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3,3,4,4-TETRACHLOROAZOBENZENE

1. Exposure Data

1.1 ldentification of the agent

Chem. Abstr. Serv. Reg. No.: 14047-09-7

Chem. Abstr. Serv. Name:
3,4,3"4'-Tetrachloroazobenzene

Synonyms: Bis(3,4-dichlorophenyl)diazene;
azobenzene, 3,3'4,4'-tetrachloro-; diazene,
bis(3,4-dichlorophenyl)-; diazene, bis(3,4-di-
chlorophenyl)- (9Cl); TCAB

Cl N o
:©/ h
Cl
Molecular formula: C ,H,.CI,N,
Relative molecular mass: 320

Cl
Cl

In the trans configuration, 3,3',4,4'-tetra-
chloroazobenzene (TCAB) can assume
a planar conformation with a molecular
shape similar to that of 2,3,7,8-tetra-chloro-
dibenzo-para-dioxin (TCDD) (Poland et al.
1976; NTP, 2010)

Description: Bright orange, crystalline solid
Melting point: 158 °C

Solubility: water solubility: 6.72 x 10-3 mg/L
at 25 °C

Vapour pressure: 1.56 x 107 mm Hg
(2.07 x 1075 Pa) at 25 °C

Hazardous decomposition: When heated to
decomposition it emits toxic fumes of chlo-
rine and oxides of nitrogen

Octanol/water partition coefficient: log K,
5.53 (Hashimoto et al., 1994; NTP, 1998)

Stability: TCAB is stable as a bulk chemical
when stored at room temperature (N'TP, 2010)

Conversion factor: 1 ppm = 13.1 mg/m?> at
normal temperature (25 °C) and pressure
(1 atm).

1.2 Production and use

1.2.1 Production

TCAB is not commercially manufactured
but is formed as an unwanted by-product in
the manufacture of 3,4-dichloroaniline and
its herbicidal derivatives, which include
propanil (3',4"-dichlorophenylpropionanilide;
CAS No., 709-98-8), linuron (3-(3,4-dichloro-
phenyl)-1-methoxy-1-methylurea; CAS No,,
330-55-2), diuron (3-(3,4-dichlorophenyl)-1,1-di-
methylurea; CAS No., 330-54-1), and neburon
(I-butyl-3-(3,4-dichlorophenyl)-1-methy-
lurea; CAS No., 555-37-3) (Poland et al., 1976;
Sundstrom et al., 1978; Bunce et al., 1979; Hill
et al., 1981).
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In the late 1980s in the USA, when the
production volume of propanil was 10 million
pounds [~4536 tonnes] per year, the resultant
annual production of TCAB for propanil alone
may have been as high as 12 000 kg (McMillan
et al., 1991). Likewise, with a production volume
of 100 000-1 000 000 pounds [45-454 tonnes]
of 3,4-dichloroaniline per year, the resultant
annual production of TCAB may have been as
high as 3900 kg (EPA, 1985). Because 3,4-dichlo-
roaniline is used as a precursor in dye manufac-
ture and, to a limited extent, as a heat transfer
fluid, in addition to its use in the manufacture of
herbicides (EPA, 1985), TCAB could be present
in products other than herbicides (N'TP, 2010).

1.2.2 Use

No known direct use of TCAB has been
reported.

In 2007, the use of propanil and diuron in the
USA was estimated to range from 4 million to
6 million pounds [1814-2722 tonnes] and from
2 million to 4 million pounds [907-1814 tonnes],
respectively (EPA, 2011).

In California, USA, the use of several anilide
pesticides including propanil was reported to
have increased from < 1000 pounds in 1998 to
~2 million pounds [< 0.45 to ~907 tonnes] in
2014 (OEHHA, 2016).

1.3 Methods of analysis

No data were available to the Working Group.

1.4 Occurrence and exposure

Concentrations of TCAB in technical grades
ranged from 0.1 to 9.9 ug/g for propanil, 5.7 to
12 ug/g for diuron, 6.7 to 28 ug/g for linuron,
and 1.9 to 23 pg/g for neburon (Di Muccio et al.,
1984). Hill et al. (1981) found TCAB at concentra-
tions of 1000-1400 pg/g in propanil, 9-51 ug/g
in 3,4-dichloroaniline, 28 pg/g in diuron, and
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9 pg/g in linuron; no detectable TCAB was
reported in 1,2-dichlorobenzene or neburon
(Hill et al. 1981). Singh & Bingley (1991) found
TCAB at concentrations of 1-30 pg/g in commer-
cial herbicides containing propanil (Singh &
Bingley, 1991). Call et al. (1983) found TCAB at
a concentration of 670 pg/g in technical-grade
propanil (Call et al., 1983).

In addition, environmental contamination by
TCAB occurs from the degradation of chloroan-
ilide herbicides (acylanilides, phenylcarbamates,
and phenylureas) in soil by peroxide-producing
microorganisms (Bartha et al., 1968; Bartha
& Pramer, 1969; Lay & Ilnicki, 1974). TCAB is
also formed by the photolysis and biolysis of
3,4-dichloroaniline (Miller et al., 1980; NTP,
2010).

Workers who manufacture or work with
other products that have 3,4-dichloroaniline as
a precursor (e.g. dyes) or as a heat transfer fluid
may also be exposed to TCAB (EPA, 1985; N'TP,
2010).

1.4.1 Occupational exposure

No measurements of TCAB exposure in
workers were available to the Working Group.
Occupational exposure may occur in workers
involved in the manufacture of aniline herbi-
cides, applicators who spray or mix aniline
herbicide-containing formulations, and farm
workers engaged in re-entry tasks. TCAB expo-
sure would vary depending on the aniline herbi-
cides used or produced (see Section 1.2).

1.4.2 Community exposure

The general population may be exposed to
TCAB from residues on food, or from living near
areas where aniline herbicides are applied.
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(a)  Sediment and soil

TCAB sorbs very strongly to soils, and has
been detected in the top 10 cm of soil up to 2 years
after application of propanil (Kearneyetal., 1970).
TCAB was found in 6 of 99 soil samples from
rice-growing areas of the USA, with concentra-
tions ranging from 0.01 to 0.05 ppm (Kearney
et al., 1970; Carey et al., 1980). TCAB formation
in soil varies with pH, with negligible formation
in soils that are more alkaline than pH 6.0, and
measurable levels in soils with a pH range of 4.0
to 5.5 (Hughes & Corke, 1974).

(b) Food

No data were available on TCAB measure-
ments in the food supply; however, TCAB uptake
in the food chain was observed experimentally in
non-mammalian systems. Proportionalincreases
in TCAB body burden were seen in Japanese
medaka (Oryzias latipes) exposed to diets
containing increasing concentrations of TCAB
(0.5-2500 ppm) (Allinson & Morita, 1995a). The
aquatic snail Indohiramakigai (Indoplanorbis
exustus) was found to bioaccumulate TCAB from
its environment during controlled exposures
(Allinson & Morita, 1995b). Uptake of TCAB
was also observed experimentally with soybeans
(Worobey, 1984), carrots (Worobey, 1988), and
rice plants (Still, 1969).

(c)  Air, water, and residential dust

No data were available to the Working Group.

(d) Biological markers

No data on concentrations of TCAB in the
general population were available to the Working
Group.

1.5. Regulations and guidelines

In July 2012, California, USA, listed TCAB
as a known carcinogen under the Safe Drinking
Water and Toxic Enforcement Act (Proposition

65), based on findings from the National
Toxicology Program (NTP) (OEHHA, 2012).

