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FOREWORD

The Superfund Anmendnents and Reaut hori zati on Act (SARA) of 1986
(Public Law 99-499) extended and anmended the Conprehensive Environnenta
Response, Conpensation, and Liability Act of 1980 (CERCLA or Superfund).
This public | aw directed the Agency for Toxic Substances and D sease
Regi stry (ATSDR) to prepare toxicol ogical profiles for hazardous
subst ances which are nost conmmonly found at facilities on the CERCLA
National Priorities List and which pose the npst significant potential
threat to human health, as determ ned by ATSDR and the Environnental
Protecti on Agency (EPA). The lists of the 250 npbst significant
hazar dous substances were published in the Federal Register on April 17,
1987; on Cctober 20, 1988; on COctober 26, 1989; and on Cctober 171 1990.
A revised list of 275 substances was published on Cctober 17, 1991.

Section 104(i)(3) of CERCLA, as anmended, directs the Adm nistrator
of ATSDR to prepare a toxicological profile for each substance on the
lists. Each profile nust include the follow ng content:

(A) An exam nation, summary, and interpretation of avail able

t oxi col ogi cal information and epi dem ol ogi cal eval uations on the
hazardous substance in order to ascertain the |evels of ignificant
human exposure for the substance and the associ ated acute,
subacute, and chronic health effects.

(B) A determ nation of whether adequate information on the health
effects of each substance is available or in the process of

devel opnment to determ ne |l evels of exposure which present a
significant risk to hunman health of acute, subacute, and chronic
health effects.

(©) Wiere appropriate, an identification of toxicological testing
needed to identify the types or |evels of exposure present
significant risk of adverse health effects in humans.

Thi s toxicol ogical profile is prepared in accordance with
gui del i nes devel oped by ATSDR and EPA. The origi nal guidelines were
published in the Federal Register on April 17, 1987. Each profile wll
be revised and republished as necessary.

The ATSDR toxicological profile is intended to characterize
succinctly the toxicol ogi cal and adverse health effects information for
t he hazardous substance being described. Each profile identifies and
reviews the key literature (that has been peer-reviewed) that describes
a hazardous substance's toxicol ogical properties. O her pertinent
literature is also presented but described in |ess detail than the key
studies. The profile is not intended to be an exhaustive docunent;
however,. nore conprehensive sources of specialty infornation are
ref erenced.
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Foreword

Each toxicological profile begins with a public health statement,
which describes in nontechnical language a substance'’'s relevant
toxicological properties. Following the public health statement is
information concerning levels of significant human exposure and, where
known, significant health effects. The adequacy of information to
determine a substance’s health effects is described in a health effects
summary. Data needs that are of significance to protection of public
health will be identified by ATSDR, the National Toxicology Program
(NTP) of the Public Health Service, and EPA. The focus of the profiles
is on health and toxicological information; therefore, we have included
this information in the beginning of the document.

The principal audiences for the toxicological profiles are health
professionals at the federal, state, and local levels, interested
private sector organizations and groups, and members of the public.

This profile reflects our assessment of all relevant toxicological
testing and information that has been peer reviewed. It has been
reviewed by scientists from ATSDR, the Centers for Disease Control, the
NTP, and other federa. agencies. It has also been reviewed by a panel
of nongovernment peer reviewers. Final responsibility for the contents
and views expressed in this toxicological profile resides with ATSDR.

William L. Roper, M.D., M.P.H.
Administrator

Agency for Toxic Substances and
Disease Registry
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1. PUBLI C HEALTH STATEMENT

This Statenent was prepared to give you informati on about vinyl acetate
and to enphasize the human health effects that may result from exposure to
it. The Environnmental Protection Agency (EPA) has identified 1,177 sites on
its National Priorities List (NPL). Vinyl acetate has been found at 3 of
these sites. However, we do not know how many of the 1,177 NPL sites have
been evaluated for vinyl acetate. As EPA evaluates nore sites, the nunber of
sites at which vinyl acetate is found nay change. The information is
i nportant for you because vinyl acetate may cause harnful health effects and
because these sites are potential or actual sources of human exposure to
vinyl acetate.

VWhen a chemical is released froma |large area, such as an industrial
plant, or froma container, such as a drumor bottle, it enters the
environnent as a chemcal em ssion. This em ssion, which is also called a
rel ease, does not always |ead to exposure. You can be exposed to a chemnica
only when you cone into contact with the chemcal. You may be exposed to it
in the environment by breathing, eating, or drinking substances containing
the chemcal or fromskin contact with it.

If you are exposed to a hazardous substance such as vinyl acetate,
several factors will determ ne whether harnful health effects will occur and
what the type and severity of those health effects will be. These factor
i nclude the dose (how rmuch), the duration (how long), the route or pathway by
whi ch you are exposed (breathing, eating, drinking, or skin contact), the
other chemi cals to which you are exposed, and your individual characteristics
such as age, sex, nutritional status, famly traits, life style, and state of
heal t h.

1.1 WHAT | S VI NYL ACETATE?

Vinyl acetate is a clear, colorless liquid. It has a sweet, pleasant,
fruity snmell, but the odor nay be sharp and irritating to sone people. You
can easily snell vinyl acetate when it is in the air at levels around 0.5 ppm
(half a part of vinyl acetate in 1 mllion parts of air). It readily
evaporates into air and dissolves easily in water. Vinyl acetate is flanmmable
and may be ignited by heat, sparks, or flanes. Vinyl acetate is used to make
other industrial chem cals (such as polyvinyl acetate polynmers and
et hyl enevi nyl acetate copolyners). These other chemcals are used nostly to
make glues for the packaging and building industries. They are also used to
make paints, textiles, and paper. The Food and Drug Administration (FDA) has
determ ned that vinyl acetate may be safely used as a coating or a part of a
coating that is used in plastic filnms for food packaging, and as a nodifier
of food starch. You can find nore information on the production and uses of
vinyl acetate in Chapter 4.

Vinyl acetate does not occur naturally in the environnent. It enters
the environment fromfactories and facilities that make, use, store, or
di spose of it. Wien vinyl acetate is disposed of at waste sites or el sewhere
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in the environnent, it can enter the soil, air, and water. Vinyl acetate wll
break down in the environnment. The half-life (tine it takes for |1/2 of the
chem cal to break down) for vinyl acetate is about 6 hours in air and 7 days
in water. W have no information on how | ong vinyl acetate will stay in soil.
You can find nmore information on the chem cal and physical properties of
vinyl acetate in Chapter 3. You can find nore information on the occurrence
and fate of vinyl acetate in the environnent in Chapter 5.

1.2 HOWM GHT | BE EXPOSED TO VI NYL ACETATE?

Industrial facilities, accidental spills, contact with products that
contain vinyl acetate, and hazardous waste disposal sites are possible
sources of exposure to vinyl acetate. The npbst inportant way that you can be
exposed to vinyl acetate if you live around factories that make, use, store,
and di spose of vinyl acetate on site or if you live near waste sites in which
vinyl acetate or products that contain vinyl acetate have been disposed, is
by breathing air or drinking water that contain it. You can also be exposed
to vinyl acetate by skin contact with products that were nade with viny
acetate, such as glues and paints. Exposure can also occur through ingestion
of food itens that were packaged in plastic filnms containing vinyl acetate or
food itens that contain vinyl acetate as a starch nodifier. However, exposure
to vinyl acetate occurs nostly in the workplace. Wrrkers can breathe in the
chem cal when they are making it or using it to nake other chem cals. Wrkers
can al so have skin contact with vinyl acetate solutions. It has been
estimated thatabout 50,000 workers enpl oyed at about 5,000 plants are exposed
to vinyl acetate in the United States.

Background |evels of vinyl acetate in water, soil, or food have not
been reported. However, vinyl acetate has been detected in water and soil
from hazardous waste sites on the NPL. It has been nmeasured in the air in
i ndustrial areas of Houston, Texas at a |evel of about 0.5 ppm

1.3 HOW CAN VI NYL ACETATE ENTER AND LEAVE MY BQODY?

Vi nyl acetate can enter your body through your |ungs when you breathe
air containing it, through your stomach and intestines when you eat food or
drink water containing it, or through your skin. Studies in animls show that
nmost of the vinyl acetate taken in through the nose or nmouth enters the body
al nrost imedi ately. W have no information on how fast it will enter your
body tissues once it gets on your skin. Based on information obtained from
ani mal studies, once vinyl acetate is taken into your body through your nose
or nouth, vinyl acetate or its breakdown products nmay quickly be distributed
t hr oughout the body and renoved. Studies in aninmals indicate that vinyl
acetate is quickly broken down. Mst of the vinyl acetate taken into your
body | eaves in your breath within a few days in the formof carbon di oxide.
Smal | amounts of the vinyl acetate taken into your body al so | eave in your
urine and feces as break down products. Chapter 2 has nore informati on on how
vinyl acetate enters and | eaves your body.
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1.4 HOW CAN VI NYL ACETATE AFFECT MY HEALTH?

Peopl e who were exposed to vinyl acetate in air for short periods
conpl ained of irritation to their eyes, nose, and throat. One in nine
vol unt eers who breathed air containing 4 ppmof vinyl acetate for 2 m nutes
had throat irritation. Several volunteers exposed to 72 ppmof vinyl acetate
inair for 30 mnutes reported coughing and hoarseness and eye irritation. No
health effects were found in workers who were exposed to | evels around 10 ppm
of vinyl acetate in work roomair for an average of 15 years of enploynent.
However, we do not know if health effects would occur in people exposed to
|l ow | evel s for |onger periods.

Exposure to high levels (around 1,000 ppn) of vinyl acetate in air for
a couple of weeks caused irritation of the eyes, nose, throat, and |ungs of
| aboratory animals. Vinyl acetate at |evels around 200 ppm caused irritation
to the respiratory tract and nose when it was breathed by rats and mce for
up to 2 years. In this same study, damage to the lungs (congestion and
i ncreased lung weight) was seen in rats at 200 and 600 ppmand in mce at 600
ppm vinyl acetate. Studies with animals also suggest that breathing viny
acetate may affect the immune system and nervous system The extent and way
in which vinyl acetate affects these systens is not well understood.

There is no evidence that vinyl acetate causes cancer in humans. Vinyl
acetate caused tunors in the noses of rats that breathed 600 ppmfor 2 years.
The International Agency for Research on Cancer (l1ARC) has determ ned that
vinyl acetate is not classifiable as to its ability to cause cancer in
humans.

We have no information on health effects in humans exposed to vinyl
acetate in contam nated food or water. Information fromani mals exposed to
vinyl acetate in drinking water suggest that the inmune system m ght be
affected at very high |evels.

There is no information to show that birth defects or Iow birth weights
occur in hurmans exposed to vinyl acetate. No birth defects were seen in the
of fspring of aninmals that were exposed to vinyl acetate during their
pregnancy. Pregnant ani mals exposed to high |l evels of vinyl acetate in
drinking water or air produced offspring which were snmaller in size than
normal . These effects to the offspring were seen at the sane | evel that
caused reduced weight gain in pregnant aninals. This suggests that the
smal l er size of the offspring may be due to the reduced weight gain in the
pregnant animals and may not be a direct effect of vinyl acetate on the
devel opi ng ani mal

Peopl e who had a mld (2% solution of vinyl acetate put on their skin
for 48-72 hours did not show signs of skin irritation. However, vinyl acetate
has caused skin irritation and blisters in workers who accidentally spilled
it on their skin. Mdire concentrated solutions of vinyl acetate have caused
reddeni ng, blisters, and corrosion to the skin of rabbits. The effects of
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continual or repeated skin contact with vinyl acetate or products that
contain vinyl acetate over a long tine are not known.

Exposure to vinyl acetate in air or direct contact with vinyl acetate
solutions has caused irritation to the eyes. Several volunteers exposed to 72
ppm of vinyl acetate in air for 30 mnutes reported eye irritation that
|asted up to 60 mnutes after exposure. Accidental contact of the eye with
concentrated solutions of vinyl acetate has caused reddening and irritation
to the eyes of workers. Synptons were relieved after flushing the affected
eye with water. W know of no cases in which pernanent eye damage resulted
after such contact. Rabbits that had very high concentrations of vinyl
acetate put in their eyes for a short period also showed irritation and
reddening to the eyes.

You can find out nore information on the health effects of vinyl
acetate in Chapter 2.

1.5 1S THERE A MEDI CAL TEST TO DETERM NE | F | HAVE BEEN EXPOSED TO
VI NYL ACETATE?

No test is currently available to measure vinyl acetate in your bl ood,
urine, or body tissues. Because vinyl acetate breaks down very quickly to
substances that are normally found in your body, mneasurenents of these
breakdown products are not useful for show ng whether you have been exposed
to vinyl acetate. The synptons caused by exposure to vinyl acetate can also
occur for many ot her reasons. Therefore, they can not be used as proof of
vinyl acetate exposure. You can find nore information in Chapters 2 and 6
about tests to find vinyl acetate in the body.

