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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.
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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.
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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
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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 systens apparently affected in
animal s followi ng inhal ati on and/ or oral exposure include the inmne and
nervous systens. The nechani sm by which vinyl acetate exerts its effects on
t hese systens has not been investigated. Death has been reported in aninals
following acute inhalation, oral, or dermal exposure to high doses of"'vinyl
acetate. Reduced body weight gain is often observed in internediate- and
chroni c-duration inhalation and drinking water studies in animals. In
drinking water studies, these changes have been attributed to reduced water
i ntake due to the unpalatability of the test solution containing vinyl
acetate. Simlarly, growh retardati on has been observed in pups born to rats
exposed to vinyl acetate via inhalation or oral adm nistration. This effect
is nost likely a result of reduced body weight gain in the naternal animals
during exposure to vinyl acetate. An increased incidence of some tunor types



55
2. HEALTH EFFECTS

has been observed in rats that were chronically exposed to vinyl acetate via
i nhal ation. In nost cases, the tunor types observed foll ow ng exposure to
vinyl acetate (i.e., nasal) were not observed in the control animals. Studies
on the carcinogenic potential of vinyl acetate followi ng oral exposure have
general ly been inconclusive or negative. Very little information is avail able
on the toxicity of vinyl acetate follow ng dermal exposure in humans or

ani mal s. However, exposure to vinyl acetate has caused ocular irritation and
blistering of the skin of workers and | aboratory ani mal s.

An acute-duration inhalation MRL was not derived for vinyl acetate
because of the lack of information on target organ(s) of effect for this
compound. Cinical studies with human vol unteers have shown that irritation
of the nmucous nenbranes of the throat can occur at levels as |ow as 4 ppmfor
exposure durations of 2 mnutes (Snyth and Carpenter 1973). However, this was
based on effects reported in one out of nine exposed volunteers. H gher
| evel s and/or |onger durations of exposure resulted in an increased incidence
of reported irritation

An internedi ate-duration inhalation MRL of 0.01 ppm was derived for
vinyl acetate based on the Hazl eton 1980b study. This study used the species
that shows the greatest sensitivity to the respiratory effects of vinyl
acetate (i.e., the nouse). Ten CD-1 mice/sex/group were intermttently
exposed to vapor concentrations of 0, 50, 200, or 1,000 ppm for 6 hours/day,
5 days/week, for 3 nonths. Animals were observed daily for clinical signs of
toxicity, body weight was nonitored, hematol ogi cal and bl ood chem cal
paranmeters were assayed, and a full necropsy was perforned at termn nal
sacrifice. There were no exposure-rel ated deaths during the study; however,
11 aninals died as a result of the blood sanpling procedure (2 out of 20
controls and 9 out of 20 exposed to 1,000 ppn). No treatnent-rel ated adverse
effects were observed in the control or 50-ppm exposure group. Respiratory
di stress, hunched posture, and ruffled fur were observed at exposure
concentrations of 200 ppm and above. A statistically significant decrease in
body wei ght gain was seen in the aninmals exposed to 1,000 ppm vinyl acetate.
No ot her clinical or macroscopic signhs of exposure-related toxicity were
observed in these aninmals. Inflammtion of the nasal turbinate epithelium and
mld rmultifocal bronchitis were observed in aninmals exposed to 200 ppm vi nyl
acetate. Focal and diffuse rhinitis associated with exudation and
transudation into the nasal passages, netaplasia or hyperplasia of the
trachea, nultifocal bronchitis, bronchiolitis, nultifocal bronchi ostani a,
bronchi al epithelial netaplasia and hyperpl asia, and occasi onal bronchi ol ar
and bronchi al exudati on were observed in the aninmals exposed to 1,000 ppm
vinyl acetate. The 200-ppm vinyl acetate |evel was considered a LOAEL and the
50- ppm vi nyl acetate | evel was considered a NOAEL for respiratory effects in
the extrathoracic region. The NOAEL was used as the basis for calculating the
MRL. The adm ni stered concentration (50 ppm) was corrected for intermttent
exposure and human equi val ent concentrati on as foll ows:
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To convert to mg/m3:

Ppm x (86.09/24.45) = 3,52 mg/m3 (assuming 25°C and 760 mmHQ)
NOAEL (Experimental Concentration, mg/m3) = NOAELnaq
NOAELexpy; = 50 ppm x (3.52 mg/m3) /(1 ppm) = 176 mg/m

To correct for noncontinuous exposure (NOAELppy;):

NOAELppy; = NOAELﬁgm x (5 days/7 days) x (6 hours/24 hours)
= 176 mg/m> x (5 days/7 days) x (6 hours/24 hours)
= 31 mg/m3

To calculate the human equivalent concentration (HEC) (for a soluble gas
that produces a respiratory effect in the extrathoracic region):

NOAELyrc; = NOAEL[ppy; X regional gas dose ratio (RGDR)

RGDR = Regional gas dose for animals (RGD,)/Regional gas dose for
humans (RGDy)

RGDy = inhalation rate'qf animal (m3/day)/surface area of extrathoracic
region (cm?)

RGDy = inhalation rate of humans (m>/day)/surface area of extrathoracic
region {cm?)

Inhalation rate:
CD-1 mouse (subchronic study) = 0.05 m?/day
Inhalation rate for humans = 20 nP/day

Surface area for extrathoracic region:
Mouse = 2.9 cm?
Human = 177 cm?

NOAEL pyecy = 31 mg/m3 x ([0.05 nﬁ/day/2.9 cm?] /[20 m3/day/177 cm?])
= 31 mg/m} x 0.15
=5 mg/m3

The MRL value is calculated by dividing the NOAELec; by an uncertainty
factor (UF) of 100 (10 for extrapolation from animals to humans and 10 for
human variability).

MRL = NOAEL [gﬁc] /UOF
= 5 mg/m>/100
= 0.05 mg/m3 or 0.01 ppm

In other studies, respiratory irritation has been observed in both rats and
mice following acute-, intermediate-, and chronic-duration exposures. Lung
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congestion and hi stopat hol ogical |esions of the respiratory tract have al so
been observed in 4-week and 2-year studies in rats and mce that support the
critical end point chosen for the calculation of the intermedi ate inhal ation
MRL (Hazl eton 1979b, 1979c, 1980c, 1988b).

A chroni c-duration inhalation MRL was not calculated. In the chronic
i nhal ati on studi es conducted by Hazl eton (1988b), neurol ogi cal and
i mrunol ogi cal effects were observed at the same exposure |levels as the NOAEL
for respiratory effects. The neurol ogical effects were reported to be
concentration-rel ated, duration-related, and were consistently observed in
both internedi ate- and chronic-duration studi es. Decreases in spleen weight
consistently occurred in the internediate-duration studies at the highest
concentration tested. In the chronic duration study, nmale rats exposed to 50
or 600 ppmexhibited a significant decrease in relative spleen weight and no
significant changes in spleen weight were observed in mce. Because studies
have not been conducted to further examne these organ systens or to
determ ne the nechanism by which vinyl acetate elicits its effect on these
systens, it was decided that neurological and immunol ogical effects needed
further clarification before a chronic inhalation MRL could be derived.

No oral MRLs were derived for the foll ow ng reasons:

(1) Although the LOAELs presented in Table 2-2 represent statistically
significant differences, they are either of questionable
bi ol ogi cal significance (e.g., spleen and thynua wei ght changes
W t hout acconpanyi ng gross or histopathol ogi cal changes) or for
changes to the Harderian gland (e.g., chronic dacryoadenitis),
whi ch are not relevant to humans. In the absence of further
definition, neither of these end points provide an appropriate
basis for an MRL

(2) The devel opnental LQOAELs reported are thought to be due to growth
retardation in the maternal animals, which is in turn thought to
be due to unpalatability of the drinking water. Therefore, these
effects are of questionabl e biological significance as well.

(3) Al of the NOAELs reported are “free-standing”. and are thus not
an appropriate basis for the calculation of an MRL.

Deat h. Al t hough no deat hs have been reported in humans foll ow ng
exposure to vinyl acetate, this chenical has caused lethality in aninmals
followi ng inhal ation, ingestion, or dernal application of high doses. Death
in animals is generally associated with adverse respiratory effects and
convul sions follow ng inhal ati on and dermal exposure, but no cause of death
has been specified followi ng ingestion of vinyl acetate. M ce appear to be
nmore sensitive to the toxic effects of vinyl acetate than rats, rabbits, or
gui nea pigs (CGoeva 1966; Snyth and Carpenter 1948, 1973). The doses required
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to produce death are relatively high. Furthernore, no treatnent-rel ated
deat hs have been observed in chronic inhalation or oral studies (Hazleton
1988a, 1988b). Therefore, it is likely that the risk of death is very snal
under conditions of long-term |owlevel exposure either fromingestion of
contam nated food or water or frominhal ation of vinyl acetate.

Systemic Effects

Respiratory Effects. The primary system c target of vinyl acetate
toxicity foll owi ng inhalation exposure in humans and aninals is the
respiratory system Acute inhalation exposure of humans to vinyl acetate can
cause irritation of the nose and throat (Smyth and Carpenter 1973). Prol onged
occupational exposure to vinyl acetate is generally w thout adverse
respiratory effect at |levels below 10 ppm (Deese and Joyner 1969).

Respiratory tract damage is characteristic of vinyl acetate exposure in
| aboratory animals follow ng acute-, internediate-, or chronic-duration
i nhal ati on exposure. Deaths followi ng acute inhal ati on exposure to vinyl
acetate are generally acconpani ed by evidence of respiratory irritation
Gaspi ng and | abored breathing were generally observed in animals prior to
deat h, and necropsy reveal ed | ung congestion and henorrhage, froth in the
trachea, and excess pleural fluid (Snmyth and Carpenter 1973; Wil and
Car penter 1969).

Evidence of respiratory irritation and distress was reported in rats
and mce during internediate-duration inhalation exposure to vinyl acetate
(Gage 1970; Hazleton 1979b, 1979c, 1980b, 198oc). These clinical signs were
not acconpanied by changes in lung weight or nacroscopic evidence of
respiratory tract damage follow ng 4-week exposures. However, an increase in
relative lung weight in both rats and mce, presunably due to treatnent-
related lung congestion, was observed in the high-exposure groups in the 3-
month studies (Hazleton 1980b, 1980c). Hi st opat hol ogi cal evi dence of
treatnent-rel ated respiratory effects was seen in mce follow ng exposure for
3 nmonths (Hazleton 1980b). Mce exposed to 200 ppm vinyl acetate exhibited
very mld to slight focal areas of inflammation of the nasal turbinate
epithelium and mld multifocal bronchitis. Mcroscopic examnation of mce
exposed to 1,000 ppm vinyl acetate revealed focal and diffuse rhinitis with
associ ated exudation and transudation into the nasal passages, netaplasia or
hyperpl asia of the trachea, multifocal bronchitis, bronchiolitis, multifoca
br onchi ost ani a, br onchi al epi thelial nmet apl asia and hyperpl asia, and
occasi onal 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 |ower respiratory
tract since the effects to the extrathoracic region were observed nore
commonly at | ower exposure concentrations.

Chroni c inhal ation exposure (104 weeks) of rats and nice to vinyl
acetate resulted in clinical and histopathological treatnment-related effects
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on the respiratory tract simlar to those seen wth shorter-duration
exposures (Hazleton 1988b). In mce the npbst promnent nasal change was
atrophy of the olfactory epithelium at 200 ppm and 600 ppm Epithelial
hyper pl asia was al so observed in the trachea at 200 and 600 ppm Changes in
the lung were nore promnent at higher levels while the larynx was
unaffected. In rats, the nost promnent lesion was thinning of the nasal
ol factory epithelium acconpani ed by basal cell hyperplasia. Pul nonary changes
observed in the higher dose group were nainly in the bronchi and bronchi ol
and consisted of fibrous plaques and buds protruding into the lunen of the
bronchi and bronchiol es, covered by normal bronchial epithelium and wi thout
obvi ous evidence of an associated inflanmatory response. Taken together, the
results of the acute-, internmediate-, and chronic-duration inhalation
exposure experinments, indicate that mce may be nore susceptible to the toxic
effects of vinyl acetate than rats. This is supported, in part, by the higher
susceptibility of mce to the lethal effects of vinyl acetate (i.e., a |ower
LC, value), as discussed in Section 2.2.1.1.

The effects of vinyl acetate on the respiratory tract differ fromthose
seen after exposure to acetal dehyde. Acetal dehyde is a hydrol ysis product of
vinyl acetate and is also a respiratory irritant. Acetal dehyde was present in
the m d- and hi gh-exposure group inhalation chanbers in the chronic rat and
nmouse study at a concentration of 34 and 49 ppm respectively (Hazl eton
1988b). Dreef-van der Meul en (1988b) conpared the non-neoplastic changes
observed followi ng chronic inhalati on exposure of rats to vinyl acetate with
t hose seen after chronic inhalation exposure to 750-3,000 ppm acet al dehyde.
Bot h conpounds cause danmage to the ol factory epitheliumat |ower
concentrations. However, exposure to higher concentrations of acetal dehyde
(1,500-3,000 ppm) also results in danage to the nasal respiratory epithelium
whereas no danage to the nasal respiratory epitheliumwas found at |evels up
to 600 ppmvinyl acetate. In addition, vinyl acetate adversely affects the
bronchi and | ungs, but not the |arynx, whereas acetal dehyde i nduces damage to
the laryngeal epitheliumbut has no effect on the bronchi and |ungs. Based on
the differences in responses to the two conpounds, and the fact that
acet al dehyde was not present in the inhalation chanbers in the vinyl acetate
study at |levels that would be expected to result in adverse respiratory
effects, it can be concluded that the effects of vinyl acetate on the
respiratory tract were nost likely not due to the action of its nmetabolite,
acet al dehyde.

In vitro studies have shown that vinyl acetate is ciliatoxic at a total
exposure of 4 ug (Battista 1976). Isolated trachea were exposed to 40 niL

puffs of air containing vinyl acetate (0.5 pg/puff) for 12 seconds at 1
mnute intervals for 8 puffs. Proper functioning of the respiratory tract
cilia is essential for rnucociliary clearance, which in turn is essential for
the maintenance of a normal pulnonary environment. Inpairnent of ciliary
action can lead to accunul ation and retention of noxious chemcals within the
respiratory tract.
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Hepatic Effects. Prol onged occupati onal exposure to vinyl acetate did
not result in any adverse renal effects in humans at | evels below 10 ppm
(Deese and Joyner 1969). El evated serum ornithine carbanyl transferase (COCT)

I evel s, which are indicative of |iver danage, were neasured in one of four

gui nea pigs adni ni stered 500 ng/ kg vinyl acetate by intraperitoneal injection
(the remaining three died) (D Vincenzo and Krasavage 1974). Decreases in
l'iver weight have been observed in rats and mce exposed to vinyl acetate by

i nhal ation for 3 nonths and 104 weeks (Hazl eton 1980b, 1980c, 1988a), and in
rats and mce admnistered vinyl acetate in the drinking water for 4 weeks
and 3 nonths (rats) (Hazleton 1979d, 1980f). These wei ght changes were not
acconpani ed by hi stopat hol ogi cal changes or bi ochem cal evidence of I|iver
damage. The bi ol ogi cal significance of a changes in organ weight in the
absence of histopathol ogical or functional changes is difficult to ascertain.

Renal Effects. Prol onged occupati onal exposure to vinyl acetate did not
result in any adverse renal effects in humans at |evels bel ow 10 ppm (Deese
and Joyner 1969). No adverse renal effects were observed in ani mals exposed
to vinyl acetate by inhalation (Hazleton 1979b, 1979c, 1980b, 1980c, 1988b).
A decrease in absolute, but not kidney weight relative to body wei ght was
found in nmale rats adm nistered vinyl acetate in drinking water for 3 nonths
(Hazl eton 1980f). An increase in kidney weight relative to body wei ght was
observed in nale rats adm nistered vinyl acetate in the drinking water for
104 weeks following in utero exposure (Hazleton 1988a). Decreased and nore
concentrated urine was observed in female rats adm nistered vinyl acetate in
the drinking water for 3 nmonths and in nale and female rats exposed via
i nhal ation to vinyl acetate for 3 nonths or 104 weeks (Hazl eton 1980c, 1980f,
1988b). However, no gross or histopathol ogi cal changes were observed in the
ki dneys of these animals. The decreased and nore concentrated urine was nost
likely a result of reduced water intake. Therefore, the toxicol ogical
significance of the organ weight and urine changes is questionable. The
ki dney wei ght changes observed in the chronically treated nmale rats may have
been due to age-related disease processes that normally occur in nale rats
and were exacerbated by exposure to vinyl acetate. No other adverse renal
effects were observed in rats or mice in any other internediate-or chronic-
duration study (Gage 1970; Hazleton 1979b, 1979c, 1979d, 1980b, 1980c, 1980e,
1980f, 1988a, 1988b).

Dermal / Ocul ar Effects. Acute exposure of humans or animals to vinyl
acetate in air can cause irritation of the eyes (Deese and Joyner 1969; (Gage
1970; Snyth and Carpenter 1973). These effects are the result of direct
contact with vinyl acetate vapor or liquid. Prolonged occupational exposure
to vinyl acetate at |evels bel ow 10 ppm generally does not cause eye
irritation (Deese and Joyner 1969). Dermal application of diluted solutions
of vinyl acetate generally does not cause irritation in either humans or
ani mal s (Tanaka and Lucas 1984; Wil and Carpenter 1969). However,
occupati onal experience has indicated that sonme persons mght react to dernal
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
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contact, such as that afforded by clothing wet with the chenmical night result
in severe irritation or blistering of the skin (Union Carbide 1958). Hi gh
doses of vinyl acetate applied to the skin of rabbits has resulted in
erythema, edemn, and necrosis of the skin (Wil and Carpenter 1969).

I mmunol ogi cal Effects. No studies were |ocated regardi ng i munol ogi cal
effects in humans after exposure to vinyl acetate. Decreases in thynus and/or
spl een wei ght were consistently noted in rats and m ce exposed to vinyl
acetate orally or by inhalation for either 4 weeks or 3 nonths (Hazl eton
1979b, 1979c, 1979d, 1980c, 1980b, 1980e). Extranedul | ary hemat opoi esi s was
observed at an increased incidence over controls in mce receiving vinyl
acetate in the drinking water for 3 nonths (Hazleton 1980e). However, in this
study, the incidence of grossly-detectabl e splenonmegaly was not increased in
t he high-dose animals, and hematopoietic activity was the sanme as that seen
in the control animals. No other histopathological changes were noted in
either the spleen or the thynmus in any of these studies. These organ wei ght
changes may be suggestive of an inmmunosuppressive action of vinyl acetate,
but the appropriate paranmeters were not investigated to delineate this
possibility.