2. Cancer in Humans

No data were available to the Working Group.

3. Cancer in Experimental Animals

3.1 Mouse

See Table 3.1.

Groups of 50 male and 50 female B6C3F,
mice (age, 5-6 weeks) were given TCAB (purity,
> 99.8%) at doses of 0 (control), 3, 10, or 30 mg/kg
body weight (bw), in corn oil:acetone (99:1) by
gavage, 5 days per week for 104 weeks (NTP,
2010). Survival was significantly decreased in
males at 10 and 30 mg/kg bw, and in females
at 30 mg/kg bw. At 0, 3, 10, and 30 mg/kg bw,
survival was 35/50, 31/50, 5/50, and 0/50 in males,
and 35/50, 30/50, 32/50, and 20/50 in females,
respectively. Mean body weights of males at 10
and 30 mg/kg bw were 10% and 8% less than
those of the vehicle controls at the last weighing
at weeks 101 and 73, respectively. Mean body
weights of females at 3 mg/kg bw were 7% greater
than those of the vehicle controls after week 64.

The incidence of transitional cell carcinoma
of the urethra was significantly increased (with a
significant positive trend) in all treated groups of
males. Two such neoplasms were also observed
in females at 30 mg/kg bw (2/50; 4%). One male at
10 mg/kg bw and one female at 30 mg/kg bw had
transitional cell carcinoma of the ureter. There
was a significantly increased incidence of bron-
chioloalveolar adenoma of the lung in all treated
groups of males, with a significant positive trend,
and a significantly increased incidence of bron-
chioloalveolar carcinoma of the lung in females
at 30 mg/kg bw, with a significant positive trend.
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Table 3.1 Studies of carcinogenicity with 3,3',4,4"-tetrachloroazobenzene (TCAB) in experimental animals

Study design
Species, strain
(sex)

Route
Agent tested, purity
Vehicle

Incidence of tumours

Significance

Comments

Age at start Dose(s)
Duration No. of animals at start
Reference No. of surviving
animals
Full Gavage Urethra Significant decrease in survival at 10
carcinogenicity TCAB, > 99.8% Transitional cell carcinoma: and 30 mg/kg bw
Mouse, B6C3F, Corn oil:acetone (99:1)  /50% 32/50%* 46/49%*, 49/50**  *P (trend) < 0.001, **P < 0.001; poly-3 test Principal strengths: the duration
M) 0, 3, 10, 30 mg/kg bw Lun of exposure and observation was
5-6 wk 10 mL/kg, 5 d/wk 8 . adequate, as was the schedule of
104 wk 50, 50, 50, 50 Bronchioloalveolar adenoma: exposure; GLP study
NTP (2010 35,31,5,0 5/50%, 16/50*%, 12/49**%, *P (trend) = 0.014, **P = 0.002, Historical control incidence for
6/5070+¢ PP = 0.006, P = 0.037; poly-3 test bronchioloalveolar carcinoma (corn-
Bronchioloalveolar adenoma or oil gavage studies): 13/200 (6.5 £ 2.5%);
carcinoma (combined): range, 4-10%
7/50%, 17/50*%, 15/49***, 6/50 *P (trend) = 0.014, **P = 0.007,
***P =0.003; poly-3 test
Bronchioloalveolar carcinoma:
3/50, 1/50, 4/49, 0/50 NS
Forestomach
Squamous cell carcinoma:
0/50%*, 1/50, 1/49, 3/50** *P (trend) = 0.012, **P = 0.023; poly-3 test
Full Gavage Urethra Significant decrease in survival at
carcinogenicity TCAB, 2 99.8% Transitional cell carcinoma: 30 mg/kg bw

Mouse, B6C3F,
(F)

5-6 wk

105 wk

NTP (2010

Corn oil:acetone (99:1)
0, 3, 10, 30 mg/kg

10 mL/kg, 5 d/wk

50, 50, 50, 50

35, 30, 32, 20

0/50, 0/50, 0/50, 2/50

Lung

Bronchioloalveolar carcinoma:
0/49%, 2/50, 1/50, 4/50**

Bronchioloalveolar adenoma or
carcinoma (combined):

3/49*, 8/50, 5/50, 10/50**

Cystic keratinizing epithelioma:

0749, 0/50, 0/50, 2/50

NS

*P (trend) = 0.031,*P = 0.042; poly-3 test

*P (trend) = 0.028, **P = 0.015; poly-3 test

NR

Principal strengths: the duration

of exposure and observation was
adequate, as was the schedule of
exposure; GLP study

Historical control incidence for cystic
keratinizing epithelioma was 0/196 for
corn-oil gavage studies and 0/1496 for
all routes
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Table 3.1 (continued)

Study design Route Incidence of tumours Significance Comments
Species, strain Agent tested, purity
(sex) Vehicle
Age at start Dose(s)
Duration No. of animals at start
Reference No. of surviving
animals
Full Forestomach
carcinogenicity Squamous cell carcinoma:
1(\;[)0use, B6C3F, 0/50%, 1/50, 1/50, 4/50** *P (trend) = 0.011, **P = 0.040; poly-3 test
5-6 wk Skin
105 wk Fibrosarcoma:
NTP (2010) 1/50%, 6/50, 5/50, 8/50** *P (trend) = 0.023, **P = 0.008; poly-3 test
(cont.) Fibrosarcoma or malignant schwannoma:
2/50%, 8/50, 7/50, 12/50** *P (trend) = 0.004, **P = 0.001; poly-3 test
Spleen/lymphatic tissue
Malignant lymphoma:
2/50, 5/50, 8/50%, 7/50** *P =0.049, **P = 0.050; poly-3 test
Full Gavage Lung Significant decrease in survival in all
carcinogenicity TCAB, > 99.8% Cystic keratinizing epithelioma: treated groups
Rat, Harlan Corn oil:acetone (99:1) 0/50%, 14/50*, 31/50*%, 37/50**  *P (trend) < 0.001, **P < 0.001; poly-3 test Principal strengths: the duration
Sprague-Dawley 0, 10, 30, 100 mg/kg Oral mucosa of exposure and observation was
™M) 2.5mL/kg, 5 d/wk o adequate; as was the schedule of
5wk 50, 50, 50, 50 Gmg“’al squamous cell exposure; GLP study
104 wk 28,9, 4,2 carcinoma:
NTP (2010) 1/50, 5/50%, 4/50, 5/50** *P = 0.046, **P = 0.033; poly-3 test
Liver
Cholangiocarcinoma:

0/50%, 4/50*%, 4/50**%, 6/50*°*

Thyroid
Follicular cell adenoma:
0/50%, 3/50, 4/50*%, 4/50***

All organs
Malignant schwannoma:
0/50%, 0/50, 1/50, 3/50

*P (trend) = 0.007, **P = 0.030,
4P = 0,026, ***P = 0.003; poly-3 test

*P (trend) = 0.037, **P = 0.025,
***P = 0.021; poly-3 test

*P (trend) = 0.010; poly-3 test
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Table 3.1 (continued)

Study design Route

Species, strain Agent tested, purity
(sex) Vehicle

Age at start Dose(s)