1.6 WHAT RECOMVENDATI ONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUMAN HEALTH?

The federal governnment has set standards and gui delines to protect
people fromthe possible health effects of vinyl acetate. EPA requires that
any conpany that spills nore than 5,000 pounds of vinyl acetate into the
environment report the spill to the National Response Center

To protect workers, the Occupational Safety and Health Administration
(OCSHA) has set a limt of 10 ppmvinyl acetate in workroomair during an 8-
hour shift and over a 40-hour work week. The Anerican Council of Governnent
I ndustrial Hygienists (ACAH) also recommends that workers should not be
exposed to nore than 10 ppmvinyl acetate in workroomair during an 8-hour
shift and over a 40-hour work week. OSHA has al so set a short-term exposure
limt (STEL) in work roomair of 20 ppmfor a 15-m nute exposure period. The
National Institute for Cccupational Safety and Health (NI OSH) recomends t hat
exposure to vinyl acetate should not exceed 4 ppmin workroomair for any
15-mi nute exposure period. For nore information on the Iimts and standards
for vinyl acetate exposure, see Chapter 7.
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1.7 WHERE CAN | CET MORE | NFORMATI ON?

If you have any nore questions or concerns not covered here, please
contact your state health or environnmental departnment or:

Agency for Toxic Substances and Di sease Registry
Di vi sion of Toxi col ogy

1600 difton Road, E-29

Atl anta, Georgia 30333

This agency can also provide you with information on the |ocation of
t henearest occupational and environnental health <clinic. Such clinics
specialize in recognizing, evaluating, and treating illnesses that result
from exposure to hazardous substances.
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2. HEALTH EFFECTS

2.1 | NTRODUCTI ON

The primary purpose of this chapter is to provide public health
of ficials, physicians, toxicologists, and other interested individuals and
groups with an overall perspective of the toxicology of vinyl acetate and a
depi ction of significant exposure |levels associated with various adverse
health effects. It contains descriptions and eval uations of studies and
presents |l evels of significant exposure for vinyl acetate based on
t oxi col ogi cal studies and epi dem ol ogi cal investigations.

2.2 DI SCUSSI ON CF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals address the needs of persons |iving
or working near hazardous waste sites, the information in this section is
organi zed first by route of exposure--inhalation, oral, and dermal--and then
by heal t h ef f ect - - deat h, systenic, i munol ogi cal , neur ol ogi cal ,
devel opnental , reproductive, genotoxic, and carcinogenic effects. These data
are discussed in ternms of three exposure periods--acute (less than 15 days),
internedi ate (15-364 days), and chronic (365 days or nore).

Levels of significant exposure for each route and duration are
presented in tables and illustrated in figures. The points in the figures
showi ng noobserved- adverse-effect |evels (NOAELs) or | owest-observed-adverse-
effect levels (LOAELs) reflect the actual doses (levels of exposure) used in
the studi es. LOAELs have been classified into "less serious" or "serious"
effects. These distinctions are intended to help the users of the docunent
identify the | evels of exposure at which adverse health effects start to
appear. They should also help to determ ne whether or not the effects vary
wi th dose and/or duration, and place into perspective the possible
significance of these effects to human heal th.

The significance of the exposure levels shown in the tables and figures
may differ depending on the user's perspective. For exanple, physicians
concerned with the interpretation of clinical findings in exposed persons may
be interested in | evels of exposure associated with "serious" effects. Public
health officials and project managers concerned with appropriate actions to
t ake at hazardous waste sites may want information on | evels of exposure
associated with nore subtle effects in humans or animals (LOAEL) or exposure
| evel s bel ow which no adverse effects (NOAEL) have been observed. Estimates
of levels posing minimal risk to humans (M nimal Risk Levels, MRLs) may be of
interest to health professionals and citizens alike.

The | evel of exposure associated with the carcinogenic effects of vinyl
acetate is presented in Table 2-1 and plotted in Figure 2-1.

Esti mates of exposure levels pos‘ing mnimal risk to humans (MRLsS) have
been made, where data were believed reliable, for the nobst sensitive
noncancer
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effect for each exposure duration. MRLs include adjustnents to reflect human
variability fromlaboratory ani mal data to hunans.

Al t hough net hods have been established to derive these |evels (Barnes
etal . 1988; EPA 1989), uncertainties are associated with these techniques.
Furt hernore, ATSDR acknow edges additional uncertainties inherent in the
application of the procedures to derive less than lifetinme MRLs. As an
exanmpl e, acute inhalation MRLs nay not be protective for health effects that
are del ayed in devel opmrent or are acquired follow ng repeated acute insults,
such as hypersensitivity reactions, asthma, or chronic bronchitis. As these
ki nds of health effects data beconme avail abl e and nmethods to assess |evels of
significant human exposure inprove, these MRLs will be revised.

2.2.1 Inhal ati on Exposure
2.2.1.1 Death

No studies were |located regarding death in hunans after inhalation
exposure to vinyl acetate. The follow ng data were avail abl e on experi nental
ani mals. The 4-hour LC, values for vinyl acetate have been reported to be
4,650 ppm (volunme/volume [v/v]) (Wil and Carpenter 1969) and 3,680 ppm
(Snmyth and Carpenter 1973) in rats, 1,460 ppmin mce, 5,210 ppm in guinea
pigs, and 2,760 ppm in rabbits (Snmyth and Carpenter 1973). Al of these
speci es exhibited |abored breathing and clonic convulsions prior to death
(Snmyth and Carpenter 1973). Lung damage was reported to be the cause of death
in all instances.

Vinyl acetate was not lethal to rats following internediate- or
chroni c-duration exposure (Hazleton 1979c, 1980c, 198813). Survival was not
apparently affected by treatnment in either rats or mice follow ng exposure to
1,000 ppm for 4 weeks (Hazleton 1979b, 1979c), in rats follow ng exposure to
1,000 ppm for 3 months (Hazleton 1980c), or in rats or nmce exposed to 600
ppm for 104 weeks (Hazleton 1988b). However, 9 out of 20 mce exposed to
1,000 ppm of vinyl acetate for 3 nonths died, while only 2 out of 20 contro
mce died (Hazleton 1980b). Al deaths occurred during the orbital sinus
bl ood sanpling procedure. The author suggested that exposure to 1,000 ppm nay
have i ncreased animal susceptibility to the anesthesia used (Hazl eton 1980b).

The hi ghest NOAEL and | owest LOAEL val ues in which death was the
endpoint and all reliable LCsO values in each study for each species and
duration category are presented in Table 2-1 and plotted in Figure 2-1.

2.2.1.2 Systemc Effects

The mpjority of the information available on the system c effects of
i nhal ed vinyl acetate was obtai ned from unpublished 4-week, 3-nonth, and
104- week studi es conducted by Hazl eton Laboratories, Europe. These studies
contain a nunber of common linitations that are sunmari zed as follows: A



TABLE 2-1. Levels of Significant Exposure to Vinyl Acetate - Inhalation

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure? Species duration System (ppm) (ppm) (ppm) Reference
ACUTE EXPOSURE
Death
1 Rat 1d 3680 (LC50) Smyth and
4hr/d Carpenter 1973
2 Rabbit 1d 2760 (LCS50) Smyth and
4hr/d Carpenter 1973
3 Gn pig 1d 5210 (LC50) Smyth and
4hr/d Carpenter 1973
4 Mouse 1d 1460 (LC50) Smyth and
4hr/d Carpenter 1973
Systemic
5 Rat Gdé-~15 Resp 200 1000 (lung congestion) Hazleton 1980d
Other 200 1000 (decrease in
body weight
gain)
Developmental
6 Rat Gd6~15 1000 (reduced fetal Hazleton 1980d
growth; retar-
dation of skeletal
ossification)
Reproductive
7 Rat Gd6-15 1000 Razleton 1980d
INTERMEDIATE EXPOSURE
Death
8 Rat 3 mo 1000 Hazleton 1980c
5d/wk

6hr/d
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TABLE 2-1 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure® Species duration System (ppm) (ppm) (ppm) Reference
9 Mouse 3 mo 200 ) 1000 Hazleton 1980b
5d/wk
6hr/d
Systemic
10 Rat 15 d Resp 630 2000 (nose irritation, Gage 1970
6hr/d eXcess macro-
phages in the
lungs, respi-~
ratory diffi- M
Hemato 2000 culty)
Other 630 2000 (decrease e
in body weight g;]
gain in males) =
100 250 (decrease ] =
in body weight T O
gain in females) Ej
11 Rat 4 wk Resp 150 500 (respiratory Hazleton 1979c E
5d/wk distress) 3
6hr/d Cardio 1000 %]
Gastro 1000
Hemato 1000
Hepatic 1000
Renal 1000
Other 1000
12 Mouse 4 wk Resp 150 500 (respiratory Hazleton 1979b
5d/wk distress)
6hr/d Cardio 1000
Gastro 1000
Hemato - 1000
Hepatic 1000
Renal 1000 )
Other 1000 (decrease in

body weight gain)




TABLE 2-1 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure® Species duration System (ppm) (ppm) (ppm) Reference
13 Rat 3 mo Resp 200 1000 (increased Hazleton 1980c
5d/wk relative lung
6hr/d weight,
respiratory
distress)
Cardio 1000
Gastro 1000
Hemato 1000
Hepatic 1000
Renal 1000
Other 1000 (decrease in
body weight gain)
14 " Mouse 3 mo Resp sob 200 (inflammation of 1000 (increased Hazleton 1980b
5d/wk nasal turbinate lung weight;
6hr/d epithelium; mild hyperplasia
multifocal bronchitis) and metaplasia
Cardio 1000 of the upper
Gastro 1000 respiratory
Hemato 1000 tract)
Hepatic 1000
Renal 1000
Other 1000 (decreased body
weight gain)
Immmological
15 Rat 4 wk 1000 (decreased relative Hazleton 1979c
5d/wk spleen weight)
6hr/d
16 Mouse 4 wk 1000 (decreased relative Hazleton 1979b
5d/wk spleen weight)
6hr/d
17 Rat 3 mo 1000 (decreased absolute Hazleton 1980c¢
5d/wk spleen and
6hr/d relative thymus
weight)
18 Mouse 3 mo ) 1000 (decreased relative Hazleton 1980b
5d/wk spleen weight)

6hr/d

C
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TABLE 2-1 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure® Species duration System (ppm) (ppm) (ppm) Reference
Neurological
19 Rat 4 wk 500 (hunched posture; Hazleton 1979c
5 d/wk ruffled fur)
6 hr/d
20 Mouse 4 wk 500 (hunched posture; Hazleton 1979b
5 d/wk ruffled fur)
6 hr/d
21 Rat 3 mo 1000 (hunched posture; Hazleton 1980c¢
5 d/wk ruffled fur)
6 hr/d
22 Mouse 3 mo 200 (hunched posture; Hazleton 1980b
5 d/wk ruffled fur)
6 hr/d
Reproductive
23 Mouse 3 mo 1000 Hazleton 1980b
5d/wk
éhr/d
CHRONIC EXPOSURE
Death
24 Rat 104 wk 600 Hazleton 1988b
S5d/wk .
6hr/d
25 Mouse 104 wk 600 Hazleton 1988b
5d/wk
6hr/d
Systemic
26 Human 15.2 yr Resp 8.6 Deese and Joyner
(mean) Cardio 8.6 1969
Hemato 8.6
Renal 8.6

"
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TABLE 2-1 (Continued)

LOAEL (effect)

Exposure .
Key to frequency/ NOAEL Less serious Serious
figure® Species duration System (ppm) (ppm) (ppm) Reference
27 Rat 104 wk Resp S0 200 (increased relative Hazleton 1988b
5d/wk lung weight; olfactory
6hr/d atrophy)
Gastro 600
Cardio 600
Hemato 600
Hepatic 600
Renal 600
Other 600 (decreased body
weight gain)
28 Mouse 104 wk Resp 50 200 (airway irritation, 600 (increased lung Hazleton 1988b
5d/wk hyperplasia, nasal weight; exfo-
6hr/d and tracheal lesions) liation of
bronchial epi-
thelium; fibro-
epithelial tags;
histiocyte
accumulation)
Gastric 600
Cardio 600
Hemato 600
Hepatic 600
Renal 600
Other 600 (decreased body
weight gain)
Immunological
29 Rat 104 wk 50M (decreased relative Hazleton 1988b
5 d/wk spleen weight)
6 hr/d
Neurological
30 Rat 104 wk 50 (hunched posture; Hazleton 1988b
5 d/wk ruffled fur; head
6 hr/d tilt)
31 Mouse 104 wk 50 (hunched posture; Hazleton 1988b
5 d/wk ruffled fur; head
6 hr/d tilt)

"
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TABLE 2-1 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure® Species duration System (ppm) (ppm) (ppm) Reference
Cancer
32 Rat 104 wk 600 (nasal Hazleton 1988b
5d/wk cavity
6hr/d : tumors)

2The number corresponds to entries in Figure 2-1.

bysed to derive an intermediate Minimal Risk Level (MRL) of 0.01 ppm; concentration corrected for intermittent exposure and
human equivalent concentration and divided by an uncertainty factor of 100 (10 for extrapolation from animals to humans and
10 for human variability).

