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CHEMICAL MANLFACTURERS ASGOCIATION

February 24, 1988

Dear Vinyl Chloride Panel Members:

The ATSDR Toxicological Profile for Vinyl Chloride is enclosed
for your review and comments. The deadline for submitting comments to
ATSDR is April 22, 1988. ATSDR recently has rejected requests
for deadline extensions for comments on several profiles. Therefore,
the Panel must submit comments on time to influence the final profile.

ATSDR, NTP, and EPA will use the final profile for identifying
data gaps of significance for the protection of public health. The
ATSDR then will proceed with filling the data gaps at industry's
expense. Therefore, it is imperative that you critically review the
profile for any obvious omissions of existing data or for data gaps
that can be filled by extrapolation from other routes of
administration.

Please call me if you feel the Panel should submit comments on the
enclosed profile.

I have also enclosed a copy of the World Register of Cases of
Angiosarcoma of the Liver (ASL) for your review and file.

I am looking forward to hearing from you on the profile.

Sincerely,

I e

Has Shah, Ph.D.
Manager
Vinyl Chloride Program
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FOREWORD

The Superfund Amendments and Reauthorization Act of 1986 (Public
Law 99.499) extended and amended the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA or Superfund).
This public law (also known as SARA) directed the Agency for Toxic
Substances and Disease Registry (ATSDR) to prepare toxicological
profiles for hazardous substances which are most commonly found at
facilities on the CERCLA National Priorities Lisc and which pose the
most significant potential threat to human health, as determined by
ATSDR and tha Envirommental Protection Agency (EPA). The list of the 100
most significant hazardous substances was published in the Federal
Regiscer on April 17, 1987,

Section 110 (3) of SARA directs the Administrator of ATSDR to
prepare a toxicological profile for each substance on the list. Each
profile must include the following content:

*(A) An examination, summary, and interpretation of available
toxicological information and epidemiologic avaluations on the
hazardous substance in order to ascertain the levels of significant
human exposure for the substance and the associated acute,
subacute, and chronic health effects,

(B) A determination of whether adequate information on the health
effects of each substance is available or in the process of
development to determine levels of exposure which present a
significant risk to human health of acute, subacute, and chronic
health effects, and

(C) Where appropriate, an identification of toxicological testing
needed to identify the types or levels of exposure that may present
significant risk of adverse health effects in humans.”

This toxicological profile is prepared in accordance with
guidelines developed by ATSDR and EPA. The guidelines were published in
the Fedaral Register on April 17, 1987. Each profile will be revised and
republished as necessary, but no less often than every three years, as
required by SARA.

The ATSDR toxicological profile is intendad to characterize
suceinetly the toxicological and health effects information for the
hazardous substance baing described. Each profile identifies and reviews
the key literature that describes a hazardous substance’'s toxicological
properties. Other literature is presented but described in less detail
than the key studies. The profile is not intended to be an exhaustive
document; however, more comprehensive sources of specialty information
are refarenced.

iid
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KEach .toxic logical profile begins with a public health statement,
which deseribes in nontechnical language a substance’s relevant
toxicological properties. Following the statement is material that
presents 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.
Research gaps in toxicologic and health effects informatioen are
described in the profile. Research gaps that are of significance to
protection of public health will be identified by ATSDR, the National
Toxicology Program of the Public Health Service, and EPA. The focus of
the profiles is on health and toxicological information; therefore, we
have included this i{nformation in the front 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. We
tlan to revise these documents in response to public comments and as
additional data become available; thersfore, we sncourage comment that
will make the toxicelogical profile series of the greatest use.

This profile reflects our assessment of all relevant toxicolegical
testing and information that has been pesr reviewed. It has baen
revieved by scientists from ATSDR, EPA, the Centers for Disease Control,
and the National Toxicology Program. It has also been reviewed by a
panel of nongovernment peer reviewers and was made available for public
review, Final responsibility for the contents snd views expressed in
this toxicological profile residss with ATSDR.

O’W
James O, Mason, M.D., Dr. P.H.

Assiscant Surgeon General
Administratcoer, ATSDR
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1. PUBLIC HEALTH STATEMENT

1.1 WHAT IS VINYL CHLORIDE? .

Vinyl chloride is a colorless gas with a mild, sweet odor. Most of
the vinyl chloride produced in the United States is used to make
‘polyvinyl chlorida (PVC), a material used to manufacture a variecy of
plastic and vinyl products including pipes, wire and cable coatings,
packaging materials, furniture and automobile upholstery, wvall
coverings, housewares, and automotive parts. Much smaller amounts of
vinyl chloride are used as a refrigerant gas and in the manufacture of
other chlorinaced compounds. The major sources of release of vinyl
chloride to the environment are atmospheric emissions and wastewater
discharges from the plastics industries (primarily vinyl chloride and
PVC manufacturers). Most of the vinyl chloride released to the
environment eventually ends up in air.

1.2 HOV MIGHT I BE EXPOSED TO VINYL CHLORIDE?

Humans are exposed to vinyl chloride from envirommental and
occupational sources. The low levels of vinyl chloride found in the
stvirorment (often called background levels) are usually more than a
thousand times lower than levels found in occupational locarions.
Background levels in the environment are usually expressed in terms of
parts of vinyl chloride present in a billion parts of air or water
(ppb). Background levels found in the air we breathe result from the
discharge of exhaust gasses from factories that manufacture or process
vinyl chloride, or evaporation from areas where chemical wastes are
stored. Highest background levels have been measured In air near vinyl
chloride factories or over chemical waste storage areas. Alr inside new
cars may contain levels of vinyl chloride higher than expected
background levels, because vinyl chloride may seep into the air from the
nev plastic parts.

Background levels in drinking wvater come from factories that
relaase vastes into rivers and lakes, from seepage into vater in areas
vhare chamical wastes are stored, or from contact with polyvinyl
chloride pipes. In che past, concentrations exceeding expected
background levels vere present in foods packaged in plastic thac
contained vinyl chloride.

Occupational sources, such as vhat might be experienced in vinyl
chloride manufacturing or processing factories, may result in exposure
to levels in the air much higher than those from environmental scurces.
Lavels in the air in occupational locations are usually expressed in
terms of parts of vinyl chloride per million parts of air (ppm).
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1.3 BOV DOES VINYL CHLORIDE GKT IRTC MY BODY?

The most likely route for vinyl chloride to enter che body is by
breathing contawinated air containing the vapor. This route of exposure
may be important for persons employed in vinyl chloride manufaccuring or
processing, but may also be of concern for those living in a community
where vinyl chloride plants are located, or those living near hazardous
waste disposal sites. Vinyl chlorids can also encer the body by eating
food or drinking water containing the compound., Insignificant amounts of
vinyl chloride can enter foods that are packaged in plastic made from
polyvinyl chloride and insignificant amounts can enter drinking water
transported in polyvinyl chloride pipes. In addition, vinyl chloride may
be present in drinking water contaminated with hazardous waste. Lavels
of vinyl chloride present in drinking vater and packaged foods and
bevarages are far belov those expected to have an effect on health.
Absorption of vinyl chloride through the skin is not likely to be
important,

1.4 HOV CAN VINYL CHLORIDE AFFECT MY HEALTH?

Short-term exposures to very high levels in contaminated air can
cause dizziness, giddiness, stumbling and incoordination, headache,
unconsciousness, and death. Long-term exposure to lower concentrations,
for example, in factories where vinyl chloride was made or processed,
has caused "vinyl chloride disease,” which is characterized by severe
damage to the liver, effects on the lungs, poor circulation in the
fingers, changes in the bones at the end of the fingers, thickening of
the skin, and changes in the blood. Increased risk of cancer of the
liver, brain, lungs, and possibly ocher organs, and increased risk of
miscarriage have been associated with breathing air in factories
containing vinyl chloridas.

Health effects have not been assoclated with tha very low levels of
vinyl chloride measured in drinking water or foods.

1.5 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN
EXPOSED TO VINYL CHLORIDE? .

Vinyl chlorida can be datected in urine and body tissues, but the
tests are not a reliable indicator of exposure. Measuring the amount of
the predominant breakdown product of vinyl chloride in the urine may
give soms indication of recent exposure; however, people differ in the
quancicy of excretion of this breakdown product. This method, therefore,
is not a reliasble indicator of either the level or the duration of
exposurs, particularly at low exposure levels. The laboratery tests
commonly used by doctors to evaluate liver damage and liver function
generally are not reliable for monitoring liver damage from vinyl
chloride exposure.

1.6 VHAT LEVELS OF EXPOSURL HAVE RESULTED IN HARMFUL REALTH EFFECTS?

The graphs on the folloving pages shov the relationship between
exposure to vinyl chloride and known health effects. In the firsc setr of
graphs labeled "Health affects from breathing vinyl chloride” (Fig.
1.1), exposure is expressad in parts of vinyl chloride per million parts
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Fig. 1.1. Health effocts from breathing vinyl chloride.
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of air (ppm). In the second set of graphs, the same relationship is
shown for the knowh "Health effects from ingesting vinyl chloride" (Fig.
1.2). Exp¥surss are expressed in milligrams of vinyl chloride per
kilogram of body waight per day (mg/kg/day). In both graphs, effects in
animals are shown on the left, effects in humans on the righc,

The first columm, labeled "Short-cerm exposure," refers to effects
associated with exposure durations of 14 days or less. The columm
labeled "Long-term exposure" refers to exposures lasting longer than 14
days. The levels marked on the graphs as "Minimal risk for effects other
than cancer” are estimates based on data obtained from laboratory
animals, and hence are subject to the uncertainties involved in using
animal data to predict effects in humans. This data extrapolation is
necessary, however, because quantitative exposurs data vers not
available for humans.

1.6.1 Toxic Effects Other Than Cancer

For breathing vinyl chloride, animal data were sufficient to
astimate that short-term exposure to 0.7 ppm would result in minimal
risk from effects other than cancer. The data did not provide sufficient
information to estimate with confidence a level that would be safe for
long-term axposure.

For ingesting vinyl chloride, minimal risk of effects other than
cancer is expected for lifetime "dosas” of 0.0013 mg /kg/day. based on
data from laboratory animals.

1.6§.2 cCancer

From available data in animals, the Environmental Protection Agency
(EPA) has estimated that breathing air containing 1 ppm vinyl chloride
every day, all day, for 70 years, incresases, at the most, risk of 1100
persons in a population of 10,000 (or 1,100,000 persons in a population
of 10,000,000) developing cancer. Consuming 1.0 ug/kg/day vinyl chloride
from food and water every day for 70 years increases, at the most, risk
of 23 persous in a population of 10,000 (or 23,000 persons in a
population of 10,000,000) developing cancer. It should be noted that
these risk values are plausible upper-limit estimates. Actual risk
lavels are unlikely to be higher and may be lower.

1.7 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO PROTECT
HUMAM HEALTH?

The Occupational Safety and Health Administratiom (OSHA)
regulations state that a vorker must not be exposed to a concentration
of vinyl chloride in air chat exceeds 1 ppm over any 8-.hour work period,
_and that_the comcentration must not excead 5 ppm for more than 15
minutes. The National Institute for Occupational Safety and Health
(RIOSH) recommsnds that workers exposed to any mesasurable amounc of
vinyl chloride wear an air-supplied respirator. EPA has determined that
factories must limit air emission of vinyl chloride to 10 ppam.

Pursuant to the Safe Drinking Water Act, EPA established that
community drinking water sysctems that regularly serve the same 25
persons for at least 8 months of the year must limic vinyl chloride in
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CANCER

Fig. 1.2, Health effects from ingesting vinyl chloride.
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the drinking water to 0.002 mg/L, starting January 9, 1989, In order to
limit ingestion of vinyl chloride in food, the Food and Drug
Adainistration (FDA) recently amendsd {ts regulacions ragarding the
vinyl chloride content of various plastics used for food packaging.
Limits range from 5 to 50 ppm, depending on the nature of the plastic
and its use, .

In order to exercise control eover the handling of vinyl chloride,
EPA has designated the chemical as a hazardous constituent of solid
waste. If quantities greater than 1 pound are released to the
environment, the National Response Center must be notified immediately.
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2. HEALTH EFFECTS SUMMARY

2.1 INTRODUCTION

This section summarizes and graphs data on the health effects
concarning sxposure to vinyl chloride. The purpose of this section is to
“present levels of significant exposure for vinyl chlorida based on key
toxicolegical studies, epidemiological investigations, and envirommental
exposure data. The information presented in this section is crirically
evaluatad and discussed in Sect. 4, Toxicological Data, and Sect. 7,
Potential for Human Exposure,

This Health Effects Susmary section comprises two major parts.
Levels of Significant Exposure (Sect. 2.2) presants brief narracives and
graphics for key studies in a manner that provides public health
officials, physicians, and other interestad individuals and groups with
(1) an overall perspective of the toxicology of vinyl chloride and (2) a
summarized depiction of sign{ficant axposure levels assoclated with
various adverse health effeacts. This section also includes information
on the levels of vinyl chloride that have been monitored in human fluids
and tissues and information about levels of vinyl chloride found in
stvironmental media and their assoeiacion with human exposures.

The significance of the exposure levels shown on the graph may
differ depending on the user’s parspectiva. For example, physicians
concerned with the interprecation of overt clinical findings in exposed
persons or with the identification of persons with the potential ro
develop such disease may be interested in lavels of exposure associated
with frank effects (Frank Effect Lavel, FEL). Public health officials
and project managers concerned with response actions at Superfund sites
nay want information on levals of exposure associated with more subtla
effects in humans or animals (Lowest-Observed-Adverse-Effect Level,
LOAEL) or exposure levels below which no adverse effects (No-Observed-
Adverss-Effect Level, NOAEL) have been observed. Estimates of levals
posing ainimal risk to humsans (Minimal Risk Levels) are of intcerest to
health professionals and citizens alike.

Adsquacy of Databasa (Sect. 2.3) highlights the availability of kev
studias on sxposure to vimyl chloride in the scientific literacure and
displays chess data in three-dimensional graphs consistent with the
format in Sect. 2.2. The purpose of this section is to suggest vhere
there might bea insufficient information to establish levels of
significant human exposure. These areas will be considered by the Agency
for Toxic Substances and Disease Registry (ATSDR), EPA, and the National
Toxicology Program (NTP) of the U.S. Public Health Service in order to
davelop a research agenda to provide this informacion.
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2.2 LIVELS OF SIGNIFICANT EXPOSURE

To help public health professionals address the needs of persons
living or vorking near hazardous waste sites, the toxicology data
summarized in this section are organized first by route of exposure--
inhalation, ingestion, and dermal--and them by toxicological end points
that are cactegorized into six general areas--lechality, systemic/targer
organ toxicity, developmeantal toxicity, reproductive toxiecity, genetic
toxicity, and carcinogenicity. The data are discussed in terms of three
exposure periods--acute, intermediate, and chronic.

Two kinds of graphs are used to depict the data. The first type is
a "thermomater” graph. It provides a graphical summary of the human and
animal toxicological end points (and levals of exposure) for each
exposure route for vhich data are svailable. The ordaring of effects
does not reflect the exposure duration or species of animal tested. The
second kind of graph shows Lavels of Significant Exposure (LSE) for each
Toute and exposure duration. The peints on the graph showing NOAELs and
LOAELs reflect the actual doses (levels of exposure) used in the key
studies. No adjustments for exposure duration or incermittent exposure
protocol ware made.

