HAOGENATED ACETONITRILES
1. ehemical and Physical Data

Bromochloroacetonitrile
1.1 Synonyms

ehem. Abstr. Services Reg. No.: 83463-62-1

ehem. Abstr. Name: Bromochloroacetonitrile
IUP AC Systefrtic Name: Bromochloroacetonitrile
1.2 Structural and molecular rormulae and molecular weight

Br
1

H-C-C - N
1

Ci

C2HBrCIN

MoL. wt: 154.39

1.3 Chemical and physical properties or the pure substance
(a) Description: Liquid
(h) Boiling-point: 138-140°C (Oliver, 1983)

(c) Density 1.68 (Trehy & Bieber, 1981)

(d) Spectroscopydata: Mass spectroscopy data have been reported (Coleman

et al., 1984).
(e) Octanol/water partition coeffcient (P): 10g:P 0.28 (calculated by the

method of Leo et al., 1971)
if Halftime in water at 25° e: 55 h at pH 8.32 (Trehy & Bieber, 1981)

(g) Conversion factor!: mg/m3 = 6.32 X ppm
lCalculated from: mg/m3 = (molecularweight/24.45) X ppm, asumingstandard temperature (250C)

and pressure (760 mm Hg)
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Chloroacetonitrile
1.1 Synonyms

ehem. Ahstr. Services Reg. No.: 107-14-2

ehem. Abstr. Name: Chloroacetonitrile
IUP AC Systematic Name: Chloroacetonitrile

Synonym: Chloracetonitrile; 2-chloroacetonitrile; alpha -chloroacetoni trile;
chloromethyl cyanide; monochloroacetonitriIe; monochloromethyl cyanide
1.2 Structural and molecular rorrnulae and molecular weight
H
1

Cl-C-C

N

1

H

CiHiCIN

MoL. wt: 75.50

1.3 Chemical and physical properties or the pure substance
(a) Description: Colourless liquid (Eastman Kodak Co., 1987; Sax & Lewis,

1987)
(b) Boiling-point: 126- 1270 C (Weast, 1989)
(c) Density: 1. 193 at 200 C (Weast, 1989)

(d) Spectroscopy data!: Infrared, raman (7886); Pouchert, 1981, 1985a,b),

nuclear magnetic resonance (Sadtler Research Laboratories, 1980, proton
(6783); Pouchert, 1974, 1983) and mass spectral data (23) have been

reported (STN International, 1989a).

(e) Solubility Very soluble in ethanol and diethyl ether (STN International,

1989a; Weast, 1989)
(f Octanol/water partition coeffcient (P): log -E 0.23 (Chemical Information

Systems, 199)
(g) Conversion facto,2: mg/m3 = 3.09 X ppm

lIn square brackets, spectrum number in compilation
2Calculated from: mg/m3 = (molecular weight/24.45)x ppm, assuming standard temperature (25°C)
and pressure (760 mm Hg)
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Dibrornoacetonitrile
1.1 Synonyms

ehem. Abstr. Seivices Reg. No.: 3252-43-5

ehem. Abstr. Name: Dibromoacetonitrile
IUP AC Systematic Name: Dibromoacetonitrile
1.2 Structural and molecular rormulae and molecular weight

Br
1

H-C-C

N

1

Br

C2HBr2N

MoL. wt: 198.84

1.3 Chemical and physical properties or the pure substance
(a) Description: Liquid
(b) Boiling-point: 169-170°C (Oliver, 1983)

(c) Density: 2.369 (Trehy & Bieber, 1981)

(d) Spectroscopy dataI: Infrared, raman (6434); Pouchert, 1981, 1985a,b),

nuclear magnetic resonance (Sadtler Research Laboratories, 1980, proton
(2567), grating (883); Pouchert, 1974, 1983) and mass spectral data (STN

International, 1989a £162CD have been reported.
(e) Octanol/water partition coeffcient (P): log ~ 0.42 (calculated by the

method of Leo et al., 1971)
if Halftime in water at 25°C: 500 h at pH 7.4; 85 h at pH 8.3; 19 h at pH 9.0

(Bieber & Trehy, 1983)

(g) Conversion facto,2: mg/m3 = 8.13 X ppm
Dichloroacetonitrile
1.1 Synonyms

ehem. Abstr. Seivices Reg. No.: 3018-12-0

ehem. Abstr. Name: Dichloroacetonitrile
lIn square brackets, spetrum number in compilation
2Calculated from: mg/m3 = (moleclarweight/24.45) X ppm, asumingstandard temperature(250C)

and pressure (760 mm Hg)
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IUP AC Systematic Name: Dichloroacetonitrile
Synonym: Dichloromethyl cyanide
1.2 Structural and molecular rormulae and molecular weight

Ci
1

H-C-C

N

1

Ci

C2HCl2N

MoL. wt: 109.94

i.3 Chernical and physical properties or the pure substance

(a) Description: Liquid
(h) Boiling-point: 112-113°C (Weast, 1989)
(c) Density: 1.369 at 20°C (Weast, 1989)

(d) Spectroscopy datai: Infrared, raman (4637, 4639)), nuclear magnetic

resonance (Sadtler Research Laboratories, 1980, proton (23934)) and
mass spectral data (Coleman et al., 1984) have been reported.
(e) Solubilty Soluble. in ethanol (Weast, 1989) and methanol (STN
International, 1989a)

(f Octanol/water partition coeffcient (P): 10g:P 0.14 (Chemical Information

Systems, 199)
(g) Halftime in water at 25°C: 30 h at pH 8.3; 0.75 h at pH 9.77 (Bieber &
Trehy, 1983)

(h) Conversion facto,2: mg/m3 = 4.50 X ppm
Trichloroacetonitrile

i. i Synonyms
ehem. Ahstr. Services Reg. No.: 545-06-2.