Neur ol ogi cal Effects. No studies were |ocated regardi ng neurol ogical
effects in humans or aninmals after exposure to vinyl acetate. Al rats and
m ce exposed by inhalation to at | east the highest concentration of vinyl
acetate for 4 weeks, 3 nonths, and 104 weeks exhi bited hunched posture and
ruffled fur (Hazleton 1979b, 1979c, 1980b, 1980c, 1988b). A dose-rel ated
increase in the incidence of head tilt was also noted in sone rats and mice
exposed by inhalation to vinyl acetate for 104 weeks (Hazleton 1988b). It is
possi bl e that these neurol ogi cal signs were secondary to the poor health of
the aninmals follow ng inhal ati on exposure, and nmay not be indicative of a
primary effect of vinyl acetate on the nervous system These neurol ogi cal
signs were not seen in animals that were orally adm nistered vfnyl acetate,
and no other treatnent-related clinical or histopathol ogical signs of
neurotoxi city have been observed in rats or mce exposed to vinyl acetate
(Hazl eton 1979b, 1979c, 1979d, 1980b, 198Cc, 1980e, 1980f, 1988a, 1988b).
However, neurobehavioral toxicity often occurs in the absence of other
clinical or histopathol ogical signs of neurotoxicity, so it is not known if
exposure to vinyl acetate is likely to result in any adverse neurol ogi ca
effects in humans.

Devel opmental Effects. No studies were | ocated regardi ng devel opnent al
effects in humans after exposure to vinyl acetate. Gowth retardation and
del ayed ossification have been observed in pups born to rats exposed to vinyl
acetate via inhalation during gestation days 6-15 (Hazl eton 1980d). Growth
retardation was also observed in pups following oral exposure of rats to
vinyl acetate during the pre-mating, gestation, and |Ilactation periods
(Hazl eton 1987). These effects may be secondary to the reduced body weight
gain that occurred in the maternal animals. No other adverse devel opnental
effects have been observed in animals follow ng inhalation or oral exposure
to vinyl



62
2. HEALTH EFFECTS

acetate. Based on the results obtained in animals, vinyl acetate is unlikely
to cause adverse devel opnental effects in hunans at exposure concentrations
bel ow t hose that woul d cause maternal toxicity.

Reproductive Effects. No studies were | ocated regardi ng reproductive
effects in humans after exposure to vinyl acetate. A marginal reduction in
t he nunber of pregnancies was observed in the F, fenale rats adm ni stered
vinyl acetate in the drinking water in a two-generation study (Hazleton
1987). However, this difference was not statistically significant and the
pregnancy incidence in the treated aninmals was reported to be within the
range of historical controls. Wth the exception of a decrease in relative
testes weight which was not dose-related and not acconpanied by any
hi st opat hol ogi cal changes in nice adninistered vinyl acetate in the drinking
water for 3 nonths (Hazleton 1980e), no other gross or histopathol ogical
changes in either nale or fermal e reproductive organs were observed in rats or
mce admnistered vinyl acetate by inhalation or oral admnistration
(Hazl eton 1980b, 1980c, 1980d, 1980e, 1980f, 1987, 1988a, 1988b). Reduced
testicular weight and increased sperm abnornalities were reported in nale
mce given intraperitoneal injections of 125 ng/kg/day and 500 ng/kg/day,
respectively (Lahdetie 1988). The authors concluded that in mce, vinyl
acetate inpaired spermproduction in the testis, but did not appear to affect
its endocrine function. However, the adverse male reproductive effects may
have been a result of the decreased body weight also observed in these
animals. Sone of the effects (i.e., reduced testicular weight) were not dose-
related, and the route of administration is not relevant to human exposure.
Gven the limtations associated with this study, and the fact that no
adverse effect on reproductive perfornmance or histopathology of the
reproductive organs has been seen following inhalation or oral exposure of
animals to vinyl acetate, the relevance of the effects to human health is not
known,

Genotoxicity. Vinyl acetate has been evaluated for genotoxicity in a
variety of in vitro and in vivo assays. As sumarized in Tables 2-5 and 2-6,
the results of these assays in mcroorgani sms have been negative, but the
maj ority of mutagenicity tests in mammalian cells have been positive.

The nmutagenicity of vinyl acetate has been denonstrated in several

in vitro studies. In cultured human |ynphocytes and whole bl ood,
dosedependent increases in the induction of chronpbsonal aberrations (Jantunen
et al. 1986; Norppa et al. 1985), sister chromatid exchanges (He and Lanbert
1985; Norppa et al. 1985), mcronuclei (Mki-Paakkanen and Norppa 1987;
Norppa et al. 1988), and DNA cross-links (Lanmbert et al. 1985) have been
observed. Vinyl acetate also induced a dose-dependent increase in sister
chromatid exchanges in Chinese hanster ovary cells with and wi thout netabolic
activation (Norppa et al. 1985), and has enhanced adenovirus transformation
of Syrian hanster fetal cells (Casto 1980, 1981). Thus, vinyl acetate has
denmonstrated clastogenicity in mammalian cells, which was nore pronounced in
i sol ated human |ynphocytes than in |ynphocytes in whole blood (Jantunen et
al . 1986; Norppa



TABLE 2-5. Genotoxicity of Vinyl Acetate In Vitro

Results
With Without
Species (test system) End point activation activation References
Prokaryotic organisms:
Salmonella typhimurium TA98, TA100, Gene mutation - - Bartsch et al. 1976, 1980
TA1530
S. typhimurium TA98, TA100, TA1535, Gene mutation - - Florin et al., 1980;
TA1537, TA 1538 Lijinsky and Andrews
1980; McCann et al.
1975
S. typhimurium TA1530, TA100 Gene mutation - - Bartsch et al. 1979
S. typhimurjum TA100 Gene mutation - - Barbin et al. 1978
Mammalian cells:
Cultured human lymphocytes Micronuclei No data + Maki-Paakkanen and Norppa
1987; Norppa et al.
1988
Cultured human lymphocytes Chromosomal. aberrations No data + Jantunen et al. 1986;
Norppa et al. 1985;
Cultured human lymphocytes Sister chromatid exchange No data + He and Lambert 1985;
Norppa et al. 1985
Cultured human lymphocytes DNA cross-links No data + Lambert et al, 1985
Cultured hamster fetal cells Adenovirus transformation No data + Casto 1980, 1981
Chinese hamster ovary cells Sister chromatid exchange + + Norppa et al, 1985

DNA = deoxyribonucleic acid; - = negative result; + = positive result
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TABLE 2-6. Genotoxicity of Vinyl Acetate In Vivo
Species (test system) End point Results Reference
Mammalian cells:
Mouse spermatogonial cells Meiotic micronucleus assay - Lahdetie 1988
Rat hepatic cells DNA-adducts - Simon et al. 1985b
Mouse bone marrow polychromatic- Micronuclei + Maki-Paakkanen and Norppa
erythrocyte assay (micronucleus test) 1987; Norppa et al., 1988;
Hazleton 1979d
- Hazleton 1979b, 1980b
Rat bone marrow polychromatic- Micronuclei - Hazleton 1979c, 19794, 1980¢
erythrocyte assay (micronucleus test)
Mouse bone marrow Sister chromatid exchange + Takeshita et al, 1986
DNA = deoxyribonucleic acid; - = negative; + = positive
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et al. 1985). However, no nutagenic effects have been reported in bacterial
assays with the Sal nonella typhinmuriumstrains TA98, TA100, TA1530, TA1535,
TA1537, or TA1538 with or without netabolic activation (Barbin et al. 1978;
Bartsch et al. 1976; 1979, 1980; Florin et al. 1980; Lijinsky and Andrews

1980; McCann et al. 1975). These results indicate that vinyl acetate damage
to the genone occurs at the chronosone |evel, rather than at the gene |evel

In vivo, vi nyl acetate induced a dose-dependent increase in
m cronucl eated polychromatic erythrocytes in nouse bone narrow cells
followng a single intraperitoneal injection (Mki-Paakkanen and Nor ppa 1987;
Norppa et al. 1988). However, no treatnent-related effect on the incidence of
m cronucl ei was seen in erythrocytes taken from bone marrow snears of animals
exposed to vinyl acetate by either inhalation or ingestion (Hazleton 1979b,
1979c, 1979d, 1980b, 1980c). A small dose-related increase in sister
chromati d exchanges was observed in the bone marrow cells of hepatectoni zed
and non- hepatectoni zed nmice injected intraperitoneally with vinyl acetate
(Takeshita et al. 1986). However, vinyl acetate failed to produce specific

DNA- adducts in rat liver followng treatment by gavage or by inhalation
(Sinon et al. 1985b) and did not induce an increase in the.occurrence of
mcronuclei in the spernmatogonial cells of mce following intraperitoneal

injection conpared to positive controls (Lahdetie 1988). These discrepant
results may be due to the tissue distribution of vinyl acetate, route of
adm ni stration, species differences, the duration of the cell cycles and
recovery time of induced damage, and differences in sensitivity of the cell
types to

cytotoxicity.

Cancer. No reports of cancer in humans associated with exposure to
vi nyl acetate have been found. The carcinogenicity of vinyl acetate has been
studi ed in chronic bioassays using Sprague-Dawl ey and Fi scher-344 rats and
CD-1 mce (Hazleton 1988a, 1988b; NCI 1982a). Slides of the respiratory tract
of the rats and mce fromthe chronic Hazleton (1988b) inhal ation study were
reeval uated by Beens (1988) (mce) and Dreef-van der Meul en (1988b) (rats).
Tunors were not observed in the lungs or trachea of the exposed rats, but one
squamous cel |l carcinoma of the larynx and twelve nasal tunmors were found in
this species. Qut of twelve, five benign papillomas were found i n exposed
mal e rats while seven malignant carcinomas were found in rats of both sexes.
Bronchi ol ar - al veol ar adenomas were found in the |ungs of both the exposed and
control mce at comparabl e incidences, indicating that their occurrence was
not a result of exposure to vinyl acetate. No tunors were seen in the nose,
larynx, or trachea of either exposed or control mice. Therefore, either the
tunorigenic effect of vinyl acetate is species specific, or the nouse is not
as sensitive to the tunorigenic effects of vinyl acetate, and higher exposure
| evel s may be needed to see this effect in mce. It is not known if the
i ncreased i ncidence of nasal cavity tunors seen in rats exposed to vinyl
acetate is the result of repeated cell proliferation, or whether a genotoxic
mechanismis involved. Respiratory tract tunors in rodents exposed to high
levels of irritating vapors that cause cell proliferation are common (Cohen
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and Ellwein 1990). If the carcinogenic response to inhalation of vinyl
acetate vapor is a result of cell proliferation resulting fromirritation and
not a genotoxic nechanism then the risk of cancer to hunmans exposed to | ow,
nonirritating levels of vinyl acetate vapor should be mninmal.

Vinyl acetate is nmetabolized to acetal dehyde, which is an anim

carci nogen follow ng inhal ati on exposure. Dreef-van der Meul en (1988b)
conpared the neoplastic changes observed following <chronic inhalation
exposure of rats to vinyl acetate with those seen after chronic inhalation
exposure to acetal dehyde. In the vinyl acetate study, benign and malignant
nasal tunors (papillonmas and squanobus cell carcinomas) were seen with no
preferential site of origin (i.e., olfactory or respiratory epithelium.
Acet al dehyde induced squanmous cell carcinomas of the nasal respiratory
epithelium and adenocarcinomas of the olfactory epithelium follow ng
i nhal ati on exposure. Both are believed to be the result of acetal dehyde's
cytotoxic effects on the epithelium Therefore, the carcinogenic response to
the two conpounds differs in, the type and site of origin of nasal tunors as
wel|l as the fact that acetal dehyde-induced nasal tunors arose from severely
damaged epithelium whereas vinyl acetate-induced tunors arose from epithelium
that did not show any signs of danage. Vinyl acetate-danaged olfactory
epitheliumdid not give rise to adenocarci nonmas, whereas adenocarci nomas from
severely danmaged olfactory epithelium were the predoninant response to
acet al dehyde. Furthernore, these carcinogenic responses to acetal dehyde were
not seen at exposure concentrations below 1,500 ppm whereas the |evels of
acet al dehyde present in the inhalation chanbers in the vinyl acetate study
were only 34 and 49 ppm These observations suggest that neither acetal dehyde
or cytotoxicity was involved in the induction of nasal tunors in rats exposed
to vinyl acetate in the Hazl eton (1988b) study (Dreef-van der Meul en 1988b).

A statistically significant carcinogenic effect of vinyl acetate was
observed in a screening study in which this chemical was adninistered in the
drinking water of Fischer-344 rats for 100 weeks (Lijinsky and Reuber 1983;
NCl 1982a). Tunor incidences that were significantly increased in the treated
animal s as conpared to the controls included neoplastic nodules of the liver
in both sexes, adenocarcinomas of the uterus in the fermales, and C cel
adenomas or carcinomas of the thyroid in both sexes, but predominantly in the
femal es. There were many limtations associated with this study, as discussed
in Section 2.2.2.8. Because of these limtations, Lijinsky and Reuber (1983)
concluded that the study needed to be repeated with |l arger nunbers of aninals
per group, higher dose |evels, and vinyl acetate solutions that are prepared
fresh daily before definitive conclusions regarding the carcinogenicity of
vinyl acetate follow ng oral exposure can be nade.

In a |ater study, Sprague-Dawley rats that received hi gher doses of
vinyl acetate in their drinking water for 104 weeks following in utero
exposure than those used by Lijinsky and Reuber (1983) devel oped tunors, but
they were not considered by the authors to be treatnent-rel ated, since they
occurred at a simlar incidence in the high-dose aninmals as in the controls,
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and were commonly occurring tunors in aging Sprague-Dawl ey rats (Hazl eton
1988a). Two squanous cell carcinonas of the oral nucosa were observed in the
treated animals, but the incidence was not statistically significant, and the
study authors considered themto be a result of tooth-related problens

(Hazl eton 1988b). Therefore, this study provides no evidence for the
carcinogenicity of vinyl acetate follow ng exposure in the drinking water.
The negative data obtained fromthis study should be given nore wei ght than
the positive data obtained fromthe Lijinsky and Reuber (1983; NCI 1982)
screeni ng study because nmany of the limtations associated with the earlier
study were renedied in the Hazleton (1988a) study, as discussed in

Section 2.2.2.8.

Prior to the Hazleton (1988a) study, |ARC (1986) had concl uded t hat
there is inadequate evidence for the carcinogenicity of vinyl acetate in
humans or ani mal s.

Results of genotoxicity studies are m xed, but generally provide
evi dence that vinyl acetate is clastogenic and indicate that vinyl acetate
damage to the genone occurs at the chronosone |evel, rather than at the gene
| evel . Therefore, based on the positive results sumari zed above for
i nhal ati on exposure, and the generally positive genotoxicity results, vinyl
acetate nmay pose a carcinogenic risk to humans.

2.5 BlI OVARKERS COF EXPOSURE AND EFFECT

Bi omarkers are broadly defined as indicators signaling events in
bi ol ogi c systens or sanples. They have been classified as narkers of
exposure, nmarkers of effect, and markers of susceptibility (NAS/ NRC 1989).

A bi omar ker of exposure is a xenobiotic substance or its netabolite(s)
or the product of an interaction between a xenobiotic agent and some target
nmol ecul es or cells that is nmeasured within a conpartnment of an organism
(NAS/ NRC 1989). The preferred bi onmarkers of exposure are generally the
substance itself or substance-specific netabolites in readily obtainable body
fluids or excreta. However, several factors can confound the use and
interpretation of bionarkers of exposure. The body burden of a substance may
be the result of exposures fromnore than one source. The substance being
nmeasured may be a netabolite of another xenobiotic substance (e.g., high
urinary |evels of phenol can result from exposure to several different
aromati ¢ conmpounds). Depending on the properties of the substance (e.g.,
bi ol ogic half-life) and environnmental conditions (e.g., duration and route of
exposure), the substance and all of its nmetabolites nay have left the body by
the time biologic sanples can be taken. It may be difficult to identify
i ndi vi dual s exposed to hazardous substances, that are conmonly found in body
tissues and fluids (e.g., essential mneral nutrients such as copper, zinc,
and selenium. Bionmarkers of exposure to vinyl acetate are discussed in
Section 2.5. 1.
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Bi omarkers of effect are defined as any neasurabl e bi ochem cal,
physi ol ogic, or other alteration within an organi smthat, depending on
magni t ude, can be recogni zed as an established or potential health inpairnent
or disease (NAS/NRC 1989). This definition enconpasses bi ochenical or
cellular signals of tissue dysfunction (e.g., increased |liver enzynme activity
or pathologic changes in fermale genital epithelial cells), as well as
physiologic signs of dysfunction such as increased blood pressure or
decreased lung capacity, Note that these markers are often not substance
specific. They also nay not be directly adverse, but can indicate potential
health inpairment (e.g., DNA adducts). Biomarkers of effects caused by vinyl
acetate are discussed in Section 2.5.2.

A biomarker of susceptibility is an indicator of an inherent or
acquired limtation of an organisnmis ability to respond to the challenge of
exposure to a specific xenobiotic substance. It can be an intrinsic genetic
or other characteristic or a preexisting disease that results in an increase
i n absorbed dose, biologically effective dose, or target tissue response. |If
bi omarkers of susceptibility exist, they are discussed in Section 2.7,

" POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE. "

2.5.1 Bionmarkers Used to ldentify and/or Quantify Exposure to Vinyl Acetate

Met abol i ¢ studi es denpbnstrate that vinyl acetate is effectively
hydrol yzed by esterases in the blood to vinyl alcohol and acetate. The vinyl
al cohol is subsequently converted to acetal dehyde (Hazleton 1979a; Hazl eton
1980a; Sinmon et al. 1985a). Acetal dehyde is subsequently netabolized to
acetate in the liver. Acetate enters normal netabolic pathways and is broken
down to carbon dioxide which is elimnated in expired air. Because the
nmet abol i sm of vinyl acetate occurs rapidly (in vivo tests indicate that npst
is elimnated within 24 hours after exposure), it would be difficult to
measure the presence of vinyl acetate or acetal dehyde for reasonabl e peri ods
foll owi ng exposure to vinyl acetate. Likew se, other netabolites would not be
useful because these are incorporated into normal metabolic pathways, making
it inpossible to determ ne which netabolites were due to vinyl acetate
exposure and which were present as a result of normal netabolic processes.