Adjustmencs reflecting the uncertainty of extrapolating animal data
to man, intraspecies variations, and differences betwean exparimental vs
actual human exposure conditions were considered when astimates of
lavels posing minimal risk to human health wvere mada for noncancer end
points’ These ainimal risk levels were darived for the most sensizive
noncancar end point for each exposure duraction by applying uncertaincy
factors. These levels are shown on the graphs as a broken line starting
from the actusl dose (level of exposure) and ending with a concave-
curved line at its terminus. Although methods have been established to
darive these minimsl risk levals (Barmes et al. 1987), shortcomings
exist in the technigues that reduce confidence in the projected
estinates. Also shown on_the graphs undar the cancer end point are low-
level risks (10°% to 10°7) reported by EPA. In addicion, the actual dose
(level of exposure) assoclated with the tumor incidance is ploctced,

2.2.1 Koy Studies and Graphical Presentationa

Dose-response-duration data for the toxicity and carcinogenicitcy of
vinyl chloride are displayed in two types of graphs. These data are
derived from the kay studies described in the following sections. The
“thermometer” graphs in Figs. 2.1 and 2.2 plot exposure levels vs NOAELs
and LOARLs for various effects and durations of inhalation and oral
exposures, respectively. The graphs of lavels of significant exposure in
Figs. 2.3 and 2.4 plot end-point-specific NOAELs and LOAELs and minimal
lavels of risk for acute (<14 days), intermediate (15-364 days), and
chronic (2365 days) duration for inhalation and oral exposures,
respectively.

2.2.1.1 1Iphalation exposure

Lathality and decreased longevity. Acute occupational exposure to
high unspecified concentrations of vinyl chloride has caused death in
humans (ACGIH 1986a). Guinea pigs exposed to 100,000 ppm died within 30
minutes as a result of cencral nervous systam (CNS) depression (Paccy

)
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Fig. 2.1. Effects of vinyl chloride—inhalation exposure.
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et al. 1930). Lavels plotted as LOAELs on the graphs in Figs. 2.1 and
2.3 include a 2-h LCS0 of 230,800 ppm in rabbits (EPA 1985a), a level of
100,000 ppa that was lethal in guinea pigs after 30 to 60 min (Patty et
al. 1930), a level of 1000 ppm that decrsased survival in mice exposed
intermittently for 5 days (Lee et al. 1977a), and a level of 50 ppm that
decrsased survival in rats and mice exposed intermittently for 6 to 12
months (Lae et al. 1977a, Hong et al. 1981).

Systemic/target organ ctoxicity. Humans occupationally exposed to
high levels of vinyl chloride have suffered from a syndrome called vinyl
chloride disease, which displays manifold signs of toxicity involving
the liver, CNS, and peripharal circulation and nerves. Exposures have
not been quantified, however, and thresholds for this syndrome have not

-been identified. Important target organs in animals are the liver and
CNS. CNS effects generally follow acute sxposure to high levels (see
Figs. 2.1 and 2.3), such as 8000 ppm associated with CNS effects in
humans (Lester et al. 1963), 70,000 ppm associated with anesthesia in
dogs (Oster et al. 1947), and 50,000 ppm associated with incoxication in
rats (Lester et al. 1963). CNS effects imvolving occupational exposure
have been reported, but exposurss have not been quantified (Dinceva et
al. 19835, Perticoni et al, 1986, Halama et al. 1983).

The liver appears to be the most sensitive organ in humans and
animals. Acute hepatoctoxicity was observed in mice dying after
intermictent exposure to 1000 ppm for 5 to 9 days (Lae et al. 1977a)
(see Figs. 2.1 and 2.3). In rats, exposures of incermediate (6 months)
duration to 10 ppm were a LOAEL for liver effects (Bi et al. 1985) (ses
Figs. 2.1 and 2.3). A chronie LOAEL for liver effects in rats was
obsarved at 50 ppm in a chronic (12 months) experiment (Lae et al.
1977a) (sees Figs. 2.1 and 2.3). However, since this was the lowest
concentration testad, a chronic NAOEL could not be determined. Aftar
12.month exposure, 100 ppm was a LOAEL and 10 ppm was a NOAEL for
reduced terminal body weights in rats (Bi et al, 1985) (Fig. 2.1).
Minimal risk levels are not estimated in Fig, 2.3 based on liver
toxicity at the acute level of 1000 ppm, because this level was s frank
effect level, and a NOAEL or LOAEL was not idencified. A minimal risk
leval of 0.005 ppm for intermediate exposure is based on the LOAEL for
livar effects observed in rats exposed intarmittantly to 10 ppm for 6
months (Bi et al. 1985). Data were not sufficient to estimate a minimal
risk level for chronic exposurs.

Davalopmental toxicity. In humans, increased incidence of fetal
loss (Infante et al. 1976, Waxweilaer et al. 1977) has been associated
with occupational exposure to vinyl chloride, but exposures have not
been quantified. Animal data identify a NOAEL for developmental toxicicy
in rabbits exposed intermittently te 2500 ppm on days 6§ to 18 of
gestation (John et al. 1977). The same study identifies intermittent
axposure of mice at 50 ppm on days 6 to 15 of gestation as a NOAEL and
similar exposure of rats at 2500 ppm as a LOAEL. A NOAEL for rats of
1500 ppm exposed intermittently on 10 days of gestation was identified
from a study by Ungvary et al. (1978). The animal data are depicted in
Figs. 2.1 and 2.3.

A minimal risk level of 0.7 ppm is estimated for acuts exposure
based on the NOAEL of SO ppm for developmental toxicity in mice (John
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¢t al. 1977). This NOAEL is comfortably below the NOAEL of 250 ppm for
lethalicy in mice and below the frank effect level of 1000 ppm for
hepatotoxicity in the acute phase of the Lee et al. (1977a) study.

Two studies indicating subtle effects at unusually low exposure
levels (Mirkova et al. 1978, Sal’'nikova and Kitsovskaya 1980) were
insufficiently reported and judged to be inadequate for critical
evaluation.

Reproductive toxicity. Two occupational studies associated effects
on sexual and endocrinological function in men and voman and on
gynacological health in women with exposure to vinyl chloride (Makarov
1984, Makarov et al. 1984)., Alchough exposure levels were estimated, the
teports vers inadequately reported for critical evaluation, and the data
from these studies ars not ploctad on the graphs. Animal data are
limited to a l-year study in rats in vhich intermittent axposure to
100 ppm was a LOAEL for taesticular effects and 10 ppm was a NOAEL (sae
Figs. 2.1 and 2.3).

Ganotoxicity. Several studies revieved in Sect. 4.3.5.1 on
genotoxicity in humans demonstrate that vinyl chloride causes
chromosomal aberrations in lymphocytes in occupationally exposed
workers. The key study (Hansteen et al. 1978) identified a NOAEL of
1 ppm for this effect. Positive results were obtained in microorganisms
in nonhuman systems, in the recessive lathal test in Drosophila and in
other mammalian test systems (see Section 4.3.35.2 on genotoxicity in
aninals).

Carcinogenicicy. Several epidemiology studies, many of which have
been reviewed by EPA (1985b), assoclated occupational exposure to vinyl
chloride with cancers of the liver, brain, lung, and possibly other
sites. Concentrations of vinyl chleoride in the workroom air were not

measured. In che key studies used by EPA (1985b) to derive an inhalatiom
potency factor (Maltoni et al. 1980, 1981), rats wers exposed
incermittently to 1 to 30,000 ppm for 52 weaks, and mice and hamsters
ware exposed to 50 to 30,000 ppa for 30 veeks followed by an observation
period. Estimacion of carcinogenic potency was based on the incidence of
liver angiosarcomas in rats. A statiscically significant increase in
tumor incidance was observed in all three species at 250 ppm. Several
other inhalation studies, reviewad in Sact. 4.3.6, Carecinogenicicy,
support tha carcinogenicity of inhalation exposure to vinyl chloride.
Studies by Suzuki (1981, 1983) appear to define intermittent exposure of
mice to 10 ppm as a low level associated with increased incidence of
lung cancer, although statistical analyses wers not performed. Mice were
sxposed for 4 weeks followed by a 41.weak observation period. The
concentration of 50 ppm assoclated with cancer in rats and hamsters and
the concentration of 10 ppm associated with lung cancer in mice are
depicted in Figs. 2.1 and 2.3,

From the incidence of liver angiosarcomas in rats of both sexas {n
the Malton{ et al. (1980, 1981) cxpcrintnts. and based upon the absorbad
doses of vinyl chloride, a q.* of 2.95 x 10-1 (ng/kg/dny)‘ vas
sestimaced by EPA (1985b). Assuming humans breathe 20 o 3/day, abserb 50%
of inhaled vinyl chloride, and weigh 70 kg each, -stinated
concentrations associated with cancer risks of 10-4, 10-3, 10°6, and
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10°7 are 9 x 1074, 9 x 10°5, 9 x 10°6, and 9 x 10-7 ppm, respeccively
(see Fig. 2.3).

2,2.1.2 Oral exposurs

Lathality and decreased lengevity. Oral lethality data are limiced
to an 1LDsSQ in rats of 500 mg/kg (Sax 1984), and an effect lavel of
1.3 mg/kg/day and a NOAEL of 0.13 mg/kg/day in a lifetime dietary study
in racs (Dow Chemical Company 1984, Til et al. 1983) (see Figs. 2.2 and
2.4).

Systemic/target organ toxicity. OQral toxicity data were not
located for humans, The liver appears to be the critical target organs
for animals orally exposed to vinyl chloride. In a l3.-wveek gavage study
in racts, 300 ag/kg/day was a LOAEL and 30 mg/kg/day was a NOAEL for
hepatotoxiecity (Feron et al. 1975), (see Figs. 2.2 and 2.4). A minimal
risk level of 0.30 mg/kg/day is estimated for intermictent oral exposure
based on the NOAEL of 30 mg/kg/day (see Fig. 2.4). In a lifetime dietary
study in rats (Dow Chemical Company 1984, Ti{l et al. 1983), a LOAEL of
1.3 mg/kg/day and & NOAEL of 0.13 mg/kg/day for hepatotoxicicy were
identified (see Figs. 2.2 and 2.4). A minimal risk level for chronic
oral exposure is estimated from the NOAEL of 0.13 mg/kg/day for
hepatotoxicity because this dose is also a NQAEL for decreased
longevity. The minimal risk level is -0.0013 mg/kg/day (see Fig. 2.4).
Other effects observed in a liferime dietary study in rats by Feron et
al. (1981) include mild hematological changes at z14.1 mg/kg/day, but
not at 5.0 mg/kg/day. These data are depicted in Fig. 2.2, but have ne
bearing on critical evaluation.

Dtvclofnontll toxicity. Data wers not located regarding

developmental toxicity in orally exposed humans or animals.

Reproductive toxieity. Data were not located regarding
reproductive toxicity in orally exposed humans or animals.

Genotoxicity. See Sect. 2.2.1.1 on genotoxicity associated witch
inhalation exposurs.

Carcinogenicity. Data were not located regarding cancer in orally
exposed humans. In the key lifetime dietary study in rats (Feron et al.
1981) used by EPA (1985a, 1987a) to derive a potency estimacte for oral
exposure, rats vers fed diets that provided vinyl chloride at doses of
1.8, 5.6, or 17.0 ng/kg/day for lifetime. An increased incidence of
neoplastic nodules of the liver and/or hepatocellular carcinoma,
statistically significant, was observed at 21.8 mg/kg/day in females and
at 25.6 mg/kg/day in males. The lover dose is depieted in Fig. 2.4 as
the lowest dose in animals assoclated with cancer. EPA (1985a, 1987a)
estimated cancer potency at 2.3 (mg/kg/day) ! based on the combined
incidence of liver and lung tumors in both sexes of rats. Doses
associlated with excess cancer risks of 10°%, 10°5, 106, and 10°7 are
plocted in Fig. 2.4,

2.2.1.3 Dermal exposure

Partinent data regarding toxicity in humans or animals dermally
axposed to vinyl chloride were not located in the available literature.
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2.2.2 lloloiicll Monitoring as s Measure of Exposure and Effects

Biological monitoring for exposure to vinyl echloride has had
limited success. In an early study, Baretta et al. (1969) attempted to
correlate postexposurs concancrations of vinyl chloride in exhaled air
with exposure levels. Although there was a very close relationship
betwesen exposure levels 250 ppm and levels in expired air, the method
does not appear to be useful at exposure concencrations <50 ppm. Methods
have been devised to quantify vinyl chloride in urine (van Sittert and
de Jong 1985) and tissue (Zuccato et al. 1979), but metabolism occurs so
quickly that quantification of levels of unchanged compound in urine is
not likely to reflaect exposurs levels, particularly at low
concentrations.

More recently, biological monicoring has focusad on correlating
uripary levels of thiodiglycolic acid, the major urinary setabolite of
vinyl chloride (Green and Hathway 1977), with exposure levels in the air
(Heger et al. 1982). The results, presanted in Fig. 2.5, suggest a
reasonable correlation betwesen exposure concentration and urinary output
of thiodiglycolic acid. In revieving these data, hovever, Tarkowski
(1984) noted that a great deal of individual variation occurred, and the
correlation was not strong enough to render this method reliable at
sxposure concentrations of <5 ppm. Tarkowski (1984) concluded that no
reliable method exists for biological monitoring of exposure to vinyl
chloride. )

As indicated in Seet. 4.3.2.1, Hepatotoxicity, liver disease is
probably the most common adverse effect associated with exposure to .
vinyl chloride. Generally, routinely performed blochemical screening and
liver function screening tests have not been useful in monitoring the
presence, severity, or progress of vinyl chloride disease (Lse et al.
1977b, Lilis et al. 1975). Mors recently, Doss et al. (1984) measured
total urinary porphyrins and secondary urinary coproporphyrin in several
patiencs with liver disease resulting from exposure to vinyl chloride.
These investigators observed a correlation between slightly to
moderately elevated total urinary porphyrin and the early stages of
toxic liver diseass. Particularly noted was a marked elevation in
urinary coproporphyrin. In casas of chronic liver disease, total urinary
porphyrin vas markedly elevated to 3 to 6 times the upper normal limic,
but coproporphyrin appesred to be elevated relatively less than was
observed for acute toxicity. The investigators observed that elevated
urinary coproperphyrin is s common clinical pathological finding in
vinyl-chleride-related liver disease and may be useful in monitoring
chronic sxposure and progress of the clinical case.

2.2.3 BEnvironmental Lavels as Indicators of Exposure and Effects

2.2.3.1 LlLavals found in the environment

Levels of vinyl chloride in envirormental media are typically low
and, generally, are not likely to result in significant human exposure.
The most important medium for human exposure is air. Atmospheric levels
in most places are usually below the level of detection (Stephens et al.
1986; Grimsrud and Rasmussen 1975a,b; Harkov et al. 1984; Wallace et al.
1984; EPA 1985b). Lavels from trace to 105 pg/m3 (0.4 ppm) have been
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f ud near vinyl chloride production plants (Gorden and Maeks 1977,
Pellizzari ec al. 1979, IARC 1979, EPA 1985b), and levels have ranged
from undatectable to 23.4 pg/n3 (0.01 ppm) over landfills (Stephens ec
al. 1986, Baker and Mackay 1985). It is unlikely that levels in ambient
air would result in significant exposure.

Several epidemiological studies associaced occupational exposure
with adverse health effects, including cancer; however, these studies
(sae Sect. 4, Toxicological Data) did not quantify exposure. A NIOSH
survey of three vinyl chloride manufacturing plants reported a time-
weighted average concentration of 0.18 to 69 ng/n3 (0.07 to 27 ppm) in
wvorkplace air (Fishbein 1979). Concentrations in some plants vere as
high as 100 to 800 mg/m? (39 to 315 ppm) (Fishbein 1979). There seems
little doubt that occupational exposure remains the most important
source of exposure to vinyl chloride.