Cardio = cardiovascular; d = day; Gastro = gastrointestinal; Gd = gestation day; Gn pig = guinea pig; Hemato = hematological;
hr = hour; LOAEL = lowest-observed-adverse-effect level; LC50 = lethal concentration, 50% kill; M = males; mo = month;
NOAEL = no-observed-adverse-effect level; Resp = respiratory; wk = week; yr = year
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FIGURE 2-1. Levels of Significant Exposure to Vinyl Acetate - Inhalation
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2. HEALTH EFFECTS

variety of respiratory lesions, characteristic of those caused by pathogens
(e.qg., inflamation of the nasal turbinates and bronchial and bronchi ol ar
epithelium), were comon to these animls. The authors of the Hazl eton

st udi es suggested that pathogens nay have acted synergistically with vinyl
acetate to produce the lesions. In addition, food and water intake were not
noni tored which makes interpretati on of body wei ght changes difficult.

In the 4-week studies on rats and mce, the | owdose group aninals were
initially exposed to 50 ppmvinyl acetate. Wien no toxic effects were
obsenred in the aninmals exposed to 1,000 ppmvinyl acetate (the highest
concentration tested), the concentration to which the | ow dose groups were
exposed was increased to 1,500 ppm for the renmminder of the 4 weeks,
resulting in a tinme-weighted average concentration of 1,034 ppm for rats and
1,138 ppm for mce. In many instances, histopathol ogical exam nations were
i nconplete. In spite of these linmtations, the available information fromthe
4-week study, 3-nonth, and 104-week studies indicates that the prinmary
systemic target of vinyl acetate toxicity follow ng inhalation exposure in
animals is the respiratory system OQher organ systens, such as the inmune
system andthe nervous system nmay be adversely affected by inhalation
exposure to vinyl acetate in animals, as indicated by changes in organ
weights and clinical observations. No studies were |ocated regarding
nmuscul oskel etal effects in humans or animals after inhalation exposure to
vinyl acetate.

The highest NOAEL and all reliable LOAEL values for each systemc
effect in each study for each species and duration category are presented in
Table 2-1 and plotted in Figure 2-1.

Respiratory Effects. Acute inhalation exposure of humans to vinyl
acetate can cause irritation of the nose and throat (Snyth and Carpenter
1973). The responses of groups of 3 to 9 human vol unteers exposed to varying
concentrations of vinyl acetate for 2 mnutes to 4 hours were nonitored.
Exposure to 1.3 ppmfor 2 mnutes was not irritating to the nose, throat, -or
eyes of any of the 9 volunteers. Irritation of the nmucous nmenbranes of the
throat was reported in one out of nine subjects exposed to 4 ppm for
2 mnutes, four out of four subjects exposed to 72 ppm for 30 minutes, and
one out of three subjects exposed to 20 ppmfor 4 hours. Partial to conplete
ol factory fatigue was also noted in all subjects exposed to 20 ppm vi nyl
acetate for 4 hours, 34 ppmvinyl acetate for 2 hours, and 72 ppm vi nyl
acetate for 30 mnutes (Snyth and Carpenter 1973). Ten mnutes after exposure
all subjects were returned to the chanber and noted that the odor was as
strong as at the start of exposure, indicating that this effect was
transient. Twenty-one nale chemical operators exposed to vinyl acetate for a
mean duration of 15.2 years were conpared to unexposed workers by a thorough
mul ti phasi ¢ screeni ng exani nation that included conpl ete physica
exam nations, chest X-rays, spironetry, electrocardiograns, and anal yses of
bl ood and urine (Deese and Joyner 1969). Air sanpl es obtained at several
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| ocations over a period of 1 nonth showed that vinyl acetate concentrations
ranged fromundetectable to 49.3 ppmw th a nmean of 8.6 ppm Acute exposures
to rmuch higher levels occurred. No major differences were found between the
exposed and control groups with respect to any of the respiration paraneters
studi ed. However, acute exposure of three volunteers to 21.6 ppmresulted in
upper respiratory tract irritation, cough and/or hoarseness (Deese and Joyner
1969) .

Respiratory tract danage is characteristic of vinyl acetate exposure in
| aboratory animals follow ng acute-, internediate-, or chronic-duration
i nhal ati on exposure. As reported in Section 2.2.1.1, respiratory tract danmage
was reported to be the cause of death in rats, nice, guinea pigs, and rabbits
acutely exposed (4 hours) to vinyl acetate (Snyth and Carpenter 1973; Wil
and Carpenter 1969). Gasping and | abored breathing were usually observed in
these animals prior to death, and necropsy revealed |ung congestion and
henorrhage, froth in the trachea, and excess pleural fluid.

Effects on the respiratory tract were also seen following intermttent
exposure of rats to 2,000 ppmvinyl acetate for 15 days as evidenced by nasal
irritation (i.e., sneezing progressing with increasing severity to a nasa
di scharge and bl oody exudate), respiratory difficulty (i.e., as rapid shall ow
breat hing progressing to | abored and sl ow breathing), and the presence of
excess macrophages in the lungs (Gage 1970). Respiratory di stress was
observed in rats and mce during an internedi ate-duration inhal ati on exposure
to 500-1, 034 ppm (rats) (Hazleton 1979c) and 500-1, 138 ppm (m ce) (Hazleton
1979b) for 4 weeks. Wien exposure durations were increased to 3 nonths, rats
and mce exhibited evidence of respiratory distress at vinyl acetate |levels
of 1,000 ppm (rats) and 200 and 1, 000 ppm (m ce) (Hazleton 1980b, 1980c). The
NQAEL for the 3-nmonth study was 50 ppmfor nice and 200 ppm for rats. An
i nternmedi ate i nhalation MRL of 0.01 ppmwas cal cul ated based on the NOAEL of
50 ppmfor respiratory effects in mice exposed to vinyl acetate for 3 nonths,
as described in the footnote in Table 2-1. Evidence for adverse respiratory
effects included respiratory distress; an increase in relative |lung weight at
1,000 ppmin both rats and mce, presunably due to |ung congestion; and
hi st opat hol ogi cal differences between the exposed and control groups. Rats
exposed to 1,000 ppmvinyl acetate exhibited a mild increase in the incidence
of focal histiocytic alveolitis. Mce exposed to 200 ppm vi nyl acetate
exhibited very mld to slight focal areas of inflammtion of the nasa
turbinate epitheliumand mld multifocal bronchitis. M croscopic exam nation
of mce exposed to 1,000 ppm vinyl acetate revealed focal and diffuse
rhinitis with associated exudation and transudation into the nasal passages,
net apl asia or hyperpl asia  of the trachea, mul ti f ocal bronchitis,
bronchiolitis, multifocal bronchiostania, bronchial epithelial metaplasia and
hyperpl asia, and occasional bronchiolar or bronchial exudation (Hazleton
1980b). These results indicate that the extrathoracic region is nore
susceptible to the irritant effects of inhaled vinyl acetate in the nouse
than the lower respiratory tract since the extrathoracic effects were
observed nmore conmonly at | ower exposure concentrations.
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Chroni c inhal ation exposure (104 weeks) of rats and nmice to vinyl
acetate resulted in treatnent-related effects on the respiratory tract
simlar to those seen wth shorter-duration exposures (Hazleton 1988b).
Significantly increased relative lung weights were seen in all exposed female
rats at termnal sacrifice and in both nmale and fenale nice exposed to 600
ppm at terminal sacrifice. Hi stopathological changes were seen in mice and
rats exposed to 200 and 600 ppm vinyl acetate. The histopathol ogi cal changes
were considered by the authors to be characteristic of chronic irritation. In
rats, olfactory epithelial atrophy was observed at 200 and 600 ppm whereas
lung | esions consisting of exfoliation of bronchial epithelium presence of
fibroepithelial tags, and histiocyte accunul ati on were observed at 600 ppm
M ce exhibited the sane changes, and in addition, were found to have focal
epithelial hyperplasia and inflammatory changes in the nasal cavity and
hyperpl asia of the tracheal epithelium Slides of the respiratory tract of
the rats and mce fromthe Hazl eton (1988b) study were reeval uated by Deens
(1988) (mce) and Dreef-van der Meulen (1988b) (rats). In mice the nost
prom nent nasal change was atrophy of the olfactory epitheliumat 200 ppm and
600 ppm Epithelial hyperplasia was al so observed in the trachea at 200 and
600 ppm Changes in the lung were nore prom nent at higher |levels while the
| arynx was unaffected. In rats, the nost prom nent |esion was thinning of the
nasal ol factory epithelium acconpani ed by basal cell hyperplasia. Pul nobnary
changes observed in the higher exposure group were nmainly in the bronchi and
bronchioli and consisted of fibrous plagues and buds protruding into the
[umen of the bronchi and bronchi ol es, covered by normal bronchial epithelium
and wi thout obvious evidence of an associated inflammtory response. Thus,
this observation supports the original authors' conclusions that the changes
in the respiratory tract of rats and mce were a result of chronic
irritation and inflammtion, Taken together, the results of the acute-,
i nternmedi ate-, and chronic-duration exposure experinments, indicate that mice
may be nore susceptible to the toxic effects of vinyl acetate than rats. This
conclusion is supported by the higher susceptibility to the lethal effects of
vinyl acetate seen in mce (i.e., a |ower LC@ val ue, as discussed in Section
2.2.1.1). Furthernore, the extrathoracic region appears to be the prinmary
site of vinyl acetate-induced lesions at |ower levels, with the pul nonary
region being affected at higher |evels.

Car di ovascul ar Effects. Twenty-one nal e chemi cal operators exposed to
vinyl acetate for a mean of 15.2 years were conpared to unexposed workers by
t horough nul ti phasi c screeni ng exam nation, that included conpl ete physica
exam nati ons and el ectrocardi ograns (Deese and Joyner 1969). Air sanples
obtai ned at several |ocations over a period of 1 nonth showed that vinyl
acetate concentrations ranged fromundetectable to 49.3 ppmw th a nmean of
8.6 ppm Acute exposures to nuch higher |evels were possible. No major
di fferences were found between the exposed and control groups with respect to
any of the paraneters studied.
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Wth the exception of a statistically significant decrease in absolute
(but not relative) heart weight that was observed in nale and fermale rats
exposed to 1,000 ppmvinyl acetate for 3 nonths (Hazleton 1980c) and 600 ppm
for 104 weeks (Hazleton 1988b) no other changes in heart weight or the
hi st ol ogi cal or macroscopi c appearance of the heart or blood vessels were
found in rats or mce exposed to vinyl acetate at concentrations of up to
1,000 ppmfor up to 3 nonths (Hazleton 1979b, 1979c, 1980b, 1980c) or 600 ppm
for 104 weeks (Hazl eton 1988b).

Gastrointestinal Effects. No studies were |ocated regarding
gastrointestinal effects in hunans after inhalation exposure to vinyl
acet at e.

No hi stol ogi cal evidence of treatnment-rel ated changes in the
gastrointestinal tract was found in rats or mce exposed to vinyl acetate at
concentrations of up to 1,000 ppmfor up to 3 nonths (Hazleton 1979b, 1979c,
1980b, 1980c) or 600 ppm for 104 weeks (Hazleton 1988b). However, a
doserel ated increase in dark material was reported in the intestine of the
mce exposed to up to 1,000 ppm of vinyl acetate for 3 nonths (Hazleton
1980b). This material was observed at an incidence of 0/20 (control), 2/20
(50 ppm, 6/20 (200 ppm, and 6/20 (1,000 ppm. This substance was never
identified in the study, and the biological significance of its occurrence
"is not known.

Hemat ol ogi cal Effects. Twenty-one nal e chemi cal operators exposed to
vinyl acetate for a mean of 15.2 years were conpared to unexposed workers by
t horough mul ti phasi c screeni ng exam nations including conpl ete physical
exam nations, blood pressure, blood chem stry, and urinalysis (Deese and
Joyner 1969). Air sanples obtained at several |ocations.over a period of 1
nont h showed that vinyl acetate concentrations ranged from undetectable to
49.3 ppmwith a nean of 8.6 ppm Acute exposures to nmuch higher |evels were
possible. No major differences were found between the exposed and control
groups with respect to any of the hematol ogi cal parameters studied.

Rats exposed to 2,000 ppmvinyl acetate for 15 days exhi bited no
treatnent-rel ated henatol ogi cal changes (Gage et al. 1970). No changes in
hemat ol ogi cal parameters were found in rats or mce exposed to vinyl acetate
at concentrations of up to 1,000 ppmfor 3 nonths (Hazleton 1980b, 198Cc). A
decrease in red blood cell count and in packed cell volunme, and an increase
in prothrombin tine were noted in both the rats and mice in the chronic
study. However, these changes were not concentration-related, and did not
occur consistently across exposure groups, sanpling times, or sexes.
Therefore, they are nost likely not treatnent-rel ated.