Duration No. of animals at start

Incidence of tumours

Significance

Comments

Reference No. of surviving

animals
Full Gavage Lung Principal strengths: the duration
carcinogenicity TCAB, > 99.8% Cystic keratinizing epithelioma: of exposure and observation was
Rat, Harlan Corn oil:acetone (99:1) 0/50%, 6/50%*, 26/49***, 39/49**  * P (trend) < 0.001, **P = 0.014; poly-3 test, adequate, as was the schedule of
Sprague-Dawley 0, 10, 30, 100 mg/kg #64P < 0.001 exposure; GLP study
(F) 2.5mL/kg, 5 d/wk Liver Historical control incidence for
5wk 50, 50, 50, 50 ) ) cholangiocarcinoma (corn-oil gavage
104 wk 25,30, 18, 17 Cholangiocarcinoma: studies): 1/473 (0.2 + 0.7%); range,
NTP (2010) 1/50, 1/50, 1/49, 3/49 NS 0-2%

Oral mucosa

Gingival squamous cell
carcinoma:

0/50%, 0/50, 4/50, 6/50**
Forestomach

Squamous cell papilloma:
0/50, 0/50, 0/50, 3/50
Squamous cell carcinoma:
0/50, 1/50, 0/50, 1/50
Squamous cell papilloma or

squamous cell carcinoma
(combined):

0/50%, 1/50, 0/50, 4/50

*P (trend) = 0.002, **P = 0.015; poly-3 test

NS

NS

*P (trend) = 0.009; poly-3 test

Historical control incidence for
gingival squamous cell carcinoma:
4/473 (0.8 £ 1.0%); range, 0-2%
Historical control incidence for

forestomach squamous cell papilloma:

0/473; forestomach squamous cell
carcinoma: 2/473 (0.4 + 0.8%) [range,
0-2%]

* Significance is indicated using asterisks

d, day(s); F, female; GLP, Good Laboratory Practice; M, male; NR, not reported; NS, not significant; TCAB, 3,3',4,4"-tetrachloroazobenzene; wk, week(s)
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A significantly increased incidence of bronchi-
oloalveolar adenoma or carcinoma (combined)
was observed in males at 3 and 10 mg/kg bw,
and in females at 30 mg/kg bw. However, the
incidence of bronchioloalveolar carcinoma was
not increased in treated males compared with
concurrent controls, or compared with the range
for historical controls for corn-oil gavage studies
for this neoplasm (incidence, 13/200; range,
4-10%).

In the forestomach, the incidence of squa-
mous cell carcinoma in males and females at
30 mg/kg bw was significantly increased (3/50
and 4/50, respectively), with a significant posi-
tive trend, compared with that in the control
groups receiving vehicle only (0/50 in males and
females).

In females, the incidence of malignant
lymphoma was significantly increased at 10 and
30 mg/kg bw. The incidence of fibrosarcoma,
and of fibrosarcoma or malignant schwan-
noma (combined) of the skin was significantly
increased in females at 30 mg/kg bw, with a
significant positive trend. One occurrence of
a single cystic keratinizing epithelioma and
one occurrence of multiple cystic keratinizing
epithelioma of the lung were reported in females
at 30 mg/kg bw (2/50); the incidence of cystic
keratinizing epithelioma in historical controls
was 0/196 for corn-oil gavage studies and 0/1496
for all routes.

[The Working Group noted that in this study
that complied with good laboratory practice
(GLP), the duration of exposure and observation,
and the schedule of exposure, were adequate.]

3.2 Rat

Groups of 50 male and 50 female Harlan
Sprague-Dawley rats (age, 5 weeks) were given
TCAB (purity, > 99.8%) at doses of 0 (control),
10, 30, or 100 mg/kg bw, in corn oil:acetone
(99:1) by gavage, 5 days per week, for 104 weeks
(N'TP, 2010). Survival of all treated groups of

males (9/50, 4/50, 2/50) was significantly less
than that of the controls receiving vehicle only
(28/50). The number of females surviving to
study termination was 30/50, 18/50, and 17/50 in
the treated groups, respectively, compared with
controls receiving vehicle only (25/50). Mean
body weights of males at 100 mg/kg bw were less
than those of males in the vehicle-control group
throughout the study. Mean body weights of
males at 30 mg/kg bw were 6% less than those of
males in the vehicle-control group after week 24,
and those of males at 10 mg/kg bw were 7% less
than those of males in the vehicle-control group
after week 80. Mean body weights of females at
100 mg/kg bw were less than those of females in
the vehicle-control group throughout the study,
and those of females at 30 mg/kg bw were 6%
less than those of females in the vehicle-control
group after week 36.

The incidence of multiple cystic keratinizing
epithelioma and of cystic keratinizing epithe-
lioma (including multiple) of the lung in males
and females was significantly increased, with a
positive trend, in all treated groups compared
with controls, except for multiple cystic kerati-
nizing epithelioma in females at 10 mg/kg bw.

In males, the incidence of cholangiocarci-
noma of the liver in all treated groups was signif-
icantly greater than that in the control group,
with a positive trend. In females, the incidence
of cholangiocarcinoma of the liver in the group
at the highest dose (3/49) was above the upper
bound of the range for historical controls (inci-
dence, 1/473; range, 0-2%).

The incidence of gingival squamous cell carci-
noma of the oral mucosa was increased in treated
males and females compared with controls: the
increases in males at 10 and 100 mg/kg bw and
in females at 100 mg/kg bw were significantly
greater than thosein the controls,and theincrease
in females at 30 mg/kg bw (6/50) exceeded the
upper bound of the range for historical controls
(incidence, 4/473; range, 0-2%), with a significant
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positive trend in the incidence of this tumour in
females.

There was a significant increase in the inci-
dence of follicular cell adenoma of the thyroid
gland in males at 30 or 100 mg/kg bw, with a
significant positive trend.

There was a significant positive trend in the
incidence of forestomach squamous cell papil-
loma or carcinoma (combined) in females. Two
single and one multiple squamous cell papil-
loma of the forestomach occurred in females at
100 mg/kg bw; the incidence of this tumour in
historical controls in females treated by gavage
(corn oil) was 0/473. Single instances of fores-
tomach squamous cell carcinoma occurred in
males and females at 10 mg/kg bw, and in females
at 100 mg/kg bw; the incidence of this tumour in
historical controls in females was 2/473 (range,
0-2%).

In males, there was a significant positive
trend in the incidence of malignant schwannoma
in the thoracic cavity, with an incidence of 0/50
(control), 0/50, 1/50, and 3/50, respectively.

[In this GLP study, the duration of exposure
and observation, and the schedule of exposure,
were adequate.]

4, Mechanistic and Other
Relevant Data

4.1 Absorption, distribution,

metabolism, and excretion

4.1.1 Introduction

TCAB is a halogenated aryl hydrocarbon that
is isosteric to TCDD, and is highly lipophilic.
Like TCDD, TCAB binds to the aryl hydro-
carbon receptor (AhR) and is a potent inducer
of hepatic aryl hydrocarbon hydroxylase. In
contrast to TCDD, however, TCAB is readily
eliminated from the body (Pillai et al., 1996).
TCAB is metabolized more readily than TCDD,
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and therefore does not bioaccumulate; however,
the metabolic products of TCAB have structural
alerts that suggest potential toxicity. Several
studies have examined the toxicokinetics of
TCAB in rats (Burant & Hsia, 1984; Pillai et al.,
1996; N'TP, 2010), TCAB is readily metabolized
and two studies permit a biotransformation
pathway to be compiled from the available data
(Hsia & Kreamer, 1981; Pillai et al., 1996).

4.1.2 Absorption

(a) Humans

No data were available to the Working Group.