Lavels in drinking water as high as 10 ug/L have been dstected
(Dyksen and Hess 1982, HSDB 1987), but most monitoring studies have
reported no detectable vinyl chloride in drinking water (HSDB 1987,
Coniglio et al. 1980). Data were not located regarding the monicoring of
vinyl chloride in soil, but exposure from contact with contaminaced soil
is likely to be negligible because dermal absorption is not considered
significant (Hefner et al. 1973a).

In the past, vinyl chloride had been detecced in various foods, as
a result of migration from polyvinyl chloride food wrappings and
containers (EPA 1985b). Currently, the FDA regulates the use of vinyl-
chloride-containing polymers to maintain levels of vinyl chloride in
food at x5 ppb. A recent report suggests that migration of vinyl
chloride into food from polymers containing very low levels would be
negligible, and that intake from food is expected to be negligible
(Kontominas et al. 1985),

2.2.3.2 Human exposure potantial

Monitoring data indicate that people living in the vicinity of
vinyl chloride, PVC, er vinyl chloride copolymar manufacturers, or
hazardous waste sites that contain vinyl chloride, would be exposed to
this compound through inhalation of contaminated air, whereas people not
living near these sources would be exposed to negligible levels.
locations of large industrial sources include, but are not limited to:
Plaquemine, louisiana; Houston, Texas; lLake Charles, Louisiana; Calvert
City, Kentucky; Point Cowfort, Texas; Oklahoma City, Oklahoma; Baton
Rouge, Louisiana; Dalaware City, Delavare; Pensacola, Florid- and
Aberdeen, Massachusetts (CMR 1986a.,b). The greatest likelihe ar human
inhalation exposure to vinyl chloride is occupational. NIOS! imated
that 27,000 workers are definitely exposed to vinyl chloride, ..d
worksrs probably exposed msy be as many as 2.2 million (Sittig 1985).

The level of vinyl chloride in drinking wacer is expscted to be
highest in aress vhere the rav water supplies are contaminated with
vinyl chloride. The most probable source of surface water contamination
is wastevater from vinyl chloride, PVC, and vinyl chloride copolymer
mamufacturers. The most probable sources of groundwater contamination
are landfills. 1t has been shown that use of FVC pipes may result in
leaching of vinyl chloride monomer into drinking water supplies;
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however, the concentrations in drinking water that occur from these
pipes are belovw those expected to cause adverse health effects.

2.3 ADEQUACY OF DATABASE

2.3.1 Introduction

Section 110 (3) of SARA directs the Administrator of ATSDR co
prepare a toxicological profile for each of the 100 most significant
hazardous subscances found at facilities on the CERCLA National
Priorities List. Each profile must include the following content:

"(A) An sxamination, summary, and interpretation of available
toxicological information and epidemiologic evaluations on the
hazardous substance in order to ascertain the levels of
significant human exposure for the substance and the
associated acute, subacute, and chronic health effeccs.

(B) A deatermination of whether adequate information on the health
effects of each substance is available or Iin the process of
development to determine levels of axposure which presenc a
significant risk to human health of acute, subacute, and
chronic health effects.

(C) Where appropriate, an identification of toxicological testing
needed to identify the types or levels of exposure that may
present significant risk of adverse health effects in humans."

This section identifies data gaps in current knowledge relevant to
developing levels of significant exposure for vinyl chloride. Such gaps
are identified for certain health effect end points (lethality,
systemic/target organ toxicity, developmental toxicity, reproductive
toxicity, and carcinogenicity) reviewad in Sect. 2.2 of this profile in
developing levels of significant exposure for vinyl chloride, and for
other areas, such as human biological monitoring and mechanisms of
toxicity. The present section briefly summarizes the adequacy of
existing human and animal data, identifies data gaps, and summarizes
research in progress that may £fill such gaps.

Specific research programs for obtaining data needed to develop
levels of significant exposure for vinyl chloride will be developed by
ATSDR, NTP, and EPA in the futures.

2.3.2 Adaquacy of the Database for Health Effect End Points

2.3.2.1 Introduction and graphic sumary

Tha adequacy of the database for health effect end points in humans
and animals is depicted in bar graphs in Figs. 2.6 and 2.7,
respectivaly.

The bars of full height {indicate that there are "adequate” data to
meet at least one of the following conditions:

1. For noncancer health end points, one or more studies are available
that meet current scientific standards and are sufficient to define
a range of toxicity from no-sffect levels (NOAELs) to levels that
cause effects (LOAELs or FELs).
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2. For human carcinogenicity, a substance is classified as eicher 1
"known human carcinogen” or "probable human carcinogen"” by both EPA
and the International Agency for Research on Cancer (IARC)
(qualicatcive), and the data are sufficient to derive a cancer
potency factor (quantitative).

3. For animal carcinogenicity, a subsctance causes a statistically
significant number of tumors in at least one species, and the datra
are sufficient to derive a cancer potency factor.

4. There are studies that show that the chemical does not cause this
health effect via this exposure routs.

Bars of half height indicate that "some"” data for the end point
exist but do not meat any of the criteria for "adequate” data.

2.3.2.2 Dascriptions of highlights of graphs

Figure 2.6 shows chat human dose response data for oral and dermal
exposure are lacking. Data are available that associate high inhalaction
levels of vinyl chloride with mortality in acute occupational exposure,
but exposure levels were not quantified; therefore, the graphs indicace
"some" but not "adequate” data. Data were not located for acute or
internediate inhalation exposure to vinyl chloride. Many epidemiological
studies and case studies have characterized the syndrome known as vinyl
chloride disease in occupationally exposed humans (see paragraph on
vinyl chloride disease from inhalation exposurs, human, in Secc.
4.3.2.3). There are also data implicating vinyl chlorids as a cause of
fecal loss (see Sect 4.3.3.1 on developmental toxicity from inhalation
exposure, human). Because exposurs levels were not quantified, the
graphs for chronic toxicity and developmental toxicity indicate "some”
data. Two studies suggest that occupational exposure interferes with
normal sexual activicy and compromises gynecological health (Makarov
1984, Makarov et al., 1984). These data are inadequately reported for
critical evaluation, and consequancly, the graph for reproductive
toxicity indicates "some” data. Although vinyl chloride is clearly a
human carcinogen based on occupational data (see Sect. 4.3.6.1 on
carcinogenicicy from inhalation exposure, human), exposures wers not
quantified, and the data are classified as “some.”

The lack of dermal data is not problematical since dermal
absorption of vinyl chloride vapor is expected to be insignificant
compared wvith inhglation absorption (Hefner et al. 1975a). Although
there is a lack of oral data in humans, data in relevant animal models
are sufficient to estimate significant levels of exposure for
intermediace and chronic oral exposure, Deficiencies in the human
{nhalacion toxicicy dats are somevhat sore noteworthy because animal
data are sufficisnt for estimating a minimal risk level for intermediate
duration but not for chrenmic inhalation exposure.

From Fig. 2.7, it is apparent that the database for inhalation
exposure in animals is more extensive than for humans. Inhalation daca
for acute lethality, intermediate duration toxiecity, developmental
toxiciry, and carcinogenicicy ars sufficient for critical evaluation and
are defined as “adequate.” Inhalation data for chronic sysctemic toxicity
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are inadequate for defining a range of toxicity and, therefore, are
graphically depicted as "some."”

The oral database is more nearly complete. Data "adequate” for risk
assessment are available for intermediate and chronic toxicity and
carcinogenicity. However, acute lethality daca. limiced to an LP50 in
rats (Sax 1984), were judged to be "some." Data were lacking for acute
systemic, developmental, and reproductive toxicicy. Since oral exposure
is possible, the data gap regarding developmental and reproductive
toxicity should be filled.

2.3.2.3 Summary of relevant ongoing research

Petar Foiles at the American Health Foundation in New York Cicy
will conduct a study sponsored by tha National Cancer Institure to
develop monoclonal antibodies that will aid in the detection of eyclic
DNA adducts {n humans exposed to environmental carcinogens. The study
may contribute to our knowledge of adducts that are formed in humans
from vinyl chloride axposure and the role these adduccs play in human
carcinogenesis (NTIS 1987).

Peter Guengerich ac the Department of Biochemiscry at Vanderbil:
University in Nashville, Tennessee, will imvestigate the biocactivation
and covalent binding of metabolices of vinyl halides, including vinyl
chloride. This work, sponsored by the National Institute of
Environmental Health Sciences, may contribute to our understanding of
the impact of specific enzymes in the liver and other organs to the
toxification and detoxificacion of vinyl chloride (NTIS 1987).

D.P. Brown at NIOSH in Cincinnati{, Ohio, is updacing cohort
mortality studies on several chemicals and mixrtures, including vinyl
chloride. It is hoped that the updated studies may provide sufficient
statistical analyses to provide more definitive information regarding
the association of vinyl chloride with various types of cancer (NTIS
1987).

J.R. Giacin at Michigan State University has been investigating the
migration of monomers in plastics into food stimulants. This projecct,
sponsored by the U.S. Department of Agriculture, may allow more accurate
estimation of the exposure of the population to vinyl chloride from
foods packaged in plastic (NTIS 1987).

2.3.3 Adequacy of the Database for Other Information Needed for
Risk Assessment

2.3.3.1 Pharmacokinetics and mechanisms of action

The pharmacokinetics of vinyl chloride in humans exposed by
inhalation is relatively well underscood, but little is known of oral
and darmal pharmacokinetics. The gap in human pharmacokinetic knowledge
is not a concern because the pharmacokinetics of oral vinyl chloeride in
relevant animal models is well understood, and dermal exposure is not
likely to be significanc, Metabolism to an epoxide and an aldehyde
provides reactive intermediates thought to be responsible for the
carcinogenicity and probably the hepatotoxicity of the compound in
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animals and husans. Further understanding of the mechanism of action on
other systems, such as the CNS, could be gained.

2.3.3.2 MNonitoring of human biological samplas

The most practical biological monitoring procedure appears to be
quancification of urinary output of thiodiglycolic acid, the predominant
urinary metabolite of vinyl chloride (Heger et al. 1982). Individual
variation, howaver, renders this method unreliable at exposure
concentrations <5 ppm (Tarkowski 1984).

2.3.3.3 Environmental considerations

Limited data are available regarding the vinyl chloride levels in
foodstuffs. Monitoring data on levels of vinyl chlorida in food
contained in PVC packaging materials are needed. Intake of vinyl
chloride by ingestion of contaminated food was assumed to be negligible,
based on striect FDA regulations and one laboratory study (Kontominas et
al. 1985) that simulaced actual food packaging and food storage
conditions. This assumption should be verified with monicoring data.

Data on the amount of leaching of vinyl chloride from rigid FVC
water pipes into drinking water need to be obtained. Monitoring data
alone cannot reveal cthe extent of the leaching problem, becausa
monitoring data frequencly reflecc levels in drinking water supplies
before transport through PVC distribution systems.

Limited data are available on the persistence of vinyl chloride in
the enviroument, particularly in surface waters, soil, and groundwatasr.
Although a half-life for vinyl chloride in surface water has been
estimated, significant uncertainty exiscs. Due te lack of data, it wvas
not possible to estimate a half-life for vinyl chloride in soil or
groundwacer.
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3. CHEMICAL AND PHYSICAL INFORMATION

3.1 CHEMICAL IDENTITY

Data partaining to the chemical identicy of vinyl chloride are
listed in Table 3.1.

3.2 PHYSICAL AND CEEMICAL PROPERTIES

The physical and chemical properties of vinyl chloride are
presented in Table 2.2,
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Table 3.1. Chemical identity of vinyl chloride

Parameter Value References
Chemical name Chloroethene SANSS 1987
Synonyms and trade names Vinyi chioride, SANSS 1987
chloroethylene,
cthylene monochioride,
monochioroethylene,
VC., VCM, vinyl
C monomer
Chemical formula C;H,C1 HSDB 1987
Wiswesser line notation GiUl HSDB 1987
Chemical structure
H Ct
e
C=¢C
s N
H H
Identification aumbers
CAS Registry No. 75-01-4 HSDB 1987
NIOSH RTECS No. KU9625000 HSDB 1987
EPA Hazardous Waste No. U043 HSDB 1987
OHM-TADS No. 7216947 HSDB 1987
DOT/UN/NA/IMCO Shipping No. 1086 HSDB 1987
STCC No. 49 057 92 HSDB 1987
Hazardous Substances Data Bank No. 169 HSDB 1987
National Cancer Institute No. None available
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Table 3.2 Phvsical and chemical properties of visyl chioride

Property Value References
Molecuiar weight 62.5 Cowler and Mapsiro 1983
Color Coloties Cowfer and Magistro 1983
Physucal state Gas Cowfer and Magistro 1983
Odor Mild, sweet Verschusren 1983
Odor threshoid .

Water 314 ppm (w/v) Amoors and Hauryla 1983
Alr 3000 ppm (v/v) Amoore and Hautula 1983
Meiting powat =153.8°C Cowfer and Magistro 1913
Bouling point ~13.4°C Cowfer and Magstro (983
Autotgmtion
temperanure 472°C Cowfer and Magpstro {983
Solubility
Water 2763 mg/L a1 25°C EPA 1985b
1100 mg/L at 25°C Cowfer and Magpstro 1983
Orgame soivents Soluble 1 hydro- Cowfer and Magstro 1983
carbons, o,
alcobol, chiornstad
soivents, and most
COmMMOn Organic
licrad
Deagry, g/cm’ 0.969 (—14.2°C) Cowfer and Magsiro 1983
Vapor denmity (arr = 1) 115 Verschuares 1983
Log octanoi-water
parutios coefTicients 1.36 EPA [987h
Yapar pressure 2660 mm Hg &t 25°C Verschueren 1983
Henry's Law conmant 1.2 (numm’)/mol at 10°C EPA 19850
Refractive index 1.3700 at 20°C EPA 1985b
Flashpoint ~+77.7% (opes cup) Cowfer and Magistro 1983
Flammability limits ~2val% Cowfet a0d Magutro 1983
Conversion factors 3
pem (v/v) 0 mg/m )
in ar pom (v/v) = .60 mg/m
u/u’ o ppm (v/v) )
in ait mg/m” = 0.19 ppm (v/v)
ppm (w/v) o mg/L
in water ppm (w/v) = mg/L = ug/mL
pn (w/w) o mg/kg

in solid matrices ppn (w/w) = mg/kg = ug/g
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4. TOXICOLOGICAL DATA

4.1 OVERVIEW

Much of the data summarized in this section is reviewed in two
recent EPA documents (EPA 1985a,b). Respiratory and gastrointesctinal
absorption of vinyl chloride appears to be rapid. Humans retain -42% of
vinyl ¢hloride inhaled at comcentrations of 3 to 24 ppm. Animal studies
suggest that gastrointestinal absorption is nearly complete. Dermal
absorption of vinyl chloride vapors {s not likely to result in toxicitv.
Distribution of absorbed vinyl chloride may be widespread, with highesc
levels of parent compound located in fat; but metabolism and excretion
occur so rapidly that highest levels of excretory products are located
in cthe liver and kidney, the primary organs of matabolism and excretion.

