Escherichia coli pol
A - Ipol A + assay, both in the presence and absence of an exogenous metabolic system. It was
not mutagenic to Salmonella typhimurium, except to strain TA98, for which conflicting data
were obtained. It induced mutations inAspergillus nidulans and in mouse lymphoma 15178Y
cells at the tk locus. it did not induce mitotic recombination in Saccharomyces cerevisiae.
para-Chloroaniline transformed primary cultures of Syrian hamster embryo cells, only in the
later of two studies from the same laboratory. It induced sister chromatid exchange and
chromosomal aberrations in Chinese hamster ovary cells in vitro.

s. Summary of Data Reported and Evaluation

5.1 Exposure data

para-Chloroaniline is used as an intermediate in the manufacture of dyes, pigments,
agricultural chemicals and pharmaceuticals. It is a persistent environmental degradation
product of sorne herbicides and fungicides.
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Table 2 (contd)

Test system Result Dosea Reference
(LED/HID)

With
'Bexogenous
i:metabolic
1

system ("
:i

+ 25.~~ Myhr et al. (199) S~0 0.0100 Pienta & Kawalek (1981)
~0 100.~~ Pienta et al. (1977)
~+c 500.~~ Anderson et al. (199)
t:
~

Without
exogenous
metabolic
system

G5l Gene mutation, mouse Iymphoma L5178Y cells, tk locus +

TCS, Cell transformation, Syrn hamster embryo cells, clonaI assay +
TCS, Cell transformation, Syran hamster embryo cells, clonaI assay _
CIC, Chromosomai aberrations, CHO cells in vitro + c

+ , positive; ( + ), weakly positive; -, negative; 0, not tested
DJn-vitro tests, J.g/mI; in-vivo tests, mg/kg bw
bpositive in three of four Iaboratories
CPositive in one of two Iaboratories

w..
VI
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5.2 Human carcinogenicity data

No data were available to the Working Group.

5.3 Animal carcinogenicity data

para-Chloroaniline was tested for carcinogenicity in mice and rats by administration in
the diet and by gavage. It produced haemangiosarcomas in male and female mice in different
organs after administration in the diet. It induced haemangiosarcomas of the spleen and liver
and hepatocellular adenomas and carcinomas in male mice after administration by gavage. It
induced sarcomas of the spleen and splenic capsule in male rats in both studies.

5.4 Other relevant data

para-Chloroaniline causes methaemoglobinaemia and is metabolized similarly in
humans and experimental animaIs.

para-Chloroaniline induced DNA damage in bacteria, but conficting results were
obtained for gene mutation. Gene mutation but not mitotic recombination was induced in
fungi. Gene mutation, sister chromatid exchange and chromosomal aberrations were
induced in cultured mammalian cells, while conflcting data were obtained for cell transfor-
mation.

5.5 Evaluation1

There is inadequate evidence in humans for the carcinogenicity of para-chloroaniline.
There is suffcient evidence in experimental animaIs for the carcinogenicity of para-

chloroaniline.

Overall evaluation

para-Chloroaniline is possibly carcinogenic to humans (Croup 2B).

6. References

Aldrich Chemical Co. (1992) Aldrich Catalog/Handbook of Fine Chemicals 1992-1993, Milwaukee,
WI, p. 269

Anderson, RE., Zeiger, E., Shelby, M.D., Resnick, M.A., Gulati, D.K., Ivett, J.L. & Loveday, K.S.
(199) Chromosome aberration and sister chromatid exchange test results with 42 chemIcals.
Environ. Mol. Mutag., 16 (SuppL. 18),55-137

Bakkenist, A.R.J., Plat, H. & Wever, R. (1981) Oxidation of 4-chloro-anilne catalyzed by human
myeloperoxidase. Bioorg. Chem., 10,324-328

IPor definition of the italicized terms, see Preamble, pp. 2630.



para-CHLOROANLlNE 317

Bimer, G. & Neumann, H.-G. (1988) Biomonitoring of aromatic amines. II: Hemoglobin binding of
some monocyclic aromatic amines. Arch. Toxicol.,62, 110-115

Bresch, H., Beck, H., Ehlermanmn, D., Schlaszus, H. & Urbanek, M. (199) A long-term toxicity test
comprising reproduction and growth of zebrafish with 4-chloroaniline. Arch. environ. Contam.
Toxicol., 19,419-427

Chhabra, RS., Thompson, M., Elwell, M.R & Gerken, D.K (199) Toxicity of p-chloroaniline in rats
and mIce. Food chem. Toxicol., 28, 717-722