ehem. Ahstr. Name: Trichloroacetonitrile
IUPAe Systematic Name: TrichloroacetonitrIle
lIn square brackets, spectrum number in compilation
2Calculated from: mglm3 = (molecularweight/24.45) X ppm, asumingstandard temperature(25°C)
and pressure

(760 mm Hg)
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Synonym: Cyanotrichloromethane; 2,2,2-trichloroacetonitrile; trichloromethyl cyanide; trichloromethylnitrile
i.2 Structural and molecular rorrnulae and rnolecular weight

Ci
1

Ci - C - C

N

1

Ci

C2C13N

MoL. wt: 144.39

i.3 Chemical and physical properties or the pure substance
(a) Description: Colourless liquid (Budavari, 1989; Sax & Lewis, 1987)

(b) Boiling-point: 85.7°C (Budavari, 1989)

(c) Me/ting-point: -42°C (Weast, 1989)

(d) Density 1.4403 at 25/4°C (Weast, 1989)
(e) Spectroscopydata1: Infrared (Sadtler Research Laboratories, 1980, prism

(38232,42996); grating (17218, 2399); Pouchert, 1981, 1985a,b) and mass
spectral data (383); Coleman et aL., 1984) have been reported.
(f So/ubility: Insoluble in water (STN International, 1989a)

(g) Conversion factor2: mg/m3 = 5.91 X ppm
i.4 Technical products and impurities

Chloroacetonitrile is available at 98- ~ 99% purity, dibromoacetonitrile at
95-97% purity, dichloroacetonitrile at 95-98% purity and trichloroacetonitrile at
:; 98% purity (Riedel-de Haën, 1986; 'fastman Kodak Co., 1987; American Tokyo
Kasei, 1988; Fairfield Chemical Co., 1988; Pfaltz & Bauer, 1988; Aldrich Chemical

Co., 199).
The trade name for trichloroacetonitrile is Tritox.

lIn square brackets, spectrum number in compilation
2Calculated from: mglm3 = (moleclarweight/24.45) X ppm, assumingstandard temperature(250C)

and pressure (760 mm Hg)
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2. Production, Use, Occurrence and Analysis
2.1 Production and use
(a) Production

Chloroacetonitrile was synthesized by Bisschopinck in 1873 by the reaction of

chloroacetamide with phosphoric anhydride (STN International, 1989b). It has
been produced commercially by the high-temperature chlorination of acetonitrile
(Movsum-Zade et al., 1977).

Dibromoacetonitrile and dichloroacetonitrile have been synthesized by the
reaction of N-bromosuccinimide (or N-chlorosuccinimide) with cyanoacetic acid
(Trehy & Bieber, 1981). Bromochloroacetonitrile has been synthesized by the
reaction of a mixure of N-chlorosuccinimide and N-bromosuccinimide with
cyanoacetic acid, and fraction

al distilation of the resulting mixture of

haloacetonitriles (Pereira et al., 1984a; Bull et al., 1985). Bromochloroacetonitrile
has also been synthesized by the bromination of chloroacetonitrile with bromine
(Trehy & Bieber, 1981).

Trichloroacetonitrile was synthesized by Bisschopinck in 1873 by the reaction
of trichloroacetamide with phosphoric anhydride (STN International, 1989b). It

has been produced commercially by reaction of acetonitrile with chlorine or
sulfonyl chloride in the presence of a catalyst at elevated temperatures (Dow
Chemical Co., 1975). Trichloroacetonitrile has also been synthesized from ethyl
trichloroacetate and aqueous ammonia and by reaction of methylnitrile,
hydrochloric acid and chlorine gas (Budavari, 1989).

(b) Use

Chloroacetonitrile has reportedly been used as a fumigant and as a chemical
intermediate; trichloroacetonitrile has reportedly been used as an insecticide (Sax
& Lewis, 1987).
(c) Regulatory status and guidelines

No regulatory standards or guidelines have been published for exposures to
halogenated acetonitriles.
2.2 Occurrence

Halogenated acetonitriles have been identified in the environment only as
by-products of the chlorination of ground- and surface waters for disinfection of
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drinking-water supplies. Therefore, the only known route of environmental release
of halogenated acetonitriles is as a constituent of potable water supplies. Potential
precursors for the formation of these compounds during chlorination are algae,

humic substances and proteinaceous material -aIl naturally occurring water
components. The brominated acetonitrIles are formed when bromide is present in

the water during chlorination. Halogenated acetonitriles have not been detected in
raw (untreated) water sources (Trehy & Bieber, 1981; Keith et al., 1982; Oliver, 1983).
(a) Natural occurrence

None of the halogenated acetonitriles is known to occur as a natural product.
(h) Water and sediments

Dichloroacetonitrile was detected in tap-water samples taken from two
buildings in Durham, NC, USA (McKinney et al., 1976).
ln a two-year study of trace organic compounds in drinking-water in

Philadelphia, PA, Suffet et al. (1980) tested samples collected at three treatment

plants and one hotel, which originated from two surface water (river) sources.
Dichloroacetonitrile was identified in four of nine samples originating from the

Delaware River but in neither of the two samples originating from the SchuylkiI
River. No quantitative analysis was performed.
Three dihaloacetonitriles (bromochloroacetonitrile, dibromoacetonitrile and
dichloroacetonitrile) were identified in chlorinated ground- and surface water

supplies in southern Florida (USA). Although individual concentrations were not
determined, the highest total concentration of dihaloacetonitriles found was 42 J1g/l

in a chlorinated well-water supply. The relative concentrations of the three
dihaloacetonitriles varied considerably from supply to supply, and none was found
in water supplies that had been lIme-softened. Experimental chlorination of

lakewater samples confirmed that dihaloacetonitrIles were formed in the
chlorination process (Trehy & Bieber, 1980, 1981).