Regardless of the route of administration, inhalation or oral,
metabolism proceeds via oxidation and subsequent coenjugation with
sulfhydryl groups. An important oxidative pathway involves mixed-
function oxidase and results in reactive sleactrophilic intermediates,
2-chloroethylene oxide and 2-chloroacetaldehyde, which bind to liver
macromolecules and may be responsible for the toxicity and oncogenicicy
associated with vinyl chloride. Excretion of polar metabolites is
predominantly through the urine; when metabolic pathways are saturated,
substantial amounts of unmetabolized vinyl chloride are exhaled.

At sublethal doses, the liver is the primary target organ for
carcinogenic and noncarcinogenic effects of vinyl chloride in humans and
animals. The significant feacture of the toxicity of vinyl chloride is
ics carcinogenicity. In occupationally exposed humans and in animals
exposed orally or by inhalacion, an increased incidence of liver, lung,
and brain tumors, and possibly other types of tumors, can be attribuced
to vinyl chloride. Other symptoms in occupationally exposed humans are
¢ollectively termed "vinyl chloride disease,” and include
acroosteolysis, circulatory disturbance in the extremicies, Raynaud
syndrome, scleroderma, hematological effects, and effects on the lungs,
as wall as sffects on the liver. No councerpart of the human disease has
been produced in experimental animals.

Wives of men ceccupationally exposed to vinmyl chloride have suffered
a greater number of miscarrisges cthan wives of men otherwise employed.
In occupationally exposed humans, vinyl chloride is genotoxic. This
effect is associated vwith an increase in chromosomal aberrations in
peripheral lymphocytes, and it appears to be raversible vhen exposures
are reduced to sl ppm. Vinyl chloride is mutagenic¢ in a number of
microbial and other test systems. Electrophilic metabolites of vinyl
chloride, 2-.chloroethylens oxide and 2-chloroacetaldehyds, have been
shown to bind to macromolecules. 2-Chloroethylens oxide forms adducts
with DNA. These mechanisms may explain the toxicity and carcinogenicity
of vinyl chloride.
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4.2 TOXICOKINETICS

4.2.1 Absorption

4.2.1.1 Inhalation

Human. Krajewski et al (1980) exposed young male volunteers to
vinyl chloride monomer concentrations of 7.5 to 60 mg/m (3 to 24 ppm)
by gas mask for 6 h. By measuring the difference between inhaled and
axhaled concentrations, an average retention of 42% was estimaced.
Although the results varied among the individuals testad, the percentage
retained appeared to be indapendent of the concentration inhaled.

Animsal. Animal data, vhile demonstrating that inhalation
absorption of vinyl chloride occurs readily and rapidly, are not
sufficient to quantitatively datermine the proportion of an inhaled dose
thac is absorbed. Withey (1976) determined that peak blood levels
occurred at 30 ain in rats exposed head only to 7000 ppm. Bolt et al.
(1977) placed rats that had been pretreated with é-nitro-1,2,3-
benzothiadiazole to completely block the metabolism of vinyl chloride in
a closed chamber containing 0.4 to 0.5 ppm lac. -vinyl chloride.
Radiocactivity in the chamber air declined only for the firat 15 min of
exposure, indicating that equilibrium between atmospheric and tissue
levels of radiocactivity had occurred, suggesting rapid uptake by the
tissues of the rats.

4.2.1.2 ozl

Buman. Data regarding the oral absorption of vinyl chloride by
humans were not located.

Aninal. Several studies in rats indicace that vinyl chloride is
rapidly and probably completely absorbed from the gastrointestinal
tract. Withey (1976) administered single 10 mL (44 to 92 mg/kg) oral
doses of vinyl chloride in aqueous solution and obsarved that blood
levels of vinyl chloride peaked in 10 to 20 min. Watanabe nc al. (1976a)
administered single gavage doses of 0.05, 1, and 100 mg/kg l4C-vinyl
chloride in corn oll and measured the amount of radiocactivity excreted
in expired air, urine, and feces, as well as the amount retained in the
carcass, at 72 h. The fraction of the administered dose recovered in the
feces, roughly indicacive of the proportion unabsorbed, ranged from 0.47
to 2.39%, suggesting that absorption was nearly completa. Total
recovery, howaver, ranged from 82.3 to 91.3%, suggesting substantial
loss of radiocactivity. Feron et al. (1981) provided rats with diets
containing nominally 20, 60, or 200 ppm vinyl chloride monomer (from
powdazed palyvinyl chloride containing a high level of the monomer) for
4 h and shagured the fecal excration of vinyl chlorida over 23 h from
the start of the feeding period. Fecal excretion accounted for 8, 10,
and 17% of the vinyl chloride present in the low, middle, and high
diets, respectively. The investigators hypothesized that the vinyl
chloride recovered from the feces was encapsulated by polyvinyl chloride
and was noc savailable to the rats for absorption, and that absorption of
available vinyl chloride was virtually complete.
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4.2.1.3 Dermal

Human. Data regarding the dermal absorption of vinyl chloride bx
humans were not located.

Animal. Animal data suggest that dermal absorption of wvinvl
chloride gas is not likely to be significant. Hefner et al. (1973a)
placed all but the heads of two aneschetized rhesus monkeys in chambers
containing 800 or 7000 ppm 1%C-vinyl chloride for 2.5 or 2 h,
respectively, to measure the uptake of radiocactivity. On the basis of
vinyl chloride measured in expired air and radioactivicy measured in
selected tissues, the investigators estimated dermal absorption of 0.031
and 0.023% of the available vinyl chloride at 800 and 7000 ppm,
respectively. The investigators concluded that dermal absorption was far
less significanct than inhalation absorption.

4.2.2 Disetribution
4$.2.2.1 Inhalation

Buman. Data regarding the distribution of vinyl chloride in the
tissues of humans exposed by inhalation were not located,.

Animal. Data from rat studies suggest that the distribution of
inhaled vinyl chloride is rapid and widespread but depcnds on
mecabolism. Buchter et al. (1977) exposed rats to l4C.vinyl chloride to
deternine tissue disctribution of radicactivity. In rats precreaced with
6-nitre-1,2,3-benzothiadiazole to block metabolism of vinyl chloride,
the highest levels of radiocactivity were locazed in the fat, with lesser
amouncs in the blood, liver, kidney, muscle, and splesn. When metab lism
was not blocked, the highest levels of radiocactive metabolites were
located in the liver and kidney. At 10 min after a S-min exposure of
rats to 20,000 ppm l14C.vinyl chloride, Duprat et al. (1977) detected
radioactivity in the liver, bile duct, digestive tract, and kidney. At 2
h after the exposure described above, radioactivity was also derected in
the urinary tract, salivary and lacrimal glands, chymus, and skin.
Immediacely after a 5-h exposure to lag. -vinyl chloride at 50 ppm, tissue
levels of radioactivity, expressed as percent incorporated per gram of
tissue, wers highest in the kidney (2.13%) and liver (1.86%), with lower
levels in the spleen (0.73%) and brain (0.17%) (Bolt et al. 1976a).
Watanabe et al. (1976b) exposed rats to 10 or 100 ppm l4C-vinyl chloride
for 6 h and measured radicactivity in cissues 72 h later. In order of
decreasing concentration, radiocactivity (present as nomvolatile
metabolites) vas datected in the liver, kidney, skin, lung, muscle,
carcass, plasma, and fac.

4.2.2.2 Oral

Human. Data regarding che tissue distribution of vinyl chloride in
orally exposed humans vere not located.

Anissl. Vatanabe et al. (1976a) measuread the level of
radioactivity present as nonvolatile metabolites in tissues of racs 72 h
after single 0.0% to 100-mg/kg gavage doses of lac. -vinyl chloride in
corn oil, Highest levels occurred in the liver, -2 to 5 times higher
than in the other tissues examined (skin, plasma, muscle, lung, fat, and
carcass).
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4.2.2.3 Darmal

Data regarding the distribution of vinyl chloride following dermal
exposure of humans or experimental animals were not located.

4,2.3 Metabolism

4.2.3.1 Inhalation

Buman. In the only human data located, Sabadie et al. (1380)
examined the ability of aryl hydrocarbon hydroxylase in the §-9 fraetion
from surgically obtained liver specimens to metabolize vinyl chloride o
electrophiles mutagenic to Salmonella cyphimurium TA1530. The number of
revertants per plate ware compared with that resulting from identically
prepared $-9 fractions from female strain BD IV rats. Human §-9
fractions induced mutations (and presumably metabolism to a reactive
electrophile) to an average 34% of the extent mediated by rat §-9, but a
9-fold individual variation was observed.

Animal. Hefner et al. (1975b) exposed rats to vinyl chleride in a
closed chanber at concentrations of ~50 to 1000 ppm for 352.5 to 356.3
min. Addicional rats precreated wich athanel (to inhibit aleohol
dehydrogenase activicy) or SKF 525-A (to inhibit microsomal oxidase
activity) were similarly exposed. Matabolism, estimated by measuring che
rate of disappearance of vinyl chloride from the closed system, appeared
to follow first-order kinetics with a half-life of 86 min at <100 ppm.
At >220 ppm, metabolism was slowed to a half-life of 261 min, suggesting
saturation of the pathway pradominant at <100 ppa. Pretreatment with
ethanol deprassed the rate of metabolism >83% at <100 ppm but <47% ac
>1000 ppma. Pretreatment with SKF 525-A, howvever, had no effect at <100
ppm but depressed metabolizm 19% at >1000 ppm. The authors postulated
three alternative pathways for metabolism, as depicted in Fig. 4.1. At
low concentrations, sequential oxidation to 2-chlorcethanol, 2-
chloroacetaldshyde, and 2-chlorocacatic acid invelving alcohol
dehydrogenase (inhibited by pretreatment with ethanol) appeared to be
the predominant pathway. Little 2-chloroacetic acid was formed, however,
probably because 2-chloroacetaldehyde conjugated rapidly with ubiquitous
sulfhydryl groups. When the alcohol dehydrogenase pathway becane
saturated, 2-chloroethanol may have been oxidized by catalase in the
presence of hydrogen peroxids (H202) to a peroxide, which may have
undergone subsequant dehydration to form 2-chleroacetaldehyde. An
alternative pathway may have involved oxidation by mixed-function
oxidase to form a highly reactive epoxide intermediate, 2-chloroethylene
oxide, which spontaneously rearranged to form 2-chloroacetaldehyde.
Hefner et al. (1975b) reported urinary excretion of polar metabolites
and 2-chloroacetic acid by racs exposed by inhalation.

Other animal dsta expand the hypotheses of Hefner et al. (1973b).
Hultmark et al. (1979) used an in vitro techniqua to determine that
metabolisa was NADPH-dependent, located in the microsomal fraction of
the liver, and probably involved mixed-function oxidase. Bolt et al.
(1977) reported that pretreatment with é-nitro-1,2,3-benzothiadiazole
wvas sufficient to totally block metabolism of vinyl chloride in rats
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CIHC = CH, MIXED FUNCTION  _ H,C - CH
VINYL CHLORIDE OXIDASE :
Cl
2-CHLOROETHYLENE OXIDE
. H202
CH,C - CH,OH A » CIH,C - CH,00H
2-CHLOROETHANOL
2-CHLOROETHYL-
HYDROPEROXIDE
ALCOHOL
DEMYDROGENASE

CH,C - CHO %
2-CHLORQACETALDEHYDE

ClH,C ~ COOH
2-CHLORCACETIC ACID

Fig. 4.1. Proposed metabolic pathways for vimyl chloride.
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exposed to ~0.45 ppm in a closed system for S h. Bolt et al. (1977) and
Bolt (1986) interpreted this observation to strongly suggest that
matabolism of vinyl chloride procee”- primarily through a mixed-function

oxidase pathway with likely produc . of an epoxide intermediarte,
because 6-nitro-1,2,3-benzothiadia is known to inhibic some
microsomal cytochrome P-450 oxidat sathways. Bolt et al. (1977) and
Filser and Bolt (1979) exposed rart: a4 closed system to 100 or 1000

rem 1“C-v:l.nyl chloride. By measuring .ne disappearance of radicactivity
wich time, they determined 250 ppm to pe the threshold at which
saturation of metabolic pathways occurs. A metabolic rate (Vmax) of 110
pmol/h/kg was estimated for rats. In a similar experiment in rhesus
monkeys, metabolic saturation was observed to occur at 200 ppm, with a
Vmax of 50 usmol/h/kg (Buchter et al. 1980). The Vpax of 50 umol/h/kg was
suggestad as a closer approximation of metabolism in humans than the
value of 110 umol/M/kg estimated for rats by Filser and Bolt (1979).

Inhalation exposure has been associated with reduction in liver
nonprotein sulfhydryl concentration in the rat (Hafner et al. 1975b,
Bolt et al. 1976b), particularly at exposure concentrations >100 ppm
(Watanabe et al. 1978a, Jedrychowski et al. 1984). Urinary metabolites
identified in rats exposed by inhalation include polar compounds
resulting from conjugation with sulfhydryl groups at low exposure
concentrations (Watanabe et al. 1976b, Hefner et al. 1975b) and 2-
chloroacetic acid at high axposure concentracions (Hefner ec al. 1975b).

Several investigators have observed the binding of nonvolatile
metabolites of l4C-vinyl chloride to liver macromolecules in vitro and
in rats exposed by inhalacion (Kappus et al. 1976; Guengerich and
Wacanabe 1979; Guengerich et al, 1979, 1981; Watanabe et al. 1978a,b).
In single-exposure experiments at different concentrations, the extent
of macromolecular binding increased proportionately to the amount of
vinyl chloride metabolized and disproportionately to the exposure
concentration (Watanabe et al. 1978a). The extent of macromolecular
binding was incressed by repeated sxposure to vinyl chloride (Watanabe
et al, 1978b) and by pretreatment with phenobarbital (Guengerich and
Vatanabe 1979). Macromolecular binding has been attributed to the
reactive intermediate 2-chloroethylene oxide, which may bind to DNA and
RNA, and to its rearrangement product, 2-chloroacetaldehyde, which may
bind to protein molecules (Guengerich et al. 1979, 1981; Guengerich and
Vatanabe 1979; Watanabe et al. 1978a,b; Kappus et al. 1976; Bolt 1986).

4.2.3.2 O0Oral

Bumen. Data regarding the metabolisa of vinyl chloride by orally
axposed umans were not located.

Animal. Urinary metabolites identified from rats orally exposed to
I“C-vinyl chlorids are consistent with the metabolic pathways postulated
for inhalation exposure, in particular with the formation of 2-
chloroethylene oxide and 2-chloroacetaldehyde. Metabolites identified
include N-acetyl-S$-(2-hydroxyethyl)cysceine, N-acetyl-S-(2-
chloroethyl)cysteine, 2-chlorcacetic acid, thiodiglycolie acid, and
glutamic acid (Wacanabe et al. 1976a; Watanabe and Gehring 1976; Green
and Hachway 1975, 1977). Metabolic saturation appears to occur with a
single gavage dose of >1 and <100 mg/kg/day (Watanabe et al. 1976a).
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4.2.3.3 Dermal

Data regarding metabolism in humans or animals dermally exposed to
vinyl chloride were not located.

4.2.4 IExcretion

4.2.4.1 Inhalation

Human. Human data suggest thar exhalation of unmetabolized vinyl
chloride is not an important pathway of elimination at low exposure
conccncrations Krajewski et al. (1980) exposed humans to air contairning
7.5 to 60 mg/m for 6 h and measured the mean concentration in expired
air for 30 min ac terminacion of exposure. Mean concencracions in
expired air ranged from undetectable to 2.84 mg/m , representing up to
3.60 to 4.73% of the inhaled concentratioen,

In a study available as a brief abstract, Shu et al. (1986)
reported that urinary concentration of thiodiglycolic acid increased
with increasing air concencration of vinyl chloride in an occupational
setting. Urinary concentrations of thiodiglycolic acid peaked within 20
h. The investigators suggested thact daily urinary output of
thiodiglycolic acid might be a satisfactory biological index of exposure
to vinyl chloride.