(b)  Experimental systems

Studies in non-human mammalian models
indicated that TCAB is absorbed either by inhal-
ation or by dermal routes. For example, inhal-
ation by rats (strain not specified), and dermal
application in male albino rabbits, resulted in
various systemic toxic effects of TCAB, indi-
cating absorption (EPA OTS, 1983; EPA, 1985).

Several studies in rodents have shown that
TCAB is readily absorbed via the oral route
(Burant & Hsia, 1984; Pillai et al., 1996; NTP,
2010). In male Sprague-Dawley rats treated with
[“C]-labelled TCAB (single dose, 10 mg/rat) by
gavage, a substantial amount of radiolabel (66%
of the administered dose) was excreted in the
urine and faeces after 24 hours, and a marked
distribution of radiolabel into adipose tissue was
found (Burant & Hsia, 1984). The oral bioavail-
ability of TCAB (32 mg/kg) in male Fischer rats
was calculated to be 30% when blood concentra-
tion-time curve (AUC) values were compared
after oral and intravenous dosing regimens
(Pillai et al., 1996). After oral administration,
extensive azo reduction of TCAB (presumably
by gut microbes) and first-pass metabolism
may contribute to reduced systemic absorption,
limiting the amount of TCAB that reaches the
systemic circulation (Pillai et al., 1996). When
TCAB was given orally to male Fischer rats as a
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single dose (32 mg/kgbw), theapparent first-order
absorption rate constant (K,) and lag time for
absorption (T,,) were estimated to be 0.44 hour!
and 1.5 hour, respectively (Pillai et al., 1996).
By the end of a 3-month oral dosing regimen in
female Sprague-Dawley rats (dose levels, 0, 0.1, 3,
or 100 mg/kg bw), high concentrations of TCAB
were found in the blood and tissues, with the
highest amount found in adipose tissue (N'TP,
2010). Together, these findings indicated that
TCAB is absorbed via the gastrointestinal tract
and widely distributed in experimental animals.

4.1.3 Distribution

(a) Humans

No data were available to the Working Group.

(b)  Experimental systems

The distribution of TCAB in rats has been
evaluated in acute and chronic studies. In female
Sprague-Dawley rats given TCAB as a single
intravenous dose (2.87 mg/kg bw), half-lives of
elimination (¢,,, and f,,,,) from the blood were
1 hour and 5.6 hours, respectively (NTP, 2010).
The volume of distribution (V,) was 743 mL/kg
bw, systemic clearance (CL,) was 352 mL/hour
per kg bw, and mean residence time (MRT) was
2.1 hours. [The Working Group noted that these
data indicate that TCAB is rapidly distributed
to tissues.] The terminal elimination half-life of
~6 hours indicated that TCAB is cleared rela-
tively rapidly from the blood. Furthermore, prior
exposure to TCAB (daily gavage doses of 3 mg/kg
bw for 7 days) did not affect the distribution and
elimination kinetics of TCAB.

Pillaietal. (1996) reported on the tissue distri-
bution of [“C]-labelled TCAB in male Fischer
rats given single doses orally (3.2 and 32 mg/kg
bw) or intravenously (3.2 mg/kg bw). Only 6% of
the administered radiolabel remained in tissues
96 hours after dosing. Tissue distribution was
similar after either oral or intravenous admin-
istration of TCAB. Adipose tissue exhibited by

far the highest tissue-to-blood ratio, followed by
kidney, with brain exhibiting the lowest ratio.

Distribution in rats after long-term exposure
was also reported (NTP, 2010). TCAB levels
in blood and tissue were monitored after the
last dose of a 3-month study of TCAB (0.1,
3, or 100 mg/kg bw, by gavage) in female
Sprague-Dawley rats. TCAB was mostly unde-
tectable in blood of rats at the lowest dose. For
the groups at 3 and 100 mg/kg bw, respec-
tively, C_._ was 192.3 and 619.8 ng/mL, and
dose-normalized AUC values in blood were
332.8 and 28.7 ngehourekg/mL per mg, indicat-
ing a decrease in the relative amount of absorbed
TCAB with increasing dose. Concentrations in
adipose tissue were ~100 times those in liver and
lung, and gradually declined, with half-lives in
adipose tissue of 115, 81, and 86 hours for the
groups at 0.1, 3, and 100 mg/kg bw, respectively.
In general, similar half-lives were found in liver
and lung. After a 3-month exposure, TCAB was
mainly distributed to adipose tissue, where it
was moderately persistent, whereas the extent of
distribution to other tissues was more limited.

Collectively, the concentrations of TCAB
in rat tissues increased in a dose-dependent
manner regardless of route of administration.
After parenteral administration, TCAB was
distributed rapidly into tissues (f,,,, 1 hour),
mainly adipose tissue. Terminal elimination of
TCAB from the blood was also fairly rapid (¢,
4-6 hours), whereas elimination of TCAB from
adipose tissue was slower (Pillai etal., 1996; NTP,
2010).

4.1.4 Metabolism and modulation of
metabolic enzymes

(a) Humans

No data were available to the Working Group.

177



Fig. 4.1 Biotransformation of 3,3,4,4"-tetrachloroazobenzene (TCAB) in the rat
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(Pillai et al., 1996), with information from Hsia & Kreamer (1981).
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(b)  Experimental systems

The azo linkage in TCAB makes it highly
susceptible to metabolic biotransformation. The
metabolic pathway for TCAB given in Fig. 4.1
is based on data obtained in rats in vivo and in
vitro (Hsia & Kreamer, 1981; Pillai et al., 1996).
Extensive azo reduction of TCAB (1, Fig. 4.1) to
3,4-dichloroaniline metabolites (3, Fig. 4.1) via
3,3',4,4"-tetrachlorohydrazobenzene (2, Fig. 4.1)
after oral administration in rats, presumably by
gut microbes, decreases the systemic absorp-
tion of TCAB (Pillai et al., 1996). [The Working
Group noted that the dichloroaniline metabo-
lites have structural alerts that suggest potential
toxicity.] Azo reduction also probably occurs
in rat liver, because rat liver microsomes could
catalyse this reaction via cytochrome P450
monooxygenases (Hsia & Kreamer, 1981). In
addition to reductive metabolism, TCAB can be
oxidized by cytochrome P450s to a major metab-
olite named TCAB phenol (4, Fig. 4.1) (Hsia &
Kreamer, 1981). It is likely that TCAB phenol
undergoes further azo reduction, giving hydrox-
ylated chloroaniline derivatives (5, Fig. 4.1).
This is supported by the identification of several
derivatives of dichloroaniline and their sulfate
conjugates in the urine of rats given an oral dose
of [“C]-labelled TCAB, including an O-sulfate
conjugate of ring-hydroxylated N-acetyl-3,4-
dichloroaniline that accounted for about 25%
of the total radiolabel in the urine (Pillai et al.
1996). [The Working Group noted that compared
with the lipophilic TCAB, the dichloroaniline
conjugates would be rapidly eliminated from the
body.] Monochloroaniline derivatives were also
detected in rat urine, indicating dechlorination
(Pillai et al., 1996). In addition to the urinary
metabolites, the main metabolite in rat bile
was putatively identified as N-hydroxy-3,3'4,4-
tetrachlorohydrazobenzene (6, Fig. 4.1); [the
Working Group noted that this metabolite could
be produced either by the hydration of the azo
linkage in TCAB or by oxidation of the hydroazo

linkage in 3,3'4,4'-tetrachlorohydrazobenzene]
(2; Fig. 4.1) (Hsia & Kreamer, 1981). During incu-
bation of rat liver microsomes with [“C]-labelled
TCAB, a portion of the radiolabel (6% after
60 minutes) was irreversibly bound to the micro-
somal pellet, suggesting covalent modification
of macromolecules by a TCAB-derived reactive
metabolite (Hsia & Kreamer, 1981). Covalent
binding was dependent on nicotinamide adenine
dinucleotide phosphate reduced form (NADPH)
and could be inhibited by monooxygenase inhib-
itors. The reactive metabolite was not identified
(Hsia & Kreamer, 1981).