2.5.2 Biomarkers Used to Characterize Effects Caused by Vinyl Acetate

Numer ous positive genotoxic end points in human | ynphocytes (e.g.,
m cronucl ei ,' chronobsonmal aberrations, sister chromati d exchange, and DNA
cross-links) have been associated with exposure to vinyl acetate. However,
because these results are fromin vitro tests and because many ot her comonly
encountered chemicals and factors (e.g., snmoking) may al so cause these sane
abnormalities, these changes cannot be consi dered specific biomarkers of
effects caused by vinyl acetate. Another possibility is to use protein or
henogl obi n adducts of acetal dehyde as a nmarker of effect for vinyl acetate.
St abl e protein-acetal dehyde adducts (lzum et al. 1988; Lin and Lunmeng 1988)
and henogl obi n- acet al dehyde adducts (Peterson et al. 1988) have been shown to
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be forned foll owing chronic al cohol ingestion. Since vinyl acetate does not
form adducts with DNA, this type of marker is also not available to serve as
a marker for effect. No other biomarkers (specific or otherw se) have been
identified to indicate exposure to vinyl acetate.

2.6 | NTERACTI ONS W TH OTHER CHEM CALS

There are no chem cals known that influence the toxicity of vinyl
acetate in the body.

2.7 POPULATI ONS THAT AEE UNUSUALLY SUSCEPTI BLE

Individuals with existing problens in the upper respiratory tract,
eyes, and, possibly, skin may be unusually susceptible to effects associated
Wth exposure to vinyl acet ate, based on its irritant properties.
Prepl acenent nedical examinations to identify such conditions have been
reconmended for people who nmay be occupationally exposed to vinyl acetate
(NIOSH 1978). Snokers may represent another potentially susceptible
subpopul ati on because vinyl acetate is a respiratory irritant. In addition,
vinyl acetate has been shown to have an effect on nucociliary clearance
simlar to that of nicotine, so the conbined effects of vinyl acetate and
nicotine in snokers could result in enhanced inpairnent of respiratory
function (Battista 1976).

2.8 M TI GATI ON OF EFFECTS

This section will describe clinical practice and research concerning
nmet hods for reducing toxic effects of exposure to vinyl acetate. However,
because sone of the treatnents discussed nmay be experinmental and unproven
this section should not be used as a guide for treatnment of exposures to
vinyl acetate. \Wen specific exposures have occurred, poison control centers
and nedi cal toxicologists should be consulted for medical advice.

Met hods for enhancing the elimnation of vinyl acetate are not known;
however, the relatively short half-life of vinyl acetate in the body may
obviate the need to enhance elinination. Furthernore, the nmechani smof action
by which vinyl acetate produces toxic effects is undeterm ned. Therefore, the
mai n obj ective of treating vinyl acetate exposure is to decrease absorption

Human exposure to vinyl acetate nmay occur by inhal ation, ingestion, or
by dernmal contact. Vinyl acetate is a respiratory irritant and acute high-
dose inhal ati on exposure may result in respiratory distress requiring the
adm ni stration of oxygen and ventilation assistance. Treatnment for pul nonary
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edema may be necessary (Bronstein and Currance 1988; Stutz and Janusz 1988).
Adm nistration of water or mlk for dilution has been suggested; however, it
is not clear whether such treatnent would reduce absorption (it may sinply
reduce irritant effects on the stonmach). Gastrointestinal absorption is
decreased by administration of activated charcoal (Stutz and Janusz 1988).
Cathartics such as magnesium sulfate are also used to accelerate the feca
excretion of ingested vinyl acetate (Stutz and Janusz 1988). Sonme nedi cal

t oxi col ogi sts advi se agai nst the use of enmetics to induce vomting follow ng
oral exposure to vinyl acetate (Bronstein and Currance 1988). Derrmal exposure
to concentrated solutions of vinyl acetate has resulted in blister formation.
Procedures that have been enployed to reduce the irritating effects and
dermal absorption of vinyl acetate follow ng dernmal exposure include renpva
of contam nated clothing and pronptly flushing the skin with copi ous anobunt
of water followed by thorough washing with soap and water (Stutz and Janusz
1988). If the eyes have been exposed, they should be thoroughly irrigated
with water (Stutz and Janusz 1988)

2.9 ADEQUACY COF THE DATABASE

Section 104(i)(5) of CERCLA, as anmended, directs the Adm nistrator of
ATSDR (in consultation with the Admnistrator of EPA and agencies and
prograns of the Public Health Service) to assess whet her adequate information
on the health effects of vinyl acetate is available. Were adequate
information is not available, ATSDR, in conjunction wth the National
Toxi col ogy Program (NTP), is required to assure the initiation of a program
of research designed to determne the health effects (and techniques for
devel opi ng nethods to determ ne such health effects) of vinyl acetate.

The foll owi ng categories of possible data needs have been identified by
a joint teamof scientists from ATSDR, NTP, and EPA. They are defined as

subst ance-specific informational needs that, iif met, would reduce or
elimnate the uncertainties of human health assessnent. In the future, the
identified data needs wll be evaluated and prioritized, and a substance-

specific research agenda will be proposed.
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2.9.1 Existing Informati on on Health Effects of Vinyl Acetate

The existing data on health effects of inhalation, oral, and dernm
exposure of hunmans and animals to vinyl acetate are summarized in Figure 2-4.
The purpose of this figure is to illustrate the existing informtion
concerning the health effects of vinyl acetate. Each dot in the figure
i ndi cates that one or nore studies provide information associated w th that
particular effect. The dot does not inply anything about the quality of the
study or studies. Gaps in this figure should not be interpreted as "data
needs” i nformation.

The only literature avail able concerning the health effects of vinyl
acetate in humans described the results of a controlled study utilizing
volunteers and al so one occupational study. The route of exposure in these
reports was inhalation, but the possibility of sone degree of dermal or ora
exposure cannot be ruled out. The information on human exposure is limted
because of the small sanple size enployed in these studies.

The database for the health effects of vinyl acetate follow ng
i nhal ation or ingestion in experinental aninals consists al nost entirely of
unpubl i shed reports. Many of the oral studies failed to provide any dose-
response information, as the highest dose tested was often wi thout
unequi vocal ly treatnent-rel ated adverse effect. As can be seen in Figure 2-4,
very little information is available on the systemic effects of derma
exposure to vinyl acetate in animals.

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 contanm nated water; the latter route nmay 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 ternms of human exposure potential is difficult to establish given
the limted nonitoring data avail able for vinyl acetate. Mst peopl e,
however, are exposed to very small anpbunts of vinyl acetate through: (1)

i nhal ation of contami nated anbient air and cigarette snoke; (2) derna
contact with products containing the conmpound (e.g., glues and paints); and
(3) ingestion of residual vinyl acetate nononers in food (i.e., that may have
mgrated fromplastic food waps) or food itens containing the conmpound as a
starch nodifier. Cccupational 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.
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FIGURE 2-4. Existing Information on Health Effects of
Vinyl Acetate
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2.9.2 Data Needs

Acut e-Duration Exposure. Information is available regarding the effects
of acute-duration exposure in humans follow ng inhal ati on and dermal exposure
and in aninmals followi ng exposure by all routes. Vinyl acetate nay be | ethal
to animals by all routes of exposure studied, depending on the dose (Goeva
1966; Snyth and Carpenter 1948; Wil and Carpenter 1969). Only limted
informati on exists on the systemc effects of vinyl acetate follow ng acute
exposure. Respiratory effects occur in hunmans and aninals follow ng acute
i nhal ati on exposure (Deese and Joyner 1969; Hazl eton 1980d; Snyth and
Carpenter 1973; Wil and Carpenter 1969). However, since few quantitative
human and ani mal data exist, an acute inhalation MRL was not derived.

Al t hough vinyl acetate can be |ethal follow ng ingestion (Goeva 1966; Smyth
and Carpenter 1948), acute oral exposure studies failed to identify a
specific target system in animals. The data in animals are insufficient to
derive an acute oral MRL for vinyl acetate. Only dermal and ocular effects
have been investigated followi ng dermal exposure (lndustrial Biotest 1972;
Tanaka and Lucas 1984; Wil and Carpenter 1969). However, necropsy data from
rabbits dermally administered lethal Ilevels of vinyl acetate revealed
congestion of the lung and liver, nottled spleen and kidney, and prom nent
liver acini (Weil and Carpenter 1969). The avail able toxicokinetic data are
not adequate to predict whether the behavior of vinyl acetate follow ng
dermal exposure would be sinilar to that seen followi ng inhalation or ora
exposure. Since the data suggest that respiratory tract irritation and/or
damage is the nost likely adverse effect followi ng acute inhalation exposure
to vinyl acetate, and since inhalation is the nost likely route of exposure
to vinyl acetate, additional studies on the acute effects of vinyl acetate
fol |l owi ng exposure by any route nmay not be necessary.

I ntermedi ate- Durati on Exposure. No information is available on the
toxicity of vinyl acetate to humans follow ng internedi ate-durati on exposure
by any route. The nmain target of toxicity in animals follow ng internediate-
duration inhal ati on exposure is the respiratory tract (Gage 1970; Hazl eton
1979b, 1979c, 1980b, 1980c). Wth the possible exception of the i mune and
nervous systens (Hazleton 1979d, 1980f), no other organ system appears to be
adversely affected by inhal ation exposure to vinyl acetate. An internediate
i nhal ation MRL of 0.01 ppm was cal cul ated based on a NOAEL of 50 ppm for
respiratory effects in nice exposed to vinyl acetate for 3 nonths (Hazl eton
1980b). Internmedi ate oral exposure studies failed to identify a specific
target systemin animals. Wth the exception of organ wei ght changes t hat
wer e not acconpani ed by hi st opat hol ogi cal changes (Hazl eton 1979d, 1980e,
1980f), no adverse health effects were observed in animals at the doses
tested. Therefore, the data are insufficient to calculate an internediate
oral MRL. The avail abl e toxicokinetic data are not adequate to predict
whet her the behavior of vinyl acetate follow ng dermal exposure woul d be
simlar to that seen follow ng inhalation or oral exposure. Since it has been
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consistently found that the major adverse effects seen after internediate-
duration inhal ati on exposure to vinyl acetate in animals is respiratory tract
irritation and damage, and since this is the nost likely route of exposure to
vinyl acetate, additional studies on the internmediate effects of vinyl
acetate followi ng exposure by any route nmay not be necessary.

Chroni c-Durati on Exposure and Cancer. One occupational study
investigated Ilimted paraneters following <chronic-duration inhalation
exposure (15.2 years) to vinyl acetate in humans (Deese and Joyner 1969). No
epi dem ol ogi cal studi es exam ning carcinogenicity in humans have been
conducted. Information is available regarding the effects of chronic-duration
exposure in animals follow ng inhalation and oral exposure. The nost noted
adverse effect in rats and nice followi ng chronic inhal ati on exposure was
respiratory tract damage (Beens 1988; Dreef-Van der Miel en 1988b; Hazl eton
1988b). In the chronic inhalation studies conducted by Hazleton (1988b),
neur ol ogi cal and i nmunol ogi cal effects were observed at the sanme exposure
| evel s as the NOAEL for respiratory effects. Because studi es have not been
conducted to further exanine these organ systens or to determine the
mechani sm by which vinyl acetate elicits its effect on these systens, it was
deci ded that neur ol ogi cal and i mmunol ogi cal effects needed further
clarification before a chronic inhalation MRL could be derived. No organ
system appears to be adversely affected by chronic-duration oral exposure to
vinyl acetate in animals. Reduced weight gains (in both adults and fetuses)
(Hazl eton 1987) and ki dney wei ght changes (Hazl eton 1988a) have been observed
following chronic oral exposure, but the organ weight changes were not
acconpani ed by any functional or norphol ogical changes, and the body wei ght
changes were nost |ikely due to unpalatability of the drinking water solution
containing vinyl acetate. The marginal reduction in pregnancies observed in
the two-generation drinking water study was only apparent in one generation
was within the range of historical control data, and was therefore of
guestionable toxicological significance (Hazleton 1987). The data are
insufficient to calculate a chronic oral MRL because no specific target organ
could be identified at the doses of vinyl acetate tested. No studies were
| ocated on health effects resulting from chronic dermal exposure. The
avail abl e toxicokinetic data are not adequate to predict whether the behavi or
of vinyl acetate following dermal exposure would be simlar to that seen
followng inhalation or oral exposure. Since inhalation is the nost |ikely
route of exposure to vinyl acetate, additional studies on the chronic effects
of vinyl acetate followi ng oral and dermal exposure may not be necessary.

No reports of cancer in hunans associated with exposure to vinyl
acetate by any route have been found. The carcinogenicity of vinyl acetate
has been studied in chronic bioassays using rats (inhalation and oral) and
m ce (inhalation only) (Hazleton 1988a, 1988b; Lijinsky and Reuber 1983; NC
1982a). The avail able data in experinental aninals were positive for
i nhal ati on exposure (in rats only) and negative or inconclusive for oral
exposure (Hazleton 1988a, 1988b; NCI 1982a). Al though the NC
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(1982a)/Lijinsky and Reuber (1983) oral bioassay provided suggestive evidence
for carcinogenic effects of vinyl acetate, there were many limtations (refer
to Section 2.2.2.8) with the study that rendered it inadequate for draw ng
definitive conclusions regarding the carcinogenicity of vinyl acetate
follow ng oral exposure. No significant increase in tunor incidence was seen
in an oral study in which the animls were exposed to higher doses of vinyl
acetate (both in utero and for 104 weeks after birth in the drinking water)
than those in the NCI (1982a)/Lijinsky and Reuber (1983) bioassay (Hazleton
1988b). Therefore, this study provides no evidence for the carcinogenicity of
vinyl acetate follow ng exposure in the drinking water (Hazl eton 1988a). The
nasal cavity tunors seen in rats in the chronic inhalation bioassay (Hazl eton
1988b) were-treatnent related. It is inpossible at this time to speculate on
t he carci nogenic potential of vinyl acetate in humans by any route of
exposure. Since inhalation is the nost |ikely route of exposure to vinyl
acetate, an additional well-conducted 2-year inhalation bioassay would
provi de val uabl e informati on on whether vinyl acetate has the potential to be
car ci nogeni ¢ i n hunans.

Genotoxicity. Vinyl acetate has been evaluated for genotoxicity in a
variety of in vitro and in vivo assays (Bartsch et al. 1976, 1979, 1980;
Lahdeti e 1988; Maki-Paakkanen and Norppa 1987; Norppa et al. 1985, 1988;
Simon et al. 1985b; Takeshita et al. 1986). The results are mxed, but
general ly provide evidence that this conmpound is clastogenic (Jantunen et al
1986; Norppa et al. 1985) and indicate that vinyl acetate danage to the
genonme occurs at the chronosone |evel, rather than at the gene |evel (Barbin
et al. 1978; Bartsch et al. 1976, 1979, 1980; Florin et al. 1980; Lijinsky
and Andrews 1980; MCann et al. 1975). Since conflicting results were
obtained in in vivo studies (Hazleton 1979b, 1979c, 1979d, 1980b, 198Cc;
Lahdetie et al. 1988; WMiki-Paakkanen and Norppa 1987; Norppa et al. 1988
Sinon et al. 1985b; Takeshita et al. 1986), further animal testing may help
resolve whether vinyl acetate has the potential to be genotoxic in hunmans,
and the nechanism by which it may induce these effects.

Reproductive Toxicity. No information is available in humans to
i ndicate that vinyl acetate affects reproductive function. A nargina
reduction in the nunber of pregnancies was observed in F female rats
adm ni stered vinyl acetate in a two-generation study (Hazleton 1987).
However, this difference was not statistically significant, occurred in only
one generation, and the pregnancy incidence was reported to be within the
range of historical controls. No other effects on reproductive performnce
were observed in this study. Decreased relative testes weight was observed in
mal e mce adm nistered vinyl acetate in the drinking water for 3 nonths, this
ef fect was not seen at hi gher doses and no gross or histopathol ogi cal changes
were observed in the testes of these animals (Hazleton 1980e). No
hi st opat hol ogi cal changes in either nmale or fenmal e reproductive organs were
observed in rats or mce follow ng inhalation or oral exposure to vinyl
acetate (Hazleton 1987). However, a two-generation inhalation study has not
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been conducted. No information is available on the reproductive effects of
dermal |y admi ni stered vinyl acetate. Therefore, although the avail able
reproductive studies indicate that vinyl acetate probably has no adverse
effects on reproductive performance in aninals follow ng oral exposure,
further investigation is warranted to clarify whether this chem cal has the
potential to affect reproduction 'in humans. Any additional reproductive
toxicity testing should be by the inhalation route of exposure since limted

i nformati on exists on reproductive performnce foll ow ng exposure to vinyl
acetate by this route and because it is nobst relevant for humans living in
the vicinity of hazardous waste sites.

Devel opmental Toxicity. No information is available in humans to
indicate that vinyl acetate affects fetal developnent. Gowth retardation and
del ayed ossification have been observed in pups born to rats exposed to vinyl
acetate via inhalation for an acute duration, and growh retardati on was al so
observed in pups following oral exposure of rats to vinyl acetate in a two
generation study(Hazl eton 1980d, 1987). These effects were observed at |evels
causi ng decreased body wei ght gain in dans. No ot her adverse devel opnenta
effects have been observed in animals follow ng oral exposure to vinyl
acetate. Any additional developnental toxicity testing should be by the
i nhalation route of exposure since limted information exists on
devel opnmental toxicity follow ng exposure to vinyl acetate by this route and
it is the nost relevant route for humans living in the vicinity of hazardous
waste sites.

I munotoxicity. No information is available on the i munol ogi cal
effects of vinyl acetate in humans or aninmals by any route of exposure.
Reductions in thymus and/or spleen weight were consistently noted in rats and
m ce exposed to vinyl acetate for either 4 weeks or 3 nonths (Hazl eton 1979b
1979c, 1979d, 1980b, 1980c, 1980e). Furthernore, an increased incidence of
extranedul | ary hemat opoi esis was observed in mce receiving vinyl acetate in
the drinking water for 3 nonths (Hazl eton 1980e). These changes may be
i ndi cative of an immunosuppressive action of vinyl acetate, but the
appropriate paraneters need to be investigated to delineate this possibility.
Therefore, additional studies that exam ne sensitive paraneters of
i mrunol ogi cal function follow ng inhalation exposure, since this is the nopst
likely route of human exposure, would be useful to nore fully assess the
i mmunot oxi ¢ potential of vinyl acetate.