Chhabra, RS., Huff, J.E., Haseman, J.K, Elwell, M.R & Peters, AC. (1991) Carcinogenicity of
p-chloroanilne in rats and mice. Food chem. Taricol., 29, 119-124

Chemical Information Services (1991) Directory of World Chemical Producers 1992/1993 Edition,
Dallas, TX, p. 135

Cook, WA. (1987) Occupational Expsure Limits-Worldwide, Akron, OH, American Industrial
Hygiene Association, pp. 132, 171

Corbett, M.D., Chipko, B.R & Baden, D.G. (1978) Chloroperoxidase-catalysed oxidation of 4-chloro-
aniline to 4-chloronitrosobenzene. Biochem. J., 175, 353-360

Corbett, M.D., Chipko, B.R & Batchelor, AO. (1980) The action of chloride peroxidase on 4-chloro-
aniline. Biochem. J., 187, 893-903

Dady, J.M., Bradbury, S.P., Hoffman, AD., Voit, M.M. & OIson, D.L. (1991) Hepatic microsomal
N-hydroxylation of aniline and 4-chloroaniline by rainbow trout (Onchorhyncus mykis). Xeno-
biotica, 21, 1605-1620

Dao, T.H., Bouchard, D., Mattice, J. & Lavy, T.L. (1986) Soil sorption of aniline and chloroanilines:
direct and indirect concentration measurements of the adsorbed phase. Soil Sei, 141,2630

Doerge, D.R & Corbett, M.D. (1991) Peroxygenation mechanisms for chloroperoxidase-catalyzd
N-oxidation of arylamines. Chem. Res. Toxicol., 4, 556-560

Dunkel, YC. & Simmon, YE (1980) Mutagenic activity of chemicals previously tested for carcino-
genicity in the National Cancer Institute Bioassay Program. ln: Montesano, R, Bartsch, H. &
Tomatis, L., eds, Molecular and Cellular Aspects of Carcinogen Screening Tests (!AC Scientific

Publications No. 27), Lyon, !ARC, pp. 283-302
Dunkel, YC., Zeiger, E., Brusick, D., McCoy, E., McGregor, D., Mortelmans, K, Rosenkranz, H.S. &

Simmon, YE (1985) Reproducibilty of microbial mutagenicity assays: Ii. Testing of carcinogens
and noncarcinogens in Salmonella typhimurium and Escherichia coli. Environ. Mutag., 7
(Suppl. 5), 1-248

Dunlap, KL. (1981) Nitrobenzene and nitrotoluenes. ln: Mark, H.E, Othmer, D.E, Overberger, C.G.,
Seaborg, G.T. & Grayson, N., eds, Kirk-Othmer Encyclopedia ofChemical Technology, 3rd ed.,
VoL. 15, New York, John Wiley & Sons, pp. 916-932

DuPont Co. (1991a) Material Safety Data Sheet: p-Chloroaniline, Wilmington, DE
DuPont Co. (1991b) Product Specification Sheet: p-Chloroaniline Tech, Wilmington, DE
Ehlhardt, WJ. (1991) Metabolism and disposition of the anticancer agent sulofenur in mouse, rat,

monkey, and human. Drug Metab. Disposition, 19, 370-375
Ehlhardt, WJ. & Howbert, J.J. (1991) Metabolism and disposition of p-chloroanilne in rat, mouse,

and monkey. Drug Metab. Disposition, 19,366369
Faivre, M., Armand, J., Évreux, J.-c., Duvemeuil, G. & Colin, C. (1971) Toxic methaemoglobinaemia

due to anilne derivatives: para-chloroanilne and para-toluidine (Fr.). Arch. Mal. prof, 32,
575-577

Fluka Chemie AG (1993) Fluka Chemika-BioChemika, Buchs, p. 304

kajo
Rectangle



318 IAC MONOGRAHS VOLUME 57

Freitag, D., Scheunert, 1., Klein, W. & Korte, F. (1984) Long-term fate of 4-chloroanilne-14( in soil and
plants under outdoor conditions. A contribution to terrestrial ecotoxicology of chemicals.
1 agrc. Food Chem., 32, 203-207

Gebefuegi, 1., Lay, J.-P. & Korte, F. (1988) Influence of Environmental Chemicals in the Aquatic
Environment (NBS Special Publication 740), Washington DC, National Bureau of Standards,
Program for Environmental Specimen Banking, pp. 31-39

GoUy, J. & Hlavica, P. (1983) The role of hemoglobin in the N-oxidation of 4-chloroanilne. Biochim.
biophys. Acta, 760, 69-76