TCAB interacts with the AhR with a binding
affinity (K,) of 1.1 nM (Poland etal., 1976). TCAB
was further shown to be a potent inducer of
hepatic aryl hydrocarbon hydroxylase in chicken
embryos (Poland et al., 1976). In male Sprague-
Dawley rats, TCAB (25 mg/kg bw per day, for
5 days) increased liver-to-body weight ratios,
and increased hepatic cytochrome P450 content
(2.7-fold vs control animals) in a dose-dependent
manner (Hsia & Kreamer, 1979a). Consequently,
TCAB has been used as an experimental tool to
induce hepatic cytochrome P450 activities in
animals (Saint-Ruf et al., 1979; Keys et al., 1985;
Shaddock et al., 1989; McMillan et al., 1990).
Furthermore, the TCAB congener 3,3',4,4"-tetra-
chloroazoxybenzene was also shown to be an
effective inducer of hepatic monooxygenase
activity (McMillan et al., 1990). Receptor-
mediated effects involving the AhR pathway are
further discussed in Section 4.2.1(a). No studies
were found to indicate that TCAB is a ligand for
the xenobiotic receptors pregnane X receptor
(PXR) or constitutive androstane receptor
(CAR).

4.1.5 Excretion

(a) Humans

No data were available to the Working Group.
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(b)  Experimental systems

TCAB-derived metabolites are excreted in
the faeces and urine (Burant & Hsia, 1984; Pillai
et al., 1996). Male Sprague-Dawley rats treated
with [“C]-labelled TCAB (10 mg/rat, by gavage)
had excreted 55% of the administered dose in
the faeces and 27% in the urine over a 48-hour
period (Burant & Hsia, 1984). Male Fischer
rats treated with [“C]-labelled TCAB (3.2 and
32 mg/kg bw, by gavage) also excreted significant
amounts of radiolabel in the faeces (53-56% of
the administered dose) and the urine (39-45%
of the administered dose) over a 48-hour period
(Pillai et al., 1996). In the urine, no parent TCAB
residue was found, and the O-sulfate conjugate of
ring-hydroxylated N-acetyl-3,4-dichloroaniline
accounted for 25% of the radiolabel. Modest differ-
ences between rat strains were noted in urinary
excretion; over a24-hour period, Sprague-Dawley
rats had excreted 20% (Burant & Hsia, 1984) and
Fischer rats had excreted 30-40% (Pillai et al.
1996) of the administered dose.

Faecal elimination of [“4C]-labelled TCAB
equivalents was mainly due to biliary excretion of
a [*C]-labelled TCAB metabolite into the gastro-
intestinal tract and its subsequent excretion in
the faeces (Pillai et al., 1996). After intravenous
administration of [“C]-labelled TCAB (3.2 mg/kg
bw), 33% of the administered dose was excreted
in the bile within 6 hours, whereas only 21%
was eliminated in the faeces by 24 hours. [The
Working Group noted that the difference was due
to enterohepatic recirculation of [“C]-labelled
TCAB equivalents.] The main biliary metabolite
was putatively identified as N-hydroxy-3,3',4,4"-
tetrachlorohydrazobenzene (6, Fig. 4.1; Pillai
et al., 1996). No unchanged TCAB was detected
in faecal extracts after intravenous administra-
tion of [“C]-labelled TCAB; the fraction of faecal
radiolabel attributable to unchanged (and puta-
tively unabsorbed) [“C]-labelled TCAB after an
oral dose was not determined (Pillai et al. 1996).
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Together the dataindicated that TCAB metab-
olites are excreted readily and that both urine
and faeces are important routes of excretion.

4.2 Mechanisms of carcinogenesis

This section summarizes in the following
order the available evidence for the key char-
acteristics of carcinogens (Smith et al., 2016),
concerning whether TCAB modulates recep-
tor-mediated effects; induces chronic inflam-
mation; alters cell proliferation, cell death, or
nutrient supply; and is genotoxic. For the other
key characteristics of carcinogens, insufficient
data were available for evaluation.

4.2.1 Receptor-mediated effects
(a)  Aryl hydrogen receptor pathway

(i) Humans

There is no direct evidence that TCAB binds
to the human AhR; however, several studies were
available on chloracne (a skin condition charac-
terized by comedones and retention cysts), which
is pathognomonic for AhR activation in humans
(Poland et al., 1976). Several series of chloracne
cases have been reported among workers at plants
where dichloroaniline herbicides were produced
(Taylor et al., 1977; Morse et al., 1979; Scarisbrick
&Martin, 1981; McDonagh etal., 1993). One plant
produced methazole, one produced propanil
and carbamate pesticides, two others produced
dichloroaniline and diuron, and another plant
was described only as manufacturing dichlo-
roaniline derivatives. In addition to the end
products, TCAB and 3,4,3',4"-tetrachloroazox-
ybenzene (TCAOB) were reported as contam-
inants and other chemicals used in production
were present. Workers were apparently exposed
to chemicals as a result of an accident in one
plant and through poor housekeeping practices
in others. However, neither individual exposure
data for the chloracne cases nor quantitative data
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on the environmental levels of TCAB or any other
agent in the plants were reported. [Consequently,
the Working Group noted that although develop-
ment of chloracne was associated with exposure
to TCAB, the possibility that other chemicals
were involved could not be ruled out.]

No other data from humans were available to
the Working Group, including on human AhRs,
or concerning AhR activation in human cells in
vitro.

(i)  Non-human mammalian experimental
systems in vivo

Poland et al. (1976) reported that TCAB
and TCAOB induced hepatic aryl hydrocarbon
hydroxylase activity,a marker of CYP1A1 activity
and AhR activation, in male C57/Bl6 mice. TCAB
and TCAOB were, respectively, approximately 20
and 8000 times less potent than TCDD.

Several studies in rodents examined non-ne-
oplastic effects that have been associated with
activation of the AhR. In B6C3F, mice exposed
by oral gavage for 13 weeks, TCAB increased liver
weights and thymic atrophy (N'TP, 1998, 2010;
van Birgelen et al., 1999). Chronic non-neoplastic
effects of TCAB in female Sprague-Dawley rats
included hyperplastic and proliferative lesions
in the liver, thyroid gland, forestomach, oral
mucosa, and adrenal cortex (NTP, 2010), similar
to those observed with AhR agonist chemicals
(NTP, 20064, b, ).