Bromochloroacetonitrile and dibromoacetonitrile were identified in stored,
chlorinated Rhine water in The Netherlands. The concentrations of bromochloroacetonitrile before and after chlorination were ~ 0.1 and 3 iig/l, respectively,
and those of dibromoacetonitrile, ~ 0.1 and 1 J.g/I (Zoteman et al., 1982).

Analysis of chlorinated drinking-water samples from ten cities in Ontario,
Canada, showed dichloroacetonitrile at 0.3-8.1 lLg/I and bromochloroacetonitrile at
not detected ( ~ 0.1 lLg/I) to 1.8 lLg/L. Neither was detected inany of the raw water

samples tested; dibromoacetonitrile was not detected in either the raw-water or
drinking-water samples. When chlorine was reacted with fulvic acid (a major

component of humic substances found in natural waters) for 4-120 h,
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dichloroacetonitrile was produced in concentrations of 3.5-6.5 l1g1I, and bromochloroacetonitrIle was not detected (.c 0.1 l1g1I); when chlorine was reacted with a

blue-green alga, dichloroacetonitrIle occurred at 0.5-3.5 l1g! and bromochloroacetonitrile at not detected to 0.6 l1g/l; after reaction with a green alga, dichloroacetonitrile occurred at 0.3- 1.0 l1g! and the bromine compound at not detected to
1.1 l1g, indicating that dihaloacetonitriles can be produced by chlorinating aquatic

humic substances and algae under conditions used for water treatment (Oliver,
1983).

Samples collected following prechlorination of raw water in 1984 from a
drinking-water treatment plant at Cholet, France, contained dichloroacetonitrile at
0.14 l1g/1 and trichloroacetonitrile at 0.11 l1g/1 (Bruchet et al., 1985).
Samples of chlorinated wastewater from an extended aeration treatment plant

in the USA contained 7-14 l1g11 dichloroacetonitrile. Chlorinated lakewater
samples from West Palm Beach, FL, contained 5- 19 l1g/1 dichloroacetonitrIle and
those from Gainsvile, FL, 10- 17 l1g11 (chlorine contact time, 5-70 min). Experi-

mental studies confirmed that dichloroacetonitrile is formed when amino acids,
such as aspartic acid, tyrosine and tryptophan, are chlorinated (Trehy et al., 1986,
1987).

Treated water at 10 Canadian sites along the Great Lakes in the spring
an concentration of 0.3 l1g/I. It was not

contained dichloroacetonitrile at a me

detected (detection limit, 0.1 l1g/l) in treated water samples during the summer or
winter or in any of the raw-water samples (Otson, 1987).

Treatment plant samples collected from 29 US community water systems
(using free chlorine disinfection) in 1984 and 1985 contained bromochloro29
sites) and dichloroacetonitrIle at 0.2-21 l1g11 (27 of 29 sites). Distribution samples
from the system contained bromochloroacetonitrile at 0.4- 10 l1g/1 (21 of 26 sites),
acetonitrile at 0.2-9.4 l1g/1 (25 of

29 sites), dibromoacetonitrile at 0.3-11 l1g/1 (14 of

dibromoacetonitrile at 0.2-2.5 l1g/1 (11 of 26 sites) and dichloroacetonitrile at 0.3-24
l1g/1 (21 of 26 sites) (quantification limits, 0.2-0.3 l1g/l) (Reding et al., 1989).

Water samples collected from 10 US utilities in 1985 (using free chlorine
disinfection, in one of which ammonia was added before distribution) contained

bromochloroacetonitrile at .c 10 l1g/1 at all of seven sites for which data were
avaIlable, dibromoacetonitrile at .c 10 l1g/1 at three of the seven sites and

dichloroacetonitrile at .c 10 l1g/1 at all of 10 sites; trichloroacetonitrile was not
found at any of the eight sites for which data were available (Stevens et al., 1989).
Samples of finished water were taken from 35 US utilities in spring, summer,

autumn and winter, 1988-89. The median concentrations (l1g/l) of halogenated acetonitriles measured were: bromochloroacetonitrile, 0.50-0.70;
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dibromoacetonitriIe, 0.48-0.54; dichloroacetonitriIe, 1. 1 -1.2; and trichloro-

acetonitrile, not detected (detection limits, -c 0.012 and -c 0.029, according to
season) (Krasner et al., 1989).
2.3 Analysis

Difficulties in analysising halogenated acetonitriles in environmental samples
have been attributed to their instabilty under the analytical conditions used

1983). Halogenated acetonitriles hydrolyse in water to haloacetamides and

(Oliver,

then to haloacetic acids (Bieber & Trehy, 1983). Destruction by hydrolysis is
appreciable at the pH (8.0-8.5) frequently found in water treatment plants. The rate
of hydrolysis increases at elevated temperature and pH (Trehy & Bieber, 1981;

Bieber & Trehy, 1983; Oliver, 1983).

Dichloroacetonitrile has been determined in drinking-water by concentration
on an adsorption column, followed py gas chromatography-flame ionization
detection or gas chromatography-electron capture detection (Chriswell et al., 1983).

Dihaloacetonitriles can be measured in water by solvent (pentane) extraction,
usually after salting out using sodium chloride or sodium sulfate, followed by gas
chromatography-electron capture detection (Oliver, 1983; Reckhow & Singh, 1984;
Krasner et al., 1989; Reding et al., 1989.