Neurotoxicity. No studies were |ocated regardi ng neurol ogi cal effects
in humans or animals after exposure to vinyl acetate. Hunched posture,
ruffled fur, and head tilt were observed in ani mals exposed by inhalation to
vinyl acetate. No other treatnment-related clinical or histopathol ogical
evi dence of neurotoxicity has been observed in rats or mce exposed to vinyl
acetate (Hazleton 1979b, 1979c, 1979d, 1980b, 1980c, 1980e, 1980f, 1988a,
1988b). Therefore, although it appears that the nervous system nay be a
target of vinyl acetate toxicity follow ng inhal ati on exposure, further
testing by the inhalation route enploying nore sensitive neasurenents of
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functional neurotoxicity and neuropat hol ogy woul d be useful, given the
clinical signs noted in the inhalation studies.

Epi deni ol ogi cal and Human Dosinetry Studies. Only two studies were
found concerning the health effects of vinyl acetate in hunans. Both assessed
t he occurrence of respiratory and ocular irritation follow ng either acute
(Snmyth and Carpenter 1973) or |ong-term occupational exposure (Deese and
Joyner 1969), and are |imted by the small sanple size studied. The nost
likely identifiable subpopulation exposed to vinyl acetate is chemca
workers involved in its production and use. Results of animal inhalation
studies indicate that the respiratory and nervous systens and possibly the
i mmune system are adversely affected by vinyl acetate (Beens 1988; Dreef-Van
der Meulen 1988b; Gage 1970; Hazleton 1979b, 1979c¢c, 1980b, 1980c, 1988b),
wel | designed epidem ol ogical studies of exposed workers that specifically
exam ne the effects of vinyl acetate on these systens would be especially
useful to further characterize the extent of possible injury to these systens
in humans. More definitive characterization of the adverse effects of vinyl
acetate in humans may be useful as a tool to nonitor vinyl acetate exposure
in individuals living near hazardous waste sites.

Bi omar kers of Exposure and Effect. Metabolic studies have shown that
vinyl acetate is quickly hydrol yzed to acetal dehyde and acetate, which then
enters norrmal netabolic cycles to produce primarily carbon di oxi de and water
(Hazl eton 1979a; Sinon et al. 1985a). A small anmount al so has been shown to
be excreted in the urine as urea and other unidentified nmetabolites (Hazleton
1980a). Because of the relatively rapid hydrolysis and the fact that
nmet abolites are incorporated into normal netabolic pathways, it would be
difficult to use vinyl acetate netabolites as bionarkers of exposure to this
chem cal (Hazleton 1979a; Sinon et al. 1985a).

Exposure to vinyl acetate in vitro has been shown to result in various
positive genotoxic end points in human | ynphocytes (e.g., mcronuclei,
chromosomal aberrations, sister chromatid exchange, and DNA cross-1links) (He
and Lanbert 1985; Jantunen et al. 1986; Lanbert et al. 1985; Mki - Paakkanen
and Norppa 1987; Norppa et al. 1985, 1988). Because these results are fromin
vitro tests and because nany ot her chemicals may i nduce such abnornmaliti es,

t hese shoul d not be considered specific biomarkers of the effects of vinyl
acetate. Another possibility is to use protein or henogl obi n adducts of

acet al dehyde as a  marker of ef f ect for vi nyl acet at e. St abl e
prot ei nacet al dehyde adducts (lzum et al. 1988; Lin and Luneng 1988) and
henogl obi nacet al dehyde adducts (Peterson et al. 1988) have been shown to be
fornmed foll owing chronic al cohol ingestion. Since vinyl acetate does not form
adducts with DNA, this type of nmarker is also not usable as a marker for
effect. No other biomarkers (specific or otherw se) have been identified
foll ow ng exposure to vinyl acetate. Additional animal or epidem ol ogi ca
studi es that nmeasure changes in body fluids or enzyne | evels follow ng vinyl
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acetate exposure would be useful to determine if such biomarkers exist and to
devi se sensitive and specific early bionarkers of effect.

Absorption, Distribution, Metabolism and Excretion. No information is
avail able to assess the relative rates and extent of vinyl acetate absorption
foll ow ng exposure by any route in humans. Quantitative and qualitative
evi dence indicates that vinyl acetate is rapidly and efficiently absorbed by
| aboratory animals follow ng inhalation and oral exposures (Hazleton 1979a,
1980a). Qualitative evidence also indicates that vinyl acetate penetrates the
skin of rabbits (Snyth and Carpenter 1948; Wil and Carpenter 1969). G ven
the clear evidence across different aninal species, it may be assuned that
simlar absorption would occur in humans. Studies designed to investigate the
extent of absorption follow ng dermal exposure would be hel pful.

No studies were available in humans describing the distribution of
vinyl acetate followi ng exposure by any route. Animal studies indicate that
vinyl acetate is rapidly and widely distributed throughout the body foll ow ng
i nhal ati on and oral exposure (Hazleton 1979a, 1980a). In these studies, vinyl
acetate was primarily distributed to the Harderian gl ands, |acrinmal gl ands,
salivary gl ands, gastrointestinal nucosa, kidney, and [arynges. No data on
the distribution of vinyl acetate follow ng dernmal exposure were | ocated.

Such information woul d be useful because absorption via this route has been
shown to occur and because dernal exposure is a probable route of exposure
for humans.

No in vivo studies were available in humans describing the netabolism
of vinyl acetate follow ng exposure by any route. The netabolism of vinyl
acetate has been characterized in animals. Studies in animals have shown
nonl i near kinetic patterns at high concentrations, indicating that the
net abolic process is saturable (Sinon et al. 1985a). The netabolic pattern
was not different followi ng oral or inhalation exposure (Hazleton 1980a).
Information on the netabolism of vinyl acetate followi ng dermal exposure
woul d be usef ul

No studi es were avail able in humans describing the excretion of vinyl
acetate followi ng exposure by any route. Vinyl acetate has been shown to be
rapidly elimnated fromthe body followi ng oral and inhalation exposure in
animal s (Hazl eton 1979a, 1980a). Mst of the vinyl acetate is elimnated in
expired air as carbon dioxide but small amunts have al so been excreted in
the urine and feces (Hazleton 1979a, 1980a). Differences in the anount of
radi oactivity elininated in exhaled air following oral and inhalation
exposure to radiolabeled vinyl acetate have been mnor (Hazleton 1979a,
1980a). No data on the elimination of vinyl acetate foll owi ng dermal exposure
wer e | ocat ed.

Conparative Toxi cokinetics. No data are avail able on the toxicokinetics
of vinyl acetate in humans. However, quantitative and qualitative information
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on the absorption and netabolismof vinyl acetate in rats and mice foll ow ng
oral and inhal ation exposure indicates that little variation exists between
these two species (Hazleton 1979a, 1980a). However, there does appear to be
some variation across routes of exposure in the distribution and excretion
patterns of vinyl acetate (Hazleton 1979a, 1980a). There were some m nor
differences in the distribution pattern between the sexes (Hazleton 1979a,
1980a). No studies are avail able that investigate the kinetics of vinyl
acetate follow ng dernal exposure. Therefore, studies that investigate the

t oxi coki netics of vinyl acetate in animals follow ng dermal exposure woul d be
useful to better understand the disposition of this chenical

Mtigation of Effects. All of the treatnment nethods currently avail able
for use in vinyl acetate exposure are supportive in nature (Bronstein and
Currance 1988; Stutz and Janusz 1988). Since the nmechanisn(s) of vinyl
acetate toxicity are not known, there are currently no nmethods geared towards
mtigating the effects of vinyl acetate by interfering with the node of
action. Additional information on the ultinmate nmechani smof vinyl acetate
toxicity is needed before insights can be gained on how to treat exposure
vi ctims.

2.9.3 On-going Studies

E.|. DuPont de Nenours and Conpany's Haskell Laboratory has initiated a
basic research programinvestigating the mechani sns of chronic toxicity and
carci nogenicity of vinyl acetate. The objective of the programis to devel op
a biologically based nodel for assessing human health risk fromexposure to
vinyl acetate vapor. Mjor phases of the programare to investigate the
bi ochem cal mechani sm of action of vinyl acetate in isolated rodent nasa
turbinates; to neasure in vitro enzynme kinetics describing vinyl acetate
hydrol ysis to acetal dehyde and acetic acid in rodent and human nasal tissue;
to measure in vivo cell proliferation responses followi ng short-term (2-week)
i nhal ati on exposure; and to devel op a physiol ogi cal | y-based phar macoki netic
ri sk assessnent nodel for extrapolating human health risk from exposure to
vinyl acetate. Results of this work are not yet avail abl e.
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3. CHEMICAL AND PHYSICAL INFORMATION

3.1 CHEMICAL IDENTITY
The chemical identity of vinyl acetate is shown in Table 3-1.
3.2 PHYSICAL AND CHEMICAL PROPERTIES

The physical and chemical properties of vinyl acetate are shown in
Table 3-2.
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TABLE 3-1.

Chemical Identity of Vinyl Acetate

Characteristic

Information

Reference

Chemical name

Synonyms

Trade names

Chemical formula

Chemical structure

Identification numbers:

CAS registry

NIOSH RTECS

EPA hazardous waste
OHM/TADS

DOT/UN/NA/IMCO shipping

Vinyl acetate

Acetic acid, ethenyl ester;

acetic acid, ethylene ester;

acetic acid, vinyl ester;

l-acetoxyethylene; ethanoic
acid; ethenyl ester; ethenyl

acetate; ethenyl ethanoate;
vinyl A monomer; vinyl
ethanoate

VAC; vinyl acetate HQ;
VYAC; ZESET T

C4H¢0,

108-05-4

AK0875000

No data

7216946

Vinyl acetate (DOT); Vinyl
acetate, inhibited (DOT)
UN 1301, vinyl acetate;
IMCO 3.2, vinyl acetate

Windholz 1983

RTECS 1989

RTECS 1989

Windholz 1983

IARC 1979

HSDB 1987
HSDB 1987

HSDB 1987
RTECS 1989

HSDB 1987
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Table 3-1 (Continued)

Characteristic Information Reference
HSDB 190 HSDB 1987
NCI No data

CAS = Chemical Abstracts Services; DOT/UN/NA/IMCO = Department of Transpor-
tation/United Nations/North America/International Maritime Dangerous Goods
Code; EPA = Environmental Protection Agency; HSDB = Hazardous Substances Data
Bank; NCI = National Cancer Institute; NIOSH = National Institute for
Occupational Safety and Health; OHM/TADS = O0il and Hazardous Materials/
Technical Assistance Data System; RTECS = Registry of Toxic Effects of
Chemical Substances
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TABLE 3-2. Physical and Chemical Properties of Vinyl Acetate
Property Information Reference
Molecular weight 86.09 Windholz 1983
Color Colorless U.S. Coast Guard 1978

Physical state

Melting point

Boiling point
Density/specific gravity
Odor

Odor threshold:
Water

Air

Solubility:
Water at 20°C
Organic solvents

Partition coefficients:
Log Ko

Log Koe
Vapor pressure at 20°C

at 25°C

at 30°C
Henry's law constant;
Autoignition temperature

Flashpoint

Liquid (polymerizes in
light to a colorless,
transparent mass)

-93.2°C

72°-73°C

0.932 (20/4°C)

Sweet smell in small
quantities, pleasant
fruity characteristic

0.088 ppm (w/v)®
0.25 ppm

0.5 ppm (v/v)?
0.1

2 g/100 mL

Soluble in alcohol,
ether, acetone, benzene,
and chloroform

0.21-0.73

No data

83 mmHg

115 mmHg

140 mmHg

4.81x107% atm-m® mol-!
402°C

426.6°C

-8°C (closed cup)
-1.1°C (Tag open cup)

Windholz 1983

Weast 1986

Windholz 1983
Windholz 1983

U.S. Coast Guard 1978

Amoore and Hautala 1983
Goeva 1966

Amoore and Hautala 1983
US Coast Guard 1978

Windholz 1983
Weast 1986

Fujisawa and Masuhara
1981; Howard 1989

Verschueren 1983
Verschueren 1983
Verschueren 1983
Howard 1989
NFPA 1978
Hawley 1981
Windholz 1983
Hawley 1981



85

CHEMICAL AND PHYSICAL INFORMATION

Table 3-2 (Continued)

Property

Information Reference

Flammability limits
Conversion factors

Explosive limits

2.6%-13.4% NFPA 1978
1 mg/m® = 0.28 ppm;

1 ppm = 3.52 mg/m3
2.6%-13.42 HSDB 1987

tw/v = Percent "weight in volume" (Windholz 1983)
by/v = Percent "volume in volume" (Windholz 1983)
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4.1 PRODUCTI ON

It is not known whether vinyl acetate occurs naturally (I ARC 1986).
Vinyl acetate is a man-made conmpound that was first produced in 1912 as a by
product in the synthesis of ethylidene diacetate (Matthews 1974). This
reaction involved bubbling acetyl ene through a mi xture of mercurous sulfate
and anhydrous acetic acid (Leonard 1970). During the 1920s, the Gernmans
converted this |iquid-phase process to a vapor phase process that all owed
Cermany to achieve a production volune of 12 mllion kg per year by the 1940s
and whi ch accounted for nost of the world' s production of vinyl acetate until
about 1970 (Leonard 1970; Rhum 1970). The vapor phase process invol ved
passing a 4:1 acetylene-to-acetic acid m xture over a catal yst bed rmade of

zinc acetate-saturated activated carbon at 180° 200°C. (Daniels 1983;
Llewellyn and Wllianms 1972). Mercury salts can also be used as a catalyst in

this reaction when it is conducted at 40°-50°C (International Labour Ofice
1985). Oiginally, acetylene was generated from cal ci um carbi de (Leonard
1970). More recently, acetylene has been produced by cracking petrol eum
(Llewellyn and WIlians 1972).

Currently, the manufacturing process nost w dely used to produce vinyl
acetate is the vapor phase ethyl ene process, an oxidative reaction in which
et hyl ene i s bubbled through acetic acid at 120°C in the presence of palladi um
chloride catal yst (Daniels 1983; | AKC 1986). Inpurities found in the reaction
have been reported at |less than 1% (for one manufacturer) and have incl uded
the follow ng: acetal dehyde, ethyl acetate, and nmethyl acetate. The vapor
phase et hyl ene process was devel oped in 1967 to take advantage of ethyl ene as
a cheaper feedstock than acetylene, and cane into wi despread use in the 1970s
(Dani el s 1983; | ARC 1986; Llewellyn and WIlians 1972). By 1981, the vapor
phase et hyl ene process accounted for 92% of U.S. production and the vapor
phase acetyl ene process accounted for the remai nder (Dyl ewski 1981). Various
firms in the United States, Japan, Wst Germany, and the United Kingdom have
i ndependently and/or jointly nodified the vapor phase ethyl ene process by
using different types of catalysts in the reaction. The catalyst is usually
pal l adiumor its salt, although salts of rhodium gold, platinum ruthenium
vanadi um and iridium have al so been used (Daniels 1983; Leonard 1970;
Llewellyn and WIlizns 1972). The advantage of these processes is that the
catal yst | asts | onger and undergoes | ess corrosion (Mannsville 1982).

A less inportant comrercial nmanufacturing process for vinyl acetate

i nvol ves the reaction between acetal dehyde and acetic anhydride. The

i nternmedi at e speci es, ethylidene diacetate, undergoes pyrolytic cleavage to
vinyl acetate and acetic acid (Daniels 1983; Leonard 1970; Mannsville 1988).
This process was used in the United States until the 1960s, and nmay still be
in use at small plants in China, India, and Mexico (Daniels 1983; Mannsville
1982, 1988). Vinyl. acetate can also be synthesized in high yields by
reacting vinyl chloride with sodium acetate in solution at 50° 75°C, using

pall adium chloride as a catalyst (Daniels 1983). New nethods for vinyl
acetate
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manuf acture were being developed in 1982 that were to utilize synthetic gas
as a feedstock. The gas would undergo a series of carbonylation reactions to
yield ethylidene diacetate, which can be pyrolytically converted to vinyl
acetate and acetic acid (Mannsville 1982). No information has been found that
woul d i ndi cate whether or not such new net hods have been perfected or adopted
for industrial production in the United States.

Vinyl acetate is nornmally produced in three grades that differ only in
their content of inhibitor, which is added to prevent spontaneous
pol yneri zation (Daniels 1983; Mannsville 1988). To obtain these grades,
either 3-7 ppm 12-17 ppm or 200-300 ppm p- hydroqui none is added to freshly
produced vinyl acetate, dependi ng upon how |l ong the product is to be stored
prior to use. Longer storage tinmes require higher concentrations of inhibitor
(Daniels .1983). Vinyl acetate is often stored and/or shipped with a variety
of other inhibitors including benzoqui nones, nitrobenzenes, diphenyls,
t ol uenes, anthracene, phenanthrene, naphthal ene, and others (Qperations
Research Inc. 1974).

Commerci al production of vinyl acetate in the United States was first
reported in 1928 (U. S. Tariff Comm ssion 1930). From 1960 to 1979, U. S
production rose from250 mllion pounds to 2.0 billion pounds. Production
| evel s were approxinmately 1.9 billion pounds between 1980 and 1982, and then
rose from1.96 billion pounds in 1983 to 2.1 billion pounds in 1985. Levels
dropped to 1.7 billion pounds in 1986 and then clinbed to 1.8 billion pounds
in 1987 (Daniels 1983; USITC 1979, 1980, 1981, 1982, 1983, 1984, 1985, 1986,
1987, 1988).

In 1984, with an increasing denand for vinyl acetate derived copol ymner
emul sions, due primarily to strong autonobil e and housing industries,
production (over 2 billion pounds) was rapidly approaching the "practical
effective capacity" of 2.2 billion pounds and supply was limted (G eek
1984). It was forecasted in 1984 that an increased denand for vinyl acetate
for making adhesives and coatings would result in a greater capacity in
production (G eek 1984). By 1989, the denmand for vinyl acetate reached 2.6
billion pounds and is expected to reach 2.9 billion pounds by 1993 (Van et
al. 1989). In 1989, five U S production facilities had a conbined annual
production capacity of 2.8 billion pounds (Van et al. 1989).