Animal. The mode of excrecion of vinyl chloride and its
metabolites following inhalacion exposure of animals to different
concentrations reflects the saturation of metabolic pathways ac low
concentrTations discussed in Sect. 4.2.3.1, in the subsection on
nstabolism in animals after inhalation exposure. The cumulative
sxcretion of radiocactivity over a 72-h postexposure period was measured
in rats exposed to 10 or 1000 ppm (Watanabe and Gehring 1976, Watanabe
et al. 1976b) or 5000 ppm (Watanabe et al. 1978b) l4C-vinyl chloride for
6 h. Radioactivity expired as CO2 or vinvl chloride, excreted in the
urine and feces, and retained in the carcass was expressed as a
percentage of the total radioactivity recovered. The results presented
in Table 4.1 suggest that metabolism was nearly complete at 10 ppm,
because <2% of the recovered radicactivity occurred as unchanged parent
compound. The predominant rouce for excretion of radioactive metabolites
wvas through the urine, accounting for ~70% of tha recovered
radioactivity. Mecabolism appeared to be sacurated at 1000 ppm, since
unchanged vinyl chleride increased to 12.3% and urinary radicactivicy
dscrsassd to 36.3%. At 5000 ppa, more than half the recovared
radioactivity appeared as unchanged vinyl chloride, and urinary
axcration accounted for -27%v of the recovered activity. Generally, there
was little change in the proportion of recovered radioacctivity excreced
in the feces or exhaled as C02. The percentage of the radioactivircy
retained in the carcass and tissues appeared to be somevhat decrsased at
3000 ppm compared with 10 and 1000 ppm, suggesting preferential
retention of metabolites rather than unchanged vinyl chloride.

Pulmonary excretion of unaltered vinyl chloride appeared to follow
first-order kinetics regardless of exposure concentrations, with half-
lives of 20.4, 22.4, and 30 ain ac 10, 1000, and 5000 ppm. The urinary
excretion of radicactivity was biphasic, with the second or slow phase
accounting for <3% of the total urinary excretion. Half-lives for the
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Table 4.1. Excretion of radioactivity in rats exposed to
14C.vinvl chioride im air for 6 b

Radioactivity expressed as percent
of total recovered
Exposure concentration (ppm)
10 1000 5000
Expired vinyi chloride 1.61 12.26 54.3
Expired CO; 12.09 12.30 8.0
Urine 67.97 56.29 27.1
Feces 4.45 4.21 3.3
Carcass and tissues 13.84 14.48 7.3

Source: Watanabe and Gehring 1976, Watanabe et al. 1976b, -

1978b.
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rapid (first-order) phase were estimated at 4.6, 4.1, and 4.5 h,
respectively. Urinary metabolires included N-acetyl-S-(2-
hydroxyethyl)cysteine, thiodiglycolic acid, and possibly S-(2-
hydroxyethyl)cysceine.

4.2.4.2 Oral

Human. Data regarding the excretion of vinyl chloride by orally
exposed humans were not located.

Animal. 1In experiments in the United States (Watanabe et al.
1976a, Watanabe and Gehring 1976) and Great Britain (Green and Hachway
1973), which studied the similarities of pharmacokinetics following
inhalacion and oral exposura, single oral doses of l“c-vinyl chloride
ware administered to rats, and the excretion of radiocactivicy wvas
monitored over a 72-h period. Details are presented in Table 4.2. A
striking increase in exhalation of unchanged vinyl chloride and
compensatory decreases in urinary and fecal excretion of radioactivitcy
and exhalation of CO2 were obsarved at 220 mg/kg. suggesting that
metabolic saturation had occurred at that dosage. At 51.0 mg/kg, che
predominant route of eliminacion was urinary excrecion of polar
metabolites.

Exhalation of unchanged vinyl chloride was generally complete
within 3 to 4 h, but excretion of merabolites continued for days (Graen
and Hathway 1975). Pulmonary axcretion of vinyl chloride appearsd to be
monophasic at 51.0 mg/kg, with a half-1life of =55 to 58 min (Watanabe et
al. 1%76a). At 100 mg/kg, pulmonary excretion of vinyl chloride was
biphasic, with half-lives of 14.4 and 40.8 min for the rapid and slower
phases, respectively. Urinary excretion of radioactivity was biphasic,
with the rapid phase accounting for >»>97% of cotal urinary radioactivicy
and having half-lives of 4.5 to 4.6 h for dosages of 0.05 to 100 mg/kg.

Metabolites identified in the urine of orally treated rats were
consistent with the formation of 2-chlorcethylene oxide and 2-
chloroacetaldehyde (Watanabe et al. 1976a, Green and Hathway 1977), as
postulated for metabolism following inhalacion exposure. The major
metabolite was identified as thiodiglyecolic acid; nearly equivalent
anounts of N-acetyl-S-(2-hydroxyethyl)cysteine were identified (Watanabe
at al. 1976a, Green and Hathway 1975). Smaller amounts of radiolabeled
§-(2-chlorocethyl)cystaine, urea, glutamic acid, and 2-chloroacecic acid
vers also identified (Green and Hathway 1975).

4.2.4.3 Dermal

Data regarding the metabolism of vinyl chloride following dermal
sxposure of humans or animals vere not located,
4.2.4.4 Parenteral

Human. Data regarding the matabolism of parenterally administered
vinyl chloride in humans wvere not located.

Animal. The elimination of radioactivity following intraperitoneal
administration of 1“C-viny1 chloride to rats resembles the pattern
observed following inhalation and oral adainistration. Following an
intraperitoneal dose of 0.25 mg/kg, exhalation of unchanged vinyl
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Table 4.2. Percent of administered dose of radioactivity
exereted 72 h following a singie oral dose
of '“C-rinyl chioride in rars

Dose (mg/kg)
0.05* 0.25% 1.0* 20° 100° 4504
Expired
As vinyl chloride 1.43 7 2.13 41.6 66.64 91.9
As CO, 8.96 13.5 13.26 48 2.52 0.7
Urine 68.3¢ 751 %930 226  10.34 5.4
Feces 2.39 4.6 2.20 1.0 0.47 0.7
Carcass 10.13 NR¢ 11.10 1.0 1.83 NR
Toual 91.25 969 8883 810 8230 987
*Watanabe and Gehring 1976. Watanabe et al, 1976a.
*Green and Hathaway 1975.
“Not reporied.
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chioride, exhalation of CO2, and urinary and fecal excretion of
radioactivity accounted for 43.2, 11.0, 43.1, and 1.8% of the
administersd dose, respectively (Green and Hathway 1975). At 450 mg/kg,
exhaled vinyl chloride increased to 96.2% of the administered dose, CO?
decraased to 0.7%, urinary radioactivity decreased to 2.6%, and fecal
radioactivity remained unchanged.

Small doses administered intravenously wvere eliminated very rapidly
and almost entirely by exhalation of unchanged vinyl chloride. Green anc
Hathway (1975) administered a 0.25-mg/kg intravenous dose of 14C-vinyl
chleride intravenously to rats and recovered 80% of the dose within 2
min and 99% within 1 h as unchanged compound from expired air.

4.3 TOXICITY
4.3.1 Lethality and Decreased Longevity

4.3.1.1 Inhalation

Human. ACGIH (1986a) and EPA (1985a) reviewed early reports of
acute toxicicy at high levels resulting in lethality among
occupationally exposed workers. Deaths appearsd to be due to narcosis.
Exposure levels were not reported, and an LCLO cannot be identified.

Animal. Pacty et al. (1930) reported that narcosis and death
occurred within 30 to 60 min in guinea pigs exposed to 108 vinyl
chloride (100,000 ppm). EPA (1985a) reviewed a number of acute studies
in animals and reported 2-h LC50 valuaes ranging from 117 to 500 ppm for
mice to 230 to 800 ppm for rabbits. Mastromatteo st al. (1960) exposaed
rats, mice, and guinea pigs (five per sex per group) te 10, 20, 30, or
40% (guinea pigs only) vinyl chloride in air (100,000, 200,000, 300,000,
or 400,000 ppm) for 30 min. One guinea pig exposed to 40% died; all
mice, rats, and one guinea pig exposed to 30% died; one mouse but no
rats or guinea pigs exposed to 20% died.

Long-term studies in rats and mice associate intermittent exposure
to 50 ppm with decreased longevity. Lae et al. (1977a, 1978) exposed
rats and mice (36 par sex per species) to 0, 50, 250, or 1000 ppm, &
h/day, 5 days/week for up to 12 months. Acute lethality associaced with
toxic hepatitis and tubular necrosis of the renal cortex occurred in
mice after 5 to 9 days at 1000 ppm. Shortensd life span attributed to
noncarcinogenic effects of vinyl chloride occurred in all exposed groups
of both species. In a subsequent study, Hong et al. (1981) exposed mice
(8 to 28 per sex per group) and rats (4 to 16 per sex per group) to 0,
30, 230, or 1000 ppm, 6 h/day, 5 days/week for up to 6 months (mice) or
10 months (rats), followed by a l2-menth observation peried. A
concentration- and duration of exposure-related dacrease in longevity
" was obsarved in both species at all exposure concentratious, which was
attributed to a combination of systemic toxicity and tumor davelopment.

4.3.1.2 Ozal

Human. Data regarding reduced longevity in humans orally exposed
to vinyl chloride were not located.
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Animal. Sax (1984) reported an oral LD50 in rats of 500 mg/kg. The
key lifetime oral sctudy is that submitted by Dow Chemical Company (1984)
and Til et al. (1983), in which male and female Wistar rats were fad
diets containing polyvinyl chloride with a high level of the monomer.
Dietary intakes of vinyl chloride monomer were estimated at 0, 0.014,
0.13, and 1.3 mg/kg/day. Groups consisted of 100 racs per sex except for
the high group, which contained 50 rats per sex. Mortality was slighecly
but significantly increased in high-group rats, sctarting at 68 weeks of
treatment. No affects on longeviry were observed at =<0.13 mg/kg/day,
vhich is considered the NOAEL for decreased survival.

An earlier lifetime study in rats from this laboratory (Ferom et
al. 1981) supports che NOAEL for reduced survival of 0.13 mg/kg/day. In
this experiment, diets containing polyvinyl chloride with high levels of
vinyl chloride monomer provided intakes of 0, 1.7, 5.0, or 14.1
mg/kg/day. A marked and statistically significant increase in mortality
occurred at 5.0 mg/kg/day. Females at 1.7 mg/kg/day had a slight but
not statistically significant increase in mortalicy.

4.3.1.3 Dermal

Data regarding lechality or reduced longevitcy in dermally exposed
humans or animals were not locatad in the available literature.

4.3,2 Systemic/Target Organ Toxicity

4,3.2.1 Hepatotoxicity

Tnhalation, human. Several epidemiologic studies have associated
occupational exposure with impaired liver function and/or biochemical or
histological evidence of liver damage (Berk 1976, Buchancova et al.
1985, Gedigk et al. 1975, Marsteller et al. 1975, Popper and Thomas
1975, Doss et al. 1984, Lee et al. 1977b, Tamburro 1984, Tamburro et al.
1984). Several of these studies have been reviewed by EPA (1983a,b).
Thrasholds for hepatotoxicity cannot be identified, because data
regarding exposure concentrations and duration vere not available.

Inhalation, animal. In the Lee et al. (1977a) study described in
Sect. 4.3.1.1, i{n the subsection on lecthality and decreased longevicty in
animals after inhalation exposure, acute hepatotoxicity was observed in
mice dying after intermittent exposurs to 1000 ppm vinyl chloride for 5
to 9 days.

In an {ncermediate-length animal inhalation study (Torkelson et al.
1961), several species vers exposed intermittenctly for up to 6 menths,
as detailed in Table 4.3. Air-axposed controls vere maintained.
Paramaters of liver coxicity evaluated included gross and
histopathologic examination, mneasurement of relative organ weights, and
determination of serum levels of enzymes associated with liver damage.
Biochemical parameters of liver status were within noxrmal limits at all
exposure concentrations, but histopathologic lesions occurred in rats
exposad to 500 ppm and in rabbits exposed to 200 ppm. Elevated relative
liver weights appeared to be the most sensitive indicator of
hepatotoxicity and were observed in rats at 100 ppm, 7 h/day, but noc ac
50 ppm by the same schedule. In a study designed primarily to evaluate
effects on the testis (see Sect. 4.3.4.1, in the subsection on
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Table 4.3. Experimental protocol for smimal expasure to vinyl chioride

Numbar of
animals/ group
Dose of vinyl chloride  Exposure schedule’  Exposure durauon
Species Males Females (ppem) (hours/day) (months)

Raus 10 10 ' 300 7 4.8
20-24 i 50, 100, or 200 7 6
5 0 100 or 200 0.5 1,204 [
10 0 50 l,Loré [
Guines pigs  10=12 8-12 50, 100, or 200 7 [
Rabbits 3 3 50. 100, or 200 7 6
Dop ] I 50. 100, or 200 7 §

9 All agimais were exposed § days/wesk,
Sowrce: Torkelson et al. 1961,
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reproductive toxicity in animals after inhalation exposure), Bi et al.
(1985) reperted a concentration-related and significant elevation in
relative liver weight in rats exposed to 10, 100, or 3000 ppm, & h/dav,
6 days/week for 6 months. The 10-ppm concentration is considered a LOAEL
for livar effects in intermediate-length exposures. The longer-term
study by Lee et al. (1977a) in which rats and mice were exposed to O,
50, 250, or 1000 ppm, § h/day, 5 days/week for up to 12 months (Sect.-
4.3.1.1, in the subsection on lethality and decreased longevity in
animals after inhalation exposure) failed te idencify a NOAEL for
hepatotoxicicy. Lee et al. (1977a) observed no adverss effects on
biochemical parameters of rats or mice exposed to 5250 ppm. Several
mitotic figures, indicating increased rate of cell division, were
observed in the livers of rats exposad to 50 or 1000 ppm at 8 to 9
months, and increased rate of DNA synthesis was observed at 50 ppm.
Since the liver is a known target organ for the toxicity and
oncogenicity of vinyl chloride, thess effects are judged to be
potentially adverse, and 50 ppm is considered an FEL in this study.

Feron et al. (1979a) exposed rats to 0 or 5000 ppm, 7 h/day, 35
days/week for 4, 13, 26, or 52 weeks and observed histopathologic
alteration of the liver after 13 weeks and ultrastructural alteration
after only 4 weeks of exposure.

Oral, human. Data were not located regarding hepatotoxicicy in
orally exposed humans.

Oral, animal. A gavage study in rats identifies 30 mg/kg as a
NOAEL and 100 mg/kg as a LOAEL for liver effects in an intermediace-
length study. Feron et al. (1975) administered vinyl chloride in soybean
oil by gavage to groups of 15 rats per sex at 0, 30, 100, or 300 mg/kg,
6 days/veek for 13 weaks. Parametars of liver toxicity evaluated
ineluded serum biochemistry, relative liver weight, and histopathologic
and histochemical examination at all dosages and electron microscopy at
0 and 300 mg/kg. No effects were observed at 30 mg/kg, equivalent to 26
mg/kg/day. Reduced blood sugar and slightly altered hepatocytes were
observed at 100 and 300 mg/kg. A dose-related increase in relative liver
weight was observed and became stacistically significant only at 300
mg/kg. Hypertrophic rough endoplasmic reticulum was observed at 300

mg/kg.