GoUy, 1. & Hlavica, P. (1985) N-Oxdation of 4-chloroanilne by prostaglandin synthase. Redox cycling
of radical intermediates. Biochem. J., 260, 803-80

GoUy, J. & Hlavica, P. (1987) Regulative mechanisms in NADH- and NADPH-supportedN-oxidation
of 4-chloroaniline catalyzd by cyochrome bs-enriched rabbit liver microsomal fractions.
Biochim. biophys. Acta, 913, 219-227

GoUy, 1., Hlavica, P. & Wolf, J. (1984) The role of lipid peroxidation in the N-oxidation of 4-chloro-

anilne. Biochem. 1, 224, 415-421

Goodman, D.G., Ward, J.M. & Reiehardt, W.D. (1984) Splenic fibrosis and sarcomas in F34 rats fed
diets containing anilne hydrochloride, p-chloroaniline, azbenzene, o-toluidine hydrochloride,
4,4' -sulfonyldianilne, or D & R Red No. 9. 1 natl Cancer lnst., 73, 256-273

Gurka, D.F., Pyle, S.M., Farnham, 1. & Titus, R (1991) Application of hyphenated Fourier

transform-infrared techniques to environmental analysis. 1 chromatogr Sei., 29, 339-344
Hainsworth, J.D., Hande, KR, Satterlee, w.G., Kuttesch, J., Johnson, D.H., Grindey, G., Jackson,

L.E. & Greco, F.A. (1989) Phase 1 clinical study of N-(( 4-chlorophenyl)aminolcarbonyl-2,3-
dihydro-1H-indene-5-sulfonamide (LY1861). Cancer Res., 49, 5217-5220

Hansch, C. & Leo, A. (1979) Substituent Constants for Correlation Analysis in Chemistry and Biology,
New York, John Wiley & Sons, p. 201

Hargesheimer, E.E., Coutts, RT. & Pasutto, F.M. (1981) Gas-liquid chromatographie determination
of anilne metabolites of substituted urea and carbamate herbicides in aqueous solution. 1
Assoc. off anal. Chem., 64, 833-840

Hennion, M.-C., Subra, P., Coquart, V & Rosset, R (1991) Determination of polar anilne derivatives
in aqueous environmental sam pies using on-line liquid chromatographie preconcentration
techniques. Fresenius 1 anal. Chem., 339, 488-93

Heraeus (1991) Feinchemikalien und Forschun~bedarf Karlsruhe, p. 166
Hoechst Celanese Corp. (1989) Hoechst Chemicals-Product Infonnation-Sales Department Fine

Chemicals, Charlotte, NC
Huang, H.-M., Hodson, RE. & Lee, RF: (1987) Degradation of anilne and chloroanilnes by sunlight

and microbes in estuarine water. Water Res., 21, 309316
IAC (1976) IARC Monographs on the Evaluation of Careinogenic Risk of Chemicals to Man, VoL. 12,

Some Carbamates, Thiocarbamates and Carbazies, Lyon, pp. 167-176
IAC (1982a) IARC Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to Humans,

VoL. 27, Some Aromatic Amines, Anthraquinones and Nitroso Compounds, and lnorganic
Fluories Used in Drinkng-water and Dental Preparations, Lyon, pp. 39-61

IAC (1982b) IARC Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to Humans,
VoL. 29, Some Industril Chemicals and Dyestujf, Lyon, pp. 213-238

IAC (1987a) IARC Monographs on the Evaluation ofCareinogenic Risks to Humans, Suppl. 7, Overall
Evaluations of Carcinogenicity: An Updating of IAC Monographs Volumes 1 10 42, Lyon,
pp. 99-100



para-CHLOROANLlNE 319

lAC (1987b) IARC Monographs on the Evaluation ofCareinogenic Risks to Humans, Suppl. 7, Overall
Evaluations of Careinogenieity: An Updating of lAC Monographs Volumes 1 to 42, Lyon,
pp. 192-193

James, RH., Dilon, H.K & Miler, H.e. (1983) Survey methods for the determination of principal
organic hazardous constituents (POHCs). 1. Methods for laboratory analysis. ln: Proceedings of
the 8th Annual Research Symposium on Ineineration Treatment and Hazardous Waste (Report No.
EPA-6/9-83-003; US NTS PB83-210450), Washington DC, US Environmental Protection
Agency, Office of Research and Development, pp. 159-173

Janssen Chimica (199) 1991 Catalog Handbook of Fine Chemicals, Beerse, p. 251
Kaczvinsky, J.R, Jr, Saitoh, K & Fritz, J.S. (1983) Cation-exchange concentration of basic organic

compounds from aqueous solution. Anl. Chem., 55, 1210-1215
Kaufman, D.D., Plimmer, J.R & Klingebiel, U.I. (1973) Microbial oxidation of 4-chloroanilne.

