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Recommendation from the Scientific Committee on
Occupational Exposure Limits

for Vinyl Acetate

8 hour TWA : 5 ppm [17.6 mg/m’]
STEL (15 mins): 10 ppm [35.2 mg/m’]
Notation: -

Substance Identity and Properties:

Vinyl acetate CH;CO-0O-CH=CH,
Synonyms: acetic acid vinyl ester
Chemical Name acetic acid ethenyl ester
CAS Number: 108-05-4

EINECS Number: 203-545-4

Molecular Weight: 86.09

Melting point: -93.20C

Boiling point: 72.39C at 760 torr
Vapour pressure: 115 torr at 250C
EU-Classification: F; R11 Highly flammable.

Conversion at 25°C: 1 ppm = 3.52 mg/m’; 1 mg/m’ = 0.28 ppm




Occurrence and Use:

Vinyl acetate is a colourless, volatile and inflammable liquid with an odour described as
either sweet and “ether-like”, or sharp and sour. It usually contains an inhibitor,
hydroquinone, for storage of the chemical. Odour thresholds are reported between 0.36
and 0.5 ppm. Vinyl acetate polymerises when exposed to light.

Vinyl acetate is not known to occur naturally. It is used to produce polyvinyl acetate
emulsions and polyvinyl alcohol. The principle use of the polymers is in adhesives,
paints, textiles, and paper products. Copolymers have been used in vinyl floor tiles and
phonograph records (ACGIH 1992).

Health Sgnificance:

Vinyl acetate is of low acute toxicity after ingestion and dermal absorption, while
inhalation of higher concentrations is acutely irritating and toxic. Prolonged exposure to
the substance may have irritative or caustic effects to the skin and irritative effects to the
eye. According to ACGIH (1992), a NOAEL (no observed adverse effect level) for
sensory irritation of the respiratory tract in man is 10 ppm.

In rats LDsy values were in two studies 3470 mg/kg and 3500 mg/kg, respectively. A
dermal LDsy value of 7440 mg/kg was determined from a range finding study with
rabbits. Vinyl acetate has proven to cause irritation or corrosion to the skin of rabbits
depending on the duration of the skin contact. Exposed workers are principally
exhibiting local irritant reactions of the skin, eyes and respiratory tract (information by
the vinyl acetate industry, without further details). There is no conclusive information
available on skin sensitization in humans. No cases of sensitization from the handling of
vinyl acetate in the workplace have been reported in the last years. Results from an
animal skin sensitization study (Buehler Test) pointed to the possibility of a moderate
skin sensitizing potential of vinyl acetate (DFG 2002). However, a subsequent lymph
node assay in mice with vinyl acetate was negative (Wang-Fan 2003).

Cell proliferation of the oral mucosa and the respiratory and olfactory epithelia is
observed after repeated exposure. With repeated inhalation exposure the NOAEL for
local and systemic effects is 50 ppm in the rat and mouse (V.i.). Inhalation of vinyl
acetate concentrations of 1000 ppm was maternally toxic and foetotoxic in Sprague-
Dawley rats. Oral administration of 5000 mg/I drinking water caused maternal toxicity
but not prenatal toxicity in Sprague-Dawley rats. In a 2-generation study, the fertility of
Fo Sprague-Dawley rats was not impaired at this concentration, while that of the
offspring was (DFG 2002).



Toxicokinetics/Metabolism

Fig. 1:
Biotransformation Pathways for Vinyl Acetate
(modified, Bogdanffy et al. 1998, EU Draft Risk Assessment Report 2003)
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Vinyl acetate is hydrolysed by carboxylesterases to acetic acid and acetaldehyde which
is subsequently oxidized to acetic acid by aldehyde dehydrogenases. Acetate enters the
citric cycle in an activated form as acetyl coenzyme A. Vinyl acetate metabolism takes
place in a multiplicity of tissues, which is of relevance for the toxicological effects
elicited by vinyl acetate. The hydrolytic cleavage of vinyl acetate in the organism is
catalysed by ubiquitous esterases (Simon et al. 1985a, Fedtke and Wiegand 1990). Upon
inhalation, this occurs within the epithelia of the upper respiratory tract (Robinson et al.
2002). The local irritation and cytotoxicity of vinyl acetate are explained by the
intracellular acidity resulting from the metabolically formed acetic acid (Kuykendall
and Bogdanffy 1992, Kuykendall et al. 1993), and the threshold level for these effects
has been linked with the physiological buffer capacity (Bogdanffy 2002).

The rapid hydrolysis of vinyl acetate is the reason for a basic difference in metabolism
and toxicity compared to other vinyl compounds (e.g. vinyl chloride, vinyl bromide,
vinyl carbamate): vinyl acetate is not epoxidised at the vinyl group to a genotoxic and
DNA-binding oxirane metabolite (Simon et al. 1985b, 1986).

