SECTION ¥I

HEALTE RISES OUE TO EXPOSURE TO STYRENE

by
J. JHErvisalo

Styrene (vinylbenzene, phenylethylene) has been produced
and used in the plagtics industry since 1925. Styrene is
produced Irom ethylene and benzene by either a
dehydrogenative or an oxidative process. The greatest
single use of benzene, approximately 50% of the world's
production, has been to produce styrene (1). In 1977 the.
world production of styrene was 7 000 000 tons, produced
mainly by the United States, Japan and the Federal
Republic of Germany.

Approximately 90% of the styrene consumed is used for
production of plastics and resins; the remaining 10% is
used for production of synthetic rubber., 1In 1976 the main
end-products wers polystyrene, unssfurated polyeatar
resins, acryloaitrile—butadiene-styrene plus

styrene-acrylonitrile resins and styrene-butadiene
products.

In addition to occupational exposures, the use of certain
polyatyrens products as food packaging material may pose a
riak of styrene exposure due to the high content of
styrene wonomer {2). Leisure time building of boats or
other items of reinforced plastics may form another
nonoccupational source of styrene exposure.

Among, the various cccupations using styrene or styrene
products, the highest levels of exposure have been found
in the production of glass fibre reinforced plastic items
(typically 20-300 ppm, but considerably higher levels have
been observed). Exposure levels during the production of
styrene monomer or various styrene polymers are typically
between 1-20 pom and during the processing of the
polymers, below 1 ppm {1}). In some cases styrene may be
oxidized to styrene oxide in work eaviromments (3), but

the styreme ocxide concentrations are considerably lower
than those of styrene.

Metabolic Fate of Styrene

3tyrene iz mainily absorbed into the bedy via the lungs.
Due to its high lipid solubility, styrene tends to be
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taken up by tissues having 2 haigh lipid content. Animal
experiments have indicated that the highest amounts of
atyrene were recovered from liver, kidney and brain cissue
after an intravencus injection of styreme (4).

Most of the absorbed styrene is metsbolized in the body,
mainly in the liver (5). First, styrene is oxidized to
styrene oxide by the micrusemal mono-~oxygenase system.,
Styrene oxide seems to be a resctive metabolite of
styrene; it may become bound t¢ subeellular
macromolecules. Epexide hydratase of endoplasmic
reticulum catalyzes the hydration of styrene oxide to
phenylathylene glycol} styrena oxide may alse be
venjugared to glutathiome. Phepylethyl glycol may be
conjugated wich glucuronic acid and excrated in the uripe
or it may be oxidized further to wandelic acid and still
further ro phenylglyoxylic acid. Mapdelic acid and
phenyiglyoxylic acid are the main metabolic end-products
of styrene excreted in urine. A small amount of ghsorbed
styrene may also be excreted as vinyl phenol (as a product
of arene oxidation) and phemylethanol (5,4). As shown by
Toung et al. (7), saturation of styrene metabolism may
occur at an exposure level of 300 ppm, possibly leading to
changed pharmacekinetics and pharmacodynamics of the
compound. A gimultaneous exposure to sther solvents may
change to sowe extent the metabolic treatment of styrene
in the body {8).

Toxicity of Styrene to Man and Experiwmental Animsls

In acute experimental human exposure, styrenoe

(100-350 ppm} has been shown to affacr the
psychophysiological performance of exposed

subjects (9,10}, Workers exposaed to styrene during
laminating work in reinforced polyester plastics
production had more electroencephalograms that wera
gbnormal than did the relevant controls, and a .
dose-responss telatisnship was found between the frequency
of the abnormal findings and the mean level of the
exposure level (estimated from the mean excretiom of
mandelic acid in uripe). Changes in the function of the
peripheral nerves have been reported in workers exposed to
styrene in lamipating work. 4 dose~response relationship
was algo found in the frequency of changed performance in
various psychophysiological tests (11-14).
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Styrens exposure in humans has been comnected to disturbed
liver function, but the mechanism hehind the increased
gserum aminotransferases found was suggested to be a
combined hepatotoxic effect of styrene and aleohol (15).
In two other studies, an increased serum content of
chenodeoxythelic aeid and activity of gammaglutamyl
transpeptidase (16) or gammagiutamyl transpeptidase [17)
have been related to occupational exposure to styrems, In
the rat, a short~term exposure to 300 ppm of styrene has
been reported to be hepatotoxic (18).

Fostotoxicity and Fwbryotoxicity

In 2 case referent study based on the chemical exposura of
mothera giving birth to children with malformations of the
central nervous system, mocthers of two children had been
exposed to styrene in laminating work, and ane mother had
been exposed to atyrene monomer at home {19).

