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14muugonic carcinogenic substances In seven mutagenicity test systems {point
mutation tests, cytogenetic test and the dominant lethal test) {Abatract). Muts!. Res.,

fSuter, W., Brennand, J., MchMiian, S. & Fox, M. (1980) Relative mutagenicity of
sntineoplastic drugs and other alkylating agents in V79 Chinese hamsier cells,
Indepsndencs of cytotoxic and mutagenic responses. Autal. Ass., 73, 171-181
'Llngemr M. & Mifier, D. {1980) Comparative studies with the nucleus anomaly test and
the micronucieus test. Mutat. Res., 74, 159-160

7Morgan, W.F. & Crossen, P.E. {1880) Mitotic spincie inhvbitors and sister-chromatsd
exchange in human chromosomes. Mutat. Res., 77, 283-286

VINYL CHLORIDE {Group 1)*
A. Evidence for carcinogenicity to humans (sufficient)

Vinyl chioride causes of the liver; it has aiso been associated with
tumours of the brain and lung and of the haematopoletic and lymphatic systems in
humans. Reports of increased incidences of twmowrs of the digestive system, urnary tract
and breast (in women) are inadequate 1o evalusie the carcinogenicity of vinyl chioride
for thesa sites’.

* Cawgorized as Group 1 by the pravious Working Group, and dala on humans and 0n snimals not resvaluaied
by the present Group.
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8. Evidence for carcinogenicity to snimals (sufficient)

Vinyl chioride is carcinogenic to mice, rats and hamsters after its administration orally
or by Inhalation, producing tumours at several sites, Including angicsarcomas of the
Hvert.

C. Evidence for activity in short-term tests (sufficient)

VnﬂdiondsiﬂwedDNAdamaoehpmkarymmandinnmmhanoellshww It
was mutagenic 1o SMWMHhmeabsmofanemgenousmetabolm

melanogaster, inducing sex-inked recessive iethal mutations® and to hamster oells in
witrof. 1t Induced chromosomal aberrations and sister chromatid exchanges in Chinese
hamsters exposed i vivo®. It did not induce dominant lethaP or somatic mutations in
mice’. Vinyl chioride alkylated the liver DNA of rets treated 1 wvo®. Clwomosomal
aberrations and sister chromatid exchangis were induced in workers exposed to vinyl
chioride® 112, Most such date were obtalnid when exposwe was to levels of 25 ppm. In
follow-up studies, in which workers were «xposed to levels that had been reduced 1o 15
ppm and lower, no aberration or sister chromatid exchange was reported'?™. Sister
chromatid exchenge incidence dropped 1) & normal Jevel shorlly after termination of
exposure to higher levels; however, the ncidence of chwomosomal aberrations retumed
to normal only after two yeers'®. [Thus, afthough sister chromatld exchanges were not
observed in some studies, sampiing may hav1 occurred after the level retumed to normal.]
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analysis
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137-144
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VINYUIDENE CHLORIDE (Group 3)

A. Evidence for carcinogenicity to humans (inadegusis)

In one epidemiological study of 138 workers exposed to vinylidene chioride (with no
concomitant exposurs io vinyl chloride), no excess of cancer wss found, but foliow-up
was incomplats snd nearly 40% of the workers had Jess than 15 years’ latency since first
sxposure'. A study of 447 German and 182 foreign workers axpnaan fn uisl chireida
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reported seven deaths from cancer, which was not in excess of expectad values. Two
mmmmmwmonmmtmmwkmmmawhmnwemmmw.
whoreas 0.07 were expected for persons aged 35-39 years. [The Working Group noted
that this study has severs methodological weaknesses, e.g., no allowance for latency, no
information on smoking habits, 78% loss from follow-up for the workers, young

guest
age structwe of the cohort, and a reference category that can be considered vakd only
for the German workers.|

B. Evidence for carclnogenicity to anisaais (imited)

Vinylidene chloride was tested by oral administration to female rats and mice and o
their offspring. In rats, liver and meningeal tumours, and In mice, Fver and gastric
tumowrs, wers seen more fraquently In treated than in control snimals, sithough the
differences were not statistically signficant®. It was also tested in one experiment by
inhalation in mice, rats and hamsters, inducing adenocercinomas of the kidney M male
mice and an increased ncidence of fioroadenomas  and carcinomas in rats
{although with no relationship). In hamsters exposed for 52 weeks, no

tumowr had occurvad by 74 weeks, tut the study was stil in progress at the time of
reporting*.

€. Evidence for sctivity in shori-term tosts (sufficient)

Vinylidene chioride was mutagenic to bacteria in the presence of an exogenous
metabolic activation system' and 1o ysast’*, but it was not mutagenic to V78 Chinese
hamster celis i1 vitro®. 1t alkyleted DN\ in mammalian cells in vitrot, and, at lumorigenic
doses In mice, it produced minimal amounts of DNA alkylation and repeir but massive

amounts of tissue damage®. it did not induce dominant lethal mutations in mice*. No data
on humans were avaigbie.

DNA damage  Mutation Chromosomal  Other
ancmalies
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VINYL CHLORIDE, POLYVINYL CHLORIDE and
VIRYL CHLORIDE-VINYL ACETATE COPOLYMERS

¥inyl chloride

This substance was considered by a previous IARC Working Group, in
June 1974 (IARC, 1974)}. Since that time new data have become availasble,
and these have been incorporated into the monograph and taken into account
in the present evaluatiom.

A literature compilation {(Warrem ei al., 1978} and a review (Hilby,
1977} are available.

1. Chemical and Physical Data

1.1 Syncnyms and trade mames

Chem. Abstr. Services Reg. Wo.: 75-01-4
Chem. Abstr. Name: <Chloroethene
Chloroethylene; monochloroethylene; VC; VCM; Vinyl C monomer

1.2 Structural and molecular formulae and molecular weight

H Ci
>c=c
H <N

CZH3C1 Mol. wt: 62.5

1.3 Chemical and physical properties of the pure substance

From Weast (1976}, unless otherwise specified

{a) Description: Colourless gas fuindholz, 1976)

(t) Boiling-poinc: -13.37°C

* (¢} Melting-polne: -153.8°C

(d) Density: dZ{} 0.9106; vapour depsfty, 2.2 (alr = 1) {Anon.,
L) lenglty 4

1972)
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(e) Refractive index: n’ 1.3700

(f) Spectrosocpy data: Infra-red, nuclear magnetic resonance and

maps spectral data have been tabulated (Grasselli & Ritchey,
1973).

(g) Solubility: Slightly soluble in water {0.11 g/100 g at 25°C}
(Hardle, 1964); soluble in ethanol; very soluble in ether,
carbon tetrachloride and benzene

{h) Volatility: Vapour pressures is 2530 mm st 20°%¢ (Hardie, 1964}

(1) Stability: Flash-point, -18% {closed cup)} {Hardle, 1964};
polymerizes in light or in the presence of a catalyst {Windholz,
1976); oun combustion ir degrades to hydrogen chloride, carbon

monoxide, carbon dioxide and traces of phosgene (O'Mara et al.,
1971}

(1} Reactivity: Om treatment with strong alkalis at high tempera-
tures it loses hydrogen chloride (Miller, 1969).
(k) Conversion factor: I ppm in afr = 2.6 mg/m?

1.4 Technical products and impurities

Vinyl chloride is generally supplied as a liquid under pressure.
Usually no inhibitor is added whem it is to be shipped within the US.
A typical analysis of & commercial US grade is as follows: watrer, 50 mg/kg
{ppm); nonvolatile residue, 5 mg/kg (ppm); acetaldehyde, <1 wg/kg (ppm);
acetylene, <1 mg/kg (ppm); iron, 0.1 mg/kg {(ppm); hydrogen chloride,
<0.1 mg/kg (ppm); and hydrogen peroxide, 0.01 mg/kg {ppm).

In Japan, commercial vinyl chloride meets the following specifications:
purity, 99.9% win; water, 200 mg/kg {(ppm} max; hydrogen chloride, 1 mg/kg
{ppn) max; 1irom, 1 ng/kg (ppm) max; and evaporation residue, 50 mg kg
{ppm) max. Chlorinated hydrocarbons may be present as impurities.

2. Production, Use, Gccurrence and Analysis

2.1 Production and use
(a) Production

The firet synthesis of vinyl chloride appears to have been made in
1835 (Regnault, 1835). Addition of hydrogen chloride to acetylene,
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formerly the most important route of synthesis, has been displaced by the
halogenation of ethylene; over 35% of the vinyl chloride monomer produced
in the US and Japan in 1976 was made from ethylene. In this process,
ethylene ia reacted with hydrogen chloride and oxygen to give ethylene

dichloride, which is subsequently cracked to produce winyl chloride and
hydrogen chloride.

¥inyl chlortde has been produced commercially in the US for over fifty
vears (US Tariff Commissioa, 1928). In 1976, nine companies reported the
production of 2580 million kg (US International Trade Commiesion, 1377}.
US imports have been negligible: exports amounted to 291 million kg in
1976 (US Department of Commerce, 1977}, and in 1977, exports were about
150 million kg to the following countries (X of total): Brazil (28),
Canada {8), Colombia {11}, Mexico {l4), Morway (12) and Yugoslavia (14).