3. Biological Data Relevant to the Evaluation of
Carcinogenic Risk to Humans
3.1 Carcinogenicity studies in animaIs (Tables 1 and 2)

(a) Oral administration

Mouse: ln a screening assay based on the enhanced induction of lung tumours,
groups of 40 female strain NJ mice, 10 weeks old, were given 10 mg/kg hw
chloroacetonitrile, dichloroacetonitrile, trichloroacetonitrile, bromochloroacetonitrile or dibromoacetonitrile (purity unspecified) in 10% Emulphor by oral gavage
three times per week for eight weeks. A group of 40 animaIs given 10% Emulphor
troIs. Survival at the end of the study (at nine months of age) was:

only served as con

control, 31/40; chloroacetonitrile-treated, 28/40; dichloroacetonitrile-treated, 30/40;

trichloroacetonitrile-treated, 32/40; bromochloroacetonitrile-treated, 32/40; and
dibromoacetonitrile-treated,

31/40. The numbers of animaIs with lung tumours and
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the average numbers of tumours per animal were: control, 3/31 and 0.1; chloroacetonitrile-treated, 9/28 and 0.43 (p c: 0.05); dichloroacetonitrile-treated, 7/30 and 0.23;
trichloroacetonitrile-treated, 9/32 and 0.38 (p c: 0.05); bromochloroacetonitriletreated, 10/32 and 0.34 (p c: 0.05); dibromoacetonitrile-treated, 5/31 and 0.19 (Bull
& Robinson, 1985).

Table 1. Results or skin application or halogenated acetonitriles to rernale
Sencar rnicea
Expt.
no.

Treatment

Dos

No. of animaIs

(mglg)
With
tumours

papiloma

38
37
38

11**
11**

7
9

6

1

39
35
35

4
4

4
2

0

1

1

0

Effective

1

Chloroacetonitrile

2
2
1

X

6

40

X

6

800 X 6

Dichloroacetonitrile

2
2
1

20

Trichloroacetonitrile

20

X

6

40

X

6

8OX6
2OX6

2

40

X

6

3

40

X

6

2

8OX6

3

800X6

2
2
2

Bromochloroacetonitrile

1

Dibromoacetonitrile

2OX6
4OX6
80

X

6

2OX6

2

40

X

6

34
36
38
36
29
35
37
37

36
35

3

4OX6

2

80

3

8OX6

37
37

0.2 mlX6
0.2 mlX6
0.2 mIX6

34
37
34

1

Acetone

2
3

tlrom Bull et al. (1985)
*p oi 0.05, Fisher's exact test
**p oi 0.01, Fisher's exact test

X

6

35

2

With

With
carcinoma
4
4
6
3

1

1

11**

5

6

1

0
2

1

3

2

1

1

1

0
0

7

3

6

8*
17**
16**
7
3

6
9
7

2

1

8
9
2
2

1

0

1

3
5

3

0
4

7
8*

5

1

1

1

Table 2. Summary of carcinogenicity studies of halogenated acetonitriles in experimental animais
Reference

Speciesl
strain

Sex

Dos
schedule

Exrimental parameterl

obseivation

Group.
0

Bull &
Robinson
(1985)
Bull et al.
(1985)

Mous

F

A/J

Mous
Sencar

F

Significance
1

2

3

4

3 d/week,

Dos (mglkg)

0

10

10

Surval (9 months)

10

10

28/40

10

Lung adenoma
Lung adenomas per mouse

31/40
3/31
0.10

32/40

32/40

10/32.

31/40

0.43

30/40
7/30
0.23

5131

0.38

0.34

0.19

3 d/week,

Dos (mglkg)

0

800

800

800

800

400

skin appI.,
acetone,
24 weeks

9/32.

tr
Z

Low doses

~
n~
U

.p -c 0.05

No
tumour;
few

details

*Group 0, vehicle control; group 1, chloroacetonitrile; group 2, dichloroacetonitrile; group 3, trichloroacetonitrile; group 4, bromochloroacetonitrile; group

5, dibromoacetonitrile

0

el

5

orally,
Emulphor,
24 doss

9/28.

Comment

~
~

~

0
Z

~
~
~

tr

en

..\0N
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(b) Skin application

Mouse: ln a series of three initiation-promotion experiments, groups of 40
female Sencar mice (age unspecified) were given topIcal applications of 20, 40 or

80 mg/kg bw chloroacetonitrile (~ 99% pure), dichloroacetonitrIle (~ 99% pure),
trichloroacetonitrIle (98% pure), bromochloroacetonitrIle (93% pure) or dibromoacetonitrIle (96% pure) in 0.2 ml acetone three times per week for two weeks. Two

weeks following the last application of the halogenated acetonitrIle, 1.0 i.g
12-0-tetradecanoylphorbol 13-acetate (TPA) was applied topically three times per
week for 20 weeks. AnimaIs were observed for one year. The numbers of animaIs
with skin tumours and the numbers of squamous-cell papilomas and carcinomas
are given in Table 1 (Bull et al., 1985). (The Working Group noted that the results

were variable and were derived from three separate studies not conducted
simultaneously. )

ln another experiment, groups of 40 female Sencar mice (age unspecified) were
given topical applications of 80 mg/kg bw chloroacetonitrile, dichloroacetonitrile,

trichloroacetonitrIle or bromochloroacetonitrile or 40 mg/kg bw dibromoacetonitrIle at the same purity described above in 0.2 ml acetone three times per
week for 24 weeks. A group of 40 female mice given topical applications of acetone
on the same schedule served as controls. No skin tumour occured (Bull et aL., 1985).

(The Working Group noted that the duration of the study was not specified.)

