Eh4—4

TIAZuY RO 1 ARCEJ 75 7 Vol36 (1985)
BE
1 BET—%

FULoAY FIE 1945 EUET > EBFENICEESA TV T . L LTIEY RO BY v o&EIz
BT, BEAEEL, DiElfELE LTHWLWSATILS,

2 RETF—4
FURZ DY FREZORBHECOVT, TIX (MEFRXE) £5v b (KEHXX3I) 2B 5BRE

Hik. TIRITET D EEN A, Eﬁﬁﬁi&UZEEFSn?i:{ﬁﬁﬂ)ﬁ,ﬁ &U?fﬁlk&’bﬁ'%ﬂﬁ%ﬂ&%‘f
EIck-oTEREATING,

IOAIHT HBEOFRSECE,. BEFLEHRAEES X UEME (358 BokEOSEHA
BANBRESIR: 5y FOBEOERREEET 3 ISEFEYE CTHo-. TIRDBEIC. BEEAD
REAROEHTE, EEEBEEES(BEIR A o= LHL, 12—0—TF FSFH/ A LFIILAF—
L13—FEF— Mo LZMNBO®HTO 1 EOARITE ST, ZYILT0O1) ERSEEOERE S L TH
{CZ tm&%ﬁmantoA?@X&ﬂ%?é#mwﬁﬁmzﬁoétﬁ iREEDEEDHT M
EhiAEEEIh -,

Sy FEERESSTOHEIC. BHEOFTIILIOY FOBRABRSIFRLESE LA, o1,
FULYOY FIZHEEIZDNABEERISE., FAMBEERICHT I RRTEEREEZEH L -,

3 AiconhwToF—4

KIJ—F T TN—FIEAHTE7INLSOY FORERIZ OV TOIENRE L ESNTRL AT
TEObh o/,

4 A
REHHOBEIZ. FULYOY FOREEOIZIF+HTHS,
CEFHT—ARELOT, FUALIOY FOACHT REEISOVTOERIFRAECH - 1=,

ERHET TARCE/ 57 Vol36 (1985)




ALLYL CHLORIDE

1. Chermiical and Physical Data

1.1 Synonyms and trade names

Chem. Abstr. Services Reg. No.: 107-05-1

Chem. Abstr. Name: 1-Propene, 3-chioro-

IUPAC Systematic Name: 3-Chloropropene .

Synonyms: AGC; chiorallylene; chloroallylene; 1-chloropropene-2; 3-chioropropene-1;

1-chloro-2-propene; 3-chloro-1-propene; a-chloropropylehe; 3-chloropropylene;
3-chloro-1-propylene; NCI-C04615; 2-propenyl chioride

1.2 Structural and molecular formulae and molecutar weight

CH, =CH—CH,CI

" G4HsCl _ Mol. wt: 76.5 -

1.3 Chemical and physical properiies of the pure substance
From DeBenedictis (1979), unless otherwise specified

(a) Description: Colourless liquid with a pungent, gaﬂic-like odour (Verschueren, 1977)
(b) Boiling-point: 44.96°C (Beacham, 1978) |

(c) Freezing-point. -134.5°C

(d) Density: Specific gravity (20°C), 0.9392

(e) Refractive index: ng® 1.4160 (Beacham, 1978)

(f Spectroscopy data: Proton magnetic resonance spectra. héve been reported

(Bothner-By et al., 1966).

—39 —
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(9) Solubility. Slightly soluble (0.36 wt %) in water; miscible with chloroforﬁn diethyl
ether, ethanol and petroleum ether (Windholz, 1983)

(M) Viscosity: 0.336 cP at 20°C

() Volatility: Vapour pressure, 295.5 mm Hg at 20°C (Beacham, 1978)
() Stabifity: Flash-point (closed-cup), -31.7°C

(k) Reactivity: Reacts as both an olefin (e.g., additions) and an organic halide (e.g.,
hydrolysis), undergoes a variety of nucleophilic substitution reactions

() Conversion factor: 1 ppm = 3.13 mg/m® at 760 mm Hg and 25°C (Irish, 1963)

1.4 Technical products and impurities

In 1949, allyl chloride was available in the USA as a single grade with a purity of 97%
min. Possible impurities were said to be 2-chloropropene, isopropyl chloride, n-propyl
chloride and traces of 3,3-dichloropropene (Vesper, 1949). .