Total western European production in 1976 amounted to 3925 milliom kg,
in the feollowing countries {millions of kg): Belgium (490}, the Federal
Republic of Germany (990), Finland (25), France (620), Greece {25), Italy
{690}, The Hetherlande (340), Spain (190), Sweden (95), Switzerland {30)

and the UK (430). Exports from western Europe in that year were 44 million
kg.

In Japan, commercial production of vinyl chloride began prior to 1946,
In 1976, eighteen companies produced a total of 1281 million kg vinyl
chloride; 115 million kg were exported.

(® Dse

About 962 of the 2274 million kg vinyl chloride used in the US im 1976
was for the production of vinyl chloride homopolymer and copolymer reaina.
The remainder was used (essentfally by one company internally) in the pro-
duction of methyl chloroform and as a comonomer with vinylidene chloride
in the production of resina. For a detailed description of the uses of
vinylidene chloride-vinyl chloride copolymers, see p. &50.

The largest use for polyvinyl chloride resins is in the production of
plastic piping and conduit. Other important uses are im floor coverings,
in consumer goeds, in electricel applications amnd in transport applicationa.
For detailed descriptions of the uses of polyvinyl chloride and vinyl
chloride-vinyl acetate copolymers, ses pp. 406 and 414.

Hardie (1964) reported that vinyl chloride has been used as a refri-
gerant, as an extraction solvent for heat-sensitive materials and in the
production of chloroacetaldehyde {an intermediate in the synthesis of sul-
phonamides); however no evidence was found that vinyl chloride is presently
being used for these purposes.

Limited quantities of vinyl chloride were used in the US as an serosocl
propellant, but in 1974 it was banned from use in pesticlde aerosol products
{US Environmental Protection Agency, 1974a}, in self-pressurized household
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containers, and as an ingredient of drug and cosmetic products {(US Consumer
Product Safety Commiasion, 1974a,b).

¥inyl chloride was used in western Europe in 1977 in the production of
polyvinyl chloride (95X) and for other uses, including the production of
methyl chloroform (51).

In Japan in 1976, winyl chloride waa used in the preduction of poly-
vinyl chloride (92-941) and for other useas, such as In copolymers (6-8%).

The US Occupational Safety and Health Administration's health
standards for exposure to air contaminants require that en employees's
exposure to vinyl chloride not exceed an eight-hour time-weighted average
of 2.6 mg/a® (1 ppm) 1o the workplace air im any eight-hour work shift of
a forty-hour work week. During any work shift an employee's exposure may
not exceed a ceiling concentration limit of 13 mg/m® (5 ppm)}, averaged ovet
any period of 15 mimutes or less (US Occupational Safety and Health Admini-
stration, 1974).

The work environment hyglene standards for exposure to vinyl chloride
in various countries, in terms of time-weighted averages (8-hr) snd
ceiling concentrations {10- or 15-min), were as follows in 1977: <Canada,
10 ppm (B-hr}) and 25 ppm (15-min); Finland, 5 ppm (B-hr) and 10 ppm (10-
min); Italy, 50 ppm (B-hr), although this is expected to change to 25 ppm
(8~hr}; Japan, expected to be 10 ppm; The Netherlands, 10 ppm (8-hr);
Norway, 1 ppm (B-hr) and 5 ppm {15-min); Sweden, 1 ppm (B-hr) and 5 ppm
(15-min); USSR, 12 ppm (Bertram, 1977). In France, the standards were
reported to be 5 ppm for 1 week, with a ceiling concentration of 15 ppm,
in already existing factories, and 1 ppm and 5 ppm, respectively, for new
factories; in Spain, no limits; in Denmark, 1 ppm (8~kr); iIn Belgium,

5 pem (1 week), ceiling 15 ppm; in the Federal Republic of Germany, the
same as for PFrance in existing factories, and 2 ppm (1 year) and ceiling
15 ppm {1-hr) for new facrories; in the UK, 10 ppm (8-hr), ceiling

30 ppm max; and in Switzerland, 10 ppm (1 week, 8-hr day for 5 days)
{Thomaa, 1977).

In Auguat 1977, the proposed European value wae 3 ppm over one year
for existing and future plants, with an 'alarm-value’ of 15 ppm (Commission
of the European Communicies, 1977a}.

The US Emvironmental Protection Agency has proposed new rules to
reduce the national emission standard for vinyl chloride from 10 ppr to
5 ppm in order to reduce vimyl chloride emissions by one-half within 3
years of the actual rulemaking. This would result in hourly emissions
(based on new average-sized plants) of 5.1 kg from au ethylene dichloride-
vinyl chlortde plant {instead of 10.3 kg); 9 kg from a dispersion process
polyvinyl chloride plant (instead of 17.5 kg); and 13.5 kg from a sus-
pension process polyvinyl chloride resin plant (instead of 16 kg) {US
Environmental Protection Agency, 1977).
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In the Federal Republic of Germany, the emission in the environment
is limited to 3 kg/hr/ecurce or 150 mg/m®/source, with & ground level of
0.3 ng/m® (997 confidence} in inhabited areas (Thomas, 1977).

The Commission of the European Communities has adopted a level of
1 mg/kg (1 ppm) as the amount of vinyl chloride which can be present in
packaging and 0.0l wg/kg {ppm) in foodstuffs packed in polyvimyl chloride
{Commigalon of the European Communities, 1977b, 1978). A maximum migration
level of 0.05 mg/kg has been sdopted in Belgium, Denmark, the Federal
Republfc of Germany, France, Italy, The Netherlands, Spain and Sweden
(Thomas, 1977).

2.2 Qccurreace

¥inyl chloride is not known to occur as a natural product.

The occurrence of vinyl chloride in ambilent air near vinyl chloride
and polyvinyl chleride plants, in water, and in food has been reviewed
(US Environmental Protection Agency, 1975a,b).

(a) Occupational exposure

The air concentration of vinyl chloride in a polymerization reactor
prior to ventilation is of the order of 7800 mg/m’ (3000 ppm); during the
scraping procedure, 130-260 mg/m® (50-100 ppm)}; and that close to the
hands during scraping, 1560-2600 w3/m® (600-1000 ppam) (Cook et ai., 1971}.
Between 1950 and 1959, concentrations up to 10.4 g/m® (4000 ppm) were
found in one factory near the polymerization reactors {(Ott e¢ al., 1975).
Alr concentrations of winyl chloride in working places iIn polyvinyl
chloride-producing factories have been reported variously to range from
100-800 mg/w® (40-312 ppm), with p2aks up to 87.3 g/m® (33 500 ppm)
{Filatova & Gronsberg, 1957); fron 112-556 mg/n® (43-214 ppm) {Anghelescu
et al., 1969); and >195 mg/m?® (>7?5 ppm) in a Yugoslav plant {Orusev et al.
19763. In a Russian synthetic leather plant, <113.& mgfm® (44 pgm)
(Bol’shakov, 1969) and in three UK cable factories, ¢.4-0.9 mg/m’° (0.15-
0.35 ppm) (Murdoch & Hammond, 1977) were detected. In 1974, it was esti-
mated that 20 000 US workers, past and present, had been exposed to vinyl
chloride in manufacturing plants (Heath et al., 1975).

On a time-weighted average, the cqnecentration of vinyl chloride mono-
mer to which coagulator operators are exposed rangea from 130-650 mg/m®
(50~25¢ ppm) (Baretta et al., 1969). However, in a more recent survey for
the US National Institute for Occupational Safety and Health of three winyl
chloride plants it was reported that the time-weighted avevage exposure to
¥inyl chloride ranged from 0.2-70 vg/m? (0.07-27 ppa) (Hilby, 1977).
Barnhart et af. (1975) found <0.03-15 ll%fm’ (<0.01-5.89 ppm}, 0.03-220
mg/m? (0.01-84.77 ppm) and 0.05-57 mg/m’ (0.02-21.8 ppm) in 3 vinyl chlo-
ride plants in the US.

¥
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In 1974, it was reported that polyvinyl chloride leaving certain
manufacturing plants may have contained 200~400 ag/kg (ppm) vinyl chloride
monomer; on delivery to the customer, this level was about 250 mg/kg (ppn);
and after processing, levels of 0.5-20 mg/kg (ppn) were reached, depending
on the method of fabrication (Amon., 1974). Wilkinson et al. (1964) found
100 wg/kg (ppm) residual vinyl chloride monomer in polyvinyl chloride dis~
persiona. ® T, new pr ing methods leave as little as 1-2 mg/kg
{ppm) residual vinyl chloride in vinyl chloride resins (US Food and Prug
Administration, 1975). Residusl vinyl chloride in cosmmercial food grade
resins has been reduced by processing and stripping techniques to 115 ug/kg
(ppb) for remin, less than 0.048 ug/kg (ppb) for compound and less than
0.043 ug/kg (ppb) for sheet polyvinyl chloride (Saggese et al., 1976).
Industrial grade polyvinyl chloride-coated filme used for food packaging
were found to contain 5-71 ug/kg {ppb) of monower (Gilbert et al., 1975)
and plastic bottles up to 7.9 wg/kg (ppm) (Breder et al., 1975).