The key long-term oral study that defines thresholds for
hepatotoxicity was reported by Dow Chemical Company (1984) and Til et
al. (1983) and was described in Sect. 4.3.1.2, in the subsection on
lethalicy and decreasad longevity in animals after inhalation exposure.
Diets provided daily dosages of 0, 0.014, 0.13, or 1.3 mg/kg/dsy to rats
for their lifecime. There were no sffects on general appearance,
behavior, food consumption, body weight, or limited hematologic and
biochemical paramerers. Relative organ weights wers not evaluated.
Noncarcinogenic adverse histopathologic effects were confined to the
liver and consisted of hepatocellular alteration and hepatic cysts in
both sexes at 1.3 mg/kg/day. An increased incidence of basophilic foci
vere observed {n both sexes at 1.3 mg/kg/day and only in females in the
two lower dosage groups. Lacking a dose-related incresase in the
incidence of basophilic foeci and histopathological evidence of adverse
effects at 0.13 mg/kg/day, such as wers observed at the higher dosage,
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basophilic foeci in the liver of rats of one sex may be considered a
nonadverse, although compound-related, effect. The dosage of 0.13
ug/kg/day, therefore, may be considered a NOAEL, and 1.3 mg/kg/day may
be c¢onsidered a LOAEL for hepactetoxicicy.

An earlier lifetime study from this laboratory supports the NOAEL
for hepatotoxicity of 0.13 wmg/kg/day. Feron et al. (198l) fed diets
containing polyvinyl chloride with high levels of vinyl chloride monomer
to rats that provided incakes of 0, 1.7, 5.0, or 14.1 mg/kg/day. An
increased incidence of several histopathologic lesions, some of which
ware probably preneoplastic, were observed in the livers of rats from
all treated groups.

. Dermal. Data regarding hepacotoxicity associacted with dermal
exposure of humans or animals to vinyl chloride were not locatad.

Genaral discussion. Symptoms and signs of liver disease associaced
wvith occupational exposure to vinyl chloride inelude pain or discomfort
in the right-hand upper quadrant of the abdomen, hepatomegaly,
splenomegaly, portal hypertension, thrombocytopenia, esophageal varices,
and evidence of fibrosis and cirrhosis; howvaver, these observations are
not pathognomenic for vinyl chloride-induced liver disease (Lilis er al.
1975, Popper and Thomas 1975, Lee et al, 1977b). Saverity of the
clinical picture appeared to corrslate positively with duration of
exposure (Lilis et al. 1975). Biochemical screening and liver function
tests generally have not been useful to monitor the presence or progress
of the disease (Lee et al. 1977b, Lilis et al. 1975), although recencly,
Doss et al. (1984) noted that increased urinary porphyrin and
coproperphyrin occurred consistently in cases of liver disease induced
by vinyl chloride and other industrial hepatotoxins.,

A number of investigators have noted that metabolites of vinyl
chloride bind covalently to hepatocellular macromolecules and may be
important in the mechanism of carcinogenesis (Bolt et al. 1976b, Bol:
1586, Kappus et al. 1976, Watanabe et al. 1978a, Watanabe and Gehring
1976). A mechanisa for noncarcinogenic liver effects has not been
postulated; however, since many of the lesions observed in the livers of
vinyl chloride-exposed rats are considered preneoplastic (Feron et al.
1981), it seems reasonable to suspect that macromolecular binding of
reactive intermediates may be invelved in noncarcinogenic toxicity.
Support is derived from the data of Jaeger et al. (1977), who observed
that mixed-function oxidase inducers Aroclor 1254 and phenobarbical
potentiate the acute hepatotoxicicy in rats exposed to vinyl chleride by
inhalation. Pretreatment vith SKF 525-A, a mixed-function oxidase
inhibitor, prevented vinyl chloride-induced toxicity.

1t should be noted that the oral NOAEL for hepatotoxicity in a
chronic study (Dow Chemical Company 1984) was far baelow the NOAEL in a
subchronic study (Feron et al. 1975). At least for oral exposure, the
duration of exposure appears to be of major importance.

4,3.2,2 Nervous systam effects

Inbalation, human. Vinyl chloride was once considered for use as
an inhalation anesthetic (ACGIH 1986a). Acute exposures to 0.8 to 2.0%
vinyl chloride (8,000 to 20,000 ppm) have been associated with
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dizzinessy glddiness, suphoria, ataxia, headache, and narcosis
(Richolsgm et al. 1975, Laster et al. 1963). Recent data from the
foreign literature suggest that subcle signs of neurotoxicity may be
associated vith occupational exposure. Mild distal axonal neuropathy wvas
reported in the legs of 45/64 exposed vinyl chloride workers, which was
suggestive to the investigators of a dying-back syndrome (Perticoni et
al. 1986). Halama et al. (1985) associated naurclogic and psychiatric
disease with occupational exposure. Dinceva et al. (1985) reported
electroencephalogram (EEG) changes that they thought were indicative of
esarly evidence of neurotoxieity in vorkers exposed to vinyl chloride in
combination with other organic solvents. Exposure levels were not
reported by these authors,

Inhalation, snimal. Oster et al. (1947) anesthetized dogs vith -7
to $0% (70,000 to 500,000 ppm) vinyl chloride and concluded that its use
as an anesthetic wvas unsuitable because of cardiac and wuscular effects.
Laster et al. (1963) exposed rats to concentrations ranging from 5 to
158 (50,000 to 150,000 ppm) for up to 2 h to evaluate CNS effects.
Moderats intoxication was observed at 5%, loss of reflexes was observed
at 5 to 108, and deep surgical anesthesia was reached at 154, Patty et
al. (1930) produced ataxia and narcosis in guinea pigs exposed te 2.5 to
5% (25,000 eco 50,000 ppm) vinyl chloride for 2 te 5 min.

Oral. Neurologic effects in orally exposed humans or animals have
not been reported.

Dermal. Neurologic effects {n dermally exposed humans or animals
have not been reported.

General discussion. CNS effects appear to be a manifestation of
acute inhalation exposure to high levels of vinyl chloride in humans and
animals (Nicholson et al. 1975, Laster et al. 1963) that may result in
daath, at least in animals (Laster et al. 1963, Mastromatteo et al.
1960). Recent data provide minimal evidence that chronic exposure to
vinyl chloride may result in neurologic or psychiatric effects
(Perticoni et al. 1986, Dinceva et al. 1985, Halama et al. 1985).
Further investigation is needed.

4.3.2.3 Other systamic effects

Vinyl chloride disease from inhalation exposure, human. Vinyl
chloride disease is the name given to the total clinical syndrome
associated wicth occupational exposure. It includes a syndrome known as
acroostealysis or dissolution of the ends of the distal phalanges of the
hands; clreulatory disturbance in the extremities; Raynaud syndrome;
sclerodesma; hematologic effects, and effects on the lungs; as well as
the liver sffects previously discussed (Halama et al. 1985, Sakabe 19753,
14lis et al. 1975, Markowitz et al. 1972, Wilson et al. 1967, Dimnman et
al. 1971, Preston et al. 1976). In addition, Micu et al. (1985) reported
obscure effects of unknown toxicological significance on enzyme levels
of leukocytes and thrombocytes of exposed vorkers. Other investigators
have reported elevated levels of circulating IgG (Bogdanikowa and
Zawilska 1984) or immsune complexes (Ward 1976) as part of the syndrome,
but the biological significance of these effects is not clear.
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Vinyl chloride disease from inhalation exposure, animal. Lee et
al. (1977a, 1978) exposed racs and mice to vinyl chloride at 0, 50, 250,
or 1000 ppm 6 h/day, 5 days/week for up to 12 months, as described in
Sect. 4.3.2.1, in the subsection on hepatotoxicity in animals after
inhalation exposure in this section. Parameters of toxicity evaluaced
+included general appearance, feed consumption, body weight, hematology.
elinical chemistry, macrophage counts of pulmonary washings, cytegenic
examination of bone marrow cultures, senographic radiography of the long
bones of the limbs, gross necropsy, selected organ weights, and
histopathologic examination of a comprehensive set of organs and
tissues. Abnormalities observed in the mice included body weight loss at
1000 ppm after 8 months of normal growth and elevated pulmonary
macrophage count in mice from all exposure groups that had
bronchioloalveolar adencma. Because of its association with lung tumors,
an elavated pulmonary macrophage count in mice in this study is not
considered a noncarcinogenic toxic effect. Rats exposed to 1000 ppm had
teduced body waights compared with controls. QOther noncarcinogenic
adverse sffects were not observed in rats.

Bi et al. (1985) exposed rats to 10, 100, or 1000 ppm 6 h/day,
6 days/week for 12 months to evaluate effects on the testis (see Sect.
4.3.4.1, in cthe subsection on reproductive toxicity in animals afrer
inhalation exposure. At termination of exposure, a concentration-related
decrease in body weights was evident and became statistically
significant at 100 ppm.

In a series of studies on rats exposed to 0 or 5000 ppm 7 h/day, 5
days/veak for 1 year, adverse effects not previously discussed included
slightly reduced growth, hematologic evidence of anemia, dacreased blood
clotting time, and minor biochemical alcerations of uncertain biological
significance (Feron et ‘al. 1979a,b; Feron and Kroes 1979). Effects on
the kidney wers noted and included elevated relacive kidney weights,
slighely increased blood urea nicrogen (BUN), alcered urinalysis
parameters, and increased intensity of progressive nephrosis, all
compared with controls. Other noncarcinogenic lesions seen in treated
rats included mild alterations of the Zymbal glands and lungs, increased
splenic hematopoiesis, degeneration of the myocardium and chickening of
the walls of the arteries, and hyperplasia of the olfactory epithelium.

Vinyl chloride disease from oral exposure, human. Data regarding
effects of vinyl chloride in orally exposed humans were not locacted.

Vinyl chloride disease from oral exposure, animal. In a l3-week
study dascribad in Sect. 4.3.2.1, in the subsection on hepatotoxicity in
animals aftar oral exposure, Feron et al. (1975) treated rats with vinyl
chleride at 0, 30, 100, or 300 mg/kg 6 days/week. Parameters of toxicity
not previcusly discussed included general appearance and behavior, body
wvaight, food consumption, hematology, selected blood chemistry and
urinalysis tests, gross appearance on necropsy, relative wveights of
major organs, and histopathologic appearance of a wide range of organs
and tissues. Minor hematologic and biochemical changes were observed but
vare not considered to be adverse. Decreased relative adrenal weight was
observed in males at 300 mg/kg but was not considered toxicologically
significant. No adverse response vas reported in other organs or
tissues.
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In a lifetime study also describaed in Sect. 4.3.2.1, in the
subgection on hepatoxicity in animals after oral exposure, Feron et al.
(1981) fed rats diets that provided 0, 1.7, 5.0, or 1l4.1 mg/kg/day vinyl
chloride. An additional group was treated by gavage with 300 mg/kg
5 days/wesk. Parameters of toxicity evaluated included general
appearance and behavior, body weight, food consumpcion, hematology,
bloed chemistry, urinalysis, gross appearance at necropsy, and
histopathologic examination of a wide range of tissues from controls and
the two higher-dose groups, with a more limiced histopathologic
exanination of low-doss rats. Lesthargy and poor condition wers reported
at 5.0 mg/kg/day, apparently in rats that daveloped tumors.
Noncarcinogenic effects included reduced blood clotting time and
incresased splenic hematopoiesis ac z14.1 but not at 5.0 ag/kg/day.

vinyl chloride disease from dermal exposure. Data regarding toxic
effects of vinyl chloride in dermally exposed humans or animals were not
located,

Vinyl chloride disease, general discussion. Vinyl chloride disease
in humans appears to involve a large number of organ sysCems and
tissuas, including the liver, as discussed in Sect. 4.3.2.3, in the
subsection on vinyl chloride disease in humans after inhalation exposure
(Halama et al. 1985, Sakabe 1975, Lilis et al. 1975, Markowitz et al.
1972, Wilson et al. 1967, Dinman et al. 1971, Preston et al. 1976). Ic
is not possible to determine the cricical effect in humsns (the effect
that occurs at the lowast exposure), because quantitative human exposure
data wvers not providad, Animals axposed orally or by inhalation manifest
cancerous and noncancerous liver effects similar to those seen in
humans; but other effects seen in humans, such as acroosteolysis,
Raynaud syndrome, and scleroderma, have not been reproduced in animals,
even at very high exposures. Liver effacts appear to be the critical end
point in animals, and therefore animals are probably a satisfacctory
modal for noncancerous end points of toxicity in humans.

4.3.3 Developmental Toxicity

4.3.3.1 Inhalation

Human. Epidemiological data associate increased fetal loss with
occupational exposure to vinyl ch:oride, although exposure data were not
quantified. Using & questionnmaire, Infante et al. (1976) and Waxweiler
ot al. (1977) studied the outcome of pregnancies of wives of 95 vinyl
chlorids workers and a control group of 158 unexposed rubber workers and
polyvinyl chloride fabricators exposed to "very low* levels of vinyl
chlorids monomer. Data vers obtained for the exposed cohort regarding
pregnancies that occurrved befors and during employment in a vinyl-
chloride-contsminated atmosphere. The most significant observation was
that “age adjusted” fetal loss occurred in 8.8% of the pregnancies of
wives of controls and in 15.8% of the pregnancies of wives of axposed
workers. The most significant difference occurred in wives of men under
age 30, where fetal loss wvas 5.3% for controls and 20.0% for exposed
workers.

In a prilininlry investigation of the potential for vinyl chloride
exposure to increase the occurrance of congenital malformations, Infante
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(1976) compared the number of malformations per 1000 live births in
thres Ohio cities where polyvinyl chloride production plants were
located (indax cities) with the incidence in the state as a wvhole and
wvith the incidence in other parts of the counties in which the index
cicies were located. The incidence of malformations was greater in the
three index cities by either comparison, and the differsnce was
statistically significant. Greatest increases were noted in
malformations of the CNS, upper alimentary tract, and genical organs,
and in the incidence of clubfoot. An additional study of one of the Ohio
cities revealed no association with parental occupation and no evidence
that parents of malformed infants lived closer to the local polyvinyl
chloride plant than did a randomly selescted group of parents who
delivered normal infants (Edmonds at al. 1975). Edmonds et al. (1973)
concluded that there was no association of birth daefects with exposure
to vinyl chleride,

Theriault et al. (1983) investigated the incidenca of birth defects
in residents of a Canadian town where there is a vinyl chloride
polymerization plant. The incidence of birth defects was significantly
greater in the index town than in any or all of three matched towns with
no potential exposure to vinyl chloride. The most commonly reported
defects involved the musculoskeletal, cardiovascular, central nervous,
and urogenital systems. The incidence rate peaked in Mareh and was
lovest in September for the index town, but no seasonal affect was
observed in the comparison communities. The lowest incidence rate
followed the time of lowest estimated ambient atmospheric levels of
vinyl chloride by 8 months. In comparisons between parents of deformed
infants and control parents in the index town, no correlations were
noted with proximity of residence to the vinyl chloride plant or with
parental occupation. Furthermora, there vere several industries in the
indax town that emitted pollutants into the atmosphers. Tha
investigators concluded that the available data did not substantiate an
assoclation between atmospheric vinyl chloride and an increased
incidence of birth defects.