The amount of inhaled vinyl acetate absorbed was determined in the upper respiratory
tract of anaesthetized rats. The exposure concentrations were 73 to 2190 ppm with
inhalation for one hour. After exposure for about 8 minutes, an equilibrium was reached
for vinyl acetate in nasal tissue. The concentration-dependent absorption of vinyl
acetate by the epithelia was non-linear and between 36 % and 94 %, with the highest
percentage absorbed at the lowest vinyl acetate concentrations (at 76 ppm or less, more



than 93 % vinyl acetate was absorbed). At all vinyl acetate concentrations acetaldehyde
was detected as a metabolite in the exhaled air (Plowchalk et al. 1997).

Species differences between rats and mice are small for the kinetic parameters of the
esterases in the nasal epithelium (Bogdanffy and Taylor 1993, Robinson et al. 2002,
Morris et al. 2002, Bogdanffy and Taylor 1993). In mucosa obtained from the oral
cavity of rats and mice, carboxylesterase was ubiquitously present, but with local
differences in the activity of the enzyme.

According to a PBPK model for the dosimetry of vinyl acetate and its metabolites
acetaldehyde and acetic acid in the nasal cavity, a significant drop in the intracellular
pH value in the olfactory epithelium of the rat was stated to occur only above 50 ppm,
due to limitation of the intracellular buffer capacity (Bogdanffy et al. 1999, 2001,
Andersen et al. 2002).

Genotoxicity

In prokariotic cell systems in vitro (Salmonella mutagenicity test, SOS chromotest) no
mutagenic potential was found. On incubation with eukariotic cells, however, dose-
dependent effects such as chromosomal aberrations, sister chromatid exchange and
micronuclei are observed. Evidence of the occurrence of DNA cross-links was obtained
after the incubation of very high concentrations of vinyl acetate with human
lymphocytes. Under in vivo conditions no stable DNA adducts were found. On the other
hand, after mice were given single intraperitoneal injections of 1000 or 2000 mg/kg
body weight, an increase in the micronucleus count in bone marrow cells was found. In
the same experiment no micronuclei were found in the male germ cells (spermatids).

After rats and mice inhaled the substance or were given oral doses in the drinking water
for 3 months, no micronuclei were found in the bone marrow (EU Draft Risk
Assessment Report 2003).

After the incubation of plasmid DNA, calf thymus histone proteins and rat liver
microsomes with 1 to 100 mM vinyl acetate, DNA-protein cross-links were formed as a
result of the formation of acetaldehyde. After incubation with acetaldehyde, a reduction
in the pH value promoted cross-links (Kuykendall and Bogdanffy 1992). Also in
isolated cells of the respiratory and olfactory epithelium of rats, vinyl acetate induced
DNA-protein cross-links; their formation could be reduced by the inhibition of the
carboxyl esterases in vivo and in vitro. When equimolar amounts of vinyl acetate and
acetaldehyde were used, more cross-links were formed by vinyl acetate. As more acetic
acid is formed with vinyl acetate than with acetaldehyde on an equimolar basis, the
authors suspect that the greater drop in the pH value of vinyl acetate is responsible.
Vinyl acetate was cytotoxic for both epithelia. The aldehyde scavenger semicarbacide
could not reduce the cytotoxicity, 50 mM acetaldehyde alone was not cytotoxic, but
50 mM acetic acid was (Kuykendall et al. 1993).

In an inadequately documented study it was reported that after single intraperitoneal
doses of vinyl acetate of 160 mg/kg body weight, chromosomal aberrations were found
in the bone marrow of rats 26 hours after administration of the substance (EU Draft
Risk Assessment Report 2003).



Likewise, the incidence of SCE in bone marrow was increased in rats 21 hours after
intraperitoneal administration of vinyl acetate doses of 370-560 mg/kg body weight
(Takeshita et al. 1986).

Comparative in vitro studies with acetaldehyde indicate that the genotoxic effects of
vinyl acetate are to be attributed to the metabolite acetaldehyde (He and Lambert 1985,
Norppa et al. 1985).

The overall picture obtained from studies of the genotoxicity of vinyl acetate in vivo is
that systemic genotoxic effects after ingestion or inhalation were not detected. After
high intraperitoneal doses resulting in death, however, an increase in micronuclei in
bone marrow cells was observed; this is explained by the saturation of inactivation
mechanisms. At high doses, mutagenic effects of vinyl acetate (induced by the
metabolite acetaldehyde) on tissues directly exposed locally cannot be excluded.

With regard to the metabolic formation of acetaldehyde, the detoxification capacity of
the organism, as well as the endogenous presence of ethanol and acetaldehyde must be
borne in mind. The endogenous level of acetaldehyde in the blood is given in the
literature as 0.3 mg/ml (Halvorson et al. 1993).