® Atr

It has been estimated that prior to 1975 vinyl chloride emisaiona
from US polyvinyl chloride plants amounted to 110 million kg/year (US
Eavironmental Protection Agency, 1975b) and that the average concentration
of vinyl chloride in air sround these plants was &4 pg/m? (17 ppb) (US
Environmental Protection Agency, 1976). Vinyl chloride has been determined
in the air in the Houston, Texas, area (where an estimated 40% of the US
producticn capacity is located) in concentrations of 8 pg/m -3.2 nglm’
(3.1-1250 ppb) (Gordon & Meeks, 1977) aud in the ambient air near two vinyl
chloride plants in the Long Beach, California, area in coocentrations of
0.26-8.8 ng/m’ (0.1-3.4 ppm) (National Field Investigations Center, 1874).
It hes also been detected in the air in Delaware City, Delaware, fn maximum
concentrations of 3.9 mg/m’ (1.5 ppm) with a mean of 2 mg/m’ (0.8 ppm)
(Lillian et al., 1975).

{c} Mater

Vinyl chloride has been detected in effluent discharged by chemical
and latex manufacturing plants and in raw water in the US (Shackelford &
Keith, 1976). The highest concentration of wvinyl chloride detected in
finished drinking-water in the US was 10.0 ug/l (Safe Drinking Water
Committee, 1977; US Environmental Protection Agency, 1975a).

In 1974, it wes estimated that about 12.3 kg/day vinyl chloride were

discharged in the waste-water effluent from 2 vinyl chloride plants in the
Long Beach, California, area (National Field Investigations Center, 1974}.

(d) Food

In May 1973, a branch of the US Treasury Department banned the use of
polyvinyl chloride for the packaging of alcoholic beverages (Anon., 1973a),
a8 a result of studies reported by the 05 Food and Drug Administration indi-~
cating that up to 20 mg/kg (ppm) vinyl chloride wonomer were present in
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alcoholic beverages packaged in this material (Anon., 1973b). Vinyl
chloride has been found in a varlety of alcoholic drinks at levels of 0-2.1
wg/kg (ppm) (Willfams, 1976a,b; Williams & Miles, 1975) and in vinegars at
levels of up to 9.4 mg/kg {ppm) (Williams & Miles, 1975).

It has been found in edible odls, In concentrations of $.05-14.8 mg/kg
{ppm} {Roesll et al., 1975; Williams, 1976a; Williaws & Miles, 1975), and
in butter and margarine, in concentrations of 0.905 mgfkg (ppm) (Fuchs
et al., 1975), when these products were packaged and stored in polyvimyl
chloride containers.

(e} Other

Vinyl chloride has been found in 2/7 new autcmobile interiors in
concentrations of 1-3 aglm’ {0.4~1.2 ppm) (Hedley et al., 1976). In
another study (Going, 1976}, no concentrations above 10 ppb were found in
16 new or used automobiles or in 4 new or old mobile homes.

Vinyl chioride has been detected in domestic and foreign cigarettes
and little cigars, in concentrations of 5.6-27 ngfcigarette, and in a
marijuana cigarette at a level of 5.4 ng/cigarerte {Hoffmann et al., 1976).

2.3 Analysis

A comprehensive critical review, contalning over 100 references, of
methods of sampling and analysie of vinyl chloride in the workplace atmo-
sphere, ambient air, water, food, cigarette smoke and polyvinyl chleride
is available (Eganr et qf., 1979)}. Hethods of callection and analysis of
vinyl chloride have also been reviesed (IS Environmental Protectiom Agency,
1375b). A review of methods used to determine vimyl chloride in air,
water, and water piping 1s available (Laramy, 1977).

A gas chromatographic method of analysis has been accepted by the US
Hatlonal Institute for Occupational Safety and Health for detemining vinyl
chloride in the workplace atmosphere, in the range of 0.008-5.2 ag/n’ in a
5-1itre air sample {National Institute for Occupational Safety and Health,
1977).

A gas chromatographic analyticsl method has been proposed by the Com-
mission of the European Communities for Wdetermining vinyl chleride in
foodatuffs and in vinyl chloride polymers and copolymers intended to come
into contact with food (Commissfon of the European Communities, 1977b).

An official analytical wethod has been drafted in the Federal Republic
of Cermany for determining residual vinyl chloride in polyvinyl chlocide.
It 1s based on treatment of the polymer with ¥,¥-dimethylacetanide, followed
by gas chromatographic analysis of the solution with flame-lonizatfon detec-
tion and has a 1limit of detection of 0.5 wg/kg {ppm)} {(Deutsche Industrie
Rormen Ausschuss, 1977).
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3. Biological Data Relevant to the Evaluation

of Carcinogenic Risk to

3.1 Carcinogenicity studles in snimwals!’?

(a) Orsl administration

Rat: Groups of 40 male and 40 female 13-week-old Sprague-Dawley rats
received gastric intubations of 0, 3.33, 16.65 or 50 mg/kg bw vinyl
chloride dissolved in olive oil 4-5 times/week for 52 weeks. After 85
weeks from the initisl treatment, 35, 39, 32 and 23 animals were still
alive. At 120 weeks, 9 liver anglosarcomas, 2 Zymbal gland carcincmas and
3 nephroblastomas occurred in rats adainistered the 16.65 mg/kg bw dose;
and 16 liver angiosarcomas, 2 nephroblastomas, 1 Zymbal gland carcinomas,
and @ thymic and 1 intra-sbdominal anglosarcoma were found fn the 50 mg/kg
bw group. One intra-abdominal angiosarcoma was seem in the low-dose group,
and 1 Zymbal gland tumour occurred in the control group (Maltenl, 1977a;
Malconl et al., 1975).

(b) Inhalation andfor intratracheal administrarion

House: Groups of 30 male and 30 female ll-week-old Swiss mice were

posed to rations of 130-26 000 ag/m® (50, 250, 500, 2500, 6000,
or 10 000 ppm) vinyl chloride in atir for & hours/day on 5 days/week for
30 weeks. A total of 344 mice {176 males and 168 females} died within 61
weeks. At 81 weeks (end of experiment), 176 animals (3.5, 57, 66, 57, 70
and 70X in the different groups, respectively) had adenomas and/or adeno~
carcinomas of the lumg, 60 animals (33, 32, 24, 30, 28 and 47%, vrespec~
tively} had mammary adenocarcinomas and 47 animals (2, 1%, 19, 20, 5 and
16X, respectively) had anglosarcomas of the liver. Except for lung tumours,
which were not increased in the group treated with 50 ppm, a significantly
higher number of necoplassa occurred in all treated groups. In 80 male and
70 femsle untresated controls, 8 pulmonary tumours and 3 lymphomas were
obaerved {(Maltoni, 1377; Maltoni et al., 1974).

IThe Working Group was aware of studies in progress to assess the
carcinogenicity of winyl chloride in rats by administration in the drinking-
water and by adwlaistration in the diet, amnd of complete but unpublished
studies by inhalation in vats (IARC, 1978a).

21n all his experimenta, Maltoni used wvinyl chloride that coantained
the following lwpuvities (mg/kg): water, 100; acetic aldehyde, 5; ace-
tylene, 2; sllene, 5; butane, 8; 1,3-~butadiene, 10; chloroprene (see
also, p. 131), 10; diacetylene, &; vinyl acetylene, 10; preopine, 3;
methyl chloride, 100.
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Groups of 100 male and 100 female CDI SwissfChR mice {age unspecified)
were exposed to 130, 520 or 6500 mg/uw’ (50, 200 or 2500 ppm) vinyl chloride
in air {(purity unspecified) for 7 hours/day on 5 days/week for 9 months and
were observed for an additional 9 months. After 8 monthse' exposure, 49
treated animals died with tumours. A total of 42 pulmonary adenomas, &1
liver angiosarcomas and 11 ry gland ad arcinomas were observed
(histological evaluation was carried out on grosaly visible tumours only).
A dose-related carcinogenic effect was evident {see Table I). At 8 months,
o tumours were observed im 200 controls (100 females and 100 males}. The

;tu;csl;; was still In progress at the time of reporting (Keplinger et al.,
975).