Hepatic Effects. Twenty-one nal e chem cal operators exposed to vinyl
acetate for a nean of 15.2 years were conmpared to unexposed workers by
t horough mul ti phasi c screeni ng exam nations including conpl ete physical
exam nations, blood pressure, blood chem stry, and urinalysis (Deese and
Joyner 1969). Air sanples obtained at several |ocations over a period of 1
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nont h showed that vinyl acetate concentrations ranged from undetectable to
49.3 ppmwith a mean of 8.6 ppm Acute exposures to much higher |evels were
possi ble. No najor differences were found between the exposed and contr ol
groups with respect to selected blood paraneters of liver function (e.g.,

al kal i ne phosphat ase, chol esterol, total protein, albumn, or globulin

| evel s).

A significant dose-rel ated decrease in absolute but not relative |iver
wei ght was noted in both nale and fermal e m ce exposed to vinyl acetate at
concentrations of 1,000 ppmfor 3 nonths (Hazleton 1980b) and male rats
exposed to 1,000 ppmfor 3 nonths (Hazleton 1980c). Simlarly, nale nice
exposed to 600 ppm for 104 weeks exhi bited a significant decrease in absolute
liver weight, but not liver weight relative to body wei ght (Hazleton 1988b).
Mal e rats exposed to 200 ppm and 600 ppm vinyl acetate for 104 weeks showed a
significant decrease in both absolute and relative liver weights. No
hi st opat hol ogi cal changes or changes in serum enzymes indicative of hepatic
dysfunction were noted in these studies. No |iver weight changes or
alterations in the nmacroscopi c appearance of the liver were found in rats or
mce of either sex exposed to 1,034 ppm (rats) or 1,138 ppm (mice) for 4
weeks (Hazleton 1979b, 1979c).

Renal Effects. Twenty-one mal e chem cal operators exposed to vinyl
acetate for a nean of 15.2 years were conpared to unexposed workers by
t horough nul ti phasi ¢ screeni ng exam nation, including conplete physical
exam nations, blood pressure, blood chem stry, and urinalysis (Deese and
Joyner 1969). Air sanples obtained at several |ocations over a period of 1
nont h showed that vinyl acetate concentrations ranged from undetectable to
49.3 ppmwith a mean of 8.6 ppm Acute exposures to nuch higher levels were
possi ble. No najor differences were found between the exposed and contr ol
groups with respect to any of the urinary paraneters studied.

Uine fromrats exposed to 1,000 ppmvinyl acetate for 3 nonths was
decreased in volunme and nore concentrated when conpared to controls (Hazl eton
1980c). Reduced urine volune was al so observed in rats exposed to 600 ppm of
vinyl acetate for 104 weeks (Hazleton 1988b). The authors attributed this
effect to reduced food and water intake in these animals. No treatnentrel ated
macr oscopi ¢ or hi stopat hol ogi ¢ changes were observed in the kidneys of
these animals or of nmice sinilarly exposed (Hazl eton 1980b, 1980c, 1988b).
Furt hernore, no consistent exposure-rel ated changes in bl ood urea nitrogen
were observed in rats or mce exposed to vinyl acetate at concentrations of
up to 1,000 ppmfor 3 nonths (Hazl eton 1980b, 1980c) or 600 ppmfor 104 weeks
(Hazl eton 1988b). Decreases in blood urea nitrogen were sporadically observed
in both rats and nmice in these studies, but these changes were generally
within the range of historical controls, not dose-related, and not
consi stently observed across all sanpling tines.
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Demal / Ccul ar Effects. The responses of human vol unteers exposed to
varying concentrations of vinyl acetate for an unspecified period (less than
8 hours) were nonitored (Deese and Joyner 1969). One of 5 volunteers reported
slight eye irritation at 5.7 and 6.8 ppmand all 3 volunteers exposed to
21.6 ppm conpl ained of eye irritation that "would be intol erable over an
ext ended period" (Deese and Joyner 1969). In another study, four volunteers
exposed to 72 ppmvinyl acetate in air for 30 nminutes reported eye irritation
that persisted for up to 60 mnutes after exposure (Snyth and Carpenter
1973). These ocular effects are due to direct contact of the eye with vinyl
acetate and thus not a true systenmic effect. Prolonged occupational exposure
to vinyl acetate generally does not cause eye irritation at |evels below 10
ppm (Deese and Joyner 1969).

Eye irritation was noted in animals exposed to 2,000 ppmvinyl acetate
for 15 days (Gage 1970). However, this effect can be attributed to direct
contact of the eye with vinyl acetate vapor. O her dernal/ocul ar effects
resulting fromdirect contact with vinyl acetate are discussed in
Section 2.2.3, Dermal Exposure.

O her Systenmic Effects. Decreases in body wei ght gain have been

observed in rats and nice exposed to vinyl acetate for acute, internediate,
and chronic durations (Gage 1970; Hazleton 1979b, 1980b, 1980c, 1980d,
1988b). These effects were statistically significant and occurred at or above
the levels that caused adverse respiratory effects, which suggests that
reduction in weight gain my be secondary to the poor health of the animals
as a result of exposure to vinyl acetate. These effects proved to be
transient in animals that were chronically exposed to vinyl acetate, as
evidenced by the reversal of the body weight gain reduction during the
recovery period (Hazl eton 1988b).

2.2.1.3 I'mmunol ogi cal Effects

No studies were | ocated regardi ng i nmunol ogi cal effects in humans after
i nhal ati on exposure to vinyl acetate.

Reductions in relative thynus and/ or spleen weight were consistently
noted in rats and mce exposed to vinyl acetate for 4 weeks and 3 nonths at
exposure concentrations of 1,000 ppm but no gross or histopathol ogical
effects were noted in these organs (Hazleton 1979b, 1979c, 1980b, 1980c). In
rats chronically exposed to vinyl acetate, only nmles exposed to 50 or 600
ppm exhi bited a decrease in relative spleen weight (Hazleton 1988b). The
bi ol ogi cal significance of these changes is not known. They may be suggestive
of an i mrunosuppressive action of vinyl acetate, but the appropriate
paranmeters were not investigated to delineate this possibility.

The LOAEL val ues for spleen and thynus wei ght changes for each species
and duration category are presented in Table 2-1 and plotted in Figure 2-1.



25
2. HEALTH EFFECTS

2.2.1.4 Neurological Effects

No studies were |ocated regardi ng neurol ogical effects in hunmans after
i nhal ati on exposure to vinyl acetate.

All rats and mice exposed to at Ileast the highest concentration of
vinyl acetate for 4 weeks, 3 nonths, and 104 weeks exhibited hunched posture
and ruffled fur (Hazleton 1979b, 1979c, 1980b, 1980c, 1988b). These clinical
signs occurred intermttently in the 4-week studies (Hazleton 1979b, 1979c).
In the 3-nmonth nouse study, hunched posture and ruffled fur were observed
fromdays 1 through 9 in mce exposed to 200 ppm and intermttently through
day 34 in mice exposed to 1,000 ppm (Hazleton 1980b). In the 3-nonth rat
study, these clinical signs were consistently observed for the first 13 days
of the study and intermttently thereafter in the animals exposed to 1,000
ppm only (Hazleton 1980c). A dose-related increase in the incidence of head
tilt was also noted in sonme rats and mce exposed to vinyl acetate for 104
weeks (Hazleton 198813). These neurol ogi cal signs were noted only
intermttently throughout the <chronic studies (Hazleton 1988b). It s
possi bl e that these neurol ogical signs were secondary to the poor health of
the animals and nmay not be indicative of a primary effect of vinyl acetate on
the nervous system No other neurol ogical effects have been noted in animals
exposed to vinyl acetate. However, no studies have been conducted that
i nvestigated the potential neuropharmnmacol ogi ¢ or neuropathol ogi cal effects of
vinyl acetate; no special histopathol ogical techniques were used to exani ne
t he neurol ogical tissues obtained fromthe animals in the Hazl eton studies.

The LOAELs for hunched posture and ruffled fur for each species and
duration category are presented in Table 2-1 and plotted in Figure 2-1.

2.2.1.5 Devel opnental Effects

No studi es were |ocated regardi ng devel opnental effects in humans
foll owi ng inhal ati on exposure to vinyl acetate.

One inhal ation devel opnental toxicity study in rats was conducted in
whi ch pregnant animals were exposed to vinyl acetate during gestation days
6-15, and sacrificed on gestation day 20 (Hazl eton 1980d). Dans exposed to
1,000 ppm exhibited a significant reduction in body weight gain of 18% during
the exposure period. This effect was transient, as body wei ght gain returned
to normal during the post-exposure period. Several dams in each exposure
group were found to have lung congestion at necropsy, with the highest
i nci dence occurring in the animal s exposed to 1,000 ppm vinyl acetate.
Fetuses of dans exposed to 1,000 ppm exhibited significant growh retardation
(e.g., nmean litter weight, nean fetal weight, and nean fetal crown/runp
length were significantly lower as conpared to the controls). This fetal
growth retardation nmay be due to the nmarked retardation in maternal weight
gain observed, and not to a direct developnental effect of vinyl acetate on
the fetus. No enbryolethality or major teratogenic effects were seen in the
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fetuses of the exposed rats. A significant increase in the incidence of mnor
skeletal fetal defects/variants was observed in the fetuses of danms exposed
to 1,000 ppmvinyl acetate. This was nainly variant retarded sternebra
ossification, which can be a consequence of the small fetal size and not a
direct effect of vinyl acetate. Therefore, under the conditions of this

study, the only adverse devel opnental effect elicited by vinyl acetate was

mar ked growm h retardati on observed in the fetuses of danms exposed to 1, 000
wn . This effect nmay have been secondary to the maternal toxicity observed.

The LOAEL for reduced fetal growth is presented in Table 2-1 and
plotted in Figure 2-1.

2.2.1.6 Reproductive Effects

No studies were |ocated regarding reproductive effects in hunmans after
i nhal ati on exposure to vinyl acetate.

No gross or histopathol ogi cal changes in the reproductive organs were
observed in the dans or their offspring when rats were exposed to 1,000 ppm
vinyl acetate on gestation days 6-15 (Hazleton 1980d). Simlarly, no gross or
hi st opat hol ogi cal changes in the reproductive organs were observed in nale or
femal e nmice exposed to 1,000 ppmvinyl acetate for 3 nonths (Hazl eton 1980b).

The NOAEL for reproductive effects is presented in Table 2-1 and
plotted in Figure 2-1.

2.2.1.7 Genotoxic Effects

No studies were |ocated regarding genotoxic effects in humans after
i nhal ati on exposure to vinyl acetate. Vinyl acetate failed to produce
specific DNA adducts in the liver of rats exposed to 1,200-1,800 ppmfor 90
mnutes (Sinon et al. 1985b). M cronuclei were evaluated in bone narrow
snmears taken fromall rats and mce exposed to up to 1,000 ppmvinyl acetate
6 hours/day, 5 days/week for 4 weeks and 3 nonths, and no exposure rel ated
effects on the incidence of mcronuclei were noted (Hazleton 197913, 1979c,
1980b, 1980c).

O her genotoxicity studies are discussed in Section 2.4.
2.2.1.8 Cancer

No studies were | ocated regarding cancer in humans after inhalation
exposure to vinyl acetate.

Rats chronically exposed to 600 ppmvinyl acetate were found to have an
i ncreased incidence of nasal cavity tunors as conpared to control animals
(Hazl eton 1988b). Slides of the respiratory tract of the rats fromthe
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Hazl et on (1988b) study were reeval uated by Dreef-van der Meulen (1988b). A
total of 12 nasal cavity tunors were found in the exposed rats; 5 were benign
and 7 were nalignant (Dreef-van der Meul en 1988b). These 5 beni gn papill omas
were of various cell types and location in the nose and were seen in 1

200 ppm exposed nal e and 4 600 ppm exposed mal es. The 7 malignant tunors were
found in 3 males and 4 fenal es exposed to 600 ppm vinyl acetate. The
mal i gnant tunors were squanous carcinomas with one carcinoma in Situ that
showed a wi despread distribution fromanterior to posterior nasal cavity. No
nasal cavity tunors were observed in control rats or those exposed to 50 ppm
vinyl acetate. The statistical significance of tunmor incidence in the nasal
cavity was not reported. Effects to the larynx of rats was confined to a
singl e squanous carcinoma in a fenale rat exposed to 600 ppm No tunors were
seen in the lungs of rats.

Slides of the respiratory tract of mce chronically exposed to vinyl
acetate fromthe Hazl eton (1988b) study were reeval uated by Beens (1988b). No
tunmors were observed in the nasal cavity, larynx, or trachea of the exposed
or control nice (Hazleton 1988b). Pathol ogy of the lungs of nale mce exposed
to 600 ppm vinyl acetate revealed one squanpbus carcinoma in the major
bronchus and one squanmobus nodule in a termnal airway. No squanous cell
carcinomas were seen in animals of either sex from the control group.
Bronchi ol eal veol ar adenomas and carcinonas were found in the lungs of both
the exposed and control mice at conparable incidences, indicating that their
occurrence was not a result of exposure to vinyl acetate.