3.2 Other relevant data
(a) Experimental systems

(i) Absorption, distribution, exretion and metabolism
Rats given 0.75 mmol/kg bw bromochloroacetonitrile (116 mg/kg bw),

chloroacetonitrile (57 mg/kg bw), dibromoacetonitrile (149 mg/kg bw),
dichloroacetonitrile (82.5 mg/kg bw) or trichloroacetonitrile (108 mg/kg bw)
dissolved in tricaprylin by gavage excreted 12.8, 14.2, 7.7,9.3 or 2.3%, respectively, of
the dose in the urine as thiocyanate within 24 h (Pereira et aL., 1984b). The
halonitriles are apparently metabolized to the corresponding cyanohydrins, which

eliminate cyanide; the cyanide is metabolized to thiocyanate by rhodanese.
Rats given 0.002 mmol/kg bw (0.20 mg/kg bw), 0.02 (2.0 mg/kg bw) or 0.14

(15 mg/kg bw) (1-14C)dichloroacetonitrile by gavage in water excreted 62-73% of
the dose by six days; most of the radiolabel was excreted in the urine (42-45%) and
faeces (14-20%) (Roby et aL., 1986). Exalation of 14C-carbon dioxide amounted to
the administered dose of dichloroacetonitrIle. After six days, 19.3% of
the dose was retained in the tissues; the largest amounts were found in blood (4-8%
3.2-8.1% of

of dose), muscle (4-8%), skin (3-6%) and liver (about 2%). ln rats given
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0.002 mmol/kg bw (0.21 mg/kg bw), 0.02 mmol/kg bw (2.0 mg/kg bw) or 0.14
mmol!kg bw (15 mg/kg bw) (2- 14C)-dichloroacetonitrile by gavage in water, a total

of 82-86% of the dose was eliminated in the urine, faeces and expired air (as
14C-carbon dioxide) within 48 h; urinary radiolabel accounted for 35-40% and
14C-carbon dioxide for 33-34% of

the dose. After two days, 12-17% of

the dosewas

retained in the tissues; and the largest amounts were found in lIver (about 5% of
dose), muscle (3-5%), blood (2-5%) and skin (about 1%).
After oral administration of

0.02 mmol/kg bw (2.0 mg/kg bw) or 0.14 mmol/kg

bw (15 mg/kg bw) (1- 14C)-dichloroacetonitrile to mice by gavage in water, 85 and
83%, respectively, of the dose was eliminated in the urine, faeces and expired air (as

14C-carbon dioxide) by 24 h (Roby et al., 1986). The urine contained 64-70% of the

dose, the faeces contained 9- 13% and about 5% was eliminated as carbon dioxide;
11-12% was retained in the tissues. The largest amount of radiolabel was found in
the liver (about 4% of dose), muscle and skin (about 2%) and blood and fat (about
1%). When mice were given 0.02 mmol/kg bw (2.0 mg/kg) or 0.14 mmol/kg bw
(15 mg/kg) (2- 14C)-dichloroacetonitrile by gavage in water, 84-88% of the dose was
eliminated in the urine, faeces and expired air (as 14C-carbon dioxide) within 24 h;
the urine (42-43% of dose) and expired air (31-37%) contained the most radiolabeI.

Nine percent of the administered radiolabel was retained in the tissues after 24 h;
most was found in the liver (about 5% of dose), and 0.5- 1 % of the dose was present
in muscle, kidney and skin.
Chloroacetonitrile is metabolized to hydrogen cyanide by mouse hepatic
microsomal fractions (Tanii & Hashimoto, 1984).
Except trichloroacetonitrile, the haloacetonitriles considered here were shown
to be electrophiles on the basis oftheir reactivitywithpara-nitrobenzylpyridine and

DNA, in the ranking dibromoacetonitrile :; bromochloroacetonitrile :;
chloroacetonitrile :; dichloroacetonitrile (Lin et al., 1986).
(ii) Toxic effects

Chloroacetonitrile
The acute oral LDSO of chloroacetonitrile was estimated to be 1.8 mmol/kg bw
(136 mg/kg) in male ddY mice (Tanii & Hashimoto, 1984). Chloroacetonitrile was

inactive in a bioassay for )'-glutamyltranspeptidase-positive foci in a bioassay for
rat liver (Herren- Freund & Pereira, 1986).

Dichloroacetonitrile

The acute oral (by gavage) LDsos of dichloroacetonitrile were 339 and 330
mg/kg bw for male and female CD rats and 270 and 279 mg/kg bw for male and
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female CD-1 ICR mice, respectively (Hayes et al., 1986). Signs of toxicity included
ataxa, depressed respiration and prostration but no gross pathological change.

Daily administration of 12-90 mg/kg bw dichloroacetonitrIle in corn oil by
gavage to male and female CD rats for 14 days induced no toxicity, as measured by
mortality rates, boy weights and clinical chemistry and haematological parameters, although the relative weight of some organs was slightly reduced (Hayes
et al., 1986).

Daily treatment of male and female CD rats by gavage with 8, 33 or 65 mg/kg

bw dichloroacetonitrIle in corn oil for 90 days resulted in 25-50% mortality in the
65-mg/kg bw group and 5- 10% in the 8- and 33-mg/kg bw groups. Significant signs

of toxicity were reduced body weights in males and females, reduced weights of
most organs in males and reduced serum cholesterol levels at the highest dose;

clinical chemistry and haematological parameters were generally unchanged.
Livers appeared to be larger in treated females (Hayes et al., 1986).
DichloroacetonitrIle was inactive in a bioassay for -y-glutamyltrans-

peptidase-positive foci in rat liver (Herren-Freund & Pereira, 1986).

Trichloroacetonitrile
Trichloroacetonitrile was inactive in a bioassay for -y-glutamyltrans-

peptidase-positive foci in rat liver (Herren-Freund & Pereira, 1986).