Edmonds et al. (1978) compared the incidence rates of CNS defects
in a West Virginia county in which a pelyvinyl chloride polymerization
plant vas located with those for other regious in the United States with
no exposure to vinyl chloride. The incidence rates of the index county
exceeded those of control areas by a factor of 1.5 to 2. By comparing
data from parents of deformed infants with randomly chosen matched
controls living ia the index county, no corrslation was noted for
parental occupation, for proximity to the polyvinyl chloride plant, or
for pattarns of wind direection and air pollution. Furthermore, one major
and several smaller chemical plants were located in the area.

Animal. Inhalation experiments in animals have not associated
vinyl chloride with developmental toxicity at concentrations below those
associated with maternal toxicity. John et al. (1977) exposed groups of
30 to 40 pregnant CFl mice, 20 to 35 Sprague-Davley rats, and 15 to 20
Nev Zealand vwhite rabbits to vinyl chloride at 0 or 500 ppm 7 h/day on
gestation days 6 to 15 for rats and mice and 6 to 18 for rabbits.
Addicional groups of mice wers similarly exposed to 50 ppm, and
additional groups of rats and rabbits were similarly exposed to 2500
ppm. Parameters of maternal and developmental toxicity were evaluated;
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both the fetus and litter were svaluated. In mice, maternal effects were
restrictad to 300 ppm and included increased mortality, reduced body
veight, and reduced absolute, but not relatr - liver weight.
Fetotoxicity, sanifested as increased fetal :sorption, decreased fetal
body weight, reduced lirter size, and retarce: cranial and sternebral
ossification, was observed only at 500 ppm. There was no evidence of a
teratogenic effect in mice at either concentration. Maternal effects in
rats at 500 ppm, but not at 2500 ppm, were were restricted to reduced
body weight gain. Maternal effects in rats at 2500 ppm were death of one -
rat, elevated absolute and relative liver weights, and reduced food
consuamption. Reduced fetal body weight and an increase in cthe incidence
of lumbar spurs were observed at 500 but not 2500 ppm and are not
considered signs of chemical-related fetotoxicity. The incidence of
dilated ureters, however, was increased at 2500 ppm and may represent a
chemical-induced effect. Signs of maternal or davelopmental tozicity
ware not observad in rabbits at either 300 or 2500 ppm. For
developmantal toxicity the concentration of 2500 ppm represents a LOAEL
in the rat and a NOAEL in the rabbit.

Ungvary et al. (l978) exposad groups of pregnanc CFY rats
continuously to -1500 ppm on gestacion days 8 to 14 or 14 to 21 in a
study that identified a NOAEL for developmencal toxieity in rats.
Controls consisted of groups of rats that were chamber exposed to air
only on gestation days 8 to 14 or 14 to 21. An additional control group
consisted of unexposed rats that were not subjected to the chamber.
Groups contained 14 to 28 litters, and the litcer was & unit of
comparison for fecal effects. Maternal toxicity vas manifesced by
incressed relative liver waight in dams exposed on gestation days 8 to
14 and slightly reduced body weight gain in dams exposed on days 14 to
21. There was no evidence of fetal toxicity or teratogenicicy. In
another part of this study, rats vers exposed as described above on
gestation days 1 to 9 and simultaneously injected subcutaneously with
physiologic saline. Compared with air-exposed controls treated with
physiologic saline, these rats had significantly increased relative
liver weights and fetal wastage, and a slight bur not statistically
-significant increase in tha percencage of fetuses with body weights
<3.3 g. The investigators also observed one fetus with anophthalmia and
one with microphthalmia in rats exposed during days 1 to 9, as well as a
tendancy for increased fetal wastage in rats exposed on days 8 to l4.
They suggested that the developmental toxicity of vinyl chloride should
ba tasted by continuous exposure throughout the pariod of organogenesis.

In a Bulgarian study, Mirkova et al. (1978) exposed pregnant racs
to 0 or 6.15 l;/n3 (2.4 ppm) continuously throughout gestation.
Fetotoxic effects included early postimplantacion fetal loss, reduced
fetal body waights, retarded ossification, and fetal hematomas.
Teratogenic effects included anomalies of the brain. In offspring from
rats allowed to daliver, liver function at 1 menth of age vas
compromised, as indicated by increased hexobarbital slesping time.

In & Russian study, Sal’nikova and Kotsovskaya (1980) exposed
pregnant rats to 0, 4.8, or 35.5 ag/md (0, 1.9, or 13.9 ppm) 4 h/day
throughout gestation. Maternal effects included decreased RBC count and
decraased urinary excration of hippuric acid at 13.9 ppa. Fetal
hemorrhages were reported at both exposure levels, and fetal edema was
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reported at 33,5 ng/n3. In offspring of rats alloved to deliver,
behavioral changes vere reported at 35.5 mg/m3, and liver effects,
hematologic and biochemical effects, and altered relative organ weights
vare reported in both groups.

4.3.3.2 O0Oral

Data regarding developmental toxicity in orally exposed humans or
animals were not located.

4.3.3.3 Dermal

Data regarding developmental toxicity in dermally sxposed humans or
.animals were not located.

4.3.3.4 General discussion

Epidemiologic data suggest an assoclacion between paternal
occupational exposurs to vinyl chloride and fetal loss (Infante et al.
1976, Waxweiler et al. 1977), but axposures were not quantified. In
contrast, developmental toxicity was not reported in animals axposed to
high levels for 7. to l2-day periods during organogenesis at levels
belov which maternal toxicity occurred (John et al. 1977, Ungvary ec al.
1978) . Ungvary et al. (1978), however, noted evidence of developmental
toxicity in rats exposed in the firsc trimester compared with rats
exposed later in gestation and suggested that valid testing should
involve exposurs during the entire gestation period. A Bulgarian study
reported both fetotoxicity and teratogenicity in rats exposed

. continuously to a lov concantration throughout gestation (Mirkova et al.
1978). The protecol and results weres incompletaly reportad; hence, the
study cannot be properly svaluated. Reporting problems also preclude
proper evaluation of a Russian study (Sal’'nikeva and Kotsovskaya 1980)
which reported developmental toxicity in rats intermittently exposad to
low levels throughout gestation. Thess studies, however, underscore the
need for further testing, using continuous exposure at low levels
throughout gestation.

4.3.4 Reproductive Toxicity

4.3.4.1 Inhalation

Human. Russian studies examined sexual function and hormone levels
in men (Makarov 1984) and sexual function and gynecological health in
vomen (Makarov et al. 1984) occupationally exposad to vinyl chloride and
in unexposed control groups. Sexual function wvas evaluated by
questionnaire, hormone levels vers measured, and vomen wvers given
gynecological examinations. Exposuras veres reported as low, not
exceeding 1 maximum allowable concentration (MAC) (30 n;/n3 or ~12 ppm):
average, in the range of 1 to 5 MAC (12 to 60 ppm); or significant,
sxceeding 5 MAC (60 ppm). An exposure- and duration-related decline in
sexual function vas reported in exposed men and women. Ovarian
dysfunction, benign uterine growths, and prolapsed genital organs were
reported in 77% of exposed women.
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Animml. Bi et al. (1985) exposed adult male Wistar rats to 0, 10,
100, ox 3000 ppa, 6 h/day, 6 days/week for up to 12 months te evaluate
affects on the tastes. Relative testicular weight, evaluated only after
6 months of exposure, was significantly reduced at 100 and 3000 ppm.
Histopathological examination revealed a concentration-related increase
in the incidence of testicular degeneracion significant at 100 ppm.

4.3,4.2 Oral

Data regarding the reproductive effects of vinyl chloride in orally
axposed humans or animals were not found in the literature .

4.3.4.3 Dermsl

Data regarding the reproductive effects of vinyl chloride in
dermally exposed humans or animals wers not found.

4.3.4.4 General discuszsion

Data regarding the reproductive eaffeacts of exposure to vinyl
chloride are limited, Human data associating occupational exposure with
reduced sexual function in both sexes and impaired gynecological health
in wvomen (Makarov 1984, Makarov et al. 1984) are not adequately reported
for proper evaluation; therefore, such data camnnot be used to idencify
thresholds. Whereas animal data do associate exposure to vinyl chloride
wvith testicular effects, sexual performance and fertility were not
tested.

- 4.3.% Genotoxicity

4.3.5.1 Human

Ganotoxicity studies of vinyl chloride in humans include a large
nunber of chromosomal aberration tescs in the peripheral lymphocytes of
occupationally exposed workers (Table 4.4). These tests have been
consistently positive (Ducatman et al. 1975, Funes-Cravioto et al. 1975,
Purchase et al. 1978, Hansteen et al. 1978, Kucerova et al. 1979,
Katsova and Pavlenko 1985), wich the exception of a less rigorously
performed and reported Dow Chemical Company study (Kilian et al. 1975).
The kay study in this group is Hansteen et al. (1978), in which blood
from 37 exposed workers and from 16 to 32 unexposed controls was
exsmined twice at intervals of 2 to 2.5 years. Exposure levels during
the time 6f first sampling vere mseasursd at 25 ppm, and there was a
statisticdally significant increass in the percent of peripheral
lymphocytas with chromosomal absrrations. When these workers were
subsequantly resxsmined, axposure levels had dropped to 1 ppm, and there
wares oo statistical differences betwessn axposed and controls in the
percentage of chromosomsl abarrations.

Anderson et al. (1980) observed an increase in lywphocytes with
chromososal aberrations in another cohort at exposure levals estimated
at 50 ppm. The incidence of aberrations was returning to normal,
however, when the :>nort was resampled after exposure levels had been
reduced to <5 ppr 0 a Russian paper (Katsova and Pavlenko 1985),

0.1 mg/m® (~0.0c 1) was suggested as a no-affect leval for chromosomal
aberrations. The .udy was insufficiently reported to allew eritical
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Table 4.4. Genotoxicity of vinyl chloride in vivo

End point Species/test system Result References
Recessive lethal Drosophila melanogaster + Verburgt and Vogel 1977
Dominant lethal D. melanogasier - Verburgt and Vogel 1977

Mouse - Purchase et al. 1973,
Anderson et al. 1976
Sex chromosome loss D. melanogaster - Verburgt and Vogel 1977
Chromosomal translocation  D. meianogaster - Verburgt and Vogel 1977
Chromosomal aberration Rat -~ Anderson and Richardson 1981
Mouse + Walles and Holmberg 1984
Human lymphocyte + Hansteen et al. 1978
Sister chromatid exchange  Human lymphocyte - Hansteen et al. 1978
i Human lymphocyte + Kucerovs et al. 1979
Chromosomal aberration Human lymphocyte + Kucerova et al. 1979
Human lymphocyte -+ Purchase er al. 1975, 1978
Human lymphocyte + Ducatman et al. 1975
Chromosomal aberration Human lymphocyte + Funes-Cravioto et al. 1975
Human lymphocyte + Katsovs and Pavienko 1985
Human lymphocyte - Kilian et al. 1975
Micronucleus test Mouse + Jenssen and Ramel 1980
RNA alkylation* Rat + Laib and Bolt 1977
DNA alkyiation Rat + Laib et al. 1985
DNA alkylation Mouse + Osterman-Golkar et al. 1977
Rat - Green and Hathway 1978

*Although RNA alkylation is not a genotoxic effect, the results of this test are supportive evi-
dence that vinyl chloride metabolites interact with nucleic acids.
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avaluation, however, and the NOAEL from the Hansceen et al. (1378) scudy
is accepted,

4.3.5.2 Bonhuman

It is bayond the scope of this document to evaluate all data
regarding the mutagenicity of vinyl chloride in nonhuman systems.
Representative data, largely taken from a recent EPA (1%85b) review, are
presented in Tables 4.4 and 4.5.

Vinyl chloride is mutagenic in Salmonella typhimurium (Rannug et
al. 1974; Bartsch et al. 1975, 1976; Andrews et al. 1976; Simmon et al.
1977; Elmore et-al. 1976; Poncelet et al. 1980; da Meascer et al. 1980),
but only in strains reverted by base-pair substicution by alkylating
agents rather than by frameshift mutations (Bartsch et al. 1976).
Metabolic activation may be necessary for any suctagenic sectivity in this
system (Rannug et al. 1974) or for a maximal response (Simmon et al.
1977). Results in other microbial systems were mixed. Vinyl chloride was
positive for recessive lethal effects but negative for deminant lethal
affects, chromosomal translocation, and sex chromosome loss in
Drosophila melanogaster (Verburgt and Vogel 1977). The investigators
suggested that the negactive results in the dominant lethal test may
indicate that metabolices capable of causing chromosomal damage did not
reach the germ cells. Negactive results were obcained for the dominant
lethal test in mice (Purchase et al. 1975, Anderson et al. 1976).

Positive resulcs were obtained in mutation and cell transformation
tests and in chromesomal aberraction tests in in vivo and in vitro
mammalian systams (Styles 1977, Drevon and Kuroki 1979, Jenssen and
Ramel 1980, Walles and Holmberg 1984, Laib and Bolt 1977, Laib et al.
1985, Anderson and Richardson 1981). Positive resultcs were alsoc reporced
for DNA alkylation tescs in rats (Green and Hathway 1978) and mice
(Osterman-Golkar et al. 1977) and for RNA alkylation in rat liver
microsomes (Laib and Bolt 1977).

4.3.5.3 General discuasion

Evidence strongly implicates the oxidation of vinyl chloride to che
reactive incermediates 2-chloroethylene oxide and 2-chloroacetaldehyde
as being responsible for mutagenicity in the systems discussed above.
Reports indicate that 2-chlorcethylene oxide and 2-chloroacetaldehyde
are sanyfold more active in S, ctyphimurium than the parent compound or
other oxidation products of vinyl chloride such as 2-chloroethanol or
chloroacetic scid (Rannug et al. 1976, Bartsch 1976, McCann et al.
1975). 2-Chloroethylens oxide has also been shown to be responsible for
base-pair substitutions in Escherichia celi (Barbin et al., 1985a), to
be highly mutagenic in gens mutation and gene conversion tests in yeascs
(Loprienc et al. 1977), and to induce mutations in Chiness hamster V79
cells (Huberman et al. 1975). In vitro testing has shown that
2-chloroathylene oxide is capable of alkylating DNA to form
7-(2-oxoethyl)guanine as the principal adduct (Barbin at al. 1985b).
This adduct has not been shown to cause arrors in DNA replication in an
in vitro test with E. coli DNA polymerase I, and the role of DNA
aslkylation in mutagenesis is unclear.
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Table 4.5. Genoiexiclily of vinyl chleride in vitre

Resull
Without With
End point Specicsfiest sysiem aclivation  activation Relerences

Reverse mulalion Salmonella typhimurium - + Rannug ct al. 1974

S. typhimurium + + Bartsch 1 al. 1975, 1976

S. typhinurium + + Andrews ct al. 1976

S. typhimurium + + Simmon ¢t al. 1977

S. typhimurium - NT* Elmore ct al. 1976

S. typhimurium + + Poncelet ct al. 1980,

de Meester cl al. 1980
Forward or
reverse mutation Escherichia coli - + Greim el al. 1975
Reverse mulation Saccharomyces cerevisiae - NT Shahin 1976
Forward mutation Schizosaccharomyces pombe - + Lopricno et al. 1977
Rec-repair Bacitlus subtilis - NT Elmore ¢l al. 1976
Forward mutation Chinese hamster ccll V79 + NA® Drevon and Kuroki 1979
Cell transformation  Nconailal hamsier kidney cells + NA Siyles 1977
RNA alkylation* Rat liver microsomes + NA Laib and Bolt 1977
“Nol tested.