In male Sprague-Dawley rats fed diets
containing TCAB for up to 120 days, decreased
body-weight gains, increased liver and spleen
weights, and decreased testis weights were
reported (Hsia et al., 1980, 1982). The increased
liver weights were accompanied by increases
in hepatic cytochrome P448 and aryl hydro-
carbon hydroxylase activity (Hsia et al., 1980). In
Sprague-Dawley and Fisher 344/N rats exposed
by oral gavage for 13 weeks, TCAB induced
hepatic CYP1A1l and CYP1A2, in association
with increased liver weights and thymic atrophy
(NTP, 1998). Weanling male Sprague-Dawley

rats given TCAB as two weekly intraperitoneal
doses (25 mg/kg bw) for up to 28 days developed
a wasting syndrome and thymic atrophy (Hsia &
Kreamer, 1985). Thymic atrophy, increased liver
weights, depressedlevels of hepatic gluconeogenic
enzymes, and increased levels of total hepatic
cytochrome P450 were also seen in male Sprague-
Dawley rats given intraperitoneal injections of
TCAB twice per week for 7 and 28 days (Hsia
et al., 1982; Hsia & Kreamer, 1985). In immature
male Wistar rats, TCAB (300 pg/kg bw, intra-
peritoneal) and other halogenated hydrocarbons
induced hepatic testosterone 7a-hydroxylase,
inhibited other testosterone hydroxylases, and
decreased androstenedione formation (Keys et al.,
1985). These effects on testosterone metabolism
were correlated with decreased body weight.

In a study of long-term toxicity and carcin-
ogenicity in female Sprague-Dawley rats, TCAB
induced cystic keratinizing epithelioma of the
lung, cholangiocarcinoma of the liver, and
gingival squamous cell carcinoma of the oral
mucosa (NTP, 2010). These effects were observed
in similar studies with TCDD, 2,3,4,6,7-penta-
chlorodibenzofuran, and 3,3',4,4',5-pentachloro-
biphenyl (PCB-126),all of which are AhR agonists
(NTP, 2006a, b, ¢, 2010).

[The Working Group noted that multiple
studies in mice and rats have reported effects
that are hallmarks of, or consistent with, AhR
activation.]

As noted below, there were several neoplastic
and non-neoplastic findings with TCAB that
were not observed in any of the bioassays with
AhR agonist chemicals (NTP, 2006a, b, ¢, 2010).

(i) Non-human mammalian experimental
systems in vitro

Poland et al. (1976) first reported that TCAB
and TCAOB bound the murine AhR from
C57BL/6] mouse liver cytosol with an equilib-
rium dissociation constant about one fifth that
of TCDD.
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Xiao et al. (2016) evaluated the ability of
TCAB to induce ethoxyresorufin-O-deethylase
(EROD) activity, a marker for CYP1A1 and AhR
activation, in a rat hepatoma cell line (H4IIE
cells). TCAB induced EROD activity, like TCDD
did, but was ~1.2 x 10-% times as potent.

(iv)  Non-mammalian experimental systems

Poland et al. (1976) reported an increased
incidence of aryl hydrocarbon hydroxylase
activity, a marker for CYP1A1l and AhR activa-
tion, in chicken embryos exposed to TCAB. In
a rainbow trout liver cell line (RTL-W1 cells),
TCAB induced EROD activity, like TCDD
did, but was ~8.7 x 10-* times as potent (Xiao
et al., 2016). In a test for toxicity in the zebrafish
embryo, TCAB induced a variety of cardiovas-
cular disorders including heart oedema and
heart malformations as well as yolk malforma-
tions, which have also been observed with AhR
agonists (Xiao et al., 2016).

(b)  Other receptors

TCAB (1000 pg/L) produced responses of less
than 10% of maximum in the estrogen receptor
(ER) and androgen receptor (AR)-CALUX
assays (reporter cell lines derived from human
osteosarcoma U20S cells) (Xiao et al., 2016).

TCAB decreased circulating thyroxine
concentrations, but had no effect on triiodothy-
ronine and thyroid stimulating hormones, in
Fischer 344/N (N'TP, 1998) and Sprague-Dawley
rats (NTP, 2010) after 13 weeks of exposure.
These effects on thyroid hormones are similar
to those reported for TCDD (NTP, 2006a).
Decreased thyroxine concentrations were seen in
male offspring in the NTP evaluation of devel-
opmental neurotoxicity of TCAB in Sprague-
Dawley rats (dams exposed before mating, and
male offspring exposed on postnatal days 4-21)
(Harry et al., 2014). The decreased thyroxine
concentrations were associated with histopatho-
logical changes in the hippocampus, suggesting
that the decreases in circulating hormones

182

resulted in developmental neurotoxicity (Harry
et al., 2014).

4.2.2 Inflammation and immunosuppression

(a) Humans

As noted above (see Section 4.2.1), several
case series of chloracne have been reported
among workers at plants where dichloroaniline
herbicides were produced and where TCAB was
one of the exposures. Chloracne is an inflamma-
tory process that leads to keratinous plugs in the
skin pores resulting in cysts and dark pustules.

No other data from humans were available to
the Working Group.

(b)  Experimental systems

TCAB induced acnegenic effects in the rabbit
ear bioassay (Hill et al., 1981). Solutions (0.1 mL)
containing TCAB were painted onto the left ear
of rabbits daily for 5 days (the right ear was used
as the untreated control). Chloracne-like lesions
were observed in B6C3F, mice in a study of long-
term toxicity and carcinogenicity by the NTP
(2010). The findings consisted of gross inflamma-
tory skin lesions, characterized histologically by
inflammation, fibrosis, hyperplasia, and ulcers
(N'TP, 2010). Chronic active inflammation of the
ureter (males) and the lung (females) were also
observed in mice exposed to TCAB for 2 years
(Ramot et al., 2009; NTP, 2010). Inflammation
of the thyroid, blood vessels, pancreas, and nose
were observed in rats (Ramot et al., 2009; NTP,
2010). Neoplastic effects occurred in many of the
tissues in which inflammation or chronic active
inflammation was also observed.

4.2.3 Altered cell proliferation, cell death, or
nutrient supply

(a) Humans

No data were available to the Working Group.



3,3'4,4'-Tetrachloroazobenzene

(b)  Experimental systems

In Fisher 344/N (NTP, 1998) and Sprague-
Dawley (NTP, 2010) rats, and in B6C3F, mice
(N'TP, 1998) exposed for 13 weeks, TCAB induced
hyperplasia of the forestomach in males and
females. In male and female rats, TCAB increased
the incidence of oral gingival hyperplasia and of
hyperplasia of the zona fasciculata of the adrenal
cortex (N'TP, 2010). Hyperplasia of the follicular
cells in the thyroid gland was seen in male rats
(NTP, 1998; N'TP, 2010). An increased incidence
of haematopoietic cell proliferation in the spleen
was observed in TCAB-exposed male and female
rats and mice (NTP, 1998, 2010; van Birgelen
et al., 1999). In male and female mice, epidermal
hyperplasia as well as glandular stomach focal
epithelial hyperplasia and urinary bladder tran-
sitional cell hyperplasia were observed (NTP,
2010). Neoplastic effects occurred in many of the
tissues in which hyperplasia was also observed.

With bromodeoxyuridine labelling, no alter-
ations in cell proliferation were observed in the
liver of Sprague-Dawley rats treated with TCAB
for 13 weeks (NTP, 2010). Ramot et al. (2012)
found a dose-related increase in the incidence
of gingival squamous cell hyperplasia and of
gingival cystic keratinizing hyperplasia in all
treated Sprague-Dawley rats (but not of cystic
keratinizing hyperplasia in males at the highest
dose), using proliferating cell nuclear antigen
staining as a marker of proliferation.

4.2.4 Genetic and related effects

(a)  Humans

No data were available to the Working Group.