Table I

Incidence of tumours in mice exposged to vm¥1 chloride
{purity unspecified) for 8 months

Type and location of tumour

g’:p;::d f;ozisniied::: Adenomag Anglosar- A:::nocal.h

Male | Female | Tocal lung liver :T::;ry
50 ppm 1 3 & 2 2 2
200 ppm 3 12 13 12 11 3
2500 ppm 6 24 ac 28 28 6
Control 4] 0 Q 0 0 it]

'From Keplinger et al, (1975), preliminary results

Two groups each of 12 male and 12 female 3-month-old NMMRI outbred
2lbino mice were exposed to either 13¢ or 1300 mg/m® {50 or 500 ppm) vinyl
chloride in air for 6 hours/day on 5 days/week. The 500 Ppm group was
exposed for 26 weeks only (due to the poor condition of the mice); the 50
ppm group was exposed for 52 weeks, at which time the experiment was ter-
winated. In the low-dose group, 18/24 animals had developed tumocurs, inclu-
ding pulmonary adenomas in 13/24, anglosarcomes at various sites in 15/24
and a mammary carcinoma in 1 mouse. Inhalation of 500 ppm vinyl chloride
for 26 weeks induced pulmonary adenomas in all mice; in addition, 8 mice
haﬂ.angiosarcowas, mammary adenocalcinomas were fouad fn 4 animals, 1 mouse
had an angiosarcoma of the liver, 1 an adencma of the kidney and ! an
anglosarcoma of brown fat. In the control group, 3/48 had tumours: 1
adenocarcinoma of the mammary gland, 1 dysgerminoma of the ovary and 1
reticulum-cell sarcoma of the spleen {Holmberg et al., 1976}.

i
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Groups of 36 male and 36 female Z-month-old albino CD mice were
exposed to 130, 650 and 2600 lgll’ (50, 250 and 1000 ppm)} vinyl chloride
(99.8% pure) im air for 6 hours/day on 5 days/week for 52 weeks; at that
time, 70, 52, 46 and 38 animsla were still alive, respectively. A total
of 12, 22 and 48 mice developed lung adenomas in the exposed groups, res-
pectively; 1 lung adenowma was found in untreated contrxol animals. In
addition, anglosarcomas of the liver developed in 3, 23 and 31 treated
mice, respactively, and angiosarcomaa in other orgsns im 7, 5 and 9 wmice.
Mammary gland tumours were found in 9, 3 and 13 mice, respectively; most
of these tumours metastaaized to the lungs (Lee et gql., 1977, 1978).

of
other
tunours
i1
10
7
8
7
10
10

No.

neuro-
at other { blastomas

sites

No. of
brain

Rat: A group of 26 male l-month-old Ar/IRE Wistar rate were exposed
to an atmospheric concentration of 3% v/v {equivalent to 78 g/m® or 30 000
ppu) commercial grade vinyl chloride (99X pure) for 4 hours/day on 5 days/
week for 12 months; the experiment was terminsted at 54 weeke. Skin
tumours developed in the submaxillary parotid region in all 17 surviving
rate (14 epidermoid carcinomas, 2 mucoepidermoid carcinomas, 1 papilloma);
ia addition, lung tumours developed in 7 rate and osteochondromss in 5.
Ro tumours were observed in 25 untreated controls killed at an umstated
time (Viola et al., 1971) [Maltoni & Lefemine {1974} examined slides from
this experiment and concluded that the skin tumours were Zymbal gland
tumours and that the lung tumcurs were metastases from these].

No. of
angio-—

sarcomsa | sarcomas
13
13

angio-
of the
liver

No. of

Groups of 30 male and 30 female 21-week-old Sprague-Dawley rats were
exposed by inhalation to 130-26 000 mg/m® (S0, 250, 500, 2500, 6000 or
10 000 ppm) vinyl chloride in air for 4 houre/day on 5 days/week for 17
weeks. At B6 weeks, 18, 15, 37, 33, 16 and 9 animals were still alive in
the 6 groups. At 155 weeks {end of experiment), carcinomas of the Zymbal
gland were found In 0, 1, 1, 3, 6 and 7 animals, respectively (1 in un-
treated controls), nephroblastomas in 1, 2, 0, 2, 1 snd 1 animals, liver
angicgsarcomas in 0, 0, 1, 1, 1 and O animals and anglosarcomas at other
sites in 2, 0, 1, Z, 1 and 1 (1 in controls). Brain neuroblastomas were
seen in 0, 0, 0, 2, 2 and 6 animals, respectively (Maltoni, 1977a; Malteni

\ et al., 1974).

Table IT!
of

nephro-

blastomas

No.

No. of
Zymbal
16

61
60
59
59

26 weeks | tumours
59
59
58

alive at |gland

animals

No. of

Groups of 64-96 13-week-old Sprague-Dawley rats were also treated
for 52 weeks with the above concentrations of vinyl chloride in air. The
foliowing tumoure developed in varlous organs by the end of the experiment,
at 135 weeks: carcinomss of the Zymbal gland in 29/239 rats at the 4
highest dose levels, and nephroblastomas (26/257 rats) and angicearcomas
of the liver (47/357 rate) in all the treated groups (the numbers of rats
given were those alive at 26 weeke); a total of 14 anglasarcomas was
observed in organs other than the liver. - The tumours of the liver and
kidney metastasized to other organs. Ho such tumours were observed in 58
untreated controls alive at 26 weeks (see Table I11}. In a group of 60 17- .
week-old Sprague-Bawley rats treated with 78 g/m? (30 000 ppm) vinyl
chloride in air for 4 hours/day on 5 days/week for 43 weeks, 30 (50%)
developed Zymbal gland carcinomas, 13, liver angiosarcomas and 1, a lung
anglosarcoma withia the 61 weeks of observation (Maltonl et al., 1974).

(1974)

2
74

67
67
b4

8

Incidence of tumours ip Sprague-Dawley rats exposed to vinyl chloride
69

for 4 hours/day on 5 days/week for 52 weeks and surviving up to 130 weeks

Total no.
of animals
at start

Ifrom Maltoni et al.

Concentration

chloride (ppm)
10 00O
6000
2500
500
250
50

Controls

of vinyl

C
O
O
o
o0
o
e
»
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Wistar rats were also exposed by inhalation to 130-26 000 wg/um® (50,
250, 500, 250D, 6000 and 10 000 ppm) vinyl chlorfde in aix for 52 weeka.
After 136 weeks of obmervation, 1 Zymbal gland carciroma was found, whereas
at a comparable time the Sprague-Dawley rats had developed 29 such tumours.
In the Wistar rate, 1 nephroblastoma, 8 liver angiosarcomas and 1 brain
neuroblastoma were found in the 10 000 ppm group; 3 nephroblastomas, 2
liver angiosarcomas and 1 brain neuroblastoma in the 6000 ppa group; 3
liver angiosarcomas in the 2500 ppm group; and 1 nephroblastoms and 4
liver anglosarcomas in the 500 ppm group (Maltoni, 1977a; Maltoni et ai.,
1974).

The effect of length of treatment by inhalatfon of winyl chloride on
the incidence of liver angiossrcomas was investigated. GCroupe of 60-120
Sprague-Dawley rats were given either 15.6 or 256 g/u® (6000 or 10 000 ppm)
vinyl chloride in air for 4 hours/day on 5 daye/week for 5, 17 or 52 weeks.
The experiment was terminated at 155 weeks. Liver anglosarcomas developed
in 13 {22%) and 9 (152) of the 6000 and 10 000 ppm groups exposed for 52
weeks; 1 (0.6%) liver anglosarcoma was found in & rat exposed to 6000 ppm
for 17 weeks and none in the 10 000 ppm group, No such tumours were induced
in rats treated for $ veeks (Maltoni, 1977b) [No information was given about
tumours occurring at other sites].

The influence of age on the Incidence of Iiver rtumoure was examined
in Sprague-Dawley rats exposed to 15.6 ov 26 g/m® (6000 or 10 000 ppm)
vinyl chloride in air for 4 houre/day on 5 days/week for 5 weeks, starting
&t the sge of 13 weeks (120 rats/group) or 1 day (43 and 46 rate}. The
animals were observed for 135 weeks, Oue hepatoma was reported In the
older rats treated with 10 000 ppm. In the newborn rats, 10 angiosarcomas
and 13 hepatomas were observed in the 6000 ppm group, and 10 anglosarcomas
and 15 hepatomas were found in rate treated with 10 000 ppm. Ho liver
tumours were reported in the 249 untreated rats (Maltoni, 1977b).

Groups of 36 male and 36 female 2-month-old CD rats were exposed to
0, 130, 650 and 2600 ng/-’ {0, 50, 250 and 1000 ppm) vinyl chloride in air
{99.8% pure) for 6 hours/day on 5 days/week for 12 months, at which time
the surviving animals {72, 70, 58 and 51) were killed. In rats treated
with 250 and 1000 ppm, liver angiosarcomas occurred in 12 and 22 and lung
anglogarcomas developed in 3 and 13 (Lee et al., 1977).

In a report of & study in progress, & groups of 80 Sprague-Dawley

male rate received either 51 ethanol in the drinking-water or drinking-water
only for 4 weeks prior to beginning imhalation of 1560 mg/m® (600 ppm} vinyl
chloride for 4 hours/day om 5 daysfweek for 12 months or air; ethsncl-water
was given until death or sacrifice. After 60 weeks from the first exposure
toe vinyl chloride, 55 rats had died or had been sacrificed; liver tumours
were found in 21/28 (75%) in the vinyl chloride-ethanol group and 5/13 (38%)
in the vinyl chloride only group (Radike et al., 1977).