1. agrc. Food Chem., 21, 127-132
Lancaster Synthesis (1991) MTM Research Chemicals/Lancaster Catalogue 1991/92, Windham, NH,

MTM Pic, p. 275
Lide, D.R, ed. (1991) CRC Handbook ofChemistryand Physics, 72nd ed., Boca Raton, FL, CRC Press,

p. C-68
Linch, AL. (1974) Biological monitoring for industrial exposure to cyanogenic aromatic nitro and

amino compounds. Am. ind. Hyg. Assoc. 1., 7, 42632
Malaiyandi, M., Wightman, RH. & LaFerriere, C. (1987) Concentration of selected organic pollu-

tants: comparison of adsorption and reverse-osmosis techniques.Adv. Chem. Ser., 214, 163-179
MeLe an, S., Starmer, G.A & Thomas, J. (1969) Methaemoglobin formation by aromatic amines. 1.

Pharm. Pharmacol., 21, 441-450
Mitchell, A.D., Rudd, e.J. & Caspary, WL. (1988) Evaluation of the L5178Y mouse Iymphoma cell

mutagenesis assay: intralaboratory results for six-three coded chemicals tested at SRI Interna-
tionaL. Environ. mol. Mutag., 12 (Suppl. 13), 37-101

Mortelmans, K, Haworth, S., Lawlor, T, Speck, W, Tainer, B. & Zeiger, E. (1986) Salmonella
mutagenicity tests: Il. Results from the testing of 270 chemIcals. Environ. Mutag., 8 (Suppl. 7),
1-119

Mutanen, RM., Siltanen, H.T, Kuukka, 'YP., Annila, E.A & Varama, M.M.O. (1988) Residues of
diflubenzuron and two of its metabolites in a forest ecosystem after control of the pi 

ne loopermoth, Bupalus piniarius L. Pestic. Sei., 23, 131-140
Myhr, B.e. & Caspary, WJ. (1988) Evaluation of the L5178Y mouse Iymphoma cell mutagenesis

assay: intralaboratory results for 63 coded chemIcals tested within Litton Bionetics, Inc. Environ.
mol. Mutag., 12 (Suppl. 13), 103-194

Myhr, B., McGregor, D., Bowers, L., Riach, C., Brown, AG., Edwards, 1., McBride, D., Martin, R &
Caspary, WL. (199) L5178Y Mouse lymphoma cell mutation assay results with 41 compounds.
Environ. mol. Mutag., 16 (SuppL. 18), 138-167

Narang, A.S., Choudhury, D.R & Richards, A. (1982) Separation of aromatic amines by thin-Iayer
and high-performance liquid chromatography. 1. chromatogr Sei., 20, 235-237

Pienta, RJ. & Kawalek, J. C. (1981) Transformation of hamster embryo cells by aromatic amines. Natl
Cancer Inst. Monogr., 58, 243-251

Pienta, RJ., Poiley, J.A. & Lebherz, WB., III (1977) Morphological transformation of early passage
golden Syrian hamster e:mbryo cells derived from cryopreserved primary cultures as a reliable in
vitro bioassay for identifying diverse carcinogens. Int. 1. Cancer, 19, 642-655



320 IAC MONOGRAHS VOLUME 57

Pouchert, CJ. (1981) The Aldrich Library of lnfrared Spectra, 3rd ed., Milwaukee, WI, Aldrich
Chemical Co., p. 7'23

Pouchert, C.J. (1983) The Aldrich Library of NMR Spectra, 2nd ed., Vol. 1, Milwaukee, WI, Aldrich
Chemical Co., p. 1010

Pras ad, 1. (1970) Mutagenic effects of the herbicide 3' ,4' -dichloropropionanilide and its degradation
products. Can. 1 Microbiol., 16, 369-372

Rankin, G.O., Yang, D.J., Cressey-Veneziano, K., Casto, S., Wang, RT. & Brown, P.1. (1986) ln vivo
and in vitro nephrotoxicity of aniline and its monochlorophenyl derivatives in the Fischer 344 rat.
Toxicology, 38, 269-283

Reiml, D., Scheunert, 1. & Korte, E (1989) Leaching of conversion products of rl4Clbuturon from soil
during 12 years after application. 1 agrc. Food Chem., 37, 244248