(b)  Experimental systems

(i)  Non-human mammals in vivo

See Table 4.1.

Bhusari et al. (2014) evaluated a subset of the
tumours reported by N'TP (2010) (see Section 3)
for alterations in Kras and Tp53, two genes

involved in human cancers. Urethral tumours
from male and female mice had transforming
point mutations in Kras (38%) and Tp53 (63%).
Similar rates of these mutations were observed
in the mouse pulmonary carcinomas (Kras, 36%;
Tp53, 55%). The mutations were not observed in
the two pulmonary tumours that occurred in
untreated animals. [The Working Group noted
that a small subset of the tumours was available
for analysis, and only two pulmonary carcinomas
and no urethral tumours from control animals
were examined. In addition, spontaneous or
chemically induced transitional cell carcinomas
of the urethra or ureter of B6C3F, mice were not
reportedinanyother 2-year NTP cancer bioassays
(approximately 600 studies were available). The
increase in frequency of point mutations in Kras
and Tp53 suggested that TCAB or its metabolites
may target guanine or cytosine bases.]

In B6C3F, mice, TCAB gave negative results
in a test for micronucleus formation in the bone
marrow in male mice after 3 days of intraperi-
toneal exposure at doses as high as 200 mg/kg
bw per day (Witt et al., 2000). Increases in the
frequency of micronucleated normochromatic
erythrocytes were observed in male mice after
13 weeks of exposure at 10 and 30 mg/kg bw
per day (N'TP, 1998; Witt et al., 2000). In female
mice exposed to TCAB for 13 weeks, there was a
significant increasing trend in the frequency of
micronucleated normochromatic erythrocytes,
but results for the individual dose levels were not
statistically significantly different from those of
controls (NTP, 1998; Witt et al., 2000).

(il Non-human mammalian cells in vitro

See Table 4.2.

In rat primary hepatocytes isolated from
untreated male Sprague-Dawley rats, overnight
treatment with TCAB did not significantly
increase unscheduled DNA synthesis (McMillan
et al., 1988). TCAB also did not induce unsched-
uled DNA synthesis in hepatocytes isolated from
naive rats in a separate study (Shaddock et al.,
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Table 4.1 Genetic and related effects of 3,3',4,4'-tetrachloroazobenzene (TCAB) in non-human mammals in vivo

End-point Species, strain (sex) Tissue Results? Dose Route, duration, dosing regimen Reference
(LED or HID)
Tp53 and Kras Mouse, B6C3F, (M, F) Urethral (M) and pulmonary  + 10 mg/kgbw  i.g,2yr, 3, 10, or 30 mg/kg bw, 5 d/wk Bhusari et al.
mutation carcinomas (M, F) (2014)
Micronucleus  Mouse, B6C3F, (M) Bone marrow (PCE) - 200 mg/kg i.p., 3x, 50, 100, 150, or 200 mg/kg NTP (1998);
formation Mouse, B6C3F, (M, F) Peripheral blood erythrocytes + 10 mg/kg ig., 13wk, 0.1, 1, 3, 10, or 30 mg/kg, 5 d/wk (Wii)ietal.
2000

@+, positive; —, negative; the level of significance was set at P < 0.05 in all cases
bw, body weight; d, day; F, female; HID, highest ineffective dose; i.g. intragastric; i.p., intraperitoneal; LED, lowest effective dose; M, male; PCE, polychromatic erythrocytes; wk, week(s)

Table 4.2 Genetic and related effects of 3,3',4,4'-tetrachloroazobenzene (TCAB) in non-human mammalian cells in vitro

End-point Species, cell line Results? Concentration Comments Reference
(LEC or HIC)
Without metabolic With metabolic
activation activation
Unscheduled Rat, Sprague-Dawley, hepatocytes - - 6.4 ug/mL McMillan et al.
DNA synthesis (1988)
Unscheduled Rat, Sprague-Dawley, hepatocytes - + 3.2 ug/mL Shaddock et al.
DNA synthesis (1989
Unscheduled Rat, Sprague-Dawley, hepatocytes ) NT 10 uM Short (3 h) incubation,  Hsia &
DNA synthesis unclear whether Kreamer
triplicates were from (1979b)
the same or different
samples
Hgprt mutation Chinese hamster, CHO-K1 ovary cell line - - 14.4 pg/mL McMillan et al.

(1988)

* 4, positive; -, negative; (+), positive in a study with limited quality; the level of significance was set at P < 0.05 in all cases
h, hour(s); HIC, highest ineffective concentration; LEC, lowest effective concentration; NT, not tested; Hgprt, hypoxanthine guanine phosphoribosyl transferase
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Table 4.3 Genetic and related effects of 3,3',4,4'-tetrachloroazobenzene (TCAB) in bacteria

(Salmonella typhimurium)

Strain End-point Results? Concentration Reference
(LEC or HIC)
Without metabolic With metabolic
activation activation
TA97 Reverse mutation = + 50 pg/plate NTP (1998)
TA98, TA100, TA1535, TA1537 Reverse mutation - - 10 000 pg/plate  NTP (1998
TA97, TA98, TA100, TA104 Reverse mutation = - 250 pg/plate McMillan
etal. (1988)
TA98, TA100 Reverse mutation + + 100 pg/plate Gilbert et al.
(1980

@+, positive; -, negative; the level of significance was set at P < 0.05 in all cases
HIC, highest ineffective concentration; LEC, lowest effective concentration

1989). However, TCAB induced unscheduled
DNA synthesis when the rats were pretreated
with metabolic enzyme inducers, giving positive
results at concentrations of 3.2 pg/mL (pheno-
barbital pretreated) or 6.4 pg/mL (Aroclor 1254
and TCAB pretreated) or higher (Shaddock
et al., 1989). TCAB was not mutagenic in the
hypoxanthine-guanine phosphoribosyltrans-
ferase (HGPRT) assay in Chinese hamster ovary
cells with or without metabolic activation (S9)
(McMillan et al., 1988).

(iii)

Non-mammalian systems

See Table 4.3.

TCAB gave positive results in Salmonella
typhimurium strain TA97 in the presence of
metabolic activation (S9), but notin strains TA98,
TA100, TA1535, and TA1537 with or without
metabolic activation (NTP, 1998). McMillan
et al. (1988) reported negative results for TCAB
in S. typhimurium strains TA97, TA98, TA100,
and TA104 with or without metabolic activation.
Gilbert et al. (1980) found that TCAB gave posi-
tive results in TA98 and TA100 with and without
metabolic activation.

4.3 Data relevant to comparisons
across agents and end-points

TCAB was not tested in high-throughput
screening assays carried out by the Toxicity
Testing in the 21st Century (Tox21) and Toxicity
Forecaster (ToxCast™) programmes of the
government of the USA; for relevant results for
other chemicals reviewed in the present volume,
see Section 4.3 of the Monograph on pentachlo-
rophenol in the present volume.

4.4 Cancer susceptibility data

No data were available to the Working Group.

4.5 Other adverse effects

4.5.1 Humans

With the exception of chloracne, described
above, no data were available to the Working
Group.

4.5.2 Experimental systems

Long-term exposure to TCAB in rodents
resulted in a broad range of adverse effects
across many tissues (NTP, 2010). In addition
to those noted above (see Section 4.2), atrophy
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was observed in the lymph nodes, spleen, and
pancreas in male and female rats, and in the clit-
oral gland, ovaries, thymus, and spleen in mice
(N'TP, 2010).