The cancer effect level for rats is presented in Table 2-1 and plotted
in Figure 2-1.

2.2.2 Oal Exposure
2.2.2.1 Death

No studies were located regarding death in hunans after oral exposure
to vinyl acetate. Lethality data are available fromstudies in aninmals (see
Table 2-2 and Figure 2-2). The oral LD, for vinyl acetate has been reported
to be 2,920 nmg/kg in rats (Snyth and Carpenter 1948) and 1,613 ng/kg in mice
(Goeva 1966). The cause of death was not specified for either species.

Vinyl acetate was not lethal to rats or mce admnistered drinking
wat er that contained up to 5,000 ppm (equival ent to 684-950 ng/kg/day) for up
to 3 nonths (Hazleton 1979d, 1980e, 1980f) or 235 ngy/kg/day (rats) follow ng
in utero exposure (Hazleton 1988a).

2.2.2.2 Systemc Effects

No studies were |ocated regarding systenmc effects in humans foll ow ng
oral exposure to vinyl acetate.



TABLE 2-2. Levels of Significant Exposure to Vinyl Acetate - Oral
Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure® Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
ACUTE EXPOSURE
Death
1 Rat (NS) 1d 2920 (LD50) Smyth and
1x/d Carpenter 1948
.2 Mouse (NS) NS 1613 (LD50) Goeva 1966
Developmental
3 Rat (W) Gdé-15 477 Hazleton 19804
Reproductive
[ Rat (W) Gd6-15 477 Bazleton 1980d
INTERMEDIATE EXPOSURE
Death
5 Rat (W) 3 mo Hazleton 1980f
7d/wk
24hr/d 810F
6 Mouse (W) 3 mo 950 Hazleton 1980e
7d/wk
24hr/d
Systemic
7 Rat (W) 4 wk Resp 700 Hazleton 1979d
7d/wk Cardio 700
24hr/d Gastro 700
Hemato 700
Hepatic 700
Renal 700
Other 700
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TABLE 2-2 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure® Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
8 Mouse (W) 4 wk Resp 950 Hazleton 1979d
7d/wk Cardio 950
24hr/d Gastro 950
Hemato 950
Hepatic 950
Renal 950
Other 950
9 Rat (W) 3 mo Resp 810F Hazleton 1980f
7d4/wk Cardio 810F
24hr/d Gastro 810F
Hemato 810F
Hepatic 810F
Renal 810F
Derm/oc 810F
Other 810F
10 Mouse (W) 3 mo Resp 950 Hazleton 1980e
7d/wk Cardio 950
24hr/d Gastro 950
Hemato 950
Hepatic 950
Renal 950
Other 190 950 (Harderian gland changes)
Neurological
11 Rat (W) & wk 700 Hazleton 1979d
7d/wk
24hr/d
12 Mouse (W) 4 wk 950 Hazleton 1979d
7d/wk

24hr/d
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TABLE 2-2 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious Serious
figure® Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
13 Rat (W) 3 mo 810F Hazleton 1980f
7d/wk
24hr/d
14 Mouse 3 mo 950 Hazleton 1980e
7d/wk
24hr/d
Immunological .
15 Mouse (W) 4 vk 190 950 (decreased relative Hazleton 1979d
7d/wk thymus weight) ~
24hr/d .
16 Mouse (W) 3 mo 38 (decreased relative Hazleton 1980e o]
7d/wk spleen weight in E
24hr/d females) S w
w o
Reproductive %
17 Mouse (W) 3 mo 950 Hazleton 1980e b |
=
7d/wk Q
H
24hr/d (7,
CHRONIC EXPOSURE
Systemic
18 Rat (W) 104 wk Resp 235 Hazleton 1988a
7d/wk Cardio 235 '
Gastro 235
Hemat.o 235
Hepatic 235
Renal 235
Derm/oc 235

Other 235




TABLE 2-2 (Continued)

LOAEL (effect)

Exposure
Key to frequency/ NOAEL Less serious . Serious
figure® Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
Neurological
19 . Rat (W) 104 wk 235 Hazleton 1988a
7d/wk
Developmental
20 Rat (W) 2 gener- 117 431 (decreased F1 pup Hazleton 1987
ations . weight gain)
Reproductive
21 Rat (W) 2 gener- 431 Hazleton 1987
ations

AThe number corresponds to entries in Figure 2-2.

Cardio = cardiovascular; d = day; Derm/oc = dermal/ocular; F = female; F1 = first generation; Gd = gestation day;
Gastro = gastrointestinal; Hemato = hematological; hr = hour; LOAEL = lowest-observed-adverse-effect level; LD50 = lethal dose,
50% kill; M = male; mo = month; NOAEL = no-observed-adverse-effect level; NS = not specified; Resp = respiratory; (W) = water;

wk = week; 1x = one time
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FIGURE 2-2. Levels of Significant Exposure to Vinyl Acetate - Oral
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FIGURE 2-2 (Continued)
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The majority of the information available on the systenmic effects of
oral exposure to vinyl acetate was obtai ned from unpublished 4-week, 3-nonth,
and 104-week studi es conducted by Hazl eton Laboratories, Europe. In these
studi es Sprague-Dawl ey rats and CD-1 nice were exposed to vinyl acetate in
drinking water. The vinyl acetate used was 99.9% pure. Because of the
volatility and instability of vinyl acetate in water, the drinking water
solutions were nmade fresh daily and overfornul ated by 5% to allow for
decreases in drinking water concentration and to assure that the animals were
receiving the target dose. The levels of vinyl acetate in the air of the room
housi ng both control and exposed animals in the 104-week study was neasured
and found to be less than 1 ppm These studi es contai ned sonme comobn
limtations that are sunmarized as follows: In many cases only a snall nunber
of the control and treated animals were exanm ned histologically. In addition,
several findings such as an increased incidence of |ynphoid hyperplasia of
nasal turbinates, and chronic dacryoadenitis of the harderian gl ands were
di sm ssed as having resulted fromthe method of histol ogic sectioning.
However, it is likely that these effects, that were seen in both control and
treated animals, may indicate that these animals were in poor physical
condi ti on. Reduced body wei ght gain was often observed in internediate- and
chroni c-duration drinking water studies in aninals. However, these changes
are generally attributed to reduced water intake because of unpalatability.

No studies were | ocated regardi ng nuscul oskel etal effects in aninals
after oral exposure to vinyl acetate.

The highest NOAEL and all reliable LOAEL values for each systenic
effect in each study for each species and duration category are presented in
Table 2-2 and plotted in Figure 2-2.

Respiratory Effects. No changes in lung wei ght or histol ogical or
nmacr oscopi ¢ appearance of the lung were found in rats or m ce adninistered
vinyl acetate in the drinking water that provided maxi rum doses rangi ng from
684 ny/ kg/ day to 950 ng/kg/day for up to 3 nonths (Hazleton 1979d, 1980e,
1980f), or 235 ng/kg/day (rats) for 104 weeks following in utero exposure
(Hazl eton 1988a). Lynphoid hyperpl asia of the submucosa of the paranasal
sinuses was reported for mce that received doses of 950 ng/kg/day via the
drinking water for 3-nonths. However, the authors attributed this to
variation in histologic sectioning. Since this effect was not observed in the
104 week in utero exposure study, it is not clear if it was treatnent-
related, and its toxicological significance is not known.

Cardi ovascul ar Effects. No changes in heart weight or histol ogical and
macr oscopi ¢ appearance of the heart or blood vessels were found in rats or
m ce adm ni stered vinyl acetate in the drinking water that provided doses
rangi ng from 684 ng/ kg/day to 950 ng/ kg/day for up to 3 nonths (Hazl eton
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1979d, 1980e, 1980f) or 235 np/kg/day (rats) for 104 weeks followng in utero
exposure (Hazl eton 1988a).

Gastrointestinal Effects. No changes in histol ogi cal and rmacroscopic
appearance of the gastrointestinal organs were found in rats or mnice
adm ni stered vinyl acetate in the drinking water that provided doses rangi ng
from 684 ng/kg/day to 950 ng/kg/day for up to 3 nonths (Hazleton 1979d,
1980e, 1980f) or 235 ng/kg/day (rats) for 104 weeks followng in_ utero
exposure (Hazleton 1988a). However, mce admnistered vinyl acetate for 4
weeks exhibited a dose-related increase in the incidence of dark-col ored
gastrointestinal contents (Hazleton 1979d). This effect was observed in
control and exposed groups at an incidence of 1/10 (control), 1/10
(9.5-ng/ kg/ day), 1/10 (28.5-ng/kg/day), 3/10 (190-ng/ kg/day), and 4/ 10 (950-
ng/ k/day). A simlar effect was observed in mce exposed to 1,000 ppm of
vinyl acetate via inhalation for 3 nonths (Hazl eton 1980b) (see Section
2.2.1.2). The identity of the dark-colored nmaterial was not determned in
ei ther study. This effect was not acconpani ed by any hi stopat hol ogi cal
evidence of irritation, so the biological significance of this observation is
not known.

Hemat ol ogi cal Effects. No changes in any of the hematol ogical
paranmeters studied were found in rats adnministered vinyl acetate in the
drinking water that provided doses ranging from 684 ng/kg/day to 950
ng/ kg/ day for up to 3 nonths (Hazleton 1979d, 1980e, 1980f) or 235 ng/kg/day
(rats) for 104 weeks following in utero exposure (Hazleton 1988a).

Hepatic Effects. Although changes in absolute, and in sonme instances,
relative liver weight occurred in many aninmals exposed to vinyl acetate in
the drinking water, these changes were usually unacconpanied by
hi st opat hol ogi cal changes, (Hazl eton 1979d, 1980f). H st opat hol ogi cal
eval uation of the rats that received 684-810 ng/kg/day vinyl acetate in the
drinking water for 3 nonths revealed pericholangitis and granul omatous
hepatitis, but no weight changes were evident (Hazleton 1980f). The
pericholangitis was observed at an incidence of 3/10 (control male), 10/10
(684-ng/ kg/ day male), 6/10 (control ferale), and 7/10 (810-ny/ kg/day fenale).
The incidence of hepatitis was 0/10 (control nmale), 2/10 (684-ng/kg/day
mal e), 2/10 (control female), and 2/10 (810-ngy/kg/day female). Al though the
i ncidence of pericholangitis and granulonmatous hepatitis appears to be
sonewhat increased in treated rats, none of these |lesions were observed in
t he 104-week study, suggesting that the |esions may not be treatnment rel ated.
No changes in liver weight or histological and macroscopi c appearance of the
liver were found in mce admnistered vinyl acetate in the drinking water at
doses of 950 ngy/kg/day for 3 nmonths (Hazleton 1980e) or in rats that received
235 ny/ kg/ day vinyl acetate in the drinking water for 104 weeks following in
utero exposure (Hazleton 1988a).
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Renal Effects. No changes in the macroscopi c appearance of the ki dneys
or in urinalysis paranmeters were found in rats administered vinyl acetate in
the drinking water at doses of up to 700 ng/ kg/day for 4 weeks (Hazl eton
1979d). More concentrated and darker colored urine was observed in femal e
rats receiving a dose of 810 ng/kg/day vinyl acetate in the drinking water
for 3 nonths (Hazleton 1980f). This effect was attributed to reduced water
i ntake due to the unpalatability of the drinking water solution. An increase
in absolute kidney weight was found in nmale mice adninistered vinyl acetate
in the drinking water at dosages of 28.5 ng/kg/day for 4 weeks (Hazleton
1979d). A decrease in absolute, but not kidney weight relative to body wei ght
was found in nale rats administered vinyl acetate in drinking water at
dosages of 684 ngy/kg/day for 3 nonths (Hazleton 1980f). An increase in kidney
wei ght relative to body weight was observed in nale rats adm ni stered dosages
of 235 ng/kg/day vinyl acetate in the drinking water for 104 weeks follow ng
in utero exposure (Hazleton 1988a). Male mice that received 190 ny/kg/day of
vinyl acetate in drinking water for 3 nonths showed a statistically
significant increase in relative kidney weight, but this effect was not seen
in male mce that received higher doses of vinyl acetate or in any of the
treated female mce in this study (Hazl eton 1980e). Furthernore, no
significant gross or histopathological changes were observed in the kidneys
in any of these studies. The bi ol ogical significance of a change in organ
wei ght, especially when the change is not consistent in direction across
studi es, does not occur consistently in the same species and/or sex, is not
al ways dose-dependent, and that occurs in the absence of histopathol ogica
changes is difficult to ascertain.