Drinking water studies

The half-life of vinyl acetate in aqueous solution (distilled water) is about one week
(Bogdanffy et al. 1994a). This is important when evaluating some of the studies with
oral administration.

In a 13-week study with F344 rats and BDF, mice, no treatment-related histo-
pathological changes were reported. The vinyl acetate concentrations in drinking water
were 600, 1500, 3800, 10000 or 24000 mg/l (assuming water consumption to be 10 %
in rats and 15 % in mice, this corresponds with a daily consumption of 2400 mg/kg
body weight in rats and 3600 mg/kg body weight in mice; no other details; Ministry of
Labour of Japan 1998).

Groups of 20 male F344 rats (CDF) and BDF; mice (BGD2F1/CriBr) were given
drinking water containing vinyl acetate in concentrations of 1000, 5000, 10000 or
24000 mg/1 for 90 days. The highest concentration was limited by the solubility. This
study was designed in particular to determine threshold concentrations for local cell
proliferation processes. Based on the drinking water consumption, the daily doses for
rats were calculated to be 81, 350, 660 and 1400 mg/kg body weight and for mice 250,
1200, 2300 and 5300 mg/kg body weight. Statistically significant reductions in food
consumption were observed in the rats exposed to 10000 and 24000 mg/l. There was a
statistically significant reduction in the body weights of the rats of all groups. In mice,
no effects on water and food consumption, or body weight gains were detected. No
treatment-related histopathological changes were found in the oral cavity, oesophagus
or for estomach of the animals. In rats, increased proliferation was found at
concentrations of 24000 mg/l in the mucosa (BrdU incorporation; but below a doubling
of the labelling index) in the lower jaw on days 1 and 29 (but not on day 8) and in the
upper jaw on days 29 and 92. In the mice, increases in cell proliferation of 2.4 and 3.4
times those found in the controls occurred only after 92 days in the mucosa of the lower
jaw following concentrations of 10000 and 24000 mg/1 (Valentine et al. 2002).



A 78-week study with Swiss mice with vinyl acetate concentrations of 1000 or
5000 mg/I drinking water yielded a NOAEL for systemic effects of 5000 mg/1 drinking
water (750 mg/kg body weight and day; Maltoni et al. 1997).

Groups of 60 Sprague-Dawley rats per sex and dose were given vinyl acetate with the
drinking water in concentrations of 200, 1000 or 5000 mg/l (males: 10, 47 and
202 mg/kg body weight and day; females: 16, 76 and 302 mg/kg body weight and day),
beginning in utero, for a period of 2 years. The solutions were freshly prepared each
day. The clinical symptoms, body weights, food and water consumption, haematology,
clinical chemistry, urine composition, and gross pathological and microscopic changes
were determined. Rats of the 1000 and 5000 mg/l groups consumed less water. In the
5000 mg/l groups, food consumption and body weights were reduced (males: —19 %;
females: —11 %). No treatment-related changes in mortality, in the haematological and
clinico-chemical parameters or the urine status were observed. There was also no
evidence of systemic organ toxicity. Some organ weights were changed in the 1000 and
5000 mg/1 groups; no histopathological changes were found, however, and the changes
were attributed to the lower body weights. The NOAEL was 1000 mg/l (Bogdanffy et
al. 1994a).

New-born Wistar rats (4-5 animals per sex) were given oral doses of vinyl acetate in
condensed milk of 100 or 200 mg/kg body weight and day (99 % pure, impurities:
100 mg hydroquinone/l) twice a day over a period of 3 weeks. A subgroup of animals
was additionally treated with phenobarbital in drinking water for 8 weeks to stimulate
the growth of potential preneoplastic liver foci. 14 weeks after the beginning of the
study the animals were killed and their livers examined. No ATPase-free and gamma-
GT positive areas could be found in the liver as evidence of the development of
preneoplastic liver foci (Laib and Bolt 1986).

There are several additional studies available of the effects of vinyl acetate after
ingestion, but the quality of some is considerably lacking.

A long-term study with oral has been published (Bogdanffy et al. 1994a). Groups of 60
Sprague-Dawley rats (per sex and dose) were given vinyl acetate with the drinking
water in concentrations of 200, 1000 or 5000 mg/l (males: 10, 47 and 202 mg/kg body
weight and day; females: 16, 76 and 302 mg/kg body weight and day), beginning in
utero, for a period of 2 years. In the male rats of the highest dose group, 2 squamous
cell carcinomas of the oral cavity were found and a sarcoma in the stomach. The tumour
incidence for oral cavity carcinomas was, however, within the range of the historical
control data for the strain and age of the rats used (Bogdanffy et al. 1994a).