5. Summary of Data Reported

5.1 Exposure data

3,3",4,4'-Tetrachloroazobenzene (TCAB) is
not commercially manufactured, but is formed
as an unwanted by-product in the manufacture
of 3,4-dichloroaniline and its herbicidal deriv-
atives. TCAB has been measured at concentra-
tions up to 1400 pg/g in propanil, and at up to
28 ug/g in linuron, diuron, or neburon formu-
lations. Environmental contamination by TCAB
occurs from the degradation of chloroanilide
herbicides in the soil by peroxide-producing
microorganisms, and by the photolysis and biol-
ysis of 3,4-dichloroaniline. The use of propanil
and other chloroanilide herbicides has increased
substantially over the past two decades; current
annual use in the USA is estimated to exceed
6 million pounds [~2700 tonnes]. However, no
measurements of TCAB exposure in occupa-
tional settings or in the general population were
reported. Occupational exposure may include
workers involved in the manufacture of aniline
herbicides, applicators who spray or mix aniline
herbicide-containing formulations, and farm
workers who enter fields after spraying. The
general population may be exposed to TCAB
from residues on food, or from living near areas
where aniline herbicides are applied. TCAB sorbs
strongly to soils and has been detected in the top
10 cm of soil up to 2 years after application of
propanil.

5.2 Human carcinogenicity data

No data were available to the Working Group.
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5.3 Animal carcinogenicity data

TCAB was tested for carcinogenicity in one
gavage study in mice and one gavage study in
rats.

In male mice, there was an increase in the
incidence of transitional cell carcinoma of
the urethra, bronchioloalveolar adenoma of
the lung, and squamous cell carcinoma of the
forestomach.

In female mice, there was an increase in the
incidence of fibrosarcoma of the skin, malig-
nant schwannoma or fibrosarcoma (combined)
of the skin, bronchioloalveolar carcinoma of
the lung, bronchioloalveolar adenoma or carci-
noma (combined) of the lung, squamous cell
carcinoma of the forestomach, and malignant
lymphoma. There were also two instances of the
rare tumour transitional cell carcinoma of the
urethra in females at the highest dose.

In male rats, there was an increase in the inci-
dence of cystic keratinizing epithelioma of the
lung, cholangiocarcinoma of the liver, gingival
squamous cell carcinoma of the oral mucosa, and
follicular cell adenoma of the thyroid gland, and
a positive trend in the incidence of malignant
schwannoma.

In female rats, there was an increase in the
incidence of cystic keratinizing epithelioma of
the lung, gingival squamous cell carcinoma of
the oral mucosa, and squamous cell papilloma or
carcinoma (combined) of the forestomach. Rare
cholangiocarcinomas of the liver were reported
in treated females.

5.4 Mechanistic and other relevant
data

No data were available on the absorption of
TCAB in humans after oral, dermal, or inhal-
ation exposures. The bioavailability of a bolus
oral dose of TCAB given to rats is ~30% of the
administered dose. Adipose tissue is a main
storage depot after distribution of TCAB. TCAB
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is rapidly metabolized, with extensive azo reduc-
tion in the gut and liver to give 3,4-dichloroani-
line metabolites. TCAB metabolites are excreted
readily in the urine and faeces.

With respect to the key characteristics of
carcinogens, adequate data were available to
evaluate whether TCAB modulates receptor-
mediated effects; induces chronic inflammation;
alters cell proliferation, cell death, or nutrient
supply; and is genotoxic.

There is strong evidence that TCAB modu-
lates receptor-mediated effects, but data in
exposed humans and human cells are sparse.
Chloracne has been reported in four case series
of workers involved in the production of dichlo-
roaniline herbicides, with exposures to TCAB,
3,4,3',4"-tetrachloroazoxybenzene (TCAOB), and
other chemicals. Chloracne is pathognomonic
for activation of the aryl hydrocarbon receptor
(AhR) and has been observed in experimental
studies of rabbits and mice treated with TCAB.
TCAB activates the AhR in vivo in rats, mice,
and chicken embryos. In long-term studies in
rodents, exposure to TCAB induced cytochrome
P450s (CYP1A1l and CYP1A2), caused wasting
syndrome, increased liver weights, decreased
circulating thyroxine concentrations, and
induced thymic atrophy. These effects are
consistent with or are hallmarks of AhR activa-
tion, and are observed after AhR agonist expo-
sures. TCAB activates the AhR in vitro in mice,
rats, and rainbow trout.

There is strong evidence that TCAB induces
chronic inflammation, but data in exposed
humans and human cells are sparse. Chloracne,
which is in part an inflammatory response, has
been observed in the dichloroaniline-herbicide
production workers mentioned previously, as
well as in experimental studies of rabbits and
mice treated with TCAB. Chronic inflammation
was observed in numerous tissue types in rats
and mice exposed to TCAB for up to 2 years.
These inflammatory responses are consistent

with those induced by AhR agonists in long-term
studies.

There is strong evidence that TCAB alters
cell proliferation, cell death, or nutrient supply.
In experimental animals, long-term exposure to
TCAB induces hyperplasia in numerous tissue
types.

There is weak evidence that TCAB is geno-
toxic. In mice, 13 weeks of dietary exposure to
TCAB induced increases in the frequency of
micronucleus formation in male and female
mice. However, short-term exposure to TCAB in
male mice did not alter the frequency of micro-
nucleus formation. There are conflicting findings
for genotoxicity in assays for bacterial mutagen-
esis with TCAB.

No evidence was available concerning cancer
susceptibility.

Long-term exposure to TCAB resulted in a
broad range of non-neoplastic adverse effects
across many tissues in mice and rats.

In sum, TCAB activates the AhR in exper-
imental systems in vitro and in vivo. TCAB
displays a wide variety of effects that are also
induced by AhR agonists, including pathogno-
monic effects such as chloracne.

6. Evaluation

6.1 Cancerin humans

There is inadequate evidence in humans for the
carcinogenicity of 3,3',4,4-tetrachloroazobenzene.
6.2 Cancer in experimental animals

There is sufficient evidence in experi-
mental animals for the carcinogenicity of
3,3',4,4"-tetrachloroazobenzene.
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6.3 Overall evaluation

3,3',4,4"- Tetrachloroazobenzene is probably
carcinogenic to humans (Group 2A).

6.4 Rationale

3,3',4,4"- Tetrachloroazobenzene is probably
carcinogenic to humans (Group 2A) on the basis
of its belonging to the class of agents that activate
the aryl hydrocarbon receptor (AhR), including
dioxins, polychlorinated biphenyls, and polybro-
minated biphenyls, that are categorized as Group
1 or Group 2A carcinogens. The rationale for this
evaluation is as follows:

e Invitro, 3,3'4,4'-tetrachloroazobenzene binds
to the mouse AhR, and activates rat and
rainbow trout AhRs.

o 3,344 Tetrachloroazobenzene induces a
spectrum of tumours in rats and mice that
includes those observed with other AhR
agonists that are categorized in Group 1,
such as 2,3,7,8-tetrachlorodibenzo-p-dioxin,
polychlorinated biphenyl 126 (PCB-126), and
2,3,4,7,8-pentachlorodibenzofuran.

o 3,3'4,4-Tetrachloroazobenzene induces
multiple non-neoplastic effects in mice, rats,
rabbits, chickens, and zebrafish consistent
with AhR activation, including chloracne (a
response pathognomonic for AhR-mediated
toxicity) in mice and rabbits.
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