O her Systemic Effects. Dose-rel ated reductions in body wei ght gains
were observed in rats and mce adm nistered vinyl acetate in drinking water
that provided doses up to 950 ng/kg/day (male mce) for 4 weeks (Hazl eton
1979d) and 235 ng/ kg/day (rats) for 104 weeks following in utero exposure
(Hazl eton 1988a). These growh retardation effects were generally acconpani ed
by reduced water consunption and may therefore be due to unpalatability of
t he drinking water.

Changes in the Harderian gland (chronic dacryoadenitis) were observed
in mce adm ni stered 950 ng/ kg/day vinyl acetate in the drinking water for
3 months (Hazl eton 1980e). The authors attributed this effect to variation in
hi stol ogi ¢ sectioning, however, the toxicological significance of this
finding is not known. In toxicokinetic studies, the Harderian gland was found
to have the highest concentration of radiolabel in the body follow ng the
adm ni stration of radiolabeled vinyl acetate (see Section 2.3.2). This high
concentration of radiolabel may be associated with the chronic dacryoadenitis
seen in mce. Since Harderian glands are not present in humans, the rel evance
of this finding to human health is not known.
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2.2.2.3 I'mmunol ogi cal Effects

No studies were |ocated regardi ng i nmunol ogi cal effects in humans after
oral exposure to vinyl acetate.

As was observed follow ng inhal ati on exposure (see Section 2.2.1.3),
changes in thynmus and/or spleen weight were consistently noted in rats and
m ce exposed to vinyl acetate in the drinking water (Hazleton 1979d, 1980e,
1988a). However, these changes were not always dose-rel ated. For exanple, in
the 4-week nouse study, a significant decrease in absolute and relative
t hynmus wei ght was observed in all mice that received only the highest dose of
vinyl acetate (950 ng/kg/day) (Hazleton 1979d). In the 3-nonth nouse study,
absolute and relative spleen weights were significantly reduced in the | owand
m d-dose fenal es (38 ny/kg/day and 190 nyg/ kg/ day) and absol ute spl een
wei ght was reduced in the md-dose males, but no changes in spleen weight
were observed in aninals of either sex admnistered 950 ny/kg/day vinyl
acetate (Hazleton 1980e). However, thymus weights relative to body weights
were significantly decreased in nmale mce that received 950 "g/kg/day vinyl
acetate for 3 nonths. In the 104-week study, only a decrease in absolute
spl een wei ght was noted in the | ow and hi gh-dose mal es (Hazl eton 1988a).
Extranedul | ary henat opoi esis was observed in both control mce and nice
recei ving 950 ng/ kg/day vinyl acetate in the 3-nonth study (Hazl eton 1980e),
whi ch i s suggestive of poor physical condition in the animl colony rather
than an i mMmunotoxic effect in the treated animals. In addition, the incidence
of grossly-detectable splenonmegaly was not increased in the high-dose
animal s. The decrease in spleen and thymus weight relative to body wei ght may
be suggestive of an inmunosuppressive action of vinyl acetate, but the
appropriate paraneters were not investigated to delineate this possibility.
No ot her studi es have provi ded evidence that vinyl acetate is inmunotoxic.

The  hi ghest NOAEL values and all reliable LOAEL values for
i mmunol ogi cal effects in each study for rats and mce in each duration
category are presented in Table 2-2 and plotted in Figure 2-2.

2.2.2.4 Neurological Effects

No studies were | ocated regardi ng neurol ogical effects in hunans after
oral exposure to vinyl acetate.

No treatnment-related clinical signs of neurotoxicity were observed in
rats or mce adninistered vinyl acetate in the drinking water that provided
doses ranging from 684 ng/ kg/ day to 950 ng/ kg/ day for 3 nonths (Hazl eton
1979d, 1980e, 1980f) and 235 ng/kg/day (rats) for 104 weeks following in
utero exposure (Hazleton 1988a). However, despite a decrease in relative
brain weight observed in nales admnistered 60 ng/kg/day or 235 ng/kg/day
vinyl acetate in the drinking water for 104 weeks following in utero exposure
(Hazl eton 1988a), no nacroscopi ¢ or histopathol ogi cal evidence of
neurotoxicity was found in any of the studies described above.
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The highest NOAEL values for neurological effects in each study for
rats in each duration category are presented in Table 2-2 and plotted in
Figure 2-2.

2.2.2.5 Devel opnental Effects

No studies were | ocated regardi ng devel opnental effects in humans after
oral exposure to vinyl acetate.

Adm nistration of up to 5,000 ppm (equivalent to a nmean of
477 ngl/ kg/ day, based on authors' cal cul ations of water intake) vinyl acetate
in the drinking water of pregnant rats on days 6-15 of gestation failed to
elicit any treatnent-related effects on reproductive paraneters, feta
grow h, or devel opnent (Hazleton 1980d). Slight reductions in body weight
gain were seen in the dans admnistered 477 ng/kg/day at initiation of
treatnment, but nmean body weight of this group was simlar to the contro
group for the remainder of the study. This initial growh retardation in dans
acconpani ed decreases in food and water consunption. No treatnent-related
gross or histopathol ogi cal changes were observed in the dans. No effects of
treatment were seen on any of the fetal paraneters neasured (e.g., weight,
crowm/rump length, and incidence of visceral or skeletal defects). In this
study, vinyl acetate was not a developnental toxicant in rats. However, a
statistically significant reduction in F, pup weight was observed in a two-
generation reproductive toxicity study in which rats received 5,000 ppm vinyl
acetate in the drinking water (equivalent to 431-763 ny/kg/day, based on the
authors' calculation of test article consunption) prior to mating, throughout
gestation and |actation, and into adulthood (Hazleton 1987). This effect may
be attributed to the slight growh retardati on observed in the F, dans
adm ni stered 431 ny/kg/day vinyl acetate, and thus is nobst likely not a
direct toxic effect of vinyl acetate on the fetus. The F, fenales exhibited
slight (nonsignificant) decreases in body weight gain during the gestation
period, but this growth reduction achieved statistical significance during
the lactation period. However, a significant reduction in water intake was
observed in the F, femal es during the pre-mating period, gestation, and
lactati on which could have also contributed to the reduced F, pup weight. No
ot her devel opnental effects were observed in any treatnent group

The NOAEL val ues and one LOAEL val ue for devel opmental effects in rats
are presented in Table 2-2 and plotted in Figure 2-2.

2.2.2.6 Reproductive Effects

No studies were |ocated regardi ng reproductive effects in hunans after
oral exposure to vinyl acetate.

Al t hough decreased relative testes weight was observed in nale mce
admi ni stered 38 ng/ kg/day vinyl acetate in the drinking water for 3 nonths,
this effect was not seen at higher doses and no gross or histopathol ogi cal
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changes were observed in the testes of these aninmals (Hazl eton 1980e).
Furthernore, no organ wei ght, gross, or histopathol ogi cal changes were
observed in male or femal e reproductive organs of rats or mce adm nistered
vinyl acetate in the drinking water at dosages of up to 950 nyg/kg/day for 3
nont hs (Hazl eton 1980e, 1980f) or in rats receiving 235 ng/ kg/ day vinyl
acetate in the drinking water for 104 weeks following in utero exposure
(Hazl eton 1988a). A marginal reduction in the nunber of pregnanci es was
observed in the F, fenale rats adm nistered 5,000 ppmvinyl acetate in the
drinking water (equivalent to 431-763 ng/kg/day) in a two-generation study
(19/ 24 treated ani mal s becane pregnant as opposed to 24/ 25 of the controls)
(Hazl eton 1987). However, this difference was not statistically significant
and the pregnancy incidence in the treated animals was within the reported
range of historical controls. No other effects on reproductive performance
were observed in this study.

The NOAEL val ues for reproductive effects in rats are presented in
Table 2-2 and plotted in Figure 2-2.

2.2.2.7 Genotoxic Effects

No studi es were found regarding genotoxic effects in humans after oral
exposure to vinyl acetate.

Vi nyl acetate administered by gavage to rats (concentrati on not
specified) did not result in DNA-adduct formation in the liver (Sinon et al
1985b). M cronuclei were evaluated in bone nmarrow snears taken fromrats and
m ce exposed to vinyl acetate in drinking water for 4 weeks (Hazleton 1979d).
The group nean incidence of erythrocytes containing mcronuclei was increased
as conpared to the controls in the mce receiving 950 ng/kg/day vinyl
acetate. However, all mcronuclei counts were within the expected range of
spont aneous occurrence. No treatnent-related effects on the incidence of
m cronucl ei were seen in the rats exposed to vinyl acetate.

O her genotoxicity studies are discussed in Section 2.4.
2.2.2.8 Cancer

No studies were |ocated regardi ng cancer in humans after oral exposure
to vinyl acetate.

Oral administration of 400 ng/ kg/ day of vinyl acetate to rats for
3 weeks did not result in an increase in preneoplastic enzyne altered foc
(ganme- gl ut anyl t ranspepti dase-positive or adenosine 5' -triphosphat ase-
negative foci) in the liver (Laib and Bolt 1986h).

A statistically significant carcinogenic effect of vinyl acetate was
observed in a screening study in which this chemical was adninistered in the
dri nki ng water of Fischer-344 rats at doses of 57 ngy/kg/day and 143 ng/ kg/ day
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(femal es) and 36 ng/ kg/day and 89 ng/ kg/day (rmales) 5 days/week for 100 weeks
(Lijinsky and Reuber 1983; NCI 1982a). Tunor incidences that were
significantly increased in the treated aninals as conpared to the controls

i ncluded neoplastic nodules of the liver in both sexes, adenocarcinonas of
the uterus in the fermales, and C-cell adenomas or carcinomas of the thyroid
in both sexes, but predominantly in the fermales. The uterine carci nomas were
| arge, malignant invasive neoplasns, that are extrenely unusual, which
supports the evidence that vinyl acetate is carcinogenic. Limtations
associated with this study that may underesti mate the carci nogenic risk of
vinyl acetate included the possibility that the maxi rumtol erated dose of
vinyl acetate was not achi eved, the animals received | ess than the cal cul at ed
doses due ,to the instability of vinyl acetate in drinking water, and use of
a small sanple size (20 aninmals/sex). Oher limtations include the fact that
only two dose levels were used and the vinyl acetate used was conmerci al
grade of undeterm ned purity. Various inhibitors (i.e., p-hydroquinone,
benzoqui nones, nitrobenzenes, diphenyl, toluenes, anthracene, phenanthrene,
napht hal ene, see Section 4.1) are added to commercial fornulations of vinyl
acetate at varying concentrations to prevent polynerization (Daniels 1983;
Mannsville 1988). It is not known what effects, if any, these inhibitors may
have had in this study. Drinking water solutions for 5 consecutive day
exposures were made up once a week. sufficient solutions for 3 days was

di spensed in feeding bottles, while the remai nder was stored in the
refrigerator and di spensed on day 4. The authors cal cul ated that the vinyl
acetate in solution deconposed at an average rate of 8.5% per day at room
tenperature, thus resulting in a substantial |oss over the 5 day exposure
period. Furthernore, because vinyl acetate hydrol yses to acetal dehyde, the
exposure in this experinment was not only to vinyl acetate, but to both vinyl
acetate and acetal dehyde. Anot her factor conpronmising the validity of this
study is that the animals were housed 4 per cage and given 80 nL of vinyl
acetate solution per day. The possibility exists that the nore aggressive
animal s received nore test solution than their |ess aggressive cagemates. In
addition, the animals received tap water ad |libitumon the weekends. The
stress inposed on the animals by restricting their water intake during the
week and providing water ad libitumon the weekends may be a confoundi ng
factor in the study. Lijinsky and Reuber (1983) concluded that the study
needed to be repeated with | arger nunbers of animals per group, higher dose

| evel s, and vinyl acetate solutions that are prepared fresh daily before
definitive conclusions regarding the carcinogenicity of vinyl acetate
followi ng oral exposure can be nade.

In a later study, Sprague-Dawl ey rats that received up to 235 ng/kg/ day
vinyl acetate (99.9%pure) in their drinking water for 104 weeks following in
utero exposure devel oped tunors, but they were not considered by the authors
to be treatnent-related, since they occurred at a simlar incidence in the
hi gh-dose aninals as in the controls, and were commonly occurring tunors in
agi ng Sprague-Dawl ey rats (Hazl eton 1988a). Two squanous cell carcinonas of
the oral nucosa were observed in the treated aninmals, but the incidence was
not statistically significant, and the study authors considered themto be a
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result of tooth-related problenms (Hazleton 1988b). Therefore, this study
provi des no evidence for the carcinogenicity of vinyl acetate follow ng
exposure in the drinking water. The negative data obtained fromthis study
shoul d be given nore weight than the positive data obtained fromthe Lijinsky
and Reuber (1983; NCI 1982) screening study because nany of the limtations
associated with the earlier study were renedied in the Hazleton (1988a)
study. For exanple, in the Hazleton (1988a) study, nore aninmals per group
were used (90 vs. 20), and a higher dose was used (5,000 ppm vs. 2,500 ppm
or 235 ng/ kg/ day vs. 89-143 ng/ kg/day). Furthernore, the ani mals were exposed
beginning in utero, resulting in exposure for a greater period of their lives
as well as exposure to effectively higher doses (on a ng/kg basis) in the
young weanlings as conpared to the adults. Finally, the drinking water
solutions were prepared daily in the Hazleton (1988b) study, elimnating the
probl em of stability of the test fornulation. Hydroqui none was present in the

vinyl acetate at a concentration of <1 ppm However, two different strains
of rat were used in the Lijinsky and Reuber (1983) and Hazleton (1988h)
studi es which nay have contributed to the difference in results obtained.