Groups of 50 male and 50 female F344 rats and BDF; mice were given vinyl acetate
with the drinking water in doses of 400, 2000 or 10000 mg/1 for a period of 104 weeks
(rats, males: 1648, 75-226 and 364-950 mg/kg body weight and day; females: 22—60,
109-266 and 478-1062 mg/kg body weight and day, mice, males: 3285, 167-405 and
800-2081 mg/kg body weight and day, females: 45-125, 230483 and 1024-
2185 mg/kg body weight and day). The vinyl acetate solutions were prepared twice a
week. After the end of exposure the animals were killed and the weights of the brain,
lungs, liver, spleen, heart, kidneys, adrenal glands, testes and ovaries were determined.
The histopathological examinations in all animals covered 37 organs and tissues
including the nasal cavity. In rats the increased tumour incidences in the oral cavity, the
oesophagus and the stomach were regarded as treatment-related. In the oral cavity a



positive trend was found for the incidence of squamous cell carcinomas in female
animals. The increase was statistically significant in the male animals of the 10000 mg/1
group. At this concentration squamous cell papillomas were observed in 2/50 male
animals, epithelial dysplasia in 2/50 female animals and squamous cell carcinomas of
the oesophagus in 1/50 female animals. Preneoplastic lesions of the oesophagus and the
stomach were evident only at this concentration. No stomach tumours were found. In
mice, exposure-related tumours were found in the oral cavity, oesophagus, stomach and
larynx. Particularly after doses of 10000 mg/l (depending on the organ), statistically
significant squamous cell carcinomas, papillomas and hyperplasia, basal cell activation
and epithelial dysplasia developed. The highest concentration was, however, above the
maximum tolerated dose, as the body weight curves show a reduction in body weight
gains of at least 10 %. The nominal vinyl acetate concentration was not analytically
verified, however, nor was drinking water consumption determined (Umeda et al.
2004).

Another long-term study consisted of the summary of a study carried out very much
earlier against the background of studies for vinyl chloride. In this study Swiss mice
were given vinyl acetate with the drinking water in doses of 1000 or 5000 mg/1 for a
period of 78 weeks. The F, generation (13—14 male and 37 female animals/group) and
their young (37-38 male and 44-48 female animals/group) were treated from day 12 of
gestation. The animals were observed up to the natural end of their lives. The drinking
water was freshly prepared each day. No treatment-related effects were found as regards
survival, body weight and behaviour. An increased tumour incidence was found in the
following organs: Zymbal gland, oral cavity, tongue, oesophagus, for estomach, lungs,
liver and uterus (Maltoni et al. 1997). Interpretation of these results is difficult when the
large number of spontaneous systemic tumours in the control animals of this study is
taken into consideration. The study appears compromised because of the following
reasons: mortality was also high in untreated animals in the second year of the
experiment. The nominal vinyl acetate concentrations and the drinking water
consumption were not monitored. The maximum tolerated dose was probably exceeded
in the F; animals, as body weight gains were reduced by at least 10 % at the highest
dose (at which the tumours were reported). However, as the oral cavity, tongue,
oesophagus and for estomach are locations coinciding with those in the results obtained
by Umeda et al. (2004), this study is supportive of the latter study.

Inhalation studies

In a long-term study, vinyl acetate caused local tumours in the rat after inhalation of a
markedly irritative concentration and in the rat and mouse after oral administration of
concentrations which were not cytotoxic, but already of systemic toxicity.

To investigate the effects on cell proliferation in the olfactory and respiratory epithelia
of the nasal cavity, rats were exposed to vinyl acetate once or repeatedly for up to 4
weeks (50, 200, 600 or 1000 ppm; 6 hours/day). The NOAEL for all effects was
200 ppm. With higher concentrations and single exposures cell proliferation was
markedly increased. With exposure for 5 days, the NOAEL was 1000 ppm, with
exposure for 20 days 200 ppm (olfactory epithelium only). After exposure to
concentrations of 600 ppm or more for 4 weeks, regenerative hyperplasia was observed
in the olfactory epithelium, and necrosis at 1000 ppm (Bogdanfty et al. 1997).

In a 10-month study with Wistar rats exposed to vinyl acetate concentrations of 2.8, 28
and 140 ppm (5 hours/day, 5 days/week), metaplasia of the bronchial epithelium was
found in all treated animals. The medium and high concentration caused, in addition,



liver changes in the form of fatty degeneration of the liver and proliferation of the
endoplasmic reticulum, and histological changes in the biliary capillaries (Czajkowska
et al. 1986). The results of this study are in contradiction to those found in the much
better documented study of Bogdanffy et al. (1994b) and are therefore not included in
the evaluation of vinyl acetate.

One inhalation study with rats with negative results (Maltoni et al. 1974) is only very
inadequately documented, the exposure period of 52 weeks does not meet present-day
standards and mortality was very high; therefore, no conclusions can be drawn from this
study.