In a study of the frequency of spontanecus abortions in
Finnish chemical workers, the plastics industry, ineluding
work with styrene, was found to be among the risk branches
of the chemical industry (20).

The animal studies on the foetocoxzicity and embryotoxicity
of styrene are rather inconclusive. Ragule (21) expoged
ratg to three low levels of scyrene throughout the entire
gestation paricd. He foumd an increasse in the foetal
Tesorption frequency in the exposed groups but no changes
in the incidence of malformations. Myrray et al, {22}
exposed rats and rabbits to higher levels of styrepe;
additional groupa were given styrene intragastrically. No
foetotoxic or embrystoxic effects were found in any of the
exposed groups. In another astudy (23), an inhalation
exposure of pregnant wmice and Chinese hamsacers to various
high conceatrations of styrene was found to be foetotoxic,
and minor skeletal malformations were found in the
foetuses of the exposed mice but not in those of the other
Eroups. Styrene and styrene oxide injected inte the
dai1rspace of hatched eggs were found to be embryotoxic, and
their toxicity was enhanced by an inhibition of epoxide
hydratase (24},
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Mutagenicity

Styrene oxide without metgzbolic activation and styrene
activated by drug hiotransformation have been shown Lo he
mutagenic to various bacteria, yeast and other systems
(5, 25-28) and to Drosophila {2%). Even if some variance
1n the mutagenic response has haen observed in various
test systems, most of the varying responses are probably
attributable to differences in the metabolic activation
systam uged. Styrene is also clastogenic to human
lymphocytes in vitre (30), and an incregsed frequency of
chromosomal aberrvations im the lymphocytes of peripheral
blood have been beerved in workars exposed to styrene
during laminating work (31,323,

Carcinogenicity

On the basis of mutagenicity, structural snalogy of
styrene oxide to some carcinogenic epoxides and metabolie
activation of styrene to styrene oxide, styrene has been
suspected to be carcinogenic (33}. In an epidemiological
itudy based om the mortality profile of workers
(approximately 2900 persoma) occupationally exposed to
styrene bectween 1940 to 1975, 303 workers had died by 31
July 1979 (325 expected). Malignomas wera found in 58
cases (73 expected) and leukemiss in & cases (1.6
expected) (M.G. Ott, uopublished report, 1979). In
ancther study {approzimartely 1%0(0 persons), no increase
waa found 1n the incidence of neoplasms of lymphatic or
haematogenic tissue or other tissues (34).

An ipnhalation exposure to 600 or 1000 ppm of styrene for
18 wmonths or more was found to imcrease the incidence of
tumpurs of leukemiz-lymphoszarcoma classification in female
rats (35). In two grther studies in which styrene was
adminigstered intragascrically, che frequency of lung
adenomas and carcinomas incressed (36,37). Styrene oxide,
aduinistered by gavage, has recently been reported to
cause gastrointestinal carcinomas in male and female rats
(38).

Evaluation of the Risk of Styrene Exposure

The effects af stvrene that should be conzidered in the
evzluation of risks in styrene exposure are the changes
found in the function of the central and peripheral
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nervous systems as well as the possible consequences of
teratogenicity, mutagenicity and carcinogenicity of the
compound.

In respect to the effects of styrere on nervous tissue,
the risks involved probably do not differ to a great
extent from those caused by axposure of workars to werious
arematic hydrocarbons or mixtures of sromatic and
aliphatic hydrocarbons used as solvents. Such effects may
also be inhibited through improvements in industrial
hygiene in industry branches using styrene.

The avaluation of the risk for femal workers exposed
during pregnancy or more widely during childbearing years
to teratogenic, mutagenic or carcinogenic compounds has
not gained very much attention even though such axposure
may lead to grave social and economical consequences
(3%9,40). In many countries, workers in polyaster
lamination are often females; consequently, the question
should have special ewphasis in the evaluation of risks
due to axposure Lo styrene.

Baged on the lack of conclusive datz on human or
laboratory animal carcinogenicity at the date of
evaluation, styrene was clazaified in Group 3 in the
summary of the LARC monographs on the evaluation of
carcinogenic risk of chemicals to man (Vel- 1-20) {41},
However, its claatogenicity, its metabelic activation two
mutggenic compound(s) and the recent, Ehough scanty,
epidemiological and experimental data suggesting the
carcinogenicity of styrene and styrene oxide imdicare rhar
styrene should also be suspected of posing a carcinogenic
risk to humans (42), Finally, ita evident mutagenicity
makes styrensa exposure a factor which may increase the
mutagenic load of the human population (43).
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