2.2.3 Dermal Exposure
2.2.3.1 Death

No studies were |located regarding death in hunmans after dermal exposure
to vinyl acetate. The dermal LDsO in rabbits for a 24-hour application of
vinyl acetate has been reported to be 8 nmi/kg (undiluted vinyl acetate) (Wil
and Carpenter 1969) and 2.5 ni/kg (undiluted vinyl acetate) (Snyth and
Carpenter 1948). Death was preceded by convul sions, and necropsy reveal ed
congestion of the lungs and liver, nottled spleen and ki dney, and prom nent
l'iver acini (Wil and Carpenter 1969). The LD, values for rabbits are
presented in Table 2-3.

2.2.3.2 Systemic Effects

No studies were located in humans or aninals regarding respiratory,
cardiovascular, gastrointestinal, hemat ol ogi cal , nusculoskeletal, hepatic, or
renal effects in humans or animals after dernmal exposure to vinyl acetate.

Dermal / Ocul ar Effects. No irritation was observed when 11 vol unteer
paper hangers had a 2% vinyl acetate solution applied to their skin for 48 or
72 hours in a patch test (Tanaka and Lucas 1984). However, occupati onal
experi ence has shown that some workers nmay react to dermal contact with vinyl
acetate with blister formation, particularly on the thin skin of the finger
web and the underside of the wist, and that continued contact, such as that
af forded by clothing wet with the chem cal mght result in severe irritation
or blistering of the skin (Union Carbide 1958).



TABLE 2-3. Levels of Significant Exposure to Vimyl Acetate — Dermal

LOAEL (effect)

Exposure
frequency/ © NOAEL Less serious Serious
Species duration System Reference
ACUTE EXPOSURE
Death
Rabbit 1d 8.0 (LD50) Weil and
24hr mL/kg Carpenter 1969
Rabbit 1d 2.5 (LD50) Smyth and
24hx mL/kg Carpenter 1948
Systemic
[ )
Human ) 1d Derm/oc 2% Tanaka and Lucas ’
48-72 hr 1984
] jo ]
Rabbit 4-72 hr Derm/oc 0.5 (slight edema) Industrial g
mL Bio-Test S ~
Laboratories 0 &
1972 =
!
Rabbit 1d Derm/oc 8.0 (erythema, Weil and g
24hr mL/kg edema, necrosis) Carpenter 1969 a
-3
Rabbit 1d Derm/oc 0.5 (minor corneal Weil and «
1x/d mL injury) Carpenter 1969
INTERMEDIATE EXPOSURE
Systemic
Rat 15d Derm/oc 630 2000 (eye irritation) Gage 1970
6hr/d ppm  ppm

d = day; Derm/oc = dermal/ocular; hr = hour; LOAEL = lowest-observed-adverse-effect level; LD50 = lethal dose, 50X kill;
NOAEL = no-observed-adverse-effect level; 1lx = one time
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The responses of human vol unteers exposed to varying concentrations of
vinyl acetate in the air for an unspecified period (less than 8 hours) were
nmoni tored (Deese and Joyner 1969). One of 5 volunteers reported slight eye
irritation at 5.7 and 6.8 ppmand all 3 volunteers exposed to 21.6 ppm
conpl ai ned of eye irritation that "would be intol erabl e over an extended
peri od" (Deese and Joyner 1969). In another study, four volunteers exposed to
72 ppmvinyl acetate in air for 30 minutes reported eye irritation that
persisted for up to 60 mnutes after exposure (Snyth and Carpenter 1973).
These ocul ar effects are due to direct contact of the eye with vinyl acetate.
Prol onged occupati onal exposure to vinyl acetate generally does not cause eye
irritation at |evels below 10 ppm (Deese and Joyner 1969).

Undiluted vinyl acetate was reported to be nonirritating when 0.1 nL
was applied to the clipped intact skin of rabbits (Wil and Carpenter 1969).
However, erythena, edenmm, and necrosis of the skin was observed when near
lethal levels of vinyl acetate (8.0 nL/kg of undiluted chenical) were applied
to the skin of rabbits (Wil and Carpenter 1969). Slight edena of both intact
and abraded skin was observed in rabbits follow ng application of 0.5 nL of
undi luted vinyl acetate (Industrial Biotest 1972). Based on these results,
the authors classified vinyl acetate as noncorrosive to the skin. Application
of vinyl acetate to the conjunctival sac of rabbits caused only a "trace" of
eye irritation (Wil and Carpenter 1969). Eye irritation was also noted in
ani mal s exposed to 2,000 ppmvinyl acetate in air for 15 days (Gage 1970).

NOAEL and LOAEL values for skin and eye irritation are presented in
Tabl e 2-3.

No studies were located regarding the following health effects in
humans
or animals after dermal exposure to vinyl acetate:

. 3.3 Immunol ogi cal Effects
. 3.4 Neurological Effects
. 3.5 Devel opnenfal Effects
. 3.6 Reproductive Effects
.3.7 Genotoxic Effects

NN
NN N NN

Cenotoxicity studies are discussed in Section 2.4.
.2.3.8 Cancer
.3 TOXI COKI NETI CS
. 3.1 Absorption

N N NN

.3.1.1 Inhal ati on Exposure

No studies were |located regarding the absorption of vinyl acetate in
humans after inhal ati on exposure.
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Studies in rats indicate that vinyl acetate is rapidly and effectively
absorbed via this route (Hazl eton 1979a2. Follomﬁng adm ni stration of
radi ol abel ed vinyl acetate ([vinyl-1,2-"C]-VA, or “C-VA) in the air at a
concentration of 1,000 ppmfor 6 hours, alnost half of the radioactivity was
elimnated via expired air within 6 hours after exposure. The exact dose of
vinyl acetate adm ni stered by inhalation, however, could not be determ ned
because sone of the radioactivity was exhal ed during the 6-hour exposure
period. A followup study using rats exposed to 750 ppm “C-VA for 6 hours
supported these results and showed that the wmmjor portion of the
radi oactivity was elimnated in expired air primarily as CO, during the first
24 hours (Hazl eton 1980a).

2.3.1.2 Oal Exposure

No studies were |ocated regarding the absorption of vinyl acetate in
humans foll owi ng oral exposure.

Ani mal studies indicate that vinyl acetate is quickly and effectively
absorbed via this route (Hazleton 1979a, 1980a). Foll ow ng gavage
administration of 1 nL of a 5,000 ppm aqueous sol ution of “C- VA, high
concentrations of the radi ol abel were found to be distributed throughout the
body, and the majority was elimnated in expired air primarily as CO during
the first 6 hours after dosing (Hazleton 1979a). Simlarly, 65% of the
radi oactivity of six 1 nL doses of a 10,000 ppm solution orally adni nistered
by gavage to rats in a followup study was elim nated during both the 6-hour
dosi ng period and 96-hour collection period (Hazleton 1980a). In nmice, 1 nL
of a 5,000 ppm *C-VA aqueous sol ution was qui ckly absorbed as shown by the
wi de distribution of radiolabel in tissues throughout the body 1 hour after
oral adm nistration (Hazleton 1980a).

2.3.1.3 Dermal Exposure

No studies were |ocated regarding the absorption of vinyl acetate in
hurmans fol |l owi ng dermal exposure.

Dermal penetration of vinyl acetate in rabbits was indirectly
denmonstrated through the observation of nortality in animals that were
dermally treated with 2.5 nL/kg (Smyth and Carpenter 1948) and 8.0 nl/kg
(Wil and Carpenter 1969). No further details regarding absorption are
avail abl e.

2.3.2 Distribution
2.3.2.1 Inhal ati on Exposure

No studies were located regarding the distribution of vinyl acetate in
humans foll owi ng i nhal ati on exposure.



47
2. HEALTH EFFECTS

Studies in male and female rats show that radioactivity is inmmediately
and widely distributed throughout the body after inhalation exposure to
1, 000 ppm *C- VA (Hazl eton 1979a). The salivary glands, |acrimal glands,
Har deri an gl ands, gastrointestinal mnmucosa, nasoturbinates, kidneys, and
certain portions of the larynges had the highest concentrations of the
radi ol abel . The brain, spinal cord, liver, fat, and bone nmarrow al so had
readily detectable |evels of radioactivity. Low levels in the heart, bl ood,
testes, and skeletal muscle were al so observed. Whol e- body aut oradi ographs
obtained at 1 and 6 hours after exposure show a general decrease in the
radi oactivity with increased tine, Seventy-two hours after exposure,
radi oactivity was still found in the brain, spinal cord, Harderian gl ands,
maxi | | ary sinuses, adrenal glands, and ki dneys. Approxinately 19% of the
total radioactivity recovered was found in the carcass 96 hours after
exposure.

In a followup study 16 rats were exposed to air containing 750 ppm
“C-VA for 6 hours (Hazleton 1980a). The tissue distribution of radioactivity
is given in Table 2-4. As can be seen in Table 2-4, the highest
concentrations were observed in the Harderian gland, followed by the il eum
submaxi |l lary salivary gland, and the contents of the gastrointestinal tract.
Radi oactivity was also found at significant levels in the liver, Kkidney,
lung, brain, stomach, colon, and ovaries. Differences between the sexes in
the distribution of radioactivity was seen in the gonads; females had higher
concentrations in the ovaries than did males in the testes. Although the
total radioactivity decreased with tinme, no major differences in the pattern
were found at 1, 6, and 72 hours after exposure. Relative tissue
concentrations also tended to be higher in aninals exposed via inhalation
conmpared with oral exposure. This was particularly true in the lung and
brai n.

2.3.2.2 Oal Exposure

No studies were located regarding the distribution of vinyl acetate in
humans foll owi ng oral exposure.

In animals, the distribution of radioactivity followi ng oral exposure
to “C-VA has been studied using male and female rats and mice (Hazleton
19794, 1980a) . Simlar distribution patterns were observed in rats
adm ni stered either 6 hourly 1-nL doses of an aqueous solution containing
10, 000 ppmvinyl acetate (equivalent to 237 ng/kg) by gavage (Hazl eton 1980a)
or one dose containing 1 nL of a 5,000 ppm vinyl acetate solution (equivalent
to 23.4 nmg/kg) (Hazleton 1979a). One hour followi ng adninistration of either
dose, the radioactivity was found to be widely distributed with the highest
concentrations found in the Harderian gland and salivary glands. High levels
of radioactivity were also found in the liver, kidney, heart, and
gastrointestinal tract. As with inhal ation exposure, the |evel of
radi oactivity decreased with tinme, and there were no major differences in the
distribution pattern at 6 and 72 hours after oral exposure. A nmean of 7.1% of
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Distribution of Radioactivity in Rats Immediately
After Inhalation of 750 ppm [!*C]-Vinyl Acetate for 6 Hours?®

Concentration of
Radioactivity

Tissue (pg equivalents/g)
Adrenals 119
Blood 72
Bone 79
Brain 153
Colon 257
Fat 29
Gastrointestinal contents 291
Gonads 117
Harderian gland 2045
Heart 82
Ileum 393
Kidney 204
Liver 204
Lungs 270
Residual carcass 72
Submaxillary salivary gland 341
Skeletal muscle 61
Stomach 210

aAdapted from Hazleton 1980a

f
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the admini stered radioactivity was present in the carcass 96 hours after
exposure. As with inhalation exposure, a sex difference in the distribution
of radioactivity was seen in the gonads; females had hi gher concentration in
the ovaries than did males in the testes. A simlar distribution pattern was
seen in mce of both sexes admi nistered a single oral dose of 5,000 ppm of
“C-VA as an aqueous sol ution (Hazleton 1980a). In this study, the highest
concentrations of radioactivity were found in Harderian gl ands, salivary and
i ngual gl ands, gastrointestinal nucosa, liver, and brown fat. The high
concentration of “C found in the Harderian gland may be associated with the
chroni ¢ dacryoadenitis seen in nice administered vinyl acetate in drinking
wat er for 3 nonths (Hazleton 1980e, see Section 2.2.2.2). Low levels were
found in blood nuscle, fat, and testes. As with the rats, the distribution
pattern was unchanged 6 and 72 hours after dosing, although the |evels were
reduced.

2.3.2.3 Dermal Exposure

No studies were located regarding the distribution of vinyl acetate in
humans or aninmals after dermal exposure.