The follow ng chenical conpanies currently produce vinyl acetate in the
United States: E.I. DuPont de Nenours and Conpany, Polyner Products Division
| ocated in La Porte, Texas; Hoechst Cel anese Corporation, Commodity Chemicals
located in both Bay City, Texas and C ear Lake, Texas; Quantum Cheni cal
Corporation, U.S. 1. Division located in both La Porte, Texas and Cinton,

I owa; Union Carbide Corporation, Solvents and Coatings Materials Division
| ocated in Texas City, Texas; Mnsanto Conpany | ocated in Trenton, M chigan
(SRI 1989; TR187 1989). For further information on facilities in the United
States that nmanufacture or process vinyl acetate, refer to Table 4-1. Vinyl
acetate is also produced in Australia, Brazil, Canada, China, France, West
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TABLE 4-1. Facilities That Manufacture or Process Vinyl Acetate®

Range of maximum

No. of amounts on site

facil- in thousands Activities
State® ities of pounds® and usesd
AL 4 1-499,999 7, 13
CA 16 0.1-9,999 2, 7, 8, 10, 12, 13
CT 1 10-99 7
DE 2 100-999 3, 7
GA 8 10-999 2,7, 8,9
1A 1 100-999 1, 3, 4
IL 16 (1)® 10-9,999 7, 8, 10
IN 2 1-999 7, 8, 9
KS 2 1-999 7, 13
KY 5 (1)° 10-9,999 7, 8
1A 4 10-9,999 3, 7, 12, 13
MA 2 10-9,999 7
MD 1 1,000-9,999 7
MI 3 1-999 1, 5, 7, 13
MO 2 10-999 13
NC 5 1-999 2, 7
NH 1 10-99 7
NJ 11 10-499,999 7, 9, 10
NY 3 1-999 7, 12
OH 7 1-999 7, 8, 13
OR 2 100-999 7
PA 5 1-999 7, 12
SC 10 10-9,999 4, 7
SD 1 10-99 8, 9
TN 2 1-999 7
TX 27 0-49,999 1, 2, 3, 4, 5, 7,

8, 9, 10, 13

PR 2 100-999 7
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TABLE 4-1 (Continued)
Range of maximum
No. of amounts on site
facil- in thousands Activities
StateP ities of pounds® and usesd
VA 2 0.1-9 7, 8
Wi 1 0-0.09 8
WV 1 1,000-9,999 4, 7, 10
wY 1 1-9 7

8TRI87 1989

PPost office state abbreviations
‘Data in TRI are maximum amounts on site at each facility.

dActivities/Uses:
1. produce 8. as a formulation component
2. import 9. as an article component
3. for on-site use/processing 10. for repackaging only
4. for sale/distribution 1l1. as a chemical processing aid
5. as a byproduct 12. as a manufacturing aid
6. as an impurity 13. ancillary or other use
7. as a reactant

®Number of facilities reporting "no data" regarding maximum amount of
the substance on site.
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Germany, Great Britain, India, Italy, Japan, Mexico, South Africa, and Spain
(C1'S 1988; | ARC 1986; Mannsville 1988). In Japan al one there are eight

manuf acturers of vinyl acetate (CIS 1988). Five Japanese conpanies reported a
combi ned production capacity of 1.3 billion pounds in 1981 (| ARC 1986).

4.2 | MPORT /| EXPORT

U S inports of vinyl acetate declined, with large fluctuations from 31
mllion pounds in 1970 to 1 mllion pounds in 1984 (Mannsville 1988). Inports
remained at 1 mllion pounds until 1986, when a sharp rise to 12 mllion
pounds was observed. Inports then decreased to 1 nmillion pounds in 1987
(Mannsville 1988). Only a small fraction of the vinyl acetate consuned in the
U.S. is inported.

Exports of vinyl acetate increased rapidly from15 mllion pounds in
1965 to 645 mllion pounds in 1980 (Mannsville 1988). In 1984, as the denand
for vinyl acetate increased and supply was limted, it was predicted that any
surplus denmand that existed after anticipated increases in production
capacity would be satisfied by diversion of the chem cal from exports (G eek
1984). Exports were down in 1984 at 515 million pounds, compared with 589.9
mllion pounds in 1983 (Anonynous 1984; Mannsville 1988). Exports increased
steadily after 1984 to a level of 736 nillion pounds in 1987 (Mannsville
1988). In 1987, U. S. exports of vinyl acetate accounted for approximtely 40%
of the total production volune (1.8 billion pounds in 1987).

4.3 USE

The primary use for vinyl acetate is as a nonomer in the production of
pol yvi nyl acetate and pol yvi nyl al cohol (1ARC 1986). These products,
synt hesi zed via pol yneri zati on of vinyl acetate, accounted for 75% 80% of
total U S. consunption in 1982 (Mannsville 1982, 1988). Vinyl acetate is also
pol yrmerized with vinyl chloride to produce copolyners. Polyvinyl butyral,
pol yvi nyl acetals, ethylene-vinyl acetate copolyners, and acrylonitrile
copolymers (for acrylic fibers) are also produced. It is also used in
polyneric lubrication oil additives (Daniels 1983; |ARC 1986).

Pol yvi nyl acetate enul si ons (honopol ymer and copol yner), the major
derivatives of vinyl acetate, are widely used in adhesives for packagi ng and
construction (wood gluing) and in water-based paints (I ARC 1986; Mnnsville
1988). Ot her inportant uses include nonwoven textile fibers, textile sizings
and finishes, paper coatings, and inks. Polyvinyl alcohol is widely used in
textile finishing, adhesives, and as a raw material for polyvinyl butyral,
which is used as the adhesive interlayer in architectural and autonobile
| am nated safety glass (G ncera 1983; Mannsville 1,988). Uses of other
pol ynmers made fromvinyl acetate include barriers in packaging, paint and
coatings applications, plastic floor coverings, phonograph records, flexible
filmand sheeting (including plastic filnms used for wapping food), food
starch nodifier, and noul ding and extrusi on conpounds.
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In 1987, the estinmated end-use distribution pattern for vinyl acetate

was as follows: 55% was used to produce polyvinyl acetate emul sions

(honopol ymer and copolyner), for use in adhesives (23%, paint emnulsions
(2099 and textile and paper emulsions (12%; 20% was used to produce
pol yvinyl alcohol; 10% to produce ethylene/vinyl acetate; 5% to produce
pol yvinyl butyral; 5% to produce polyvinyl chloride copolyners; and 5% to
produce m scel | aneous products (Mannsville 1988).

4.4 DI SPCSAL

The disposal nethod for vinyl acetate recommended in Japan, as reported
in 1982 by its International Technical Information Institute, was to
incinerate the conpound by mxing it with a nore flanmabl e sol vent and
spraying it into a furnace (ITIl 1982). Information on disposal nethods for
vinyl acetate that have been accepted or conmmonly used in the United States
is limted. Since underground injection accounts for 2.1 mllion pounds of
vinyl acetate releases, it is a probable nmethod of disposal (TRI87 1989)
however, additional information on this nmethod of disposal for vinyl acetate
is not avail abl e.
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5.1 OVERVI EW

Vinyl acetate is released to the environnent, principally to the
at nrosphere, as a result of emissions from nmanufacturing, processing, and
storage facilities. Vinyl acetate partitions to the atnosphere and to surface
wat er and groundwater. The conpound is transforned by photochenical oxidation
in the atnosphere, and by hydrol ysis and bi odegradation in surface waters,
groundwat er, and soils. As a result of its high vapor pressure and water
sol ubility/hydrolysis, vinyl acetate should not bioconcentrate in terrestrial
or aquatic organisns or bionagnify in food chains.

Wor kpl ace exposure via inhalation or derrmal contact appears to be the
nost inportant source of human exposure to vinyl acetate. Populations |iving
i n areas surroundi ng hazardous waste sites nay be exposed to vinyl acetate
through inhalation of contamnated air and ingestion of or dermal contact
with contami nated water; the latter route may be particularly inmportant for
popul ations living near certain types of disposal sites (e.g., underground
injection sites). The relative inportance of these pathways in terns of hunan
exposure potential is difficult to establish given the limted nonitoring
data available for vinyl acetate. Mst people, however, are probably exposed
to very small, anounts of vinyl acetate through: (1) inhalation of
contami nated anbient air and cigarette snoke; (2) dermal contact wth
products containing the conmpound (e.g., glues and paints); and (3) ingestion
of residual vinyl acetate nononers in food (i.e., that may have migrated from
plastic food waps) or food itenms containing the conpound as a starch
nmodi fier.

EPA had identified 1,177 NPL sites in 1989. W do not know how many of
the 1,177 NPL sites have been evaluated for vinyl acetate. Vinyl acetate has
been found at 3 of the total nunber of sites evaluated for that conpound. As
nore sites are evaluated by EPA, this nunber may change (View 1989). The
frequency of these sites within the United States can be seen in Figure 5-|

5.2 RELEASES TO THE ENVI RONMENT

Vinyl acetate is released to the environment as a result of its
conmerci al production, use, storage, and disposal. According to the SARA
Section 313 Toxics Release Inventory (TRI), an estinated total of at | east
8.8 mllion pounds of vinyl acetate was rel eased to the environment from
manuf acturing and processing facilities in the United States in 1987 (see
Table 5-1) (TR187 1989). The quality of the TRl data rnust be viewed with
caution since the 1987 data represent first-tine reporting of estinmated
rel eases by these facilities. Only certain types of facilities were required
to report. This is not an exhaustive |ist.

5.2.1 Ar

Rel eases to the atnosphere accounted for about 75% or 6.6 mllion
pounds, of the estimated total environnental releases from donestic
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Releases to the Environment from Facilities

That Manufacture or Process Vinyl Acetate®
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TABLE 5-1 (Continued)

Range of reported amounts
released in thousands of pounds®

No. of Off-site

facil- Underground Total POTH® waste
State€® ities Air injection " Water Land Environment? transfer transfer

w
sc 10 0.1-7.5 0-0 0-0.3 0-0 0.1-7.7 0-2.6 0-0.3 )
sD 1 0.3-0.3 0-0 0-0 0-0 0.3-0.3 0-0 0-0
™ 2 0.3-0.6 0-0 0-0 0-0 0.3-0.6 0-0.1 0-0
X 27 0-1,873 0-1,540 0-0.3 0-0 0-1,873 0-0.3 0-128.6
VA 2 0.8-5.4 0-0 0-0 0-0 0.8-5.4 0-0.3 0-0
WI 1 0.3-0.3 No data 0-0 0-0 0.3-0.3 0-0 No Data
Wv 1 64-64 No data 0-0 0-0 64-64 19-19 14-14
WY 1 0.5-0.5 No data 0-0 0-0 0.5-0.5 0-0 0-0
0

aTRI87 1989 o

bpata in TRI are maximum amounts released by each facility. Quantities reported here have been rounded to the nearest
hundred pounds, except those quantities more than 1 million pounds, which have been rounded to the nearest thousand pounds.
€Post office state abbreviation

dThe sum of all releases of the chemical to air, land, water, and underground injection wells by a given facility.

®pyblicly owned treatment works

JINSOdXd NVWNH d04 TVIINILOL
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manuf act uri ng and processing facilities in 1987, according to TRl (TR187
1989) .

The industrial organic chemcals, plastic materials and resins, paints
and allied products, and conmercial printing industries have been identified
as potential sources of atnospheric releases of vinyl acetate (EPA 1987d).

Em ssion factors for volatile organic conpounds (VOCs) and nonnet hane

hydr ocarbons (NVHCs) have been devel oped for vinyl acetate production via the
et hyl ene vapor - phase process. Enm ssions of VOCs from uncontroll ed sources
(excluding fugitive enission sources) in a typical vinyl acetate production
pl ant have been estimated to total about 176 kg/hour; this estimte includes
about 36 kg/hour fromvinyl acetate storage facilities (Dyl ewski 1980).
Fugitive em ssions fromval ves and punp seals contribute an estinmated

addi tional 0.0021 kg NVHC hour and 0. 0020 kg NWHC/ hour, respectively (Langl ey
et al. 1981).

5.2.2 Water

Vinyl acetate has been detected in groundwater sanples taken at an
estimated 0.71% of the NPL hazardous waste sites that have had sanpl es
anal yzed in the Contract Laboratory Program (CLP) at a geonetric mean
concentration of 10 ppb for the positive sanples (CLPSD 1989). The conpound
was not detected in surface water sanples at NPL sites participating in the
CLP. Note that these data fromthe CLP Statistical Database represent
frequency of occurrence and concentration information for NPL sites only.

According to TRI (TR187 1989), an estimated total of at |east
10, 000 pounds of vinyl acetate were released to surface waters in 1987 from
domestic manufacturing and processing facilities; an additional 147,219
pounds were released in effluents to publicly owned treatnent works (POTW).

Vinyl acetate has been detected in waste water froma polyvinyl acetate
production facility at a concentration of 50 ng/L (Stepanyan et al. 1970)

5.2.3 Soil

Vinyl acetate has been detected in soil sanples taken at an estinated
2.13% of the NPL hazardous waste sites included in the CLP at a geonetric
mean concentration of 19.5 ppb for the positive sanples (CLPSD 1989). Note
that these data from the CLP Statistical Database represent frequency of
occurrence and concentration information for NPL sites only.

According to the TRI, an estimated total of at |east 33 thousand pounds
of vinyl acetate were released to soils in 1987 from domesti c manufacturing
and processing facilities; an additional 2.1 mllion pounds were rel eased by
underground injection (TRL87 1989).
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5.3 ENVI RONMVENTAL FATE
5.3.1 Transport and Partitioning

No information was found in the available literature regarding the
transport and partitioning of vinyl acetate in environmental nedia. However,
estimates of the novenent of the conpound between the air, water, and soil
conpartnments following release to the environnment can be rmade on the basis of
avai | abl e physical and chenical property data.

Vinyl acetate is a volatile conpound that is released mainly to the
at mosphere. Vinyl acetate is also highly soluble in water. Therefore,
di ssolution of vinyl acetate released to the atnosphere in rainwater and
transport of the conpound back to surface waters and soils in wet deposition
can be expected.

Usi ng the vapor pressure and water solubility data presented in
Table 3-2, a Henry's law constant value of 4.8x10" atmm mol ' can be
cal cul ated. The nmagnitude of this value indicates that volatilization to the
atmosphere will be an inportant transport process for vinyl acetate rel eased
to surface waters. Using this value and the nethods revi ewed by Thonas
(1982), a volatilization half-life of about 4 hours at 20°C can be esti nated
for ariver 1 nmeter deep flowing at a current of 1 msecond, with a w nd
vel ocity of 3 m second.

Vinyl acetate released to surface soils is also expected to volatilize
to the atnobsphere. Rel eases of vinyl acetate to subsurface soils may |each to
and be transported in groundwater, depending upon site-specific
hydr ogeol ogi cal conditions, if the conmpound is not transforned or degraded
(Section 5.3.2.2). Sorption of the conmpound to soils and sedinents is not
expected, given its high water solubility and | ow K_ val ue.

The | og octanol /water partition coefficient for vinyl acetate has been
reported to be 0.21 (Fujisawa and Masuhara 1981) and 0.73 (Howard 1989). The
magni t ude of these val ues indicates that bioconcentration and food chain
bi omagni fication will not be inportant processes for vinyl acetate.

5.3.2 Transfozmati on and Degradati on
5.3.2.1 Air

Vi nyl acetate does not absorb ultraviolet |ight at wavel engths | onger
than 250 nm (Dani el s 1983), therefore, direct photol ytic degradati on of the
conpound in the troposphere is not expected to occur. However, vinyl acetate
has been found to undergo rapid photochemn cal oxidation and polynmerization in
| aboratory studies in the absence of inhibitor (HSDB 1989). The average
second order rate constant for reaction with singlet nolecular oxygen has
been reported to be 0.82 L nole " sec”’ (Datta and Rao 1979). In snog chanber
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studies with NO concentrations representative of rural and urban
at nrospheres, the p%otooxidation half-l1ife of vinyl acetate was determined to
be 4.1-6.5 hours (Joshi et al. 1982).

5.3.2.2 Water

Vi nyl acetate undergoes hydrolysis in surface water and groundwater
The hydrolytic half-life of the conpound at 25°C and pH 7.0 has been
estimated to be 7.3 days (Mabey and MII 1978). Decreasing pH decreases the
hydrolysis rate; for exanple, the rate is mninmal at pH 4.4 (Daniels 1983).
Acetic acid and acetaldehyde are the main products of vinyl acetate
hydrol ysis (Daniels 1983; Stuckey et al. 1980).

Vi nyl acetate al so undergoes biol ogi cally-nedi ated transformation. The
results of several older |aboratory studies with agueous solutions of the
conmpound suggest the occurrence of biodegradation by donmestic sewage effl uent
m croorgani sns both under aerobic (Pahren and Bl oodgood 1961; Price et 'al.
1974) and anaerobic (Chou et al. 1979; Stuckey et al. 1980) conditions. In a
nore recent |aboratory study, 17 isolates of bacteria and yeasts, capable of
utilizing vinyl acetate as a sol e carbon source under aerobic conditions,
were obtained from sanpl es of donestic sewage and | oany soil. M croorgani sns
contained in a sludge inoculumwere also found to be capabl e of
bi otransformi ng vinyl acetate under anaerobic conditions. Under both aerobic
and anaerobic conditions, enzymatic hydrolysis of vinyl acetate yielded
acet al dehyde as a netabolic internedi ate and acetate as an end product,
al though the reaction was nore rapid under aerobic conditions. A half-life of
12 hours was obtained for the enzymatic hydrolysis utilizing one of the
bacterial isolates under aerobic conditions, whereas, the half-life for the
nonenzymati c hydrolysis of the conpound in a sterile nmedium was found to be
60 hours (N eder et al. 1990).

5.3.2.3 Soi l

In soils, vinyl acetate is also expected to be transformed by
hydrol ysis and biotransformation. The rate of hydrolysis should increase as
soil noisture content and pH increase. As described in Section 5.3.2. 2,
m crobial isolates obtained from a loany soil were found to be capable of
utilizing vinyl acetate as a sole carbon source under aerobic conditions
(Nieder et al. 1990). Metabolism studies utilizing one of the bacterial
isolates indicated that vinyl acetate was transforned via enzymatic
hydrol ysis to acetal dehyde and acetate. The half-life for this biologically-
nmedi ated hydrolysis was found to be about one-fifth that of the nonenzynmatic
hydrol ysis of the conmpound (12 versus 60 hours).

Aqueous sol utions containing 4.5 g/L of polyvinyl acetate have been
reported to undergo biotransformation by the soil fungi Aspergillis niger and
Penicilliumfollow ng incubation for 15 days at 22°-25° C (Garcia 1988).

Pol yvi nyl acetate was the sole carbon source in the test nedia. Evidence of
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bi otransformati on i ncluded increased bi onmass of the fungi and increased
esterase levels in the nedia.

5.4 LEVELS MONI TORED OR ESTI MATED I N THE ENVI RONVENT
5.4.1 Air

Despite large rel eases of vinyl acetate to the atnosphere, data on
anbient air levels are limted to a single report from Texas City, Texas
(Houston/ Gul f Coast area), of concentrations of 0.07-0.57 ppm (Gordon and
Meeks 1975). Note that these values should not be considered to represent
typi cal anbient air concentrations, since a nunber of the nmanufacturers of
vinyl acetate are located in Texas City (see Section 4.1). The conpound has
al so been detected in air sanmples taken at the Kin-Buc waste di sposal site

| ocat ed near Edi son, New Jersey at a concentration of 0.5 pg/ni (0.00014 ppm
(Pellizzari 1982).