In a 2-year study (Bogdanffy et al. 1994b) Sprague-Dawley rats and CD-1 mice were
exposed to vinyl acetate in concentrations of 50, 200 or 600 ppm over a period of 2
years (6 hours/day, 5 days/week). At concentrations of 600 ppm reduced urine volumes
were determined in the rats. This was attributed to reduced food and water consumption,
but no data were collected for this. Reduced body weights were determined in mice
after concentrations of 200 ppm or more and in rats after 600 ppm. Vinyl acetate
affected only the upper and lower respiratory tract (see Appendix: Table 1, rats, and
Table 2, mice). After concentrations of 200 ppm or more, atrophy, regenerative
processes, inflammation and metaplasia in the olfactory epithelium, and basal cell
hyperplasia were found in rats and mice. Hyperplastic and metaplastic changes in the
trachea, together with epithelial desquamation and fibrotic reactions of the tracheal
epithelium were observed only in mice at 600 ppm. Similar changes were found in the
bronchial and bronchiolar airways of rats and mice at 600 ppm. In addition, histiocytic
cell accumulation in the alveoli and the pulmonary interstitium was observed, which is
possibly connected with the increased lung weights (Bogdanffy et al. 1994b). The
following NOAELs were obtained: local effects: 50 ppm in rats and mice; systemic
effects (end point reduced body weights): 200 ppm in rats, 50 ppm in mice (EU Draft
Risk Assessment Report 2003). Table 3 (Appendix) shows the tumour incidences
observed in this study. This study revealed local carcinogenic effects after inhalation
exposure of the rat to markedly irritative concentrations (compare with Table 1). In the
olfactory epithelium 3 papillomas and 2 carcinomas were found, in the respiratory
epithelium 2 inverted papillomas. Five other carcinomas were found at other sites or
were of unknown origin (no other details). In mice no tumours were found, but irritation
of the nasal epithelia was observed (See Appendix, Table 2; Bogdanffy et al. 1994b).

Evaluation of carcinogenicity and mode of action

In two epidemiological studies with exposure to a mixture of substances, no statistically
valid evidence of carcinogenic effects of vinyl acetate in man was found. No
differentiation was made between persons exposed to high levels and those to low
levels, and the influence of smoking habits was not excluded. The data are therefore not
considered meaningful (DFG 2002).

The biological mode of action of vinyl acetate is linked with its rapid metabolism by
ubiquitous esterases by which acetaldehyde and acetic acid are formed.

In 2-year drinking water studies with F344 rats and BDF; mice, tumours of the
oesophagus and oral cavity (rats, mice) and stomach and larynx (mice) were induced at
the highest concentration of 10000 mg/l. This shows that local tumours can be induced
with high oral exposure to vinyl acetate in the drinking water. An inhalation
carcinogenicity study with rats and mice yielded local tumours of the nasal mucosa of
the rat at 600 ppm, while in the mouse no tumours were observed. Compared to that of
acetaldehyde, the potential of vinyl acetate to produce tumours of the nasal mucosal



epithelium of the rat is evidently smaller, as in the long-term inhalation study (28
months) with acetaldehyde at 750 ppm the incidence of adenocarcinomas of the nasal
cavity (Woutersen et al. 1986) was much greater than in the long-term study (24
months) with vinyl acetate at 600 ppm. On the other hand, the irritative effects of vinyl
acetate are greater than those of acetaldehyde.

Vinyl acetate causes DNA—protein cross-links in vitro. This effect is attributed to the
metabolite (hydrolysis product) acetaldehyde. In the Salmonella mutagenicity test, the
substance is not mutagenic. Vinyl acetate produces positive results in the micronucleus
test, the chromosomal aberration test and SCE (sister chromatid exchange) test in vitro.
In vivo, after very high single intraperitoneal doses, micronuclei and SCE were
observed in the bone marrow cells of mice, but not after inhalation exposure or the
administration of vinyl acetate in drinking water. A micronucleus test in vivo in germ
cells (spermatids) yielded negative results (EU Draft Risk Assessment Report 2003).
The findings in studies of the carcinogenicity of vinyl acetate may be explained by the
local cytotoxicity resulting from the local metabolism to acetaldehyde and acetic acid
on the one hand, and by the local genotoxic effects of its metabolite acetaldehyde on the
other hand (Bogdanffy and Valentine 2003). The concept has been put forward that the
carcinogenic effects of vinyl acetate are subject to a threshold, below which no notable
contribution towards the cancer risk in man is to be expected (Lantz and Bogdanffy
2003). This is supported by a non-linear course of the dose—effect relationships in the
carcinogenicity studies (Hengstler et al. 2003).