2.3.3 Metabolism

No studies are available on the in vivo netabolismof vinyl acetate in
humans vi a any exposure route.

The netabolism of vinyl acetate has been studied in animls (Boyland
and Chasseaud 1967; Hazleton 1979a, 1980a; Hol ub 1983; Holub and Tar kowski
1982; Sinobn et al. 1985a; Tiunova and Runyandsev 1975). A summary of the
proposed netabolic pathways for vinyl acetate is presented in Figure 2-3.
Vinyl acetate is rapidly hydrolyzed by esterases in the blood to acetate and
the unstable internediate, vinyl alcohol. Vinyl alcohol is rapidly converted
to acetal dehyde, which in turn is netabolized to acetate in the liver. This
in turn is incorporated into the "2 carbon pool"” of normal body metabolism
and eventual ly forns CO, as the major breakdo-m product. Therefore, the
nmet abol i sm of vinyl acetate results in two acetate nolecules that enter the 2
carbon pool. This has been confirned in excretion studies that have
documented “CO, in exhaled air as the major netabolite and source of
radi oactivity recovered follow ng either inhalation or oral exposure to “C VA
(Hazl eton 1979a, 1980a). A very snall anmount al so appears to be excreted in
the urine as urea and several other unidentified netabolites. The metabolic
pattern was not influenced by the route of administration

Simlar results were found in rats exposed to concentrations of vinyl
acetate (200-2,000 ppm in the air for 1.4 hours or less (Sinon et al.
1985a). The results show that vinyl acetate is rapidly netabolized by bl ood
esterases and that hepatic nonooxygenases have a mnor role, if any, in the
met abol i sm of vinyl acetate. Zero-order kinetics were observed at higher
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FIGURE 2-3. Proposed Metabolic Pathways for Vinyl Acetate
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concentrations (800-1,400 ppm and first-order kinetics at |ower
concentrations. This indicates that the metabolic pathways of vinyl

acetate are saturable at high levels. Follow ng 6 nonths of exposure to
10-500 ng/ m (2.8-142 ppm) of vinyl acetate in the air, a transient decrease
in cytochrone P-450 and microsonmal protein content was found in the liver of
rats (Holub 1983). No further details were given

The induction of preneoplastic enzyne altered foci is believed to be an
i ndi cati on of DNA al kyl ati on by epoxi des and subsequent genotoxicity. If
vinyl acetate was netabolized by the nicrosomal P-450 systemto its
correspondi ng epoxide, than it ha's been predicted that this epoxide woul d
produce the sanme products of DNA al kylation as vinyl chloride and vinyl
carbamate (Laib and Bolt 1986). Oral admnistration of 400 ng/kg/day of vinyl
acetate to rats for 3 weeks did not result in an increase in preneoplastic

enzyme altered foci (y-glutanyltranspepti dase-positive or adenosine

5' -tri phosphat ase-negative foci) in the liver, whereas previous studi es have
shown that vinyl chloride and vinyl carbamate do i nduce these foci (Laib and
Bolt 1986b). These results suggest that vinyl acetate is not likely
epoxi di zed by the m crosomal P-450 systemto an ultinmate carcinogenic
netabolite in the liver. These results also support the observation that the
primary route of netabolismfor vinyl acetate is hydrolysis by esterases to
acet al dehyde and acetate rather than via the P-450 microsomal m xed-function
oxygenase systemto the correspondi ng epoxi de.

In vitro tests in which vinyl acetate was added to bl ood, plasma, or
liver honbgenate fromrats and m ce provided results that suggested that
enzyme- nmedi at ed hydrolysis of vinyl acetate occurred at all three sites,
resulting in the production of vinyl alcohol (which is unstable) and acetate
(Hazl eton 1979a). The vinyl alcohol is quickly converted to acetal dehyde.
Acet al dehyde added to rat and hunman whol e bl ood or plasma was not degraded,
but when added to rat liver honmpbgenate, it was converted to acetate (Hazl eton
1980a). This provides evidence that the netabolism of acetal dehyde to acetate
occurs primarily in the liver. Subsequent reactions yield carbon dioxide, and

water. It is also known that vinyl acetate hydrolyses in water at 25° C at
the rate of 8.5% per day (Lijinsky and Reuber 1983). These in vitro studies
show that the half-lives for conversion of vinyl acetate to acetal dehyde in
rat plasna to be 57, 58, and 57 seconds at concentrations of 25, 50, or

100 ppm respectively. Using rat whole blood, the half |ives of vinyl acetate
were found to be 112, 121, and 141 seconds at the same conditions,
respectively. In rat |iver honpbgenates, the half Iives were 50, 97, and 167
seconds, again at the sane concentrations, respectively. Sinmilar half-lives
were seen in nouse plasm, whole blood, and |liver honbgenates. Furthernore,
even with diluted preparations of plasma, whole blood, and |iver honpgenates
the hydrolysis of vinyl acetate is very rapid (Hazleton 1979a). A later in
vitro study using human bl ood and plasma found that the hydrolysis of vinyl
acetate proceeded at a sinilar rate as reported for the rat and nouse

(Hazl eton 1980a). However, different results were reported by Fedtke and

W egand (1990) using 200 uM vinyl acetate added to rat and human bl ood. They
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reported that the half-life of vinyl acetate elimnation in human whol e bl ood
was 4.1 mnutes as conpared to <1 mnute in rat whole bl ood (Fedtke and

W egand 1990). The majority of the hydrolysis was found to occur in the red

bl ood cells rather than the plasma of hunan bl ood. The half-life in plasm
was 62 nminutes as conpared to 5.5 mnutes in red blood cells. However, in rat
plasma, the half-life of vinyl acetate elimnation was 1.2 minutes as
conpared to 5.6 mnutes in rat red blood cells. Wile these results differ
from those reported above with regard to the location of the hydrolytic
enzynes in the blood across species, they do confirm that hydrolysis is the
predom nant route of netabolism for vinyl acetate in both human and rat
bl ood.

Further in vitro netabolic studies show that vinyl acetate added to
preparations of rat |liver supernatant did conjuwe (although not to a | arge
degree) with glutathione (Boyland and Chasseaud 1967). The reaction is
nmedi ated by gl utat hione S-transferase and further netabolism produces
nmercapturic acid derivatives that are elimnated in the urine (Boyland and
Chausseaud 1967, 1970). Rats exposed for 5 hours a day for 6 nonths to vinyl
acetate in the air (10, 100, or 500 ng/ni) showed a significant depletion of
free nonprotein thiols in the liver but not in a dose-dependent pattern
(Hobub and Tarkowski 1982). According to the authors, the thiol depletion
i ndi cates that conjugation with glutathione plays an inportant role in the
detoxification of this chemcal. Simlar results were seen in rats, guinea
pi gs, and mice given single intraperitoneal doses of vinyl acetate (Holub and
Tar kowski 1982). The hi ghest decrease (50% in SH content was seen in gui nea
pigs following a single intraperitoneal injection of 500 ng/ kg vinyl acetate.
d ut at hi one conjugati on may decrease the toxicity of potentially harnfu
el ectrophiles by facilitating excretion into the bile (Chasseaud 1973).

These studies show that vinyl acetate quickly undergoes hydrolysis in
t he body through several internediate steps to formthe principal end
products, carbon dioxide and water. The metabolic pattern was not influenced
by the route of vinyl acetate exposure, but did show nonlinear kinetic
patterns at high concentrations, indicating that the netabolic processes are
saturable. In vivo and in vitro tests indicate that vinyl acetate may bind to
vari ous degrees with glutathione in different species, which may help to
detoxify vinyl acetate or its netabolites and enhance their elimnation.

2.3.4 Excretion
2.3.4.1 Inhal ati on Exposure

No studies were |located regarding the excretion of vinyl acetate in
hurmans foll owi ng i nhal ati on exposure.

Studies in aninals indicate that vinyl acetate is rapidly elimnated
follow ng inhal ati on exposure (Hazl eton 1979a, 1980a). In one of these
studies, rats were exposed to 750 ppm “C-VA for 6 hours (Hazleton 1980a).
Ni nety-six hours foll owi ng adm nistration, the nean proportions of the
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recovered radioactivity found in the urine, feces, and expired air were 4.8%
3.6% and 74.6% respectively. Mst of the radioactivity was elimnated in
the formof carbon dioxide during the first 24 hours after exposure. Also, a
substantial percentage (16.4% of the total recovered radioactivity was
present in the carcasses at 96 hours. Simlar results were obtained in an
earlier study conducted by Hazleton (1979a). In this study, rats were exposed
to 1,000 ppmvinyl-1,2-"“C VA for 6 hours. N nety-six hours follow ng

adm ni stration, the nmean proportions of the recovered radioactivity in the
urine, feces, and expired air were 7.1% 3.9% and 70.3% respectively. As
with the above study, nuch of the radioactivity was elimnated within 24
hours of exposure.

2.3.4.2 Oal Exposure

No studies were |located regarding the excretion of vinyl acetate in
humans fol l owi ng inhal ati on exposure.

In animal s, the excretion of vinyl acetate follow ng oral exposure has
been studied in male and femal e rats (Hazl eton 1979a, 1980a). The excretion
of radioactivity in rats following oral adm nistration of 1 nL of a 5,000 ppm
[vinyl-1,2-"C]-VA solution (equivalent to 23.4 ng/kg) by gavage was rapid (as
in inhalation exposure) (Hazleton 1979a). N nety-six hours after
administration, 3.1% 1.1% and 86. 3% of the nmean radi oactivity was excreted
in the urine, feces, and expired air, respectively. After 96 hours, an
addi tional 7% was recovered in the carcasses, accounting for a total of 96%
of the adm nistered radioactivity. Mst of the radioactivity was elimn nated
during the first 6 hours after exposure. In a later study, rats were given 6
hourly doses of a 10,000 ppm aqueous sol ution of [vinyl-1,2-%*C]-VA by oral
gavage (Hazleton 1980a). During the six hours of exposure and the 96- hour
collection period, 1.8% 1.4% and 61.2% of the nean radi oactivity was
excreted in the urine, feces, and expired air, respectively. After 96 hours,
an additional 5% was recovered fromthe carcasses, accounting for a total of
70% of the administered radioactivity. The authors attributed the unaccounted
30%to loss in expired air that escaped fromthe netabolic cages housing the
animal s. The studi es show that follow ng oral exposure, vinyl acetate is
elimnated rapidly fromthe body, primarily through expired air as carbon
di oxi de.

2.3.4.3 Dermal Exposure

No studies were |located regarding the excretion of vinyl acetate in
humans or aninmals after dermal exposure.

2.4 RELEVANCE TO PUBLI C HEALTH

Since few nonitoring data are available for vi nyl acetate
concentrations in environnental nedia, physical/chem cal property data can be
used to predict the partitioning of the conpound to air, water, and soil and
subsequent human



54
2. HEALTH EFFECTS

exposure through contact with these medi a. Based on the high vapor pressure
of vinyl acetate, volatilization to the atnosphere will be an inportant
transport process for vinyl acetate released to surface water and soils. The
l ow K (soil adsorption coefficient) and high water solubility indicates that
vinyl acetate is highly nobile in soils and that when rel eased to subsurface
soils it is likely to partition to groundwater. The |ow K (octanol/water
partition coefficient) for vinyl acetate, suggests that it is unlikely to

bi oconcentrate/ bionmagnify in terrestrial or aquatic organi snms/food chains,
hence, exposure to vinyl acetate through consunption of nmeat or fish is not
an inmportant exposure pathway for this conpound. In the atnosphere, vinyl
acetate is rapidly broken down by photochenical oxidation with a half-1ife on
the order of hours. In soils and surface and groundwater, the conpound

under goes hydrolysis and biotransformation,.with half-lives on the order of
days. The main products of these transfornmat,ion processes are acetic acid,
acet al dehyde, and acet at e,

Popul ations living in areas surroundi ng hazardous waste sites nay be
exposed to vinyl acetate through inhalation of contam nated air and ingestion
of or dermal contact with contam nated water; the latter route may be
particularly inportant for populations living near certain types of disposal
sites (e.g., underground injection sites). The relative inportance of these
pat hways in terns of human exposure potential is difficult to establish given
the limted nmonitoring data available for vinyl acetate. Mst people,
however, are probably exposed to very small amounts of vinyl acetate through
(1) inhalation of contam nated anbient air and cigarette snoke; (2) dernal
contact with products containing the conpound (e.g., glues and paints); and
(3) ingestion of residual vinyl acetate nmononers in food (i.e., that may have
mgrated fromplastic food waps) or food itens containing the conpound as a
starch nodifier. Qccupational exposure to vinyl acetate occurs via inhalation
of contam nated workpl ace air and by dermal contact with vinyl acetate vapor
or liquids and products containing the conmpound.

Vinyl acetate is a water soluble volatile organic conpound that acts
directly on the site of contact. The clinical signs common to both humans and
animal s after acute exposure to high levels of vinyl acetate in air are
respiratory and ocular irritation. O her organ syste