5.4.2 Water

No information was found in the available literature regarding
concentrations of vinyl acetate in donestic surface waters or groundwaters.
Avai |l abl e groundwater nonitoring data for NPL sites are reported in
Section 5.2. 2.

5.4.3 Soil

No information was found in the available literature regarding
concentrations of vinyl acetate in donestic soils. Available soil nonitoring
data for NPL sites are reported in Section 5.2.3.

5.4.4 Oher Environnental Media

Avai l abl e nonitoring data for other environmental nedia are limted to
reports of vinyl acetate as a constituent of the vapor phase of cigarette

snoke at concentrations of 400 ng/cigarette (Guerin 1980) and 0.5 pg/puff
(Battista 1976).

5.5 GENERAL POPULATI ON AND OCCUPATI ONAL EXPOSURE

Human exposure to vinyl acetate is nost well defined for workpl ace
popul ati ons. The National GCccupational Exposure Survey (NCES), conducted by
Nl OSH from 1980-1983, estimted that 50,282 workers enpl oyed at 5,046 pl ant
sites were potentially exposed to vinyl acetate in the United States in 1980
(NI OSH 1990b). The NCES dat abase does not contain information on the
frequency, concentration, or duration of exposure; the survey provides only
estimates of workers potentially exposed to chemicals in the workpl ace.
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Workers involved in the production, storage, processing, and transport
of vinyl acetate are exposed primarily via inhalation-of vapors and skin and
eye contact with the liquid or vapor forms of the conmpound (N OSH 1978).
Wor kpl ace air concentration |evels reviewed by NIOSH (1978) were generally
within the reconmended 15-ninute ceiling linit of 4 ppm |n another survey of
vinyl acetate production facilities in Texas, the follow ng workplace
airborne concentrations were reported: average TWA concentrations--5.2-8.2
ppm average breathing zone concentrations--8.6 ppm internmttent exposure
concentrations --about 50 ppm and potential short-term exposures--up to
300 ppm (Deese and Joyner 1969).

Monitoring data are insufficient to establish anbient |evels of vinyl
acetate in environmental nedia. However, the conpound has fairly limted
residence times in environnental nedia as a result of its reactivity (see
Section 5.3.2). Contam nated environnental nedia nay be inportant sources for
popul ations living in the vicinity of continuous em ssion point sources, such
as industrial nmanufacturing, processing, storage, or disposal sites (e.g.,
underground injection sites), or hazardous waste sites.

Al t hough few nonitoring data exist, given the high production volune
and extensive use of vinyl acetate, nobst people are probably exposed to very
small  amounts of vinyl acetate through: (1) inhalation of contanm nated
anbient air and cigarette snoke; (2) inhalation, dermal contact, or ingestion
of residual nonomers in consumer products containing polyvinyl acetate (e.qg.,
pai nts, adhesives, chewing gum; and (3) ingestion of food itens packaged in
plastic filnms containing vinyl acetate.

I nhal ation is expected to be the main route of hunan exposure to the
hydr ol ysi s product of vinyl acetate, acetal dehyde. Acetal dehyde has a high
vapor pressure and is mscible with water. It rapidly volatilizes (e.g.
half-life in river water = 1.9 hours) fromsurface waters or soils to the
at nosphere, where it is transfornmed via photolysis and reaction with hydroxyl
radicals, with a half-life on the order of hours. The high water solubility
of the conmpound suggests that rel eases to subsurface soil, or to surface soi
that do not volatilize, will partition to soil water and possibly groundwater
unl ess degraded by aerobic and anaerobic m croorgani snms. Acetal dehyde does
not sorb to soils or sedinments, or bioconcentrate/biomagnify in terrestrial
or aquatic organisns/food chains. Acetal dehyde is a natural constituent of
foods (HSDB 1991).

5.6 POPULATI ONS W TH POTENTI ALLY HI GH EXPOSURES

Wrkers involved in the production, processing, storage, and transport
of vinyl acetate are potentially exposed to high concentrations of the
conmpound. Menbers of the general population living in the vicinity of
i ndustrial point em ssion sources, and individuals Iiving near waste sites
that are contaminated with vinyl acetate nay al so be exposed to potentially
hi gh concentrations of the conpound. The sizes of these popul ations and the
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concentrations of vinyl acetate in the contaninated nedia to which these
peopl e may be exposed have not been adequately characterized.

5.7 ADEQUACY CF THE DATABASE

Section 104(i)(5) of CERCLA, as anended, directs the Admi nistrator of
ATSDR (in consultation with the Admnistrator of EPA and agencies and
prograns of the Public Health Service) to assess whet her adequate infornation
on the health effects of vinyl acetate is available. Were adequate
information is not available, ATSDR, in conjunction with the NTP, is required
to assure the initiation of a program of research designed to determ ne the
health effects (and techniques for developing nethods to determine such
health effects) of vinyl acetate.

The follow ng categories of possible data needs have been identified by
a joint teamof scientists from ATSDR, NTP, and EPA. They are defined as

substance-specific informational needs that, iif nmet, would reduce or
elimnate the uncertainties of hunman health assessnent. In the future, the
identified data needs will be evaluated and prioritized, and a substance-
specific research agenda will be proposed.

5.7.1 Data Needs

Physi cal and Chemical Properties. The physical/chenical properties of
vinyl acetate are sufficiently well defined to enable assessnment of the
environnmental fate of this conmpound (Tables 3-1 and 3-2).

Production, Inport/Export, Use, and Disposal. Vinyl acetate is rel eased
to the environnent as a result of its comrercial production, use, storage,
transport, and disposal. Human exposure occurs mainly in the workpl ace
t hrough inhal ati on of vinyl acetate vapors.

Donesti ¢ production of vinyl acetate in 1986 and 1987 total ed
1.7 billion pounds and 1.8 billion pounds, respectively (Daniels 1983; USITC
1986, 1987). These levels are slightly lower than the recent high of 2.1
billion pounds reported in 1985 (Daniels 1983; USITC 1985). In 1987, inports
and exports of the conmpound totaled 1 nmillion and 736 million pounds,
respectively (Mannsville 1988). Vinyl acetate is used prinmarily as a cheni cal
internediate in the production of polymeric materials (Daniels 1983; |IARC
1986; Mannsville 1982, 1988). Vinyl acetate is contained in polyneric
consumer products only as residual nmononer (Ci ncera 1983; | ARC 1986;
Mannsvill e 1988). Rel eases of the conpound fromindustrial processes are
mai nly to the atnosphere. Underground injection is also an inportant source
of release for certain facilities. No information was found on current
di sposal nethods or the regul ati ons governi ng di sposal of vinyl acetate.
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Addi tional information on disposal nethods and pertinent regul ations
woul d be useful in evaluating the potential for rel ease of and exposure to
vinyl acetate.

According to the Emergency Planning and Comunity Ri ght-to-Know Act of
1986, 42 U.S.C. Section 11023, industries are required to submt chenical
rel ease and off-site transfer information to the EPA (EPA 1987c). The Toxics
Rel ease Inventory (TRI), which contains this information for 1987, becane
avail able in May of 1989 (TR187 1989). This database will be updated yearly
and should provide a list of industrial production facilities and em ssi ons.

Environnmental Fate. Little information is available regarding the
transport and partitioning or transformation and degradation of vinyl
acetate. Based on its physical/chem cal properties, vinyl acetate is expected
to partition to the atnosphere and surface water and groundwater (Fujisawa
and Masuhara 1981; Hansch and Leo 1979). Vinyl acetate is not expected to
persist, bioconcentrate, or biomagnify (Fujisawa and Masuhara 1981; Hansch
and Leo 1979). The npbst inportant transformation processes for vinyl acetate
are phot ooxi dation and hydrolysis (Joshi et al. 1982; Mabey and MII 1978);
the relative inportance of biodegradation is unknown (Chou et al. 1979;
Pahren and Bloodgood 1961; Price et al. 1974; Stuckey et al. 1980).
Additional information is needed on the transport/partitioning and
transformati on/ degradati on of vinyl acetate in all nmedia in order to confirm
t he predicted behavior described above and establish the relative inportance
of the various transformati on processes. This information will be helpful in
defining the relative inportance of various routes of exposure to the
conmpound in environnental nedia.

Bi oavailability from Environnental Media. No infornation was found
regardi ng human absorption of vinyl acetate foll owing inhalation, oral, or
dermal exposures fromenvironnental mnmedia. Limted data avail able for
| aboratory animals suggest that absorption may occur follow ng exposure by
all of these routes (Hazleton 1979a, 1980a; Snyth and Carpenter 1948; Wil
and Carpenter 1969). Additional information is needed on the uptake of vinyl
acetate following inhalation of workplace and anbient air, dermal contact
with or ingestion of contamnated soils, and ingestion of contam nated
drinking water. This information would be wuseful in determning the
bi oavai l ability of the conpound from environmental nedia.

Food Chain Bioaccunul ation. No information was found regardi ng the
bi oconcentration of vinyl acetate by plants, aquatic organisns, or aninals,
or the biomagnification of the conpound in terrestrial or aquatic food
chains. On the basis of the reactivity, volatility, and water solubility of
t he conpound, bioconcentration and bi omagnificati on are not expected to be
i nportant environnental fate processes (Fujisawa and Masuhara 1981; Hansch
and Leo 1979). Additional information is needed to confirmthis predicted
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behavior. This information will be useful in establishing the inportance of
food chain bioaccurul ati on as a source of human exposure to vinyl acetate.

Exposure Levels in Environnmental Media. Very |imted data are avail abl e
concerni ng anbi ent concentrations of vinyl acetate in the atnosphere (Gordon
and Meeks 1975). No data are available for surface waters, groundwater, or
soils. Additional information is needed on anbient levels in these nedia,

i ncludi ng nedi a concentration | evels at hazardous waste sites, and on hunman
i ntake through contact with these nedia and ingestion of contam nated foods.
This informati on woul d be useful in estimating human exposure to vinyl
acet at e.

Exposure Levels in Humans. Vinyl acetate is rapidly hydrolyzed by
esterases in the blood to acetate and vinyl alcohol. Vinyl alcohol is rapidly
converted to acetal dehyde, which in turn is netabolized to acetate (Hazl eton
1979a, 1980a; Sinon et al. 1985). Vinyl acetate netabolismis rapid; in vivo
tests with [|aboratory animals indicate that nost of the conmpound is
elimnated within 24 hours after exposure (Hazleton 1979a, 1980a). Therefore,
it would be difficult to measure the presence of vinyl acetate or
acet al dehyde after reasonable periods followi ng exposure to vinyl acetate.
Acet al dehyde and acetate may also not be wuseful as indicators of vinyl
acetate exposure. Because these compounds are incorporated into norma
nmet abol i ¢ pathways, it would be difficult to determ ne which netabolites were
due to vinyl acetate exposure and which were endogenous in biological tissues
and fluids. Additional investigation of the utility of bionarkers of exposure
in characterizing human exposure to vinyl acetate would be useful

Exposure Registries. No exposure registries for vinyl acetate were
| ocated. This conpound is currently not one of the conmpounds for which a
subregi stry has been established in the National Exposure Registry. The
compound will be considered in the future when chem cal selection is nade for
subregi stries to be established. The information that is anassed in the
Nati onal Exposure Registry facilitates the epidemn ol ogi cal research needed to
assess adverse health outcones that may be related to the exposure to this
conpound.

5.7.2 On-going Studies

On-going renedial investigations and feasibility studi es conducted at
NPL sites will add to the avail abl e dat abase on exposure levels in
envi ronmental nedia and exposure registries.

No other long-term on-going research pertaining to environnmental fate
or human exposure potential of vinyl acetate was identified or |ocated.
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The purpose of this chapter is to describe the analytical nethods that
are available for detecting and/or nmeasuring and nonitoring vinyl acetate in
environmental nedia and in biological sanples. The intent is not to provide
an exhaustive |ist of analytical nethods that could be used to detect and
guantify vinyl acetate. Rather, the intention is to identify well-established
nmet hods that are used as the standard nethods of analysis. Many of the
anal yti cal nethods used to detect vinyl acetate in environmental sanples are
t he net hods approved by federal agencies such as EPA and the Nati onal
Institute for Cccupational Safety and Health (NICSH). O her nethods presented
in this chapter are those that are approved by groups such as the Association
of Official Analytical Chemists (AQGAC) and the Anerican Public Health
Associ ation (APHA). Additionally, analytical nethods are included that refine
previously used nethods to obtain | ower detection limts, and/or to inprove
accuracy and precision.

6.1 BI OLOd CAL MATERI ALS

The only nethod of analysis described in the literature for detecting
vinyl acetate and netabolites in biological nedia is by adm nistration of
radi oactive vinyl acetate (Hazleton 1979a, 1980a). Vinyl acetate is a
volatile organic conpound that is very rapidly hydrolyzed to acetal dehyde
(via the unstable internediate, vinyl alcohol) and acetate in the bodies of
humans and animals (Sinmon et al. 1985a; Vinegar 1983). The acetal dehyde is
converted to acetate and incorporated into the normal biochem cal pathways
and primarily excreted as carbon dioxide in expired air (Vinegar 1983).
Section 2.3 contains nore detailed information on the toxicokinetics of vinyl
acet at e.

6. 2 ENVI RONVENTAL SAMPLES

Most analysis of vinyl acetate has been done on workplace air,
especially in factories that nmake or use vinyl acetate. The primry nethod of
analysis for vinyl acetate in air is gas chromatography with flame ionization
detection (GUFID). Infrared spectroscopy and gas chromatography/ mass
spectronmetry (GO Ms) are also frequently used. Problens encountered when
analyzing for vinyl acetate include volatility of the sanple, interference
from ot her organic chenicals, degradation of vinyl acetate by hydrolysis and
pol yrmeri zation, and desorption (extraction) of the sanple. Mst of the
variation in nethodol ogy occurs with sanple collection and desorption.

Sanmpl es have been col |l ected by grab-sanmpling, by midget inpingers, and on
solid sorbent tubes.

G ab-sanpling of air in Houston followed by analysis by GC FID or
Fourier transforminfrared spectroscopy (FTIR), showed that vinyl acetate
could be detected in the sanples in the presence of a | arge nunber of other
organi ¢ conpounds when anal yzed by FTIR (Gordon and Meeks 1977).

Di sadvant ages of this method are possible |oss of sanple through | eakage from
or deconposition in the collection bags and contam nation of the sanple by
bag
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components. Probl ens encountered with the FTIR hardware under field
conditions led the authors to conclude the techni que was better suited for
| aboratory use.

M dget inpingers, as well as large-scal e inpingers, containing toluene
have been used to sanple the air in a vinyl acetate production plant (Deese
and Joyner 1969). Analysis of sanples was conducted by GC/ FID. Severa
evaluations indicated that the nethod was accurate (nmean recovery of 99. 2%
and reliable for concentrations in the | ow ppmrange. The main problens with
this nethod are that the liquid used in the inpingers is subject to spillage
(however, unspillable inpingers are now available) and it is difficult to
scale the inpingers down to a suitable size for personal use.

Solid sorbents are the usual collection nmedia for personal sanpling
tubes used i n occupational exposure situations because they are efficient,
sinple to use, and can be easily be scaled down to a convenient size. Solid
sorbents are also the npbst frequently used for concentrations of organics
fromair. One of the nost commonly used solid sorbents is activated carbon
(Foerst and Teass 1980; Kollar et al. 1988; Krajewski et al. 1980; Sidhu
1981). Recoveries on this sorbent can be |ow due to hydrolysis or
pol yrmeri zati on, depending on humidity conditions. Recoveries have ranged from
40% to 101% dependi ng on desorption technique, humdity |level, sanple storage
time, and how the sanple was introduced to the sanpler (Foerst and Teass
1980; Kollar et al. 1988; Krajewski et al. 1980; Sidhu 1981). Mdifications
to the activated carbon sanpler were nmade to alleviate sone of the problens
associated with them (Kinble et.al. 1982). Recoveries approaching 100% were
reported with activated charcoal sorbent treated with a polynerization
i nhi bitor (hydroquinone) and preceded by a drying agent (calcium sulfate)
When desorbed with carbon disul fide-acetone and anal yzed by GO/ FI D, good
sensitivity and precision were obtained (see Table 6-1). Advantages of this
technique are apparent sanple stability, high breakthrough volune, and
readily avail abl e desorption and detection techniques. Wen this approach was
repeated by ot hers (Andersson and Andersson 1988), however, both recovery and
preci sion were poor at hunidities below 50% A nore recent GC FI D nmet hod

using collection on the solid sorbent, Anbersorb® XE-347, followed by
desorption with dichl oromet hane contai ni ng 5% net hanol, vyiel ded excell ent
recovery and precision over humdities ranging from 20 to 85% (Andersson and
Ander sson 1990).