Hamster: Croups of 32-35 male 1ll-week-old golden hamaters were exposed
by inhalaiion to 13D-26 00D wg/u® (50, 250, 500, 2500, 6000 and 10 000 ppm)
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vinyl chloride in air for & hours/day on 5 daya/week for 30 weeks. Ar 48
weeks from the fnitlal treatment, 63/198 treated animals were atill alive.
At 109 weeks (end of treatment}, 2 liver anglosarcomas were geen in hamsters
treated with 500 ppm and 1 in those treated with 6000 ppm. Skin tricho-
epitheliomas developed in 22 treated hamsters (in 1-6 animale/group} and

in 2/70 controls. 1Two animals treated with 6000 ppm and 1 each treated
with 50, 2500 and 10 000 ppm developed melanomas. In addition, 6 lymphomas
and 35 forestomach papillomas and acanthomas were found in treated animals,

;2?‘&? and 2, respectively, in controls {Maltomi, 1977a; Maltomi et ai.,

Rabbit: A group of 40 rabbits were exgoaed for & hours/day on 5 days/
week For 12 monthe to air containing 26 g/m’ (10 000 ppm) viny? chloride.
Between 9-15 menths of exposure, 12 skin acanthomas and 6 lung adenocar-
cloomas were seen. HNo similar tumoure occurred in 20 controls after 15

wonths of observation (Caputo et al., 1974} [The Working Group noted the
inadequacy of reporting].

{c} Subcutaneous and/or intramuscular administration

4 group of 75 male and female 21-week-old Sprague~Dawley rats were
glven single s.c. injections of 4.25 mg/anfmal ¥inyl chloride in 1 ml olfve
oil. Owe nephroblastoma occurred ‘n the treated animals (Maltoni, 1977a)

[The Working Group noted that survival times and period of observation were
not given].

(d) Intrasperircneal administration

Groups of 30 male and 30 female l3~week-old Sprague~Dawley rats
received single injections of 4.25 mg/animal vinyl chloride in 1 ml olive
ofl, 2, 3 or 4 timea in 2 months. Ome nephroblastoma and } s.c. angiosar-
coma were found (Maltoni, 1977a) [The Working Group noted that survival
times and period of observation were not given).

{e) Other experimental systema

Prenatal sure: Two groups of 30 female Sprague~Pawley rats were
given 15.€—26 leg (6000 or 10 000 ppm} vinyl chloride in alr for 4 houre/
day by inbalation from the 12-18th day of pregnancy.

17/32 and 23/54 had died by the 95t wegk after birth.
(end of experiment), 1 s.c. anglosarcoms
offspring; 1 animal exposed in utere to
cinoma; and 3 animale expased to 0 000 ppm had Zymbal gland carcinomas
and 1, a nephroblastoma. One femals rat treated with 10 000 rpm developt:.d
a Zypbal gland carcinoma (Maltoni, .974; Maltoni, 1377a).

Of the offspring,
After 143 weeks

was observed im each group of

6000 ppm had a Zymbal gland car-
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3.2 Other relevant biological dats

(2) Experimental systems

Toxic effects

The 2-hour I.C;. of vinyl chloride for mice was 294 ghl’ {113 000 ppm};
for rats, 390 g/m’ (150 000 ppm); for guinea-pigs, 595 gfa’® (230 000 ppm);
and for rabbits, 295 gf- {113 000 ppn). Vinyl chloride gas had a narcotic
effect on experimental animals, the most gensitive species being mice,
followed by rats, gulnea-pigs and rabbits. The death of animals was prece-
ded by excitement, contractions and convulslons, accelerated respivatiom,
followed by respiratory failure. Rabbite and guinea-pigs had more accen~
tuated muscular contractions and convulsions than mice and rats. Micro-
scopically, congestion of the internal organs with wore intense damage to
the lunga, liver and kidneys were found (Prodan et al., 1975a).

The hepatotoxicity of vinyl chloride has been shown to be increased
after administration of cytochrome P-450 inducers such as phenobarbital,
Aroclor 1254 and hexachlorobenzene (Ivanetich et ai., 1977; Reynolds
et al., 1975a,b}. The extent of liver damage has been measured by the
release of alanine o-ketoglutarate, glutamic oxalacetic and glutamic
pyruvic tr. i {Beynolds et al., 1975b, 1976) and of sorbitol
dehydrogenase (Conolly & Jaeger, 1977} into the serunm.

A single 6-hour inhalation exposure to 130 g/m’ vinyl chloride {50 000
ppa) produced acute liver injury in male Sprague-Dawley rats pretreated
with phencbarbital or Aroclor 1254. The degree of injury, as indicated by
elevation of serum levels of enzymes derived from the liver, correlated with
the magnitude of induction of cytochrome P-450 and worphological changes in
the endoplasaic reticulum (Reynolds et ., 1975a.,b, 1976). Similar find-
ings were veported in phanobarbital-pretreated male Holtzman rats {Jaeger
et al., 1974) and in phenobarbital-treated male Charles River Ch-1 ratse
that veceived 10 daily exposures for 6 hours/day to 35 g/m® (13 500 ppm)
vinyl chloride in air (Drew et ai., 1975}.

Cytochrome P-450 concentration decreased during in vive exposure or
during Zn vitrc incubation of liver homogenate from phenobarbital or 3-
methylcholsnthreme~-induced rats (Ivanetich et al., 1977; Reynolds et gl.,
1975c).

In an abstract, it was reported that male rats pretreated by gavage
with Aroclor 1254 for 3 consecutive days and exposed on day 4 by inhalation
to 62.5 giw® (24 000 ppw) vinyl chloride for & hours showed significant
elevations of serun alanine-g-ketoglutarate transaminase and severe degener-
ation and mecrosis of the liver (Conolly et al., 1977). Overnight fascing,
which depletes hepatic glu:athiane, of Aroclor-pretrested male Holtzman rats
before exposure to 26 g/u® (10 000 ppm) for 4 hours significantly iocreased
the hepatotoxic effects, as measured by sorbitol dehydrogenase levels in the
gerum (Conolly & Jaeger, 1977).
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Simultaneous exposure to 1.75 g/m® (671 ppm) vinyl chloride with 200
ppo vinylidene chleride prevented vinylidene chloride-induced hepatic
injury in fasted male rats. However, pre-exposure Lo concentratioms of
vinyl chloride which depleted hepatic glutathione concentratioms signifi-
cantly enhanced early acute hepatotoxic response to vinylidene chloride
in fed rats (Jaeger et al., 1975a,b).

Exposure of guinea-pigs fo 260 g/m® (100 000 ppm) vinyl chloride for
2 hoursfday for 3 months res=:lted in msrked growth disturbances and intense
histopathological and histochemical lesions in the liver, kidneys, spleen
and lungs. Interruption of the exposure resulted in a regenerative effect,
denoting a certain degree of reversibility of the hepatorenal lesioms.
Large quantities of wvitamin C reduced the gravity of the lesions caused
by vinyl chloride {Prodan et al., 1975b).

Mice were expesed to 130, 650 or 2600 mg.lll3 {50, 250 or 1000 ppm)
vinyl chloride for 6 hours/day on 5 days/week. The highest dose caused
some acute deaths with toxic hepatitis and marked tubular necrosis in the
renal cortex. From the 6th month of treatment, all mice became lethargic,
lost weight quickly and died. Only a few mice exposed to 5D ppm survived
for 12 months (Lee et gl., 1977).

The non-protein, free SH-groups of the liver are depleted in tvats
expoged to 390-5200 ng/m? (150-2000 ppm) vinyl chloride for I-7 hours, as

a function both of coacentration and duration of exposure (Watamabe et ai.
1976a).

Vinyl chloride and two of its presumed metabolites, chloroethylene
oxlde and chloroacetaldehyde, depressed DHA synthesis in rat liver in vivo
{Border & Webater, 1977).

Embryotoxiclity and teratogenicity

Pregnant CF-1 mice were exposed by {nhalatisn to 130 and 1300 mg/m?
{50 and 500 ppm} vinyl chloride on days 6-15 of gestation, Sprague-Dawley
rats to 1300 and 6500 mg/m® (500 and 2500 Ppll) on days 6-15 of gestation,
and New Zealand rabbits to 130D and 6500 mg/m’ (500 and 2500 ppm) on days
6~18 of gestation, For 7 hours/day, with or without simultaneous exposure
te 152 ethanol in the drinking-water. A eignificantly increased incidence
of several skeletal ancmalies was bhserved in offepring of mice that

recelved vinyl chloride plus ethamol (John et ql., 1977; Schwetz et al.,
1975).

Absorption, distribution, excretion and metabolism

The in vivo and in vitrp metabolism of vinyl chloride has been studied
and reviewed (Antweiler, 1976; Bartsch & Montesanro, 1975; Bonse &
Henschler, 1976; Green & Hathway, 1975, 1977; Haley, 1975; Hefner et al.,
1975; Malaveille et al., 1975; Miller & Norpoth, 1975; Milller et al.,

1976; Plugge & Safe, 1977; Watanabe & Gehring, 1976; Watanabe et al.,
1976h,c}).
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Low concentrationa {130 lsl-‘. 50 ppm, for 65 min) of winyl chloride
are readily metabolized in rats expoeed by inhalation and are converted
into polar metabolites, which are predominantly excreted in the urine;

a very small smount is expired in air ae unchanged vinyl chloride {Hefner
et at., 1975).