Dibromoacetonitrile

The acute oral LDsos of dibromoacetonitrile were 245 and 361 mg/kg bw in
male and female CD rats and 289 and 303 mg/kg bw in male and female CD-1 ICR
mice, respectively (Hayes et al., 1986). Signs of toxicity included ataxia, depressed

respiration and prostration, but no gross pathological change was observed.
Daily administration of 23-180 mg/kg bw dibromoacetonitrile to male and
female CD rats in corn oil by gavage for 14 days resulted in 100% mortality in the
180-mg/kg bw group and 20-40% in the 9O-mg/kg bw group. Besides a

dose-dependent depression in weight gain, the only significant signs of toxicity were

decreases in relative spleen and thymus weights (males) and an increase in relative
liver weight (females) in the 9O-mg/kg bw group (Hayes et al., 1986).
Daily treatment of male and female CD rats by gavage with 6, 23 or 45 mg/kg

bw dibromoacetonitrile in corn oil for 90 days resulted in 5- 10% mortality in the
23- and 45-mg/kg bw groups. Significant signs of toxicity were reduced body
weights in males in the 45-mg/kg bw group. Relative organ weights, clinical
chemistry and haematological parameters were generally ünchanged (Hayes et al.,
1986).
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Dibromoacetonitrile was inactive in a bioassay for )'-glutamyltranspeptidasepositive foci in rat Iiver (Herren-Freund & Pereira, 1986).
No data on acute toxicity were available for bromochloroacetonitrile or
trichloroacetonitrile. No data on subacute or subchronic toxicity were avaIlable for
chloroacetonitrile, bromochloroacetonitrIle or trichloroacetonitrile. None of the
halogenated acetonitriles has been examined for chronic toxicity.
(iii) Effects on reproduction and prenatal toxicity

Chloroacetonitrile
ln a screening study (Smith et al., 1987), Long-Evans rats were administered
chloroacetonitrile in tricaprylin by gavage at 55 mg/kg bw daily on gestation days
7-21. The litters were culled on postnatal day 6 (to six to eight pups) and again at

weaning, when litters were reduced to four pups, which were retained until 41 or 42
days of age. One of the 30 treated dams died. There was a significant decrease in
maternaI weight gain during the period of treatment. No effect on pregnancy,

proportion of resorptions, pup survival or growth after birth was observed. Litter
weight at the time of birth was significantly lower than in the controls.
Bromochloroacetonitrile
ln the screening study described above (Smith et al., 1987), one of the 20 dams

treated with bromochloroacetonitrile died. Litter weight at the time of birth was
slightly lower than in the controls, and weight gain to day 4 was also decreased.

There was no significant effect on the percentages of pregnant females or
resorptions and no effect on neonatal survivaI.

Dibrornoacetonitrile
ln the screening study described above but using a dose of 50 mg/kg bw (Smith

the 26 dams treated with dibromoacetonitrile died. There was a
significant decrease in maternaI weight gain during the period of treatment. Litter

et al., 1987), four of

weight at the time of birth was lower than in the controls, and weight gain to
lactation day 4 was significantly decreased. There was no significant effect on the

percentages of pregnant females or resorptions and no effect on neonatal survval
after birth.

Dichloroacetonitrile
ln two screening studies performed as described above (Smith et al., 1987), no

mortality was seen in a group of 20 females treated with 55 mg/kg bw/day
dichloroacetonitrile in one study, but two of the 23 treated dams died in a second

28
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study. MaternaI weight gain was significantly decreased in both studies. There was

a significant decrease in the percentage of dams delivering viable litters, an increase
in resorption of litters and fetuses and decreased survival of neonates after birth.

Litter weight at the time of birth was significantly decreased, and weight gain to
lactation day 4 was lower in the treated group than in controls.

Groups of 22-24 mated Long-Evans rats were administered dichloroacetonitrIle in tricaprylin by gavage at 0, 5, 15, 25 or 45 mglg bw daily on gestation
days 6-18 (Smith et al., 1989). MaternaI deaths (9%) occurred at the high-dose

levels, and significant increases in postimplantation losses were observed in the
groups given 25 mg/kg bw (35%) and 45 mg/kg bw (80%). At the high-dose level,
resorption of entire litters occurred in 60% of the survivors. MaternaI weight gain
and fetal body weight were decreased at the high-dose leveL. The frequency of

malformations of the soft tissues, particularly cardiovascular and urogenital
organs, was significantly increased at the high-dose level, at which there was also an

increase in the percentage of skeletal malformations. Thus, dichloroacetonitrile
induced malformations, but only at dose Ievels at which there was both severe
embryolethality and maternaI toxicity.

Trichloroacetonitrile
ln two screening studies (Smith et aL., 1987), performed as described above, five

of 25 females treated with 55 mg/kg bw/day trichloroacetonitrIle died in one study
whIle none of 20 died in the second. MaternaI weight gain was significantly
decreased in both studies. There was a significant decrease in the percentage of
pregnant females, an increase in the number of Iitters resorbed and a decrease in
neonatal survivaL. Litter weight was decreased at birth and postnatally.

Groups of 22-24 mated Long-Evans rats were administered trichloroacetonitrIle gavage in tricaprylin by gavage at 0, 1, 7.5, 15,35 or 55 mg/kg bw daiIy on
gestation days 6-18 (Smith et aL., 1988). MaternaI mortality occurred in the groups

given 35 and 55 mglg bw, and maternaI weight gain was significantly decreased at
the highest dose leveI. Whole litters were resorbed at levels of 7.5 mg/kg bw and

above, and a significant increase in the incidence of fetal resorptions was observed
at 15 mg/kg bw (49%), 35 mg/kg bw (62%) and 55 mg/kg bw (78%). Fetal body

weights were significantly decreased at 35 mg/kg bw, but not at other dose levels.
The incidences of malformations, primariIy cardiovascular and urogenital, were
significantly increased in. the groups given 15, 35 and 55 mg/kg bw. Thus,
trichloroacetonitrile induced malformations in rats at embryolethal dose levels.
Embryolethality occurred at dose levels below those which caused maternaI toxicity
and malformations.
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(iv) Genetic and related effects (Table 3)
The genetic and related effects of the haloacetonitriles considered have been
reviewed (Bull, 1985).