In 1973, allyl chloride was available in two grades in the USA. A water-washed grade con-
tained 0.01% acidity (as hydrogen chloride) max and an anhydrous grade contained 0.10%
acidity max. Both grades met the following specifications: purity, 97% min; apparent specii-
ic gravity (20/20°C), 0.935-0.939; and distiliation range, 43.0-49.0°C (Bales, 1977).

Allyl chioride is available in western Europe with the following specifications: purity, 97.5%

min; water, 200 mg/kg max; specific gravity, 0.932-0.938; and distillation range, 43-50°C,

2. Production, Use, Occurrence and Analysis

2.1 Production and use
{a) Production

Allyl chloride was first prepared in 1857 by Cahours and Hofmann by the reaction of
allyl alcohol with phosphorus chloride (Vesper, 1949). It was first produced commercially in
1945 from propylene (JARG, 1979a) by means of non-catalytic, high-témperature (500-510°C)
chlorination (Beacham, 1978); this method is still used for commercial production (DeBene-
dictis, 1979).

US production of allyl chloride in 1977 was estimated to have been almost 180 million
kg (DeBenedictis, 1979). Only two US companies presently produce it {at three plant loca-
tions), and production data are not disclosed (see Preambie, section 8(b)(ii)). Separate data
- on US imports and exports of allyl chloride are not published. :

Allyl chioride is produced commercially'by one company in France, one company in
the German Democratic Republic, three companies in Germany and one company in the
Netherlands.
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The commercial production of allyl chloride in Japan started in about 1961. Three Japan-

ese companies currently manufacture it by the chlcrination of propylene; 1982 production
is estimated to have been 30-40 million kg.

(b) Use

Allyl chioride is used almost exclusively as a chemical intermediate. The major use is as
an intermediate for epichlorohydrin (see IARC, 1976). It is also used to make sodium allyl-
sulphonate and a series of allyl amines and quaternary ammonium salts as well as the allyl

sthers of a variety of alicohols, phenols and polyols, and a number of barbiturate hypnotic
agents.

An estimated 150 million kg of allyl chloride were used as a chemical intermediate (pro-
bably unisolated) for epichlorohydrin manufacture in the USA in 1982. Epichlorohydrin is used
principally for the manufacture of epoxy resins and glycerol {Beacham, 1978).

Sodium allylsulphonate is made by the reaction of allyl chloride with sodium sulphite; it
is used as a component in metal plating baths (DeBenedictis, 1979). US production of this

chemical was last reported separately in 1973, when it amounted to 843 thousand kg (US
International Trade Commission, 1975).

Allyl chloride is used to make mono-, di-, and triallylamine as well as mixed amines con-
taining other alkyl groups (e.g., diallylmethylamine). These amines find use as such, and as
intermediates for other chemicals, such as ambuside (a diuretic), diallyl 2-chloroacetamide
(a herbicide) (Beacham, 1978), and several quaternary ammonium salts. The most important
allyl amine derivative is believed to be diallyl dimethylammonium chloride, which finds use

as a comonomer with acrylamide and other monomers in the production of cationic floccu-
lating agents.

Allyl ethers of polyols such as trimethylol propane have reportéd!y been used commer-
cially in polyester furniture finishes to improve their drying properties. Another ether made

from allyl chloride, allyl starch, was formerly made in commercial quantities in the USA for
use in surface coatings (Beacham, 1978).

The following six barbiturate hypnotic agents may be made from allyi chioride: aprobar-
bital, butalbital, methohexital sodium, secobarbital, talbutal and thiamylal sodium, although
one source {Swinyard, 1975) has indicated that such products are made from allyl bromide.

Ally! chloride is also used to make allyl isothiocyanate (see p. 55 of this vqlumé), euge-
nol (see p. 75 of this volume) and 1,2-dibromo-3-chloropropane (see IARC, 1979b). It has
reportedly been used in Japan to make allyl esters (e.g., diallyl phthalate). '

Other commercial uses which have been reported for allyl chloride include the synthe-

sis of glycerol chlorohydrins, trichloropropane and cyclopropane (Shell Chemical Corp.,
1949).

in Japan, allyl chloride is used as a chemical intermediate for epichlorohydrin (the major
use) and other chemicals (e.g., pesticides and pharmaceuticals).