Following exposure of wale rats by imhalation to 26 mg/n® (10 ppm)
¥%c_vinyl chloride for 6 hours, urinmary '“C-activity and expired vinyl
chloride comprised 68 and 2%, respectively, of the recovered radiocactivity;
sfter exposure to 2600 mg/m® (1000 ppm) '“C-vinyl chloride, the proportion
of the radiocactivity in the urine was lower and that expired as vinyl
chloride higher, representing 56 and 12X, respectively. The pattern of
pulmonary elimination of 10 and 1000 ppm vinyl chlovride per se was descri-
bed by apparently similar first-order kinetice, with half-livee of 20.4 and
22.4 min, respectively; the half-1lives for the initial phase of excretion
of '“C-radfoactivity in the urine were 4,6 and 4.1 hours, respectively.
“C—Bdioacl:ivity recovered from the carcass after 72 hours was 14 and 15%,
respectively; ne vinyl chloride per se was found f{n tissues. The propor-
tions of 3 urinary metabolites, ¥-acetyl-S-(2-hydroxyethyl)cysteine, thio-
diglycolic acid {thiodiacetic scid) and an unidentified metabolite, were
not markedly influenced by the level of exposure (Watanabe et al., 1976b).

Following aingle oral administration of 0.05, 1 or 100 mg/kg bw '“C-
vinyl chloride to male rats, excretion in the urine was 59, 68 and 11X,
respectively; the '*C0; in expired air accounted for 9, 13 and 3%, respec-
tively; pulmonary elimination of unchanged vinyl chloride represented only
1-3X of the lower dose levels and 67Z of the higher level. The pulmonary
clearance of 0.05 and 1 mg/kg bw doses of vinyl chloride was monophasic,
with half-lives of 53.3 and 57.8 min, respectively; 1t waa biphasic after
administration of 100 mg/kg bw, with half-lives of 1l4.4 and 40.8 win for
the fast and elow phases, respectively. The percentages of the doses left
in the carcase after 72 hours were 10, 11 and 2X of the 0.05, 1 and 100
mg/ug doses, respectively., Two of 3 urinary metabolites were identified as
N-acetyl-5-{2~-hydroxyethyl)cyeteine and thiodiglycolic acid; their propor-
tions were not influenced by dose (Watanabe et al., 1976c). It has been
suggested that the metabolism of vinyl chloride in rats following oral and
inhalation exposure 18 & saturable process (Watanabe et al., 1976b,c).

The kinetic parameters and half-lives for the elimination of winyl
chloride from vate after inhalation and i.v. adminietration have also been
reported by Withey (1976).

When rats were exposed to initial concentrations of less than 260 mg/m’
(100 ppm) [1,2-!'"Cl-vinyl chloride, about 40X of that imspired was absorbed
by the lung. Highest radiocactivity levels were cbserved in the liver and
kidney immediately after exposure. Wost of the radioactive metabolites
were excreted rapidly, largely by the kidneys: the radioactivity in the
urine amounted to 70% within 24 hours. Some metabolites, hawever, remained
in tissues (mostly in spleen, liver, kidneys) even 48 hours after exposure

{Bolt et al., 1976). Metabolites that were not excreted im urine were partly
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excreted via faeces and partly via expiration of '*C0; (Bolt et al., 1976:
Green & Hathway, 1975).

Vinyl chloride is metabolized by microsomal wmixed-function oxidases
to chloroethylene oxide, which can rearrange spontaneocusly to chlorcacetal-
dehyde (Fig. 1). Although there is no direct evidence for this pathway
in vivo, the following data are comsistent with this hypothesis. WVinyl
chloride in the presence of a mouse liver mfcrosomal fractiom, rat liver
hemogenate, an NADPH generating system and oxygen ylelded an alkylating
intermediate which reacted with either 3,4-dichlarobenzenethiol {(GHthe
et al., 1974) or with 4-(4-nitrobenzyl)pyridine. The shsorption spectra
of the latter adduct was identical to those obtained with the product
formed with synthetic chloroethylene oxide (Barbim et al., 1975; Bartsch
et al., 1976). These studies indicate that the primary in vitro metabolite
of vinyl chloride 1s chlorcethylene oxide, which can rearrange to chloro-
acetaldehyde.

Metabolism of vinyl chloride cccurs predominantly through the cyto-
chrome P-450 system (Ivanetich et al., 1977; Reynolds et al., 1975c;
Salmon, 1976). Inhibitore of microsomal mixed-function oxidases, such as
3-bromophenyl-4 (5)-imidazole or é-nitro-1,2,3-benzothiadiazole, reduced
vinyl chloride metabolisa in vivo (Bolt et al., 1976). Chloroethylene
oxide, with a half-1ife of 1.6 mi1 in aqueous solution at neutrality
{Barbin et al., 1975), rearranges to chloroacetaldehyde (Bense et al.,
1975). Chloroacetaldehyde combines directly or enzymatically via gluta-
thione S-tranaferase with glutathicne to form S-formylmethylglutathione,
which 1s excreted as N-acetyl-S-(2-hydroxyethyl)cysteine {Green & Hathway,
1977) {Fig. 1). Chloroacetaldehyde can be oxidized to chleroacetic acid,
which is either excreted as such .r bound to glutathione to Farm S~carboxy-
methyl glutathione, which upon further enzymic degradation is excreted as
thiodiglycolie actd (thiodfacetic acid) {Plugge & Safe, 1977).

Chloroacetic acid was metabeirized in rats to two major arinary meta-
bolites, S-carboxymethylcysteine and thiodiacetic acid (Yllner, 1971).
¥-Acetyl-5-(2-hydroxyethyl)cysteine (a major metabolite) (Green & Hathway,
1977; MWatanabe et al., 1976b,c}, 5-{carboxymethyl)cysteine and N-acetyl-5-
vinyleysteine have been shown to be metabolites of vinyl chloride in rats
after oral administration (Green & Hathway, 1977) and N-acetyl-S-({Z-hydroxy-
ethyl)cysteine after inhalation (Watanabe et al., 1976b8); S5-{2-chloro-
echyl)cystelne waa also identifics afwer oral administration of vinyl
chloride to rats {Green & Hathway, 1975}, As thiodiglycolic acid was
obtained as a commen metabolite in rats dosed separately with chloroace-
taldehyde, chloroacetic acid or S-{carboxymethyl)cysteine, the identifica-
tion of the same S-containing metabolite from vinyl chloride-treated
amdmals gives further support to the hypothesis that chlorcethylene oxide
or chlorcacetaldehyde are formed and reaet with glutathione (Green &
Hathway, 1977).

Following oral administration of '*C-vinyl chloride, '“CO, (Green &
Hathway, 1975; Watanabe et al., 1976c), '"c-labelled urea and glutamic
acld were identified as minor metabolites {Green & Hathway, 1975).

34
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In vitro binding of !*C-vinyl chioride was sh ta be dependent on
the thiol content of proteims (Bolt & Filser, 1977}, and binding was

. E
" X A °F &7 g 3'-’.:4 dependent on the presence of NADPH, oxygen and microsomal eunzymes (Kappus .E";:
b+ re g » E8 8 gg i5 et al., 1976). It hae been suggested that an epoxide of vimyl chloride ‘;\:-:,
E ~, E u§ 4 Sq ’E * Ak é‘ Y9 is involved in the covalent binding veactlion (Kappus et agl., 197%). In ¥ %
g E‘%———g—,n E'ﬁ—oﬁ; !--E — i 3%-»., Ek the presence of a rat liver microsomal system, vinyl chloride binds to RNA i~ &
ﬁ' % F + E ug % ,E: H Be é;‘ a% in vitro (Ksppus gt al., 1975} and to RMA and DMA in vive (Laib & Bolt, T E
] s I E -] ~H » 1977). e
8§ OSSN A T S ’ ]
1 a g~ Chloroacetaldehyde reacts with adenosine to give 1,¥%-ethencadenosine - *
1 (Barrio et al., 1972). Chloroethylene oxide and vinyl chloride, incubated
in the presence of a mouse liver-microsomal preparation with adenosine
in vitre, produced the same product {Barbin et al., 1975). Reaction of
chloroacetaldehyde with cytidine gives 3.N“—ethenocytidine (Barrio et al.,
1972). 1,N®-Ethenoadenosine was isolated after hydrol¥sis of polyadenosine
that had been incubated with rat liver microsomes and '"C-vinyl chloride ,
, or with liver BNA of rats treated with !"C-vinyl chloride (Latbk & Bolt,
1977). The corresponding etheno-derivatives of deoxyadencsine and deoxy-
g cytidine were identified 1n hydrolysis products obtained from calf thymus
o b DHA treated with chloroacetaldehyde in vitre and From liver DNA of rats
$ Ei F fed 250 mg/l vinyl chloride in their drinking-water (Creen & Hathway, 1978).
I Qo
E %,‘: The 2-hydroxyethyl derivatives of guanine, cyateine and histidine
23 Lz - \ o "l,‘,g 2 'i'. were identified after chemical reduction of the hydrolysis Yroducl:s of DHA
%, % 58 % = . and proteins isolated from tte Iivers of mice treated with '“C-vinyl
o '“E 1 !g-’g i L] chloride (0sterman-Golkax et al., 1977).
] | s
?ﬁ + E EE % E:- Mutagenicity and other short-term tests
2 3 $ §% F 57
E\ Be / d " The mutagenicity of vinyl chloride has been reviewed by Bartach &
l/c §= Montesano (1975), Baxtach et al. (1976) and Fishbein (1976).
~
E‘ gg s ¥inyl chloride vapour irduced reverse mutations of the base-pair
5 o substitution type in Salmonella typhimurium G46, TA1530, TA1535 and TAL00
o in the presence of & 300 x g supernatant from rat ltver {Andrews et al.,
8 b, 1976; Bartech et al., 1975; GCarro et al., 1976; MHalaveille et «l., 1975;
E. %] McCann et al., 1975; Raonug et al., 1974), mouse liver (Bartach gt al.,
g; = 1975; Garroe et al., 1976; Mplavellle et al., 1975) and human liver biopsy
c ':.,'... 3 specimens (Bartach et al., 1975, 1979; MHalaveille ¢t al., 1975). Although
it ) w82 vinyl chloride also induced smbi:atione in the abeence of a metabolic activa-
Q 3-3 14 N ] E 4 a23x ° ticn system, 2 much higher mutagenic response was observed when a 9000 x g
(9] - = "':', é’ B A% o5 supernatant from liver was acled (Andrews et al., 1976; Bartach et al.,
S s % 5 £y é“?f‘i B s & ‘E 1975; McCanm et al., 1975), -
E] =g oy el
Pee] E % é- EE_'..:, I ‘i 9 'E.\ E o * Vinyl chloride in aqueous or methanolic solution was not mutagenic
E o ,, 4 ER 5 ,5,3 ¢ 2 9 " in the Salmonella test eyetem {Bartsch et al., 1975; Rannug et al., 1374)
x a E ‘=. i N i E’z. 34 s om but produced reverse mutations in Escherichia coli K12 (Greim et ol., 1975),
> g 3 ey 28488 Eorward mutations in Schizosaccharomyces pombe and mitotic gene conversions
) =g g @ o i in Saccharomyces cerevisiae in the premence of a 9000 x g supernatant from