A physiologically-based pharmacokinetic model has been generated to describe the
local metabolism and effects of vinyl acetate at the nasal tissue (Bogdanffy et al. 1999,
2001, Andersen et al. 2002). This model has been criticised (DFG 2002), and
supplementary data on the application were subsequently generated (Hinderliter et al.
2005), along with studies of the histochemical localisation of the carboxyesterase
activity in rat and mouse oral cavity tissues (Robinson et al. 2002) and on pH effects in
rat nasal epithelial tissue explants and in cultured respiratory and olfactory epithelial
cells (Lantz et al. 2003). Also, it has been demonstrated that vinyl acetate induces
intracellular acidification in isolated mouse oral buccal epithelial cells (Nakamoto et al.
2005). In essence, these studies supported the view that carboxyesterase was active at
the sites of local experimental tumour formation. Also, the data obtained with cultured
nasal epithelial cells and tissue explants supported a relevant decrease in intracellular
pH upon presence of vinyl acetate.

Conclusions and recommendations

Vinyl acetate was found to have genotoxic effects in vitro, e.g. chromosomal
aberrations, micronuclei and SCE, and gene mutations were observed in mammalian
cell cultures. In vivo, after very high single intraperitoneal doses, micronuclei were
observed in the bone marrow cells of mice, but not after inhalation exposure or the
administration of vinyl acetate in drinking water. A micronucleus test in germ cells
(spermatids) yielded negative results. The substance is therefore not to be regarded as a
germ cell mutagen under conditions of workplace exposure.

Two-year inhalation experiments in mice and rats have proven a concentration of 50
ppm (ppm) to be a NOAEL, with respect to local histopathological changes of nose and
lungs (see Appendix: Tables 1 and 2). Also, the systemic NOAEL (reduced body
weights in mice) from the inhalation carcinogenicity study is 50 ppm (175 mg/m”). This
confirms early industrial information on concentrations up to 10 ppm being unlikely to
produce respiratory or ocular irritation in most workers, whereas concentrations above



20 ppm appeared to produce irritation in the majority of exposed workers (ACGIH
1992). The American Conference of Governmental Industrial Hygienists had based its
recommendation of a Threshold Limit Value (8h TWA: 10 ppm, STEL: 20 ppm) on this
information, in order to avoid irritancy (ACGIH 2002).

In essence, vinyl acetate is carcinogenic at portals of entry (nasal cavity and upper
gastrointestinal tract). Local metabolism of vinyl acetate produces the DNA-reactive
and genotoxic acetaldehyde, and it also produces acetic acid, contributing to
intracellular acidification, cytotoxicity and cell proliferation. Elevated -cellular
proliferation is observed at concentrations associated with the experimental tumour
formation. Cytotoxicity and compensatory tissue regeneration appears as stimulating
cellular proliferation while intracellular acidification is a mitogenic stimulus. A
physiologically-based pharmacokinetic model is consistent with the concept that
intracellular acidification is the sentinel response that precedes cytotoxicity and cellular
proliferation. In conclusion, the carcinogenic potential of vinyl acetate is expressed only
when tissue exposure to acetaldehyde is high and when cellular proliferation is
simultaneously elevated. This mode of action suggests that exposure levels that do not
increase intracellular acidification beyond homeostatic bounds will be adequately
protective of adverse downstream responses including cancer. This provides the
scientific basis to incorporate thresholds for cell proliferation secondary to intracellular
acidification. As long as the physiological buffering systems are fully operative, no
local carcinogenic effect by vinyl acetate should be expected.

Under these considerations of modes of action, a cancer risk at low, non-irritant,
concentrations of vinyl acetate in the workplace air appears negligible. The NOAEL for
histological changes in respiratory rodent tissues was 50 ppm. A threshold for sensory
irritation may be expected to be lower. There are limited observations in humans
(ACGIH 1992) of an NOAEL for irritancy at 10 ppm. Considering these experimental
and human data on irritancy and the experimentally observed local carcinogenicity at
higher concentrations, a STEL is set at 10 ppm, and an OEL (8h-TWA) at half of this
value. Therefore, the following Occupational Exposure Limits are recommended:

OEL (8h-TWA): 5 ppm,
STEL: 10 ppm.

The volatility of the substance and the irritation effects are pronounced and dermal
exposure appears less relevant under industrial conditions compared to inhalation
exposure (DFG 2002). A “skin” notation is therefore not required.