Bromochloroacetonitrile
Mutation was induced in Salmonella tyhimurium. Sister chromatid exchange
was induced in Chinese hamster ovary (CHO) cells and DNA strand breaks in
human lymphoblast cell lines. ln mice dosed for five days, neither micronuclei in
bone marrow nor abnormal sperm morphology was induced.

Chloroacetonitrile

Chloroacetonitrile did not induce mutation in a single study with S.
tyhimurium. Sister chromatid exchange was induced in one study using Chinese
hamster ovary (CHO) cells, and DNA strand breaks (weakly) were induced in
another using a human lymphoblast cell line. ln mice dosed for five days, neither
micronuclei in bone marrow nor abnorilal sperm morphology was induced.
Dibromoacetonitrile
Dibromoacetonitrile was not mutagenic in either S. tyhimurium or Drosophila
melanogaster. Sister chromatid ,exchange was induced in Chinese hamster ovary
(CHO) cells and DNA strand breaks in human lymphoblast cell lines. ln mice
normal sperm
morphology was induced.
dosed for five days, neither micronuclei in bone marrow nor ab

Dichloroacetonitrile

Dichloroacetonitrile induced mutation in S. tyhimurium and in one study in

D. melanogaster. Mitotic recombination was not induced in yeast.
Dichloroacetonitrile induced sister chromatid exchange in Chinese hamster ovary
(CHO) cells and DNA strand breaks (weakly) in a human cell line. ln mIce dosed
for five days, neither micronuclei in bone marrow nor abnormal sperm morphology
was induced.

Trichloroacetonitrile

Trichloroacetonitrile did not induce mutation in S. tyhimurium. Sister
chromatid exchange was induced in Chinese hamster ovaiy (CHO) cells and DNA
strand breaks in human cell lInes. ln mIce dosed for five days, neither mIcronuclei
normal sperm morphology was induced.
in bone marrow nor ab
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Table 3 (contd). Genetic and related efTects or chloroacetonitrile
lèst sytem

Result

Dos

Reference

LED/HID
Without
exogenous
metabolic

SAO, Salmnell tyhirium TAl00, revers mutation
SA5, Salmnell tyhimrim TA1535, revers mutation

SA7, Salmnell tyhimrium TA1537, revers mtuation
SA8, Salmnella tyhirium TA1538, revers mutation
SA9, Salmnella typhirium TA98, revers mutation

sic, Sister chromatid exchange, Chinese hamster CHO cells in vitro
DIH, DNA strand breaks, human Iyphoblast cell line
MV, Micronucleus test, CD-1 mice in vivo
SPF, Sperm morphology, B6C3F 1 mice in vivo

~

sytem

With
exogenous
metabolic
system

-

-

+

+

(+ )

0

1500.~~
4. ~~
225.~~

0

50.~~

Bull et al. (1985)
Bull et aL. (1985)
Daniel et al. (1986)
Bull et al. (1985)

0

50.0000

Meier et al. (1985)

-

:i

0
0tT

Z
1500.~~
1500. ~~

o. ~~
O. ~~

Bull et al. (1985)
Bull et al. (1985)
Bull et al. (1985)
Bull et al. (1985)

~
0
f;

~

0
Z

~
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Table 3 (contd). Genetic and related efTects of dibromoacetonitrile
Test sytem

Dos

Result

Reference

~

LEDIHID

SAO, Salmonella tyhirium TAl00, revers mutation

SA5, Salmnella typhimrim TA1535, revers mutation
SA7, Salmonella typhimrium TA1537, revers mtuation
SA8, Salmnella typhirium TA1538, revers mutation
SA9, Salmonella tyhimrium TA98, revers mutation

DMX, Drosophila melanogar, sex-linked recive lethal mutation
sic, Sister chromatid exchange, Chinese hamster CHO ceiiS in vitr

DIH, DNA strand breaks, human lyphoblast cellline
MV, Micronucleus test, CD-l mice in vivo
SPF, Spenn morphology, B6C3Fi mice in vivo

~

Without
exogenous
metabolic

With
exogenous
metabolic

sytem

sytem

-

-

-

-

+

+

0.0300

Valencia et al. (1985)
Bull et aL. (1985)

+

0

O. ~~

Daniel et al. (1986)

-

0

50. ~~
50. ~~

0

0

~

115.~~
115.~~
O. ~~
O. ~~

115.~~
200.~~

Bull et al. (1985)
Bull et al. (1985)
Bull et al. (1985)
Bull et al. (1985)
Bull et al. (1985)

Bull et al. (1985)
Meier et al. (1985)

0
Z
0
0
~
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E
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Table 3 (contd). Genetic and related elTects or dichloroacetonitrile
lèst sytem

Result

Dos

Reference

LED/HID
Without
exogenous
metabolic

With
exogenous
metabolic

sytem

sytem

SAO, Salmnella typhimurium TA100, revers mutation

+

0

SAO, Salmnella typhimrium TA100, revers mutation

+
+

+
+

-

-

-

SA5, Salmnella tyhirim TA1535, revers mutation

SA7, Salmnella typhimurium TA1537, revers mtuation

SA8, Salmnella tyhimrim TA1538, revers mutation
SA9, Salmnella typhimrium TA98, revers mutation

:i

~

0
0t'
250.~~
175.~~
22. ~~
O. ~~
O. ~~
680. ~~
O. ~~

Simmon et al. (1977)
Bull et al. (1985)
Bull et al. (1985)
Bull et al. (1985)
Bull et aL. (1985)

+

SCG, Sacchamyces cerevia, mitotic recombination

+

-

DMX Drsophila lnlaogter, sex-linked recive lethal mutation

0

+

0

(+ )