mouse liver. Forward mutations in 5. pombe were also induced in the host-
mediated aseay in mice (Loprieno et al., 1976, 1977).
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¥inyl chloride as vapour or as ethanol solution was not mutagenic in
Neurpspora orassa in the pr or ab e of a metabolic activation
systes (Drozdowicz & Muang, 1977).

In inhalation experimenta in Drosophila melanogaster, winyl chloride
vag mutagenic in the recessive lethal test (Magnusson & Ramel, 1976;
Verburgt & Vogel, 1977) but not wutagenic in tests for dominaat lethals,
translocations and sex-chromcsome loss (Verburgt & Vogel, 1977).

Ho dominant lethals were observed in male CD-1 mice after exposure by
iohalation to 7.8, 26, or 78 g/m® (3000, 10 000 or 30 00O ppm) viayl chilo-
ride in air for 6 hours/day for 5 days (Anderson et al., 1976, 1977).

Exposure to vinyl chloride vapour in the presence of a 15 000 x g
supernatant from pheanobarbital-pretreated rat liver induced forward muta-
tions in V79 Chinese hamster cells in terms of B-azaguanine and ouabain
registance (Drevon et al., 1977).

The mutagenicity of several possible metabolites of vinyl chloride
has alsc been examined. Chlorcethylene oxide was the strongest mutagen
among those tested in S. typhimurium TALS30 snd TAL535 (Bartsch et al.,
1975; Malavedille et ai., 1975; Rannug et al., 1976), E. coli (Hussain &
Osterman-Golkar, 1976), S. pombe (Loprienc et al., 1977), S. cerevisiae
{loprienc et af., 1977) and V79 Chinese hamster cells (Hubermsn ef al.,
1975). Chloroacetaldehyde was mutagenic in 5, typhimuriwn TA1535, TALS30
and TALOO (Bartsch et gl., 1975; Malaveille et al., 1975; McCann et al.,
1975; Rannug et al., 1976) and V79 Chinese hamster cella (Huberman ef al.,
1975). Chloroethanol was a weak wutagen in 5. typhimurium TA1530, TA1535
and TAI00 (Bartsch et al., 1976; Malaveille e: al., 1975; McCann et al.,
1875; Ranmug et al., 1976; BRogenkranz et al., 1974). Chloroacetic acid
wAs not mutagenic in S. fyphimuriuwm TA1530, TALOO or TA1535 (Bartech et al.,
1975; HMalaveille et ai., 1975; McCann et al., 1975; Rannug et gl., 1976).

1,2-Dichlorcethane, a possible by-preduct of vinyl chloride production
and a main component of waste producte from vinyl chloride industries
(EDC-tar), was mutegenic in S. typhimuriwm TA1535 (Rennug & Ramel, 1977)
and in 5. typhimuriwn TA100 (McCamn et al., 1975} in the presence or absence
of a liver microsomal metabolic activatfon aystem.

(b) Humans

Toxic effects

Exposure to vinyl chleride is associated with multiple systemic dis-
orders, including a sclerotic syndrome, acro-ceteolysis (sometimes associa-
ted with a Raynaud-like symptomatelogy)}, throwbocytopenla and liver damage,
consisting of parenchymal damage, fibrosis of the liver capsule, periportal
fibrosie associated with hepatomegaly, and splenomegaly {Lange et al.,
1974a; Thomas et al., 1975).
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Examination of 70 workers from & single polyvinyl chloride-producing
factory showed a high frequency of signs and symptoms of vinyl chloride
disease. Although ekin and bone changes may disappear when the patient ia
removed from contact with vinyl chloride, the thrombocytopenla persists
after termination of exposure (Veltman et al., 1975).

Hon-cirrhotic portal fibroeis with associated portal hypertension was
found in 7 patients who had been ilovolved in the production of winyl
chloride monomer for 4~15 years., An angiosarcoma developed in one patieat,
but fibrosis was a8 more common lesion and was considered to be probably not
premalignant (Smith et ai., 1976a).

Of 487 workers involved in polyvinyl chloride production, two cases
presenting with thrombocytopenis were found to have portal hypertension
due to periportal fibrosis, with cesophageal varices and splenomegaly
{Williams et al., 1975, 1976).

Exposure to vinyl chloride was not only associated with circulatory
and liver dysfumction and skin and bone disorders, but also deafness,
vision faillure and giddiness (Jihe & Lange, 1972).

Elevated carcinc-embryonic aptigen levels have been found in 48% of
200 polyvinyl chloride workers, as compared with 9% of a normal healthy
population (Pagé et al., 1976). Mo evidence of an asvto-immune disorder
was found in 13 patients employed in polyvinyl chloride production who had
symptoms of 'vinyl chloride disease' (Lange et al., 1974g); however,
immunological dats from 19/28 putfents with vinyl chloride disease and
in 2/30 workers exposed to vinyl chloride suggested an immune complex dis-
ovder (Ward et al., 1976).

A group of 168 workers (114 from one factory and 54 from another)
were examined medically at vericus times during 1962-1969. Manifestations
of disorders of the nervous eystem were recorded commonly; hepatomegaly
and splenomegaly occurred in 30X and 6% of workers; and some cases of
anaemia and leucopenia were also observed. The incidence of Raynaud's
syndrome fell from 6% in 1962 to 2.9% in 1966; this phenomenon cleared
spontaneously upon removal of the subjects from exposure: these different
incidence filgures were assoclated with & 22-fold decrease in vinyl chloride
levels during the pericd of the atudy. A much higher percentage of vaso-
spastic changes was found in the two groups {66 and 53X, respectively),
suggesting that vinyl chloride acts as an irritant ia the retfculoendothe-
1ial system to produce reactive splenic enlargement {Suciu et al., 1975).

N Reduced pulmonary function has been obderved In workers exposed to
vinyl chloride {Gamble et al., 1976; Miller ot al., 1975). The preva-
lence of this Iimpairment was similar in emokers apd nonsmokers, sugges-
ting that occupational or other environmental factors were operative
(Miller et al., 1975).

PR
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Embryotoxicity and teratogenicity

nificant excess of foetal deaths was reported in women whoee
husb A"“geteic posed to winyl chloride: 15.8%, or 23, foetal deaths in
139 pregnancies, as compared with 8.8% (24/273) in the age-adjusted coatrol
group. This excess of foetal deaths was shown not to be a function of
chronic abortions, i.e., the association was mafntained after exciuding
pregnancies of women who had had wore than 2 abortions (Infante et al.,
1976a). The significance of this study was questioned because data col-
lection methods were not speciffed and there was no statistical treatment
of the data (Paddle, 1976). Subsequently, the data collection methods
were described, showing that there had been no interviewer-respondent bias,
and details of statistical analyses were specified (Infante et al., 1976b)}.

In a registry-based study, Infante {1976) reported that an excess of
central nervous syatem defects, of deformities of the upper alimentary
and genital tracts, and of clubfoot has been observed im stillborn and live
children in 3 cities in Ohio in which vinyl chloride polymerization plants
are located.