Occupational exposure to allyl chloride has been limited by regulation or recommended
guidelines in at least 11 countries. The standards are listed in Table 1.

The US Environmental Protection Agency (EPA) (1983} requires that notification be given
whenever discharges containing 454 kg or more of ally! chloride are made into waterways,
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Table 1. National occupational exposure limits for allyl chloride®

Country Year Concentration Interpretationt Status
mg/m®  ppm
Australia 1978 3 1 TWA Guideline
Belgium . 1978 3 1 TWA Regulation
Finland 1981 3 1 TWA Guideline
: 9 3 STEL
German Democratic Republic 1979 3 - TWA Regulation
6 - Maximum (3¢ min)
Germany, Federal Republic of 1984 3 1 TWAS Guideline
Italy 1978 3 1 TWA Guideline
Netherlands 1978 3 1 TWA Guideline
Romania 1975 3 - TWA Regulation
6 - Maximum
g\gﬁerland 1978 3 1 TWA Reguilation
OSHA 1978 3 i) TWA Regulation
- 300 Maximum (30 min)® :
ACGIH 1984/85 3 1 TWA Guideline
6 2 STEL
NIOSH 1976 3 1 TWA Guideline
9 3 Ceiling (15 min)
Yugoslavia 1971 3 1 Ceiling Regulation

2From Interpational Labour Office {1980); National Institute for Occupational Safety and Health {1980); National Fir-
nish Board of Occupational Safety and Health (1981); American Conference of Governmental Industrial Hygienists
{1984); Deutsche Forschungsgemeinschatt (1984)

bTWA, time-weighted average; STEL, short-term exposure limit
¢Carcinogenic risk notation added

d0SHA, Occupational Safety and Health Administration; ACGIH, American Conference of Governmential Industrial
Hygienists; NIOSH, National Institute for Occupational Safety and Health

¢Skin irritant notation added_ .

but has proposed that this be revised to require notification when discharges containing
2270 kg are made. '

As part of the Hazardous Materials Flegulaﬁons of the US Department of Transportation
(1982}, shipments of allyl chloride are subject to a variety of labelling, packaging, quantity
and shipping restrictions consistent with its designation as a hazardous material.

2.2 Occurrence

{a) Natural occurrence

Allyt chloride has not been ieported to occur in nature.

(b) Occupational exposure

It has been estimated that approximately 5000 workers in the USA are potentially ex-
posed to allyl chioride. Occupations involving potential exposure to allyl chloride have been
reported to include producers of allyl chloride, epichlorohydrin {crude epichlorohydrin can
contain 10-15% allyl chloride)}, glycerol, diallyldimethylammonium chloride, allyl alcohol (by a
process no longer in current use) and medicinal products (National Institute for Occupation-
al Safety and Health, 1976).

Occupational exposure has been reported in a plant producing allyl chloride in the Ger-
man Democratic Republic. The data are summarized in Table 2.
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Table 2. Occupational exposure to allyl chloride at various locations in an allyl chloride

plant in the German Democratic Republic®

Plant area Concentration (mg/m3)
Laboratory 3
Filling - 19
Production 53-59
Tank storage 43-310
_ Pump room 189-350

aFrom Hausler and Lenich {1968)

Results of personnel monitoring at two US allyl chloride plants are summarized in Tables
3and 4.

Table 3. Levels of allyl chloride at a US allyl chloride manufacturing site®

Job No. of Concentration® (mg/m?3)
classification samples

High Low Average
Contral room, operator A 6 2.82 0.59 1.40
Control room, operator C 8 291 0.74 1.77
Instrument 4 14.63¢ 0.37 6.70 -
Laboratory 4 2.20 a.71 1.24
Shift foreman 4 12.49¢ 0.37 4.03
Maintenance 4 18.88¢ 242 9.46
Class 2 aperator 5 19.00¢ 0.016 5.36
Head packaging operator 2 0.28 0.052 0.16
Chief material- handling technician 2 0.96 0.40 0.58

aFrorn National Institute for Occupational Safety and Health (1976)
bt is possible that high values are caused by acetone interference.
¢Potential exposure; protective equipment was worn during sampling operations and process upsets.

Table 4. Results of allyl chloride monitoring at a US manufacturing plant®

Job
classification

Eight-hour TWAP Peak (up to 15 min) Comments

No. of
TWAs

Mean¢
{mgfm?)