There is no information available for possible sensitizing effects of vinyl acetate in man.
The results of a Biihler test cannot be evaluated, as the possibility of false positive
reactions cannot be excluded. A local lymph node assay in mice was negative, so that it
appears unlikely that vinyl acetate could be a contact allergen. There are no data
available for the sensitizing effects on the respiratory tract.
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Appendix: Tables 1-3

Tablel1: Summary of statistically significant non-neoplastic changesin lungsand nosein rats: main study

(EU Draft Risk Assessment Report, 2003)

Incidence of Lesions Other than Tumors *
Males Females
Concentration (ppm): Control 50 200 600 Control 50 200 600
Lungs: (58) 59) (60) (60) (60) (60) (60) (59)
Bronchial exfoliation
very slight 0 0 0 8** 0 0 0 0
slight 0 0 0 26** 0 4
moderate 0 0 0 2 0 0 0 0
Intraluminal fibrous projections
very slight 0 0 0 16 *** 0 0 0 3
slight 0 0 0 14 #** 0 0 0 28 ***
moderate 0 0 0 1 0 0 0 8 **
severe 0 0 0 0 0 0 0 1
Pigment macrophage
very slight 1 0 0 0 0 0 0 1
slight 1 3 3 33 Hkx 10
moderate 0 0 1 2 0 0 0 4
Peribronchiolar/perivascular
lymphoid aggregates
very slight 5 1 0* 0* 0 1 2 0
slight 15 18 21 14 11 14 14 23 *
moderate 1 4 1 2 2 1 2 5
Nose: (59) (60) (59) (59) (60) (60) (60) 59)
Olfactory epithelial atrophy
very slight 0 1 4 0 0 1 4 0
slight 0 2 47 *** 7* 0 0 23 H** 18 #**
moderate 0 0 2 33 Hkx 0 0 0 30 #**
severe 0 0 0 10 ** 0 0 0 3
Olfactory epithelial squamous
metaplasia
very slight 0 0 0 2 0 0 5 4
slight 0 0 0 12 ** 0 0 0 26 ***
moderate 0 0 0 9 ** 0 0 0 TH*
severe 0 0 0 1 0 0 0 0

* Figures in parenthesis present the number of animals from which this tissue was
examined microscopically. Significance of differences in a pairwise (Fisher’s)
test between each treatment and control incidence is indicated by * p < 0.05,

** p<0.01, *** p<0.001.
Cited from Bogdanffy et al. (1994b)
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Table 1 (continued) : Summary of statistically significant non-neoplastic changesin lungs and nosein rats:
main study (EU Draft Risk Assessment Report, 2003)

Incidence of Lesions Other than Tumors *

Males Females
Concentration (ppm): Control 50 200 600 Control 50 200 600
Nose: (59) (60) (59) (59) (60) (60) (60) (59)
Olfactory epithelial regeneration
very slight 0 0 3 0 0 0 3 2
slight 0 0 30*** 1 0 0 1o*** TH*
moderate 0 0 2 0 0 0 3 0
Olfactory epithelial inflammatory
cell infiltrate
very slight 0 0 0 1 0 0 0 0
slight 0 0 0 7% 0 0 0 5%
moderate 0 0 0 1 0 0 0 1
Epithelial nest-like infolds 0 0 0 0 0 0 1 0
very slight 0 0 1 0 0 0 0 0
slight 0 0 15 5 0 0 5 5*
moderate 0 0 1 5 0 0 0 2
Olfactory epithelial leukocytic
exudate
very slight 0 0 0 0 0 0 1 0
slight 0 0 0 I ki 0 0 0 5%
moderate 0 0 0 2 0 0 1 3
severe 0 0 0 1 0 0 0 0
Basal cell hyperplasia
very slight 2 5 3 1 0 0 7* 0
slight 0 0 40*** 2] H** 0 0 24%** J5HH*
moderate 0 0 [1*** 22k % 0 0 3 16%**
severe 0 0 0 2 0 0 0 0
Turbinate leukocytic exudate
very slight 0 2 0 0 1 1 3 1
slight 4 8 5 5 4 3 3 7
moderate 3 6 3 8 0 1 1 7 **
severe 0 0 0 1 0 0 0 0
Submucosal inflammatory cell
infiltrate
slight 2 0 1 2 0 0 0 0
moderate 1 3 1 6 0 0 0 5*
severe 0 0 0 1 0 0 0 0
Very severe 0 0 1 0 0 0 0 0

? Figures in parenthesis present the number of animals from which this tissue was

examined microscopically. Significance of differences in a pairwise (Fisher’s)
test between each treatment and control incidence is indicated by * p < 0.05,
** p<0.01, *** p<0.001.