The NI OSH-recommended procedure for determ ning vinyl acetate in air

calls for collection on Chronpsorb® 107, foll owed by thermal desorption and
analysis by GC/FID (NI OSH 1990a). The | owest quantifiable level with this
method is in the |l ow ppb range with an average precision of 8.1%relative
standard deviation (RSD) at humidity |evels greater than 80% The N OSH

nmet hod was devel oped and conpared to activated charcoal by Foerst and Teass
(1979). Although activated charcoal had a higher affinity for vinyl acetate,
as denonstrated by its higher breakthrough volune (about 167 L conpared to

4L for Chronosorb® 107), vinyl acetate was considerably | ess stable on the



TABLE 6-1. Analytical Methods for Determining Vinyl Acetate in Fnvironmental Samples

Sample matrix

Preparation method

Analytical method

Sample
detection
limit

Percent
recovery

Reference

Air

Air

Alr

Collect in midget
impingers; inject toluene
collection medium

Collect on Chromosorbe
107; desorb thermally
directly to GC

Collect sample on
activated charcoal;

desorb with carbon
disulfide or acetonitrile;
inject desorption solvent
into GC

Collect on activated
charcoal; desorb with
carbon disulfide

Collect on calcium
sulfate-hydroquinone
inhibited charcoal;
desorb with carbon
disulfide-acetone

Collect sample on
Ambersorbe® XE-347; desorb
with methanol/dichloro-
methane

Collect on Tenaxe-GC;
desorb thermally directly
to GC

Collect on calcium
sulfate-hydroquinone
inhibited carbon; desorb
with carbon disulfide-
acetone

GC/FID
GC/FID

GC/FID

GC/FID

GC/FID

HRGC/FID

GC/MS

GC/FID
GC/MS

Low mg/m® (ppm)

7 mg/m® (2 ppm)

0.35 mg/m3
(0.1 ppm)

1.33 mg/m?
(0.38 ppm)

Ro data

No data

No data

99.2

106-110

40-100

83.2

98.6-99.7

82~100

>75

16-96

Deese and Joyner 1969

NIOSH 1990a
(NIOSH Method P&CAM
278)

Foerst and Teass 1979

Sidhu 1981

Kimble et al. 1982

Andersson and
Andersson 1990

Pellizzari 1982

Andersson and
Andersson 1988

‘9
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Table 6-1 (Continued)

Sample
detection Percent
Sample matrix Preparation method Analytical method limit recovery Reference

Collect on trans- SAW sensor No data No data Zellars 1989
platinum chloride

(ethylene); (pyridine)

coated SAW

Waste water Purge sample and trap GC/MS No data No data EPA 1979
effluent volatiles on Tenaxe-GC/ (EPA Method 624)
silica gel; thermally
desorb to GC

9

Waste water Purge and trap sample on GC/MS 1 pg/L (1 ppb) 96-110 Spingarn 1982
effluent total organics (EPA Method 624)
concentrator (Tenaxe GC-
silica gel-glass wool);
desorb thermally to GC

Coal Purge sample and trap GC/MS 10 ug/L (10 ppb) No data Sorini and Jackson 1988
combustion volatiles on Tenaxe-GC/ (EPA Method 624)
leachate silica gel; thermally

desorb to GC

80T

EPA = Environmental Protection Agency; FID = flame ionization detector; GC = gas chromatography; HRGC = high-resolution gas
chromatography; MS = mass spectrometry; SAW = surface acoustic wave

SAQOHLIW TVDILXTVNV
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activated charcoal. Advantages of the Chronpbsorb® 107 coll ection techni que
are inproved sanple stability, better recovery, and inproved precision
through a wider hunidity range. D sadvantages are a |ower breakthrough vol une
and |imted access of nost field sites to the thermal desorption technique.

Vi nyl acetate has al so been deternmined in air at industrialized areas

and near waste disposal sites wusing Tenax® GC sorbent wth therm
desorption. Separation and detection was on a high resolution GO MS coupl ed
to a conmputer containing a nmass spectra database. Recoveries for this nethod
were greater than 75% Advantages of this nmethod are its specificity in the
presence of |arge nunbers of potentially interfering chemcals and ability to
quantify results (Pellizzari 1982). A disadvantage is the requirenment for
sophi sticated and expensive equi prent and the expertise to use the nethod. In
addition, the effect of humidity is not known.

A nore recently devel oped technique for use in industrial hygiene
situations depends on detection of vinyl acetate by coated surface acoustic
wave sensor. The special trans-PtCL,(ethylene)(pyridine) coating makes the
techni que sel ective for vinyl acetate, and the apparatus can easily be scal ed
down for personal use. In addition, the coating is regenerative, increasing
the cost/benefit ratio (Zellers 1989). Mre information is needed to conpare
this method to those currently in use.

Very little informati on was found concerning anal ysis of vinyl acetate
in water and soil and no information was found for other nedia. The EPA
reconmended nethod for water (Method 624) specifies sanpling on a total

organi cs concentrator (Tenax® -silica gel) used as a purge-trap device (EPA
1979). The sample is thermally desorbed and anal yzed by GO Ms. This nethod
was used to detect vinyl acetate in secondary effluent froma publicly owned
treatment works (Spingarn et al. 1982). It proved to be sensitive, accurate,
and fairly precise. This nethod was al so used to neasure vinyl acetate in

coal conbustion |eachate with a detection limt of 10 pg/L (Sorini and
Jackson 1988).

6. 3 ADEQUACY COF THE DATABASE

Section 104(i)(5) of CERCLA, as anended, directs the Admi nistrator of
ATSDR (in consultation with the Admnistrator of EPA and agencies and
progranms of the Public Health Service) to assess whether adequate information
on the health effects of vinyl acetate is available. Were adequate
information is not available, ATSDR, in conjunction with the NTP, is required
to assure the initiation of a program of research designed to determ ne the
health effects (and techniques for developing nethods to determne such
health effects) of vinyl acetate.

The follow ng categories of possible data needs have been identified by
a joint teamof scientists from ATSDR, NTP, and EPA. They are defined as
substance-specific informational needs that, iif nmet, would reduce or
elimnate
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the uncertainties of human health assessnent. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

6.3.1 Data Needs

Met hods for Determ ning Bi omarkers of Exposure and Effect. There are no
reliable biomrkers of exposure for vinyl acetate (see Sections 2.5.1 and
2.9.2). Vinyl acetate is rapidly absorbed and netabolized in the body
(Hazl eton 1979a, 1980a; Sinon et al. 1985a). The netabolites forned,
acet al dehyde and acetate, are commonly found in humans and animals, and thus
are not specific for exposure to vinyl acetate. Acetal dehyde and acetate are
i ncorporated into the biochenical cycles and converted primarily to carbon
di oxi de and water. There are no tests currently avail able for neasuring vinyl
acetate or its nmetabolites in biological tissues.

There are no established biomarkers of effect for vinyl acetate; thus,
there are no nethods for determ ning biomarkers of effect for this conpound.
No changes in enzyme |evels or body fluids have been docunented foll ow ng
exposure to this conpound. Cenotoxic effects have been found in in vitro
tests, but these are not specific for vinyl acetate and there is no
establ i shed nmethod for nonitoring such effects in vivo.

Met hods for Determ ning Parent Conpounds and Degradati on Products in
Envi ronnmental Media. G ven vinyl acetate's high volatility, the nedia of nost
concern for human exposure is nost likely air, with exposure also occurring
by both oral and dermal routes (Deese and Joyner 1969; N OSH 1978; Snyth and
Carpenter 1973). Sensitive, reliable, and accurate nethods exist for
determ ning vinyl acetate in air (Deese and Joyner 1969; Foerst and Teass
1979; Gordon and Meeks 1977; Kinble et al. 1982; Kollar et al. 1988, N OSH
1990a). The detection limts of these methods are probably too high for
nonitoring anmbient air, but are sufficient for nmeasuring |evels present in
occupational settings. At |east one sensitive and accurate nmethod exists for
detecting vinyl acetate in water (Springarn et al. 1982). Routine nethods of
anal ysis for other environnental mnedia were not |ocated. Further studies on
measurenment of vinyl acetate in air, water and soil would be useful in
determ ning the potential for exposure to this chem cal at hazardous waste
sites.

6.3.2 On-going Studies

No on-goi ng studi es concerning nethods for neasuring and deternining
vinyl acetate in biological and environmental samples were | ocated.
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Vinyl acetate is on the list of chemi cals appearing in "Toxic Chenicals
Subject to Section 313 of the Energency Planning and Comrunity R ght-to-Know
Act of 1986" (EPA 1987c). ATSDR has derived an internedi ate inhal ati on MRL of
0. 01 ppm based on respiratory effects seen in nice (Hazl eton 1980b).

The international, national, and state regul ati ons and gui del i nes
regarding vinyl acetate in air, water, and other nedia are summarized in
Table 7-1.



TABLE 7-1.
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Regulations and Guidelines Applicable to Vinyl Acetate

Agency Description Information’ References
INTERNATIONAL
IARC Carcinogenic classification Group 3° IARC 1987
NATIONAL
Regulations:
a. Air:
OSHA PEL TWA (8-hr, final rule) 10 ppm (35 mg/wm?) OSHA 1989
STEL 20 ppm (70 mg/m)
b. Water:
EPA OWRS NPDES permit application testing Yes EPA 1983 (40 CFR
requirements: 122, Appendix D,
Toxic pollutants and hazardous Table V)
substances required to be
identified by existing dis-
chargers if expected to be
present (vinyl acetate)
c, Food:
FDA May be safely used as a coating or Yes FDA 1977 (21 CFR
as a component of a coating 175.350)
which is the food-contact
surface of polyolefin films
intended for packaging food;
vinyl acetate/crotonic acid
copolymer
Vinyl acetate is regulated as a Yes FDA 1991 (21 CFR
modifier of food starch. The 172.892)
acetyl groups in modified
sauce-starch not to exceed 2.5%
d. Other:
EPA OERR CERCLA reportable quantity (final) 5000 pounds EPA 1985a (40 CFR
(2270 kg) 302.4); EPA
1986a (40 CFR
117.3
Extremely hazardous substance TPQ 1000 pounds EPA 1987a (40
(454 kg) CFR 355,
Appendix B)
EPA OSW Designation of hazardous substances Yes EPA 1978 (40 CFR
116.4)
List of CERCLA hazardous substances Yes EPA 1985b (40 CFR
302.4,
Appendix A)
Listing as hazardous waste constituent No EPA 1986b (40 CFR
261, Appendix
VIII)
Groundwater monitoring requirement Yes EPA 1987b (40 CFR

264, Appendix
IX)
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TABLE 7-1. (Continued)

Agency Description Information References
EPA OTS Toxic chemical release reporting; Yes EPA 1987c¢
commmity right-to-know (proposed)
OSHA Meets criteria fer proposed medical Yes OSBA 1982
records rule
Guidelines:
a. Air:
ACGIH TLV THA 10 ppn (35 mg/m?) ACGIH 1986
STEL 20 ppm (70 mg/m?) ACGIH 1986
STEL (proposed) 15 ppm (53 mg/m*) ACGIH 1992
Carcinogen Classification (proposed) A3b ACGIH 1992
EPA Bazardous air pollutant under Section Yes U.S. Congress 1990
112 of Clean Air Act Amendment
EPA REC (Inhalation) 0.2 mg/m® (0.06 ppm) IRIS 1991
RID (Oral) No data IRIS 1991
NIOSH Ceiling (15-min) 4 ppm (14 mg/m?) NIOSH 1978a
STATE
Regulations and
Guidelines:
a. Air: Acceptable ambient air concentrations NATICH 1988
Connecticut (8-hr) 0.6000 mg/m?
Massachusetts (24~hr) 0.0096 mg/wm’
Nevada (8-hr) 0.7140 mg/m?
North Dakota (1-hr) 0.6000 mg/m>
North Dakota (8-hr) : 0.3000 mg/m’
Virginia (24-hr) 0.0050 mg/m3

8The Working Group on the Evaluation of Carcinogenic Risks to Humans concluded that this agent is not
classifiable as a human carcinogen. :

bGroup A3 carcinogen = The agent is carcinogenic in experimental animals at a relatively high dose, by routes(s)
of administration, at site(s), of histologic types(s), or by mechanism(s) which are not considered relevant
to worker exposure. Available epidemiological studies do not confirm an increased risk of cancer in exposed
humans. Available evidence suggests that the agent is mot likely to cause cancer in humans except under
uncommon or unlikely routes or levels of exposurs.

ACGIH = American Conference of Governmental Industrial Hygienists; A3 = animal carcinogen;

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act; EPA = Environmental Protection
Agency; FDA = Food and Drug Administration; IARC = International Agency for Research on Cancer; Clearinghouse;
NIOSH = National Institute for Occupational Safety and Health; NPDES = National Pollutant Discharge Elimination
System; OERR = Office of Emergency and Remedial Response; OSHA = Occupational Safety and Health Administration;
OSW = Office of Solid Wastes; OTS = Office of Toxic Substances; OWRS = Office of Water Regulations and
Standards; PEL = Permissible Exposure Limit; RfC = Reference concentration; RfD = Reference dose;

STEL = Short Term Exposure Limit; TLV = Threshold Limit Value; TPQ = Threshold Planning Quantity;

TWA = Time-Weighted Average
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9. GLOSSARY
Acut e Exposure -- Exposure to a chenmical for a duration of 14 days or |ess,
as specified in the Toxicol ogical Profiles.
Adsorption Coefficient (K ) -- The ratio of the anobunt of a chenical adsorbed
per unit weight of organic carbon in the soil or sedinent to the
concentration of the chemical in solution at equilibrium
Adsorption Ratio (K) -- The anount of a chem cal adsorbed by a sedinent or
soil (i.e., the solid phase) divided by the anount of chemical in the

solution phase, which is in equilibrium with the solid phase, at a fixed
solid/solution ratio. It is generally expressed in mcrograns of chemi cal
sor bed per gram of soil or sedinent.

Bi oconcentration Factor (BCF) -- The quotient of the concentration of a
chem cal in aquatic organisns at a specific tine or during a discrete tine
period of exposure divided by the concentration in the surroundi ng water at
the sanme tinme or during the sane period.

Cancer Effect Level (CEL) -- The | owest dose of chemical in a study, or group
of studies, that produces significant increases in the incidence of cancer
(or tunors) between the exposed population and its appropriate control.

Carci nogen -- A chenical capable of inducing cancer.

Ceiling Value -- A concentration of a substance that should not be exceeded,
even instantaneously.

Chroni ¢ Exposure -- Exposure to a chem cal for 365 days or nore, as specified
in the Toxicol ogical Profiles.

Devel opnental Toxicity -- The occurrence of adverse effects on the devel opi ng
organismthat nmay result fromexposure to a chemical prior to conception
(either parent), during prenatal devel opnent, or postnatally to the tinme of
sexual maturation. Adverse devel opnental effects may be detected at any point
inthe life span of the organi sm

Enbryotoxicity and Fetotoxicity -- Any toxic effect on the conceptus as a
result of prenatal exposure to a chemcal; the distinguishing feature between
the two terns is the stage of devel opnent during which the insult occurred.
The terms, as wused here, include malformations and variations, altered
growth, and in utero death.

EPA Heal th Advisory -- An estimate of acceptable drinking water |evels for a
chem cal substance based on health effects information. A health advisory is
not a legally enforceable federal standard, but serves as technical guidance
to assist federal, state, and |local officials.
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| medi at el y Dangerous to Life or Health (IDLH) -- The maxi mum environment al
concentration of a contam nant from which one could escape within 30 mn

W t hout any escape-inpairing synptons or irreversible health effects.

I nt ernedi at e Exposure -- Exposure to a chemical for a duration of 15-364 days
as specified in the Toxicol ogical Profiles.

I munol ogic Toxicity -- The occurrence of adverse effects on the imune
system that may result from exposure to environmental agents such as
chem cal s.

In Vitro -- Isolated fromthe living organismand artificially maintained, as
in a test tube.

In Vivo -- Cccurring within the living organi sm

Lethal Concentration ,, (LC,) -- The lowest concentration of a chemcal in

air which has been reported to have caused death in hunans or ani nals.

Lethal Concentration ., (LG -- A calculated concentration of a chemcal in
air to which exposure for a specific length of tine is expected to cause

death in 50% of a defined experinental animl population.

Lethal Dose ., (LD, -- The |owest dose of a chemical introduced by a route
other than inhalation that is expected to have caused death in humans or
ani mal s.

Let hal Dose ., (LD,) -- The dose of a chem cal which has been calculated to
cause death in 50% of a defined experimnmental animal popul ati on.

Lethal Time ., (LT,) -- A calculated period of time within which a specific
concentration of a chemcal is expected to cause death in 50% of a defined
experinmental ani mal popul ati on.

Lowest - Qbserved- Adver se- Ef fect Level (LOAEL) -- The | owest dose of chem cal
in a study, or group of studies, that produces statistically or biologically

significant increases in frequency or severity of adverse effects between the
exposed popul ation and its appropriate control.

Mal formati ons -- Pernmanent structural changes that may adversely affect
devel oprment, or function.

M nimal Risk Level -- An estimate of daily human exposure to a chenical that
is likely to be without an appreciable risk of deleterious effects
(noncancerous) over a specified duration of exposure.
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Mut agen -- A substance that causes nutations. A nutation is a change in the
genetic material in a body cell. Miutations can lead to birth defects,
m scarriages, or cancer.
Neurotoxicity - - The occurrence of adverse effects on the nervous system

foll owi ng exposure to cheni cal

No- Cbserved- Adver se- Ef fect Level (NOAEL) -- The dose of chemi cal at which
there were no statistically or biologically significant increases in
frequency or severity of adverse effects seen between the exposed popul ation
and its appropriate control. Effects may be produced at this dose, but they
are not considered to be adverse.

Cctanol -Water Partition Coefficient (K -- The equilibriumratio of the
concentrations of a chemcal in n-octanol and water, in dilute solution

Permi ssi bl e Exposure Limt (PEL) -- An all owable exposure | evel in workplace
air averaged over an 8-hour shift.

g,* -- The upper-bound estimate of the | ow dose slope of the dose-response
curve as determ ned by the nultistage procedure. The q* can be used to
cal cul ate an estimate of carcinogenic potency, the increnmental excess cancer

risk per unit of exposure (usually pg/L for water, ng/kg/day for food, and
ug/ mi for air).

Ref erence Dose (RfD) -- An estimate (with uncertai nty spanni ng perhaps an
order of magnitude) of the daily exposure of the human population to a
potential hazard that is |likely to be without risk of deleterious effects
during a lifetime. The RfID is operationally derived fromthe NOAEL (from

ani ml and human studi es) by a consistent application of uncertainty factors
that reflect various types of data used to estimte RfDs and anadditi onal

nmodi fying factor, which is based on a professional judgnment of the entire

dat abase on the chenical. The RfDs are not applicable to nonthreshold effects
such as cancer

Reportable Quantity (RQ -- The quantity of a hazardous substance that is
consi dered reportabl e under CERCLA. Reportable quantities are (1) 1 |Ib or
greater or (2) for selected substances, an anount established by regul ation
ei t her under CERCLA or under Sect. 311 of the Clean Water Act. Quantities are
measured over a 24-hour period.

Reproductive Toxicity -- The occurrence of adverse effects on the
reproductive systemthat may result from exposure to a chenmical. The toxicity
may be directed to the reproductive organs and/or the related endocrine
system The nmanifestation of such toxicity nmay be noted as alterations in
sexual behavior, fertility, pregnancy outcones, or nodifications in other
functions that are dependent on the integrity of this system
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Short-Term Exposure Linmt (STEL) -- The maxinmum concentration to which
workers can be exposed for up to 15 nmin continually. No nore than four
excursions are allowed per day, and there nmust be at least 60 mn between
exposure periods. The daily TLV-TWA nay not be exceeded.

Target Organ Toxicity -- This termcovers a broad range of adverse effects on
target organs or physiological systenms (e.g., renal, cardiovascul ar)
extending from those arising through a single linted exposure to those

assunmed over a lifetinme of exposure to a chem cal

Teratogen -- A chenical that causes structural defects that affect the
devel oprment of an organi sm

Threshold Limt Value (TLV) -- A concentration of a substance to which nost
wor kers can be exposed without adverse effect. The TLV may be expressed as a
TWA, as a STEL, or as a CL.