5.9

Ran e

(mgjm?)
1.2-9.9

No. of
samples

Mean®
{mg/m3)

60.5

Range
(mglm‘*)

Loading 8 5 19.2-122.5 Loading operators
wear breathing masks.
Drum-loading mieasure-
ments were taken prior
to installation of venti-
lation system. Tank car
and tank truck loading

rate is 2-3 h/fday for each.
Evaluations are for rou-
tine operations and do
not include shut-down

or start-up periods

when {ull breathing
apparatus is worn.

Operators, except 70 <0.3-11.2

for G-300

1.46 15 0.3-95.2 35.0

- - - -
1.89 - - - -

0.3-16.4
0.3-105

G-300 operators

5
Shift foreman 16

aFrom National Institute for Occupational Safety and Health (1976)

BTWA, time-weighted average

“This represents the arithmetic mean, which is an overestimate of the central tendency of distribution; the data
“appear to follow a log-normal distribution with a lower geometric mean.

dFour of five samples contained <1 mg/fm?3.
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Occupationat exposure to allyl chioride associated with the production of epichlorohydrin
has been reported. Data reported on US units in 1976 are summarized in Table 5 {which
mainly reflects potential exposures, since protective equipment was generally used) and
Table 6. Data on US manufacturing facilities from reports made in 1977 and 1978 are shown
in Table 7.

Table 5. Levels of allyl chloride at a US epichlorohydrin unit®

Jab No. of Concentration® {mgfm?)
classification samples

High Low ‘Average
Control room, 5 3.44¢ 0.12 1.52
operator A
Instrument 2 '3.84¢ 0.96 2.42
Laboratory 6 10.60¢ 0.12 4.96 .
Shift foreman 3 14.48¢ i 1.21 586
Epichlorchydrin 4. 8.40° 0.16 273
helper
Control finisher 2 4.40¢ 0.84 2.64
Maintenance 13

1.58 0.16 0.62

2From National Institute for Occupational Safety and Health (1976}
bt is possible that high values are caused by acetone interference,
¢Potential exposure; protective equipment was worn during sampling operations and process upsets.

Table €. Occupational exposure to allyl chioride at a US epichlorohydrin-manufacturing
site®

Job Eight-hour TWAP Peak (up to 15 min) Comments
classifica-
tion
No. of Range Mean® No. of Range = Mean°
TWAS {mg/m?3) samples  {mg/m?) (mg/m?) _
: _Marine cargo - - - 5 <03-84 28 Gauging and Inspecting
inspection crude epichlorohydrin

barges. Exposure is
limited to about 13-20
min/barge and 2-3 bar-
ges/month. Allyl chior-
ide is a contaminant
(10-15%) in crude epi-
: chlorohydrin.
Dockman 1 <03 - 7 <0.3-18.6 4.7 Connecting and dis-
' connecting barge load-
ing lines an crude epi-
chlorohydrin barges

aFrom National Institute for Occupational Safety and Health {1976)
bTWA, time-weighted average

“This represents the arithmetic mean, which is an overestimate of the central tendency of distribution; the data
appear to follow a log-normal distribution with a lower geometric mean.

i
i
]
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Table 7. Occupational exposure to allyl chloride at various locations in epichlorohydrin
manufacturing facilities?

Job classification Plant  No. of Time-weighted average (mg/m3)t
samples
Range Median
Chemical operators A 8 <0.16-2.11 0.56
B 12 <0.16-27.6 <(.16
C B <0.3-442 1.43
C 5 <0.3-1.59 0.64
C 5 <0.3-0.95 0.32
c 5 <0.03-2.08 0.32
Foremen
Epichlorchydrin production A 3 <0.16-0.83 0.53
B 3 <0.16-0.62 053
B 1 053 0.53
c 6 <0.3-0.95 [0.213
C 1 - 0.31
Epoxide plant production C 1 - <0.3
Tank truck loading B 1 <0.16 <0.16
: C 1 -- <0.3
Pipe fitters A 3 <0.16 <0.16
Gontrol room area B 3 <0.16 <0.16
Cc 5 <0.3-0.95 [<0.3}
Glycerol production area B 1 0.3 <0.16
C 2 0.32-0.54 [0.441

aFrom Bales (1978)

bTime-weighted average concentration to which workers tmay be exposed for a normal eight-hour working day of
a 40-hour week; figures in square brackets were calculated by the Working Group.