Riedel-de-Haen (199) Laboratory Chemicals 1990, Seelze, p. 299
Rosenkranz, H.S. & Poirier, L.A. (1979) Evaluation of the mutagenicity and DNA-modifying activity

of carcinogens and noncarcinogens in microbial systems. 1 natl Cancer lnst., 62, 873-892
Sadtler Research Laboratories (1980) Sadtler Standard Spectra, 1980, Cumulative Index, Philadelphia,

PA
Sadtler Research Laboratories (1991) Sadtler Standard Spectra, 1981-1991, Philadelphia, PA
Sakagami, Y., Yokoyama, H. & Ose, Y. (1986) Degradation of disinfectants by Pseudomona aeru-

ginosa isolated from activated sludge- identification of degradation products.1 Hyg. Chem., 32,
427-432

Schaefer, e.H., Colwell, A.E. & Dupras, E.E, Jr (1980) The occurrence of p-chloroanilne and
p-chlorophenylurea from the degradation of diflubenzuron in water and fish. ln: Grant, e.D. &
Washino, RK., eds, Proceedings and Papers of the 48th Annual Conference of the Califomia
Mosquito and Véctor Control Association (CMVCA), Inc., Visalia, CA, CMVCA Press, pp. 8489

Simmon, VE (1979a) ln vitro mutagenicity assays of chemical carcinogens and related compounds
with Salmonella tyhimurium.1 natl Cancer Inst., 62, 893-899

Simmon, VE (1979b) ln vitro assays for recombinogenic activity of chemical carcinogens and related
compounds with Saccharomyces cerevisiae D3.1 natl Cancer lnst., 62, 901-909

Smyth, H.E, Jr, Carpenter, C.P., Weil, e.S., Pozzani, U.e. & Striegel, J.A. (1962) Range-finding toxI-
city data: list VI. Am. ind. Hyg. Assoc. 1,23,95-107

Taylor, e.W, Alberts, D.S., Ketcham, M.A., Satterlee, WG., Holdsworth, MT, Plezia, P.M., Peng,
Y-M., McCloskey, T.M., Roe, D.J., Hamilton, M. & Salmon, S.E. (1989) Clinical pharmacology
of a novel diarylsulfonylurea anticancer agent. 1 clin. Oncol., 7, 1733-1740

TCI America (1991) Organic Chemicals 91/92 Catalog, Portland, OR, p. 270
US National Cancer Institute (1979) Bioassay of p-Chloroaniline for Possible Carcinogenicity (CAS No.

106-47-8) (NCI-CG-TR-189; DHEW Publ. No. (NIH) 79-1745), Bethesda, MD
US National Library of Medicine (1992) Hazardous Substances Data Bank (HSDB No, 207),

Bethesda, MD
US National Toxicology Program (1989) Toxicology and Carcinogenesis Studies ofpara-Chloroaniline

Hydrochloride (CAS No. 20265-96-7) in F344/N Rats and B6C3Fi Mice (Gavage Studies) (NT
Technical Report 351; NIH Publication No. 89-2806), Research Triangle Park, NC

van der Vorst, M.M.J., Tamminga, P., Wijburg, EA. & Schutgens, RB.H. (199) Severe methaemo-
globinaemina due to para-chloroaniline intoxication in premature neonates. Eur. 1 Pediatr., 150,
72-73

Weast, Re. & Astle, M.J., eds (1985) CRC Handbook of Data on Organic Compounds, VoL. 2, Boca
Raton, FL, CRC Press, Inc., p. 463



para-CHLOROANLINE 321

Wegman, R.e.e. & De Korte, G.A.L. (1981) Aromatic amines in surface waters of the Netherlands.
Water Res., 15,391-394

Yoshida, 1:, Mamoru, H., Takeo, T., Keiko, M. & Katashi, A. (1992) Amounts of urinary metabolites of
p-chIoroaniIine and their half lives in a patient with acute poisoning (Jpn.). Sangy Igak, 34,
12130

Zimmer, D., Mazrek, J., Petzold, G. & Bhuyan, B.K. (1980) Bacterial mutagenicity and mammalian
cell DNA damage by several substituted anilines. Mutat. Res., 77, 317-326

Zoteman, B.eJ., Harmsen, K., Linders, J.B.H.J., Morra, e.F.H. & Slooff, W (1980) Persistent
organic pollutants in river water and ground water of the Netherlands. Chemosphere, 9,231-249

~~-

kajo
Rectangle