Ti me- Wi ght ed Average (TWA) -- An all owabl e exposure concentrati on averaged
over a normal S-hour workday or 40-hour workweek.

Toxic Dose (TD,) -- A calculated dose of a chem cal, introduced by a route
other than inhalation, which is expected to cause a specific toxic effect in
50% of a defined experinmental aninal popul ati on.

Uncertainty Factor (UF) -- A factor used in operationally deriving the RID
fromexperinental data. Urs are intended to account for (1) the variation in
sensitivity anong the nenbers of the human popul ation, (2) the uncertainty in
extrapolating animal data to the case of human, (3) the uncertainty in
extrapolating fromdata obtained in a study that is of less than lifetine
exposure, and (4) the uncertainty in using LOAEL data rather than NOAEL dat a.
Usual |y each of these factors is set equal to 10.
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Chapter 1
Public Health Statenent

This chapter of the profile is a health effects sumary witten in
nont echni cal |anguage. Its intended audi ence is the general public especially
people living in the vicinity of a hazardous waste site or substance rel ease.
If the Public Health Statenent were renoved fromthe rest of the docunent, it
would still communicate to the lay public essential information about the
substance. The mmjor headings in the Public Health Statenent are useful to
find specific topics of concern. The topics are witten in a question and
answer format. The answer to each question includes a sentence that wll
direct the reader to chapters in the profile that wll provide nore
i nformati on on the given topic.

Chapter 2
Tabl es and Figures for Levels of Significant Exposure (LSE)

Tables (2-1, 2-2, and 2-3) and figures (2-1 and 2-2) are used to summarize
health effects by duration of exposure and endpoint and to illustrate
graphically levels of exposure associated with those effects. Al entries in
these tables and figures represent studi es that provide reliable,
guantitative estimtes of No-Cbserved-Adverse-Effect Levels (NOAELs), Lowest-
bserved- Adverse-Effect Levels (LOAELS) for Less Serious and Serious health

effects, or Cancer Effect Levels (CELs). In addition, these tables and
figures illustrate differences in response by species, Mnimal Risk Levels
(MRLs) to humans for noncancer end points, and EPA s estimted range
associ ated with an upper-bound individual lifetime cancer risk of 1 in 10,000

to 1 in 10,000,000. The LSE tables and figures can be used for a quick review
of the health effects and to locate data for a specific exposure scenario.
The LSE tables and figures should always be used in conjunction with the
text.

The | egends presented bel ow denonstrate the application of these tables and
figures. A representative exanple of LSE Table 2-1 and Figure 2-1 are shown.
The nunbers in the left colum of the |egends correspond to the nunbers in
t he exanple table and figure.

LEGEND
See LSE Table 2-1

(1). Route of Exposure One of the first considerations when review ng the
toxicity of a substance using these tables and figures should be the
rel evant and appropriate route of exposure. Wien sufficient data exist,



(2).

(3).

(4).

(5).

(6).

(7).

(8).

(9).
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three LSE tables and two LSE figures are presented in the docunent. The

three LSE tables present data on the three principal routes of
exposure, i.e., inhalation, oral, and dermal (LSE Table 2-1, 2-2, and
2-3, respectively). LSE figures are |imted to the inhalation (LSE
Figure 2-1) and oral (LSE Figure 2-2) routes.

Exposure Duration Three exposure periods: acute (14 days or |ess);
internmediate (15 to 364 days); and chronic (365 days or nore) are
presented within each route of exposure. In this exanple, an inhalation
study of internediate duration exposure is reported.

Health Effect The major categories of health effects included in

LSE tables and figures are death, systenic, inmunol ogical

neur ol ogi cal , devel opnental, reproductive, and cancer. NOAELs and
LOAELs can be reported in the tables and figures for all effects but
cancer. Systemic effects are further defined in the "Systeni colum of
the LSE table.

Key to Figure Each key nunber in the LSE table |inks study information
to one or nore data points wusing the sane key nunmber in the
corresponding LSE figure. In this exanple, the study represented by key
nunber 18 has been used to define a NOAEL and a Less Serious LOAEL
(al so see the two "18r" data points in Figure 2-1).

Speci es The test species, whether animal or hunman, are identified in
this col um.

Exposure Frequency /Duration The duration of the study and the weekly
and daily exposure reginmen are provided in this colum. This pernmits
conmpari son of NOAELs and LOAELs from different studies. In this case
(key nunmber 18), rats were exposed to [substance x] via inhalation for
13 weeks, 5 days per week, for 6 hours per day.

System This colum further defines the system c effects. These systens

i nclude: respiratory, cardi ovascul ar, gastrointestinal, hematol ogi cal
nmuscul oskel etal, hepatic, renal, and dernal/ocular. "OQher" refers to
any systenic effect (e.g., a decrease in body weight) not covered in
t hese systens. In the exanple of key nunber 18, one systemic effect
(respiratory) was investigated in this study.

NOAEL A No- Cbserved- Adverse-Effect Level (NOAEL) is the highest
exposure level at which no harnful effects were seen in the organ
system studied. Key nunber 18 reports a NOAEL of 3 ppm for the
respiratory system which was used to derive an internedi ate exposure

i nhal ation MRL of 0.005 ppm (see footnote “c”).

LOAEL A Lowest - Gbserved- Adverse-Effect Level (LOAEL) is the | owest
exposure level used in the study that caused a harnful health effect.
LOAELs have been classified into "Less Serious" and "Serious" effects.
These distinctions help readers identify the levels of exposure at
whi ch adverse health effects first appear and the gradation of effects
wWth increasing dose. A brief description of the specific end point
used to
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quantify the adverse effect acconpanies the LOAEL. The "Less Serious"”

respiratory effect reported in key nunber 18 (hyperplasia) occurred at
a LOAEL of 10 ppm

(10). Reference The conplete reference citation is given in Chapter 8 of the
profile.

(11). CEL A Cancer Effect Level (CEL) is the | owest exposure |evel associated
with the onset of carcinogenesis in experinmental or epidem ol ogical
studi es. CELs are always considered serious effects. The LSE tables and
figures do not contain NOAELs for cancer, but the text may report doses
whi ch did not cause a measurable increase in cancer.

(12). Foot notes Expl anati ons of abbreviations or reference notes for data in
the LSE tables are found in the footnotes. Footnote "c" indicates the
NQAEL of 3 ppmin key number 18 was used to derive an MRL of 0.005 ppm

LEGEND

See LSE Figure 2-|
LSE figures graphically illustrate the data presented in the corresponding

LSE tables. Figures help the reader quickly compare health effects according
to exposure levels for particular exposure duration,

(13).

(14) .

(15).

(16) .

(17).

Exposure Duration The same exposure periods appear as in the LSE table.
In this exanple, health effects observed within the internedi ate and
chroni ¢ exposure periods are illustrated.

Health Effect These are the categories of health effects for which
reliable quantitative data exist. The sane health effects appear in the
LSE tabl e.

Level s of Exposure Exposure |evels for each health effect in the LSE
tables are graphically displayed in the LSE figures. Exposure |evels

are reported on the log scale "y" axis. Inhalation exposure is reported
in ng/m or ppmand oral exposure is reported in ng/kg/ day.

NOAEL In this exanple, 18r NOAEL is the critical end point for which an
i nternmedi ate i nhal ati on exposure MRL is based. As you can see fromthe
LSE figure key, the open-circle synbol indicates a NOAEL for the test
species (rat). The key nunber 18 corresponds to the entry in the LSE
tabl e. The dashed descendi ng arrow i ndicates the extrapol ation fromthe
exposure | evel of 3 ppm(see entry 18 in the Table) to the MRL of 0.005
ppm (see footnote "b" in the LSE table).

CEL Key nunber 38r is one of three studies for which Cancer Effect
Level s (CELs) were derived. The dianond synbol refers to a CEL for the
test species (rat). The nunber 38 corresponds to the entry in the LSE
t abl e.



(18).

(19).
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Esti mat ed UDDer - Bound Human Cancer Ri sk Levels This is the range
associated with the upper-bound for lifetinme cancer risk of 1 in 10,000
to 1 in 10,000,000. These risk levels are derived from EPA' s Human
Heal th Assessnment G oup's upper-bound estinates of the slope of the
cancer dose response curve at |ow dose levels (q,*).

Key to LSE Figure The Key expl ains the abbreviations and synbol s used
in the figure.
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of Significent Exposure to [Chemical x] - Inhatation

LOAEL (effect)

Exposure
Key toa frequency/ NOAEL Less serious Serious
figure Species duration System (ppm) (ppm) (ppm) Reference
E—» INTERMEDIATE EXPOSURE
7
E]——-v 18 Rat 13 wk Resp 3b 10 ¢hyperplasia) Nitschke et al.
5d/wk 1981
6hr/d
CHRONIC EXPOSURE
Capcer q]
38 Rat 18 mo 20 (CEL, multiple Wong et al. 1982
5d/wk organs)
Thr/d
39 Rat 89-104 wk 10 (CEL, lung tumors, NTP 1982
Sd/wk nasal tumors)
6hr/d
40 Mouse 79-103 wk 10 (CEL, tung tumors, NTP 1982
5d/wk hemangiosarcomas)
6hr/d

8 The number corresponds to entries in figure 2-1.

@——» b Used to derive an intermediate inhalation Minimal Risk Level (MRL) of 5 x 10'3 ppm; dose adjusted for intermittent exposure

and divided by an uncertainty factor of 100 (10 for extrapolation from animal to humans, 10 for human variability).

CEL = cancer effect level; d = day(s); hr = hour(s); LOAEL = lowest-observed-adverse-effect level; mo = month(s); NOAEL = no-
observed-adverse-effect level; Resp = respiratory; wk = week(s)
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Chapter 2 (Section 2.4)
Rel evance to Public Health
The Relevance to Public Health section provides a health effects sumary
based on evaluations of existing toxicological, epidemological, and
t oxi cokinetic information. This summary is designed to present interpretive,

wei ght - of - evi dence di scussions for human health end points by addressing the
fol | owi ng questions.

1. VWhat effects are known to occur in humans?

2. What effects observed in aninmals are likely to be of concern to
humans?

3. VWhat exposure conditions are likely to be of concern to humans,

especi ally around hazardous waste sites?

The section discusses health effects by end point. Human data are presented
first, then animal data. Both are organi zed by route of exposure (inhalation,
oral, and dermal) and by duration (acute, internediate, and chronic). In
vitro data and data from parenteral routes (intramuscular, intravenous,
subcut aneous, etc.) are also considered in this section. If data are |ocated
in the scientific literature, a table of genotoxicity information is
i ncl uded.

The <carcinogenic potential of the profiled substance is qualitatively
eval uated, when appropriate, using existing toxicokinetic, genotoxic, and
carci nogeni ¢ data. ATSDR does not currently assess cancer potency or perform
cancer risk assessments. MRLs for noncancer end points if derived, and the
end points from which they were derived are indicated and discussed in the
appropriate section(s).

Limtations to existing scientific literature that prevent a satisfactory
evaluation of the relevance to public health are identified in the
Identification of Data Needs section.

Interpretation of Mnimal Risk Levels

Where sufficient toxicologic information was available, MLs were derived.
MRLs are specific for route (inhalation or oral) and duration (acute,
internedi ate, or chronic) of exposure. ldeally, MLs can be derived from all
Si X exposure scenarios (e.g., Inhalation - acute, -internmediate, -chronic

Oral - acute, - internediate, - chronic). These MRLs are not neant to support
regul atory action, but to aquaint health professionals with exposure |levels
at which adverse health effects are not expected to occur in humans. They
shoul d hel p physicians and public health officials determ ne the safety of a
community living near a substance emission, given the concentration of a
contaminant in air or the estimated daily dose received via food or water.
MRLs are based largely on toxicological studies in animals and on reports of
human occupati onal exposure.
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MRL users should be famliar with the toxicological informtion on which the
number i s based. Section 2.4, "Relevance to Public Health," contains basic
informati on known about the substance. O her sections such as 2.6,
"Interactions with her Chemicals" and 2.7, "Populations that are Unusually
Suscepti bl e" provide inportant supplenental information.

MRL users should al so understand the MRL derivation nethodol ogy. MRLs are
derived using a nodified version of the risk assessnent nethodol ogy used by
the Environmental Protection Agency (EPA) (Barnes and Dourson, 1988; EPA
1989a) to derive reference doses (RfDs) for |ifetine exposure.

To derive an MRL, ATSDR generally selects the end point which, in its best

judgenent, represents the nost sensitive humanhealth effect for a given
exposure route and duration. ATSDR cannot nmke this judgenent or derive an
MRL unless information (quantitative or qualitative) is available for all
potential effects (e.g., systemic, neurological, and devel opnental). In order

to conpare NOAELs and LOAELs for specific end points, all inhalation exposure
level s are adjusted for 24hr exposures and all intermttent exposures for
i nhal ation and oral routes of internediate and chronic duration are adjusted
for continous exposure (i.e., 7 days/week). If the information and reliable

quantitative data on the chosen end point are avail able, ATSDR derives an MRL
using the nost sensitive species (when information fronmmultiple species is
available) with the highest NOAEL that does not exceed any adverse effect
| evels. The NOAEL is the nost suitable end point for deriving an MRL. \Wen a
NOAEL is not available, a Less Serious LOAEL can be used to derive an MRL,
and an uncertainty factor (UF) of 10 is enployed. MRLs are not derived from
Serious LOAELs. Additional uncertainty factors of 10 each are used for human
variability to protect sensitive subpopulations (people who are nost
susceptible to the health effects caused by the substance) and for
interspecies variability (extrapolation from animals to humans). In deriving
an MRL, these individual uncertainty factors are nultiplied together. The
product is then divided into the adjusted inhalation concentration or ora
dosage selected fromthe study. Uncertainty factors used in devel oping a
substance-specific MRL are provided in the footnotes of the LSE Tabl es.






ACGIH
ADME
ATSDR
BCF
BSC
CDC
CEL
CERCLA

CFR
CLP
cm
CNS
DHEW
DHHS
DOL
ECG
EEG
EPA
EKG
FAO
FEMA
FIFRA

fpm
ft

GC
HPLC
hr
IDLH
IARC
ILO
in
Kd
kg
Koc
Kow

APPENDIX B

ACRONYMS, ABBREVIATIONS, AND SYMBOLS USED

American Conference of Governmental Industrial Hygienists
Absorption, Distribution, Metabolism, and Excretion
Agency for Toxic Substances and Disease Registry
bioconcentration factor

Board of Scientific Counselors

Centers for Disease Control

Cancer Effect Level

Comprehensive Environmental Response, Compensation, and Liability
Act

Code of Federal Regulations

Contract Laboratory Program

centimeter

central nervous system .
Department of Health, Education, and Welfare
Department of Health and Human Services

Department of Labor

electrocardiogram

electroencephalogram

Environmental Protection Agency

see ECG

Food and Agricultural Organization of the United Nations
Federal Emergency Management Agency

Federal Insecticide, Fungicide, and Rodenticide Act
first generation

feet per minute

foot

Federal Register

gram

gas chromatography

high performance liquid chromatography

hour :

Immediately Dangerous to Life and Health
International Agency for Research on Cancer
International Labor Organization

inch

adsorption ratio

kilogram

octanol-soil partition coefficient

octanol-water partition coefficient

liter

liquid chromatography

lethal concentration low

lethal concentration 50 percent kill

lethal dose low

lethal dose 50 percent kill




LOAEL
LSE
m

mg
min
mL
mm
mmol
pmole
mppcf
MRL
MS
NIEHS
NIOSH
NIOSHTIC
nm
ng
NHANES
nmol
NOAEL
NOES
NOHS
NPL
NRC
NTIS
NTP
OSHA
PEL
P8
pmol
PHS
PMR
ppb
ppm

ppt
REL

RED
RTECS
sec
SCE
SIC
SMR
STEL
STORET
TLV
TSCA
TRI
TWA
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lowest-observed-adverse-effect level

Levels of Significant Exposure

meter

milligram

minute

milliliter

millimeters

millimole

micromole

millions of particles per cubic foot

minimal risk level

mass spectroscopy ’

National Institute of Environmental Health Sciences
National Institute for Occupational Safety and Health
NIOSH's Computerized Information Retrieval System
nanometer

nanogram

National Health and Nutrition Examination Survey
nanomole

no-observed-adverse-effect level

National Occupational Exposure Survey

National Occupational Hazard Survey

National Priorities List

National Research Council

National Technical Information Service

National Toxicology Program

Occupational Safety and Health Administration
permissible exposure limit '

picogram

picomole

Public Health Service

proportional mortality ratio

parts per billion

parts per million

parts per trillion

recommended exposure limit

Reference Dose

Registry of Toxic Effects of Chemical Substances
second

sister chromatid exchange

Standard Industrial Classification

standard mortality ratio

short-term exposure limit

STORAGE and RETRIEVAL

threshold limit value

Toxic Substances Control Act

Toxic Release Inventory

time-weighted average
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United States
uncertainty factor
World Health Organization
greater than

greater than or equal to
equal to

less than

less than or equal to
percent

alpha

beta

delta

gamma

micron

microgram
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PEER REVI EW

A peer review panel was assenbled for vinyl acetate. The panel
consi sted of the followi ng nenbers: Dr. Ghulam Ansari, Associate Professor of
Bi ochem stry and Pat hol ogy, University of Texas, Galveston, Texas; Dr. Arthur
Gregory, Private Consultant, Sterling, Virginia;, and Dr. Shane Que Hee,
Associ ate Professor of Environnental Health, University of California at Los
Angel es School of Public Health, Los Angeles, California. These experts
collectively have know edge of vinyl acetate's physical and chem ca
properties, toxicokinetics, key health end points, nmechanisnms of action,
human and animal exposure, and quantification of risk to hunmans. All
reviewers were selected in conformity with the conditions for peer review
specified in the Conprehensive Environnental Response, Conpensation, and
Liability Act of 1986, Section 104.

Scientists fromthe Agency for Toxic Substances and Di sease Registry
(ATSDR) have reviewed the peer reviewers' coments and determ ned which
comrents will be included in the profile. Alisting of the peer reviewers'
comments not incorporated in the profile, with a brief explanation of the
rationale for their exclusion, exists as part of the admnistrative record
for this compound. A list of databases reviewed and a |ist of unpublished
docunments cited are also included in the adm nistrative record.

The citation of the peer review panel should not be understood to inply

its approval of the profile's final content. The responsibility for the
content of this profile lies with the ATSDR

*U.S. GOVERNMENT PRI NTING OFFI CE: 1992- 638-281
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