Cited from Bogdanfty et al. (1994b)

15




Table2: Summary of statistically significant non-neoplastic changesin lungs and nose of mice: main study

(EU Draft Risk Assessment Report, 2003)

Incidence of Lesions Other than Tumors *

Males Females
Concentration (ppm): Control 50 200 600 Control 50 200 600
Lungs: (51) (51) (56) (53) (56) (55) (55) (51)
Accumulation of alveolar macro-
phages
very slight 5 1 4 3 5 2 6 1
slight 10 2% 4 7 3 8 4 10
moderate 0 4 8 ** 4 2 1 1 12 **
severe 1 1 4 0 1 3 1 1
Intra-alveolar eosinophilic
material
very slight 0 0 3 1 0 0 2 1
slight 3 1 1 19 *** 0 0 0 7 **
moderate 0 0 0 10 ** 0 0 1 15 #**
severe 0 0 0 2 0 0 0 1
Accumulation of brown pigmen-
ted macrophages
very slight 2 2 1 11* 3 5 1 2
slight 0 0 5 12 *** 1 1 4 2] ***
moderate 0 0 1 1 0 0 0 2
Intraluminal fibroepithelial
projections
very slight 0 1 2 3 1 0 0 6
slight 0 0 0 17 *** 0 2 1 19 ***
moderate 0 0 0 3 0 0 0 7 **
Bronchial gland dilatation 14 16 26 17 8 17 20 * 15
Bronchial/bronchiolar epithelial
flattening and/or exfoliation
very slight 0 0 0 4 0 0 0 4 *
slight 1 0 0 25 *** 0 0 0 28 ***
moderate 0 0 0 7* 0 0 0 4 *
severe 0 0 0 0 0 0 0 1
Bronchial/bronchiolar epithelial
disorganization
very slight 0 0 0 0 0 0 0 5%
slight 0 0 0 11 ** 0 1 0 18 ***
moderate 0 0 0 4 0 0 0 0

* Figures in parenthesis present the number of animals from which this tissue was

examined microscopically. Significance of differences in a pairwise (Fisher’s)
test between each treatment and control incidence is indicated by * p < 0.05,
** p <0.01, *** p <0.001.

Cited from Bogdanffy et al. (1994b)
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Table 2 (continued): Summary of statistically significant non-neoplastic changesin lungs and nose of mice:
main study (EU Draft Risk Assessment Report, 2003)

Incidence of Lesions Other than Tumors *

Males Females
Concentration (ppm): Control 50 200 600 Control 50 200 600
Nose: (52) (48) (53) (50) (56) (57) (55) (€2))
Inflammatory exudate 0 0 2 [ 5x* 0 0 1 5k*
Mucosal inflammatory infiltrate 1 0 0 12%%* 1 2 0 5
Submucosal gland hyperplasia
slight 3 3 28%** 25k** 2 5 4o%** J5Hk*
moderate 0 0 g** [5%** 0 0 TH* [3%**
Olfactory epithelial atrophy
(mainly dorsal meatus)
very slight 0 0 2 0 0 0 0 0
slight 0 0 5 0 2 4 8 0
moderate 0 0 28*** 2 0 0 206%%* 0
severe 0 0 4 3 0 0 4 1
Olfactory epithelial atrophy
(widespread)
slight 0 0 1 0 0 0 0 0
moderate 1 0 8* 5 0 0 [ 2% 5*
severe 0 0 4 39%** 0 0 2 45%**
Squamous metaplasia at the
naso/maxilloturbinate region
very slight 0 0 0 0 0 0 0 1
slight
moderate 1 1 2 13%* 4 2 0 13*
severe 0 1 0 [ 0 0 0 6**
0 0 0 0 0 0 0 1
Replacement olfactory by
respiratory epithelium
slight g 0 5 [1H** 0 0 [5%** 10***
moderate 0 0 1 0 0 1 5% 1Q***
severe 0 0 0 1 0 0 0
Trachea/bronchi: (49) (46) (€3] (48) (55) (56) (52) (48)
Epithelial hyperplasia 0 0 2 19%*%* 1 1 0 11%%*

* Figures in parenthesis present the number of animals from which this tissue was

examined microscopically. Significance of differences in a pairwise (Fisher’s)
test between each treatment and control incidence is indicated by * p < 0.05,
** p <0.01, *** p <0.001.

Cited from Bogdanffy et al. (1994b)
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Table 3: Incidence of tumours of the respiratory tract in Crl:CD(SR)BR rats after exposure to vinyl acetate
(Bogdanffy et al. 1994b, as compiled by DFG 2002)

0 50 ppm 200 ppm 600 ppm

Nasal cavity 3 (59) (60) (59) (59)

? (60) (60) (60) (39)
inverted papilloma 1) 0 0 0 4

Q 0 0 0 0
papilloma 1) 0 0 1 0

Q 0 0 0 0
squamous cell carcinoma & 0 0 0 2

Q 0 0 0 4
carcinoma in situ 1) 0 0 0 1

Q 0 0 0 0
sum of all tumours 1) 0 0 1 7

Q 0 0 0 4
Larynx I3 (59) (60) (60) (60)

? (60) (60) (60) (59)
squamous cell carcinoma 0 0 0 0

Q 0 0 0 1

#p <0.01, Fisher’s exact test
number of animals investigated in brackets
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