The majority of exposures were within the time-weighted average (TWA) for allyl chlo-
ride recommended by the National Institute for Occupational Safety and Health. Although at
plants B and C levels for two chemical operators reached 27.6 and 44.2 mg/m3 (TWA), res-
pectively, these samples were considered abnormal since they were taken during the repair-
ing of processing machinery; the operators were wearing cartridge respirators so that actual
exposure was considered to be significantly less.

(c) Air

Diurnal urban air samples, collected in the USA from Denver, CO,'Houston, TX, River-
side, CA, and St Louis, MO, were found to contain <16 ng/m? of allyl chloride, whereas
samples from Pittsburgh, PA, were found to contain a mean of 64 ng/m3. None was detect-
ed in Chicago, IL, or StatenIsland, NY (Singh et al., 1982).

2.3 Analysis

Typical methods for the analysis of ally!l chloride in various matrices are summarized in
Table 8. :
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Table 8. Methods for the analysis of allyl chloride

Sample matrix Sample preparation Assay Limit of Reference
procedure2  detection
Air Tr'ap onto Tenax-GC; desorb  GC/FID not given Brown & Purnell {1979}
thermally
Trap onto charcoal; desorb GC/FID 1.8-7.19 mg/m3 National Institute of
with benzene (range of validation) Occupational Safety and
Health (1977)

Concentrate on a glass wool GC/EC <3 ng/m® (+ 15%) Singh et al. (1982)
trap at liquid oxygen temper- ,
. ature; desorb thermalty

- GC 0.2 mg/m? Yu et al. (1981)

Trap onto Tenax-GC; desorb  GC/MS 83 ng/m® Krost et al. (1982)
thermally
Waste water  Sparge with an inert gas; GC/MS 2 pgfl Spingarn et al. (1982)

trap volatiles onto
Tenax-GC; desorb thermally

#Abbreviations: GG/FID, gas chromatography/flame ionization detection; GC/EC, gas chromatography/electron cap-
ture detection; GC, gas chromatography; GC/MS, gas chromatography/mass speciroscopy

3. Biological Data Relevant to the Evaluation of
Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animals

(a) Oral administration

Mouse: Groups of 50 male and 50 female B6C3F, mice, five weeks old, were given doses
of 172 or 199 and 129 or 258 mg/kg bw (low- or high-dose males and females, respec-
tively) allyl chloride (technical grade; purity, 98%) per day in corn oil by gavage on five days
per week for 78 weeks. Groups of 20 animals of each sex received corn oil alone and ser-
ved as vehicle controls, and a further 20 animals of each sex served as untreated controls.
Animals were maintained without further exposure through week 92. There was excessive
mortality in male mice; 48% of mice in the high-dose group had died by week 27, and the 10
mice surviving longer than 48 weeks were killed at week 56. Survival rates in other groups
at the end of the study were 8/20, 14/20 and 23/50 in unireated controls, vehicle controls
and the low-dose group, respectively. Of the females, 70-90% of mice were still alive at the
end of the study. Treatment-related lesions were observed in the forestomachs of animals
of both sexes. A metastasizing squamous-cell carcinoma was found in 2/46 low-dose male
mice, but not in high-dose (0/50), vehicle-control (0/20) or untreated (0/18) males. Acanthosis
and hyperkeratosis of the forestomach were found in 9/46 low-dose and 19/50 high-dose,
but not in control males. In females, a squamous-cell carcinoma was found in 2/48 low-dose,
but not in high-dose (0/45), vehicle-control (0/19) or untreated (0/20) groups. Squamous-cell
papillomas were observed in three high-dose and in one low-dose female. Acanthosis and
. hyperkeratosis of the forestomach occurred in 17 low-dose and 25 high-dose females, but
not in controls. The incidence of forestomach tumours in male and female mice was not sta- .
tistically different from that in controls (National Cancer Institute, 1977; Weisburger, 1977).
[The Working Group noted the high mortality in treated males.]

Rat: Groups of 50 male and 50 female Osborne-Mendel rats, six weeks of age, were
given initial doses of 70 and 140, and 55 and 110 mg/kg bw {low-dose and high-dose males