In hospltal-based studies in newborns im Painesville (Ohio), where
there are two polyvinyl chloride plants, and in Kanawha county (Weat
¥irginia), where there is one plant, excesses of anencephaly and spina
bifida were reported, but no association was made with vinyl chloride
(Edmonds, 1977; Edmonds et al., 1975, 1978).

Mutagenicity and other short-term tests

Chrowosome aberrations were found in workers occupationally exposed
to viayl chloride in the US {(Ducatman et al., 1975; Heath et al., 1977},
Sweden (Funes-Cravioto et al., 1975), the UK (Purchase et al., 1975},
Belgiom {Léonard et al., 1977), Hungary (Szentesl et al., 1976) and
Horway (Hansteen &t al., 1976). These aberrations were in most cases
fragmenta, diceutrics and rings, and breaks and gaps.

3.3 Case teports and epidemiological studies’

In 1974, more than 40 years after the introduction of vimyl chloride
into industry, Creech & Johnson (1974) first reported an assoclation of
exposure to this chemical with camcer in man. Three cases of liver angio-
sarcoma were reported in men who were ewployed in the manufacture of poly-
winyl chloride reains (one had cleaned reactor vessels) in a single viayl
chloride polymerization plant 1a the US.

IThe Working Group was aware of a study in progress ou the occupational
and community carcinogenic risk of wvinyl chloride (IARC, 1978b).
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By reviewing medical records and pathological material and by syete~
matic medical screening, the association between exposure to vinyl chloride
and angiosarcoma of the liver has been reported from a number of other
countries: Canada (Delorme & Thériault, 1978; Norla et ai., 1976);
Czechoslavakia (Lloyd, 1975); the Federal Republic of Cermany (Lange
et al., 1974b, 1975); France {Couderc et al., 1976; Ravier et al., 1975;
Roche et gi., 1978); Italy {Maltoni, 1974); Norway (Lloyd, 1975);
Romania (Lloyd, 1975); Sweden (Byrén & Holmberg, 1975); the UK (Lee &
Harry, 1974; Smith et al., 1976b); the US (Block, 1974; Falk et al.,
1974a; Hakk et al., 1974); and Yugoslavia (Bari et al., 1976). & review
of 64 reported cases in varfous countries as of October 1977 is available
(Spirtae & Kaminski, 1978).

o history of acro-osteolysis and no evidence of exposure to hepato~
toxic materials other than vinyl chloride was reported in a clinical
veview of 7 cases of liver snglosarcoma among US vinyl chloride polymeri-
zatlon workers (Heath et al., 1975). In a pathological evaluation of capes
of liver aunglosarcoma among exposed US viayl chloride workars, it was con-
cluded that these tumours were often multicentric: angiosarcomas were also

detected in the wall of the duodenum, in the heart and kidney, and in other
organs (Thomas & Popper, 1°75).

The cancer risk among a :ohort of males in the US who had at least
one year of occupational expeeure to vinyl chloride was studied. When
compared with the US male population, am excess of cancer of the digestive
system, of the liver (primarily angiosarcoma)}, of the respiratory systenm,
of the brain and of unknown sites, as well as lywphomas wae observed in
those members of the study cohort with the greatest estimated exposure to
vinyl chloride (Tabershaw & Caffey, 1974) [Vital status was undeternined

for 15% of the study cohort, and only 50Z had 15 or more years since onset
of exposure to vinyl chloridel.

In a proportional-mortality analysis of 161 deceased workers in two US
plants producing and pelymerizing vinyl chloride, a 502 excess of deaths
due o all cancers was reported. Sites of cancer with the greatest excess
were liver and biliary tract, brain, digestive tract and lung (Momsom ek al.,
1974). Falk et al. {1974b) questioned the authors’ conclusion, on the
grounds that not all deaths studied were among workers in activities directly
related to vinyl chloride production or polymerization and that the study

failed to include deaths amorg workers who had terminated employment prior
to retirement or death.

The cancer wortality experlerce of 257 US workera (255 were traced),
each of whom had been oaccupationally exposed to vinyl chloride for at least
5 years and observed after 10 years from onset was studied using union
seniority and company employment records. Among 24 deaths from all causes.
a 2.3-fold excess was chserved in deaths from cancer; of the 24 deaths,

3 were due to haemangicaarcoma of the liver (Nicholson et al., 1975}).
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No excess of total or cause-specific mortality was reported in a study
of 2100 male workers in the UK exposed to vinyl chloride for periods of up
to 27 yeare; 1in sddicion, the suthors reported a decreasing risk of morta-
11ty with increasing duration of exposure to vinyl chloride {(Duck et ai.,
1975). Wagoner et al. (1976) challenged the conclusioms of the study on
the grounds of analytical shortcomings. After reanalysing the data, the
authors {Duck & Carter, 1976) reported an increased risk of cancer of the
digestive system 15 years after initial exposure to vianyl chloride.

The cancer mortality of 594 US workers exposed occupationally to vinyl
chloride and to lesser smsounts of vinylidene chloride (see p. 439) and other
compounds {such as methyl methacrylate, see p. 187, and acrylenitrile, see
P. 73) was studied. Although no angiosarcomss were found (noc deaths due
to any liver cancer), an excess of all maligoancies combined was reported
among those workers claseified as having been highly exposed to vinyl
chloride when compared with all other exposure categories. However, the
number of workers in the lower exposure categories who were exposed for
more than 10 yesrs wes small, resulting in part from the fact that workers
firet took jobs in the dry end of the polymertization process wvhere exposures
to vinyl chloride were low; many employees who remsined with the units
and established seniority would subsequently have moved to the higher
exposure areas (Ott et al., 1975).

The incidence of abnormal eputum cytology among workers in the vinyl
chloride~polyvinyl chloride industry in Italy was much higher than expected,
even when cowmpared with a population of heavy smokers who did not work in
chemical industries (Maltoni, 1976).

Waxweiller et al. (1976} studied the cancer mortality experience of
1294 individuals with 5 or more years of employment and 10 years since
onset of employment in departments or jobs with direct exposure to vinyl
chloride at 1 of & vinyl chloride-polyvinyl chloride production plants in
the US. When compared with the US white male population, an excess of
cancer waa found fn four organ systems: brain and central nervous system,
respiratory syestem, hepatic eystem, and lywmphatic and haematopoletic systems.
This excesa of organ-epecific cancer was restricted to thoee workers with
15 or more years pince ondet of vinyl chloride expeosure. For all malignant
necplasms combined, the standard mortality ratic was 184; for the brain
and central nervous system, 498; for the respivratory syetem, 194; for
the hepatic system, 1606; and for the lymphatic and haematopoietic system,
176. Of 14 histologically confirmed cases of billary and liver cancer
among workers from these 4 plants, 1l were angiosarcoma of the liver. Of
10 cases of brain cancer, 9 were classified histologically as glioblastoma
multiforme, a cell type of brain cancer reported to be unusual in the US.
Of the 14 cases of primary lumg cancer, 5 were large-cell undifferentiated
and 3 were adenocarcinoma.

In 771 workers employed in a Swedish vinyl chloride-polyvinyl chloride
Plant since its start iIn the early 1940's, a 4- to 5-fold excese of cancer
of the liver and pancreas was found. Although the risks of cancer of the
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brain and of the lung were also increased, they were not atatistically
significant (Byrén et al., 1976).

Whereas no excess mortality from lung cancer was demonstrated among
currently employed individuals 15 years after initfsl occupational expo—
sure to vinyl chloride, a 56% excess of lung cancer was observed among
those individuals who had terminated employment less than 15 years since
initial exposure; this excess was found for each duration of exposure
(Fox & Collier, 1976).

Fox & Collier (1977) investigated the cancer mortality among 7561
nales who were exposed to vinyl chloride in the manufacture of polyvinyl
chioride in the UK at some time between 1940 and 1974. An excess mortality
from liver camcer was reported for each group of workers, whether exposure
was thought to be high, medium or low; however, the authors reported no
evidence of gn excess mortality from cancers other than of the liver.
Relatively few subjects had long-term exposure to vinyl chloride, and
even in cases in which men had completed 20 years of employment, the

follow-up period was judged to be too short to evaluate the carcinogenic
effect of vinyl chloride.

A study was reported of cancer mortality among 7021 males employed
in the production and polymerfiution of vinyl chloride in the Federal
Republic of Germany. When compared with the national male population,
an excess of cancers was found for 4 organs: liver, brain, lung and lym~
phatic orgams. This excess of crgan-specific cancer was shown to Increase
with duration of exposure (von Reinl et al., 1977).

The risk of cancer wortality was investigated among residents 45-years
of age and older in three US communities with vinyl chloride polyaerization
facilities. Among males, the death rate from central nervous system cancer
waa higher than that for the state as a whole. ¥o excess mortality from

i;u:.;emia and aleukaemic leuksen'a or from lymphoma was found {Infante,
76).

The incidence of liver and lung cancer was studied for a 4-year
period in a city im Yugoslavia with & factory in which vinyl chloride was
polymerized and polyvinyl chloride processed. Polyvinyl chloride workers
were included in the study. Except for liver anglosarcoma, no association

wae found between cancer incidence and place of work or residence (Sart¥
et al., 1976).