+

200.~~
1. ~~

Bull et al. (1985)

(+ )

0

220. ~~

Daniel et al. (1986)

0

50.~~
50.~~

Bull et al. (1985)
Meier et al. (1985)

sic, Sister chromatid exchange, Chinese hamster CHO cells in vitro

DIH, DNA strand breaks, human lyphoblast cell line
MV, Micronucleus test, CD-1 mice in vivo
SPF, Spenn morphology, B6C3F 1 mice in vivo

-

0

Bull et al. (1985)
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Table 3 (contd). Genetic and related etlects or trichloroacetonitrile
Test sytem

Result

Dose

Reference

LED/HID

SAO, Salmonella typhimurium TA100, revers mutation

SA5, Salmonella typhimurium TA1535, revers mutation
SA7, Salmonella typhimurium TA1537, revers mutation
SA8, Salmonella typhimurium TA1538, revers mutation
SA9, Salmonella typhimurium TA98, revers mutation

sic, Sister chromatid exchange, Chinese hamster CHO cells in vitro

DIH, DNA strand breaks, human lymphoblast cell line

MV, Micronucleus test, CD-1 mice in vivo
SPF, Sperm morphology, B6C3F i mice in vivo

Without
exogenous
metabolic

With
exogenous
metabolic

system

sytem

-

-

-

-

840. ~~
840. ~~
O. ~~
O. ~~
840. ~~

+
+

+

2. ~~

Bull et al. (1985)
Bull et al. (1985)
Bull et al. (1985)

0

O. ~~

Daniel et al. (1986)

-

0
0

50.~~
50.~~

Bull et al. (1985)
Meier et al. (1985)

Bull et al. (1985)
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Bull et al. (1985)
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(h) Humans
No data were available to the Working Group.
3.3 Case reports and epiderniological studies or carcinogenicity to humans

No data were available to the Working Group.

4. Summary of Data Reported and Evaluation
4.1 Exposure data

Halogenated acetonitriles are not produced on an industrial scale. Chloroand trichloroacetonitriles have been used on a limited basis in the past as
pesticides.
Several halogenated acetonitriles have been detected in chlorinated drinkingwater in a number of countries as a consequence of the reaction of chlorine with
natural organic substances (and bromine in the case of brominated acetonitriles)
present in untreated water. The ônly known route of human exposure is through
chlorinated drinking-water.

4.2 Experimental carcinogenicity data

Halogenated acetonitriles (chloroacetonitriIe, dichloroacetonitrile, trichloroacetonitrile, bromochloroacetonitrile and dibromoacetonItrile) were tested in a
limited carcinogenicity study in female Sencar mice by skin application, in an
initiation/promotion study in female Sencar mice by skin application and in a
screening assay for Iung tumours in female strain A mice by oral administration.
No skin tumour was produced by any of the haloacetonitriles after skin application
in mice. ln the initiation/promotion study, reproducible, significant increases in the
numbers of animaIs with skin tumours were seen onlywith dibromoacetonitrile; no

dose-related increase in the incidence of skin tumours was observed. Marginal
increases in the proportion of mice with lung tumours occurred with aIl of the

halogenated acetonitriles, but the increases were significant only with
chloroacetonitrile, trichloroacetonitrile and bromochloroacetonitrile.
4.3 Human carcinogenicity data

No data were available to the Working Group.
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4.4 Other relevant data
ln short-term screening studies in vivo, chloroacetonitrile, bromochloro-

acetonitrile and dibromoacetonitrile caused minimal developmental toxicity in the

presence of significant maternaI toxicity. ln developmental toxicity studies,
dichloroacetonitrile and trichloroacetonitrile caused malformations and embryolethality in the presence of maternaI toxicity; with trichloroacetonitrI1e, embryolethality was also observed at lower dose levels in the absence of maternaI toxicity.

Mutations were induced in bacteria by bromochloroacetonitrile and dichloroacetonitrile but not by chloroacetonitrile, dibromoacetonitrile or trichloro-

acetonitrI1e. Mutations were induced in insects by dichloroacetonitrile but not by
dibromoacetonitrI1e.
Sister chromatid exchange was induced in cultured mammalian ceIls by aIl five

halogenated acetonitriles. DNA strand breaks were induced in human lymphocytes in vitro by bromochloroacetonitrI1e, dibromoacetonitrile and trichloro-

acetoni trI1e.

ln oraIly treated mice, neither micronuclei in bone-marrow cells nor spermhead abnormalities were induced by any of the five halogenated acetonitrI1es.
4.5 Evaluations 1

There is inadequate evidence for the carcinogenicity of bromochloro-

acetonitrI1e in experimental animaIs.
There is inadequate evidence for the carcinogenicity of chloroacetonitrIle in
experimental animaIs.

There is inadequate evidence for the carcinogenicity of dibromoacetonitrIle in
experimental animaIs.

There is inadequate evidence for the carcinogenicity of dichloroacetonitrIle in
experimental animaIs.

There is inadequate evidence for the carcinogenicity of trichloroacetonitrile in
experimental animaIs.

No data were avaI1able from studies in humans on the carcinogenicity of
halogenated acetonitrI1es.

IFor definition of the italicized terms, see Preamble, pp. 30-33.
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Overall evaluations

Bromochloroacetonitrile is not classifiable as to its carcinogenicity to humans
(Group 3).

ChloroacetonItrile is not classifiable as to its carcinogenicity to humans
(Group 3).

Dibromoacetonitrile is not classifible as to its carcinogenicity to humans
(Group 3).

Dichloroacetonitrile is not classifiable as to its carcinogenicity to humans
(Group 3).

Trichloroacetonitrile is not classifiable as to its carcinogenicity 10 humans
(Group 3).
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