*Not applicable.
‘Although RNA alkylation is not a genoloxic effect, the resulis of this test are supportive evidence that
vinyl chloride melabolites interact with nucleic acids.
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4.3.6§ Carcinogenicicy

4.3.6.1 Ishalation

Human. Several reports (Tabershaw and Gaffey 1974, Monson et al.
1975, Vaxweiler et al. 1976, Nicholson et al. 1975, Heath ec al. 1975,
Lilis et al. 1975, Popper and Thomas 1975, Bryen et al. 1976, Fox and
Collier 1977, Heldaas et al. 1984, Garyk and Zudova 1986) associate
human cancer with occupational exposure to vinyl chloride. The mostc .
Tecent review of the human data is that of EPA (1985b). Since none of
the human studies quantify exposures sufficiently for quantitative risk
asseasment, no single report is chosen as a key study. In a review of
thess data, IARC (1979) concluded that the human data constitute
"sufficient” evidence for the carcinogenicity of the compound. EPA
(1985b) classified vinyl chloride in IARC Group l; subsequently, EPA
(1987b) placed this compound in Carcinogen Assessment Group A. Both
classifications reflect the dasignation of vinyl chloride as & known
human carcinogen.

The incidence of liver cancer, in particular angiosarcoma, provides
the most convineing evidence for the carcinogenicity of vinyl chloride,
because the expected background level (25 to 3O cases per year in the
United States) {s extremely low (Heath et al. 1975). Most of the
epidemiologic studies cited above reported a higher observed/expected
ratio for liver cancer than for cancers of any other site. Other cancers
associated wich vinyl chloride exposure include tumers of the brain
and CNS, the lung and respiratory tract, the digestive tract, and the
lymphocytic/hematopoietic system, although statiscical significance was
not necessarily reached (Monson et al. 1975, Waxweiler et al. 1976,
Bryen et al. 1976). Fox and Collier (1977), however, concluded that
thers {3 no evidence that cancers other than those of the liver are
associated with exposure to vinyl chloride. Heldaas et al. (1984) also
reported an unusual nunber of cases of malignant melanoma of the skin in
exposed workars. The Heldaas et al. (1984) sctudy, however, is based on
incidence of cancer rather than on death due to cancer, which may
axplain why other studies have not reported an increase in malignant
melanona.

Generally, prolonged exposure (employment) increased the risk of
cancer, particularly if incermittent high exposures have occurred (Bryen
et al. 1976, Heath et al. 1973). Tabershavw and Gaffey (1974) noted that
an increased risk of malignancy correlated with an increased "exposure
indax," an intarplay of level and duration of exposure. Fox and Collier
(1977), however, reported little correlation with duration of exposure.

Animal. .The kay animal inhalation studies of carcinogenicity are
the series of experiments by Maltoni et al. (1980, 1981) in Sprague-
Davley rats, Swiss mice, and goldan hamsters. A report of interin
tesults was published earlier (Maltoni and Lefemine 1975). All animals
vers chamber exposed; controls vere chamber exposed to air only. The
tast material was >99.9% pure. A complete gross and histopathological
examination of every animal vas performed. Mice and hamsters vere
exposed to vinyl chloride concencracions of 30 to 10,000 ppm for
30 weeks, followed by an obsarvation period of 51 weeks (mice) or 79
wveaks (hamsters). Exposure levels and results from the most
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comprehensive and longest-term experiments in rats are presenced in
Table 4.6, The investigators noted that increased incidence of tumors
occurred at 250 ppm in all species tested. All species showed an
increaase in the incidence of liver angiosarcoma. In addition to the’
tumor types presented in Table 4.6, the authors assoclated extra hepatic
angiosarcomas, hepatomas, Zymbal gland carcinomas, and neuroblastomas in
rats wvith exposure to vinyl chloride,

Other inhalation experiments support the carcinogenicity of vinyl
chloride. Rats, mice, and hamsters were exposed to 50 to 2500 ppm vinyl
chloride for 9 or 12 months (Keplinger et al. 1975, MCA 1980). All
species developed liver angiosarcomas in a concentration-related manner
at 250 ppm, the lowest level tested. Metastases to lymph nodes or lung
‘ware common. Rats also developed Zymbal gland tumors at 230 ppm and
brain tumors at 2200 ppm, and mice developed lung tumors at =50 ppm.
Viola et al. (1971) exposed rats to 3% vinyl chloride (30,000 ppm) for
12 months and observed primary tumers of cthe skin, lungs, and bones.
Feron and Kroes (1979) exposed rats to 0 or 5000 ppm for 52 weeks and
observed primary tumors in treated rats in the brain, lung, Zymbal
gland, and nasal cavity. Lee et al. (1977a, 1978) exposed rats and mice
to 0, 50, 250, or 1000 ppm, 6 h/day, 5 days/week for up to 12 months;
subsequently, they observed an increased incidence of hemangiosarcoma of
the liver in rats atc 2250 ppm, as well as bronchioalveolar adenoma of
the lung, mammary tumors, and hemangiosarcoma of the liver and otcher
organs in mice at 250 ppm. In a later study from the same laboratory,
Hong et al. (198l) exposed rats and mice to 0, 50, 250, or 1000 ppm,

6 h/day, 5 days/week for up to 6 months, followed by a l2-month
observation period. Tumor types attributed to vinyl chloride exposure in
rats vere those observed by Lee et al. (1977a, 1978), in addition to
bronchiocalveolar lung tumors at =250 ppm and mammary tumors at all
exposure concentrations.

Suzuki (1978, 1981, 1983) also observed lung tumors as a primary
carcinogenic response of mice to vinyl chloride. Lung tumors developed
in 26 of 27 mice exposad to 2500 or 6000 ppm for 5 to 6 months (Suzuki
1978). Concentration-relatad increased incidences of lung tumors were
observed in studies in which mice were exposed to 0 to 100 or 0 to
600 ppn for 4 weeks and chen observed for up to 41 weaks postexposure
(Suzuki 1981, 1983). Although in neither study was staciscical analysis
performed, it appeared that 10 ppm vas a low level associated with an
increased incidence of lung tumors in both studies. Hehir ec al. (1981)
reported an increased incidence of lung tumors in aice given single 1l-h
axposures to 5000 or 50,000 ppm.

Inhalation data in three species suggest that age at exposure has
an sffect on carcinogenic response. Drew et al. (1983) exposed rats,
aice, and hansters to 50 to 200 ppm for periods from 6 to 24 months or
from 6 to 12 months during different portions of their lifespans. All
three species had a maximal oncogenic response vhen exposed during the
first 12 months of life. Exposures begun after a 1l2-month holding period
did not produce a carcinogenic response. Maltoni et al. (1983) and Cotrti
et al. (1983) exposed rats {n utero from gestation day 12 and after
birth to 1 year of age to 2500 ppa and observed very high incidences of
liver and brain tumors. Liver angiosarcoma, with an average latency
period of 50 weeks, developed in 32 of 56 males and in 38 of 55 females.
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Table 4.6. Tumor incidence in male and femaie Sprague-Dawley
rats exposed by inbaiation to vimyl chloride
4 h/day, § days/week for 52 weeks

Duration of
Exposure level study Incidence of liver Incidence of kidaey
(ppm) (weeks) angiosarcoma nephrobiastoma
0 135-147 0/363 0/363
| 147 0/118 0/118
5 147 0/119 /119
10 147 1/119 0/119
25 147 5/120 1/120
50 135 1/60 1/60
100 143 1/120 10/120
150 143 6/119 11/119
200 143 12/120 7/120
250 135 3/59 5/89
500 135 6/60 6/60
2,500 135 13/60 6/60
6,000 135 13/59 5/%9
10.000 135 7/60 5/60
30,000 68 18/60 NR*
"Not reported.

Source: Maltoni et al. 1980, 1981.
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Brain tumors, with an average latency of 48 weeks, developed in 27 of 57
males and in 28 of 57 females. Lower incidences of tumors developed in
rats exposad for only 7 days in utero. Maltoni et al. (1980, 1981)
exposed rats to 6000 or 10,000 ppm in utero on days 12 to 18 of
gestation and continued to observe them for 115 weeks. In 54 high-dose
progeny, there were 3 with Zymbal gland carcinema, 2 with angiosarcoma,
and 1 with nephroblastoma of the brain, In 32 low-dose progeny, 1
developed Zymbal gland carcinoms and 2 had angiosarcoma.

4.3.6.2 Oral

Human. Data regarding the carcinogenicity of vinyl chloride in
orally exposed humans vars not found.

Animal. Cancer types observed in orally treated rats resemble
those observed from inhalation exposure. In the key oral study, Feron et
al. (198l) exposed groups of Wistar rats to vinyl chloride in the diet
by incerperating polyvinyl chloride (PVC) powder containing a high level
of the monomer. Diets were fed 4 h/day, and food consumption and body
waights weres monitored. Volatilization of vinyl chloride from the diet
was estimated, and dosages of vinyl chloride available to the rats were
also estimated. In addition, one group received vinyl chloride by gavage
3 days/week. Pertinent data are summarized in Table 4.7. Exposure vas
for the lifetima of the rats, Treatment of the 300-mg/kg gavage group
was Cerminated at 84 weeks because of high mortality. The liver tumor
incidence data presented in Table 4.7 suggest that angiosarcomas
predominated at high dosages but that hepatocellular carcinomas
predoninated at low dosages. In addition to tumors of the liver and
lung, the investigators attributed exposurs to the development of axtra
hepatic abdominal angiosarcomas and Zymbal gland tumors. They also noted
sone svidence that exposure enhanced the development of abdominal
mesotheliomas and adenocarcinomas of the mammary gland.

Other oral studies indicate that the type of tumor observed may
depend on the dosage given. Maltoni (1977) treated rats by gavage at
16.7 or 30 mg/kg/day for 52 waeks followed by an 84-week observation
period. An increased incidenca of liver angiosarcomas and kidney
nephroblastomas vas attributed to vinyl chloride. Zymbal gland
carcinomas gay also have been the result of exposure to vinyl chloride.
Dow Chemical Company (1984), in a lifetime study, administered vinyl
chloride i{n the diet (from PVC containing a high level of of the
monomer) to rats at dosages of 0.014 to 1.3 mg/kg/day. Males at 1.3
mg/kg/day and females at all dosages had an increased incidence of liver
nodules and preneoplastic foci. Females at 1.3 mg/kg/day had increased
incidence of hepatic neoplastic nodules, but no other carcinogenic
Tesponse was reported.

4.3.6.3 Dermal

Data regarding the carcinogenicity of vinyl chloride in dermally
exposed humans or animals vere not found.
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Table 4.7. Twaer incidency s Wistar rats orally expossd to

viayl chioride’
, Duration of
Dose trearment Targmt Tumor incidence
Sex (mg/kg/day)  (wesks)  Vehicle/method, organ Tumor type (P value)
F 300 . Soybesn oil/ Liver Neoplastic nodule  2/54
savage lemuﬂ\nu 0/54
CArGIROES
Amgicgarcoms 29/54
Luag  Asgicsarcoma 23/54
F 17.0 143 PVC/dint Liver Neopiastic noduie  44/37 (P < 0.001)
Hepstocallular  29/57 (# < 0.001)¢
caicinoms
Abgiomrcoms 9/57 (P < 0.001)¢
Lung  Angiosarcoma 5/57 (P < 0.09)
F 5.6 142 PVC/dint Liver Neopissnc sodule  39/59 (P < 0.001¢
Hepatoosilular 19/%9 (» < 0.001)¢
carcinoms
Asgiamreoma 1/%9
Lung Asngiossreams 3/59
F L8 143 PVC/diat Limr  Neopisstic soduic  26/%8 (P < 0.01)¢
Hepasoosliniar 4/58
carcimos
Asgiossrooma 0/58
Lung Angicsarcoma 0758
F 0.0 NAS Untreated diet  Liver  Neoplastic podule  2/57
oaly Hepasocelluler /57
)
Angicearcoma 0/87
Lung  Abgwasreoms 0/57
M 300 4 Soybesa ail/ Liver  Neoplastic nodule  3/58
g Hepatoosiluiar 1/5%
curcisoms
Abgitsarooma 27/57
Lung Aogicesrcoma 19/55
M 17.0 143 PVC/dim Liwr  Neoplastic nodule  23/59 (P < 0.001)*
Hepatooelluiar 1/59 (P < 0.001)¢
carcadms
Angicsrcoms 27/59 (P < 0.001
Lusg  Aagiomfcoms 19/59 (P < 0.01
M 56 143 PVC/dist Livr  Neoplsstic nodule  7/56 (P < 0.01)¢
Hepasoosihuiar 2/56 (# < a.01)7
CArCIOOmS
Angicanrcoms 6/56 (P < 0.05)
Lang  Aagicssrooms 1/56
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Table 4.7 (continend)

. Duration of
Dose’ trentment Tarpss Tumor ioadence
Sex (mg/kg/day) {wosks) Vehicle/method  organ Tumor typs (# value)
M 1.8 143 PVC/diet Liver  Neopiastc soduie  1/58
Hepatocsllniar 1/58
CAICIBOmS
AAgIORAICOmS 0/58
Lung Asgiocsarcoma 0/38
M 0.0 NA Untreated dist Liver  Neopiastic poduie 0/53
only Hepatocsiluiar 0/55
carcinoms
ASDOSArcoma 07455
Lung  Apposarceens 0/5%
:Durmduudym 143 weosks: purtty of compound was ot reported.
Dosage given 5 days/week
“Not applicable.
‘Cmpud with controls unng chi-square.
Sowrce Feron et al 1981,
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4.3.6.4 Ganeral discussion

The data reviewed indicate that there is a similaricy in cancer
types in expsrimentally exposed animals and occupationally exposed
humans. The human data present the strongest statiscical case for
associacing occupational exposure with liver angiosarcoma (Monson et al.
1975, Waxweiler et al. 1976, Bryen at al. 1976, Fox and Collier 1977).
The incidence of cancer of the brain, lung, and digestive tract,
although not always statistically significant, is suggestive of a vinyl
chloride etiology. The substantial amount of animal data also presents
the strongest association for liver angiosarcoma (Maltoni et al. 1980,
1981; MCA 1980; Feron and Kroes 1979). Statistically significanc
incresses have also bean observed for lung cancer in mice (Lee et al.
1978; Hong et al. 1981; Suzuki 1978, 1981, 1983), and biologically
significant increases have been raported for brain cancer in rats (Feron
and Kroes 1979; MCA 1980; Maltoni et al. 1980, 198l). Animal data
suggest that both the young and the prenatal organisa are susceptible to
vinyl chloride-induced cancer (Maltoni et al. 1980, 1981, 1983; Drew et
al. 1983),

Iz is generally agreed that oxidacion to 2-chloroethylene oxide, a
highly electrophilic intermediace, is responsible for the mutagenicicy
of vinyl chloride (Gwinner et al. 1983, Vaine 1978). In vitro testing
has shown 2-chloroathylene oxide capable of alkylating DNA to form
7-(2-oxoechyl)guanine as the principal adduct (Barbin et al. 1983b).
This adduct has not been shown to be involved in genetic miscoding, and
the role of DNA alkylation in carcinogenasis i{s unclear.

4.4 INTERACTIONS WITH OTHER CHEMICALS

A seriss of investigations describes the inceractions of vinyl
chloride with various other compounds, which clarifies the role cf
metabolism in the toxicity of this compound. In all studies, the acute
toxicity to the liver of rats exposed by inhalacion to high
concentrations, as manifested by serum lavels of enzymes indicative of
liver damage and the histopathological appearance of the liver, was the
end point evaluated. In the first study (Jaeger et al. 1974),
pretreatasnt of rats with phenobarbital resulted in liver damage as
measured by biochemical and histopathological parameters. Liver damage
was not detacted in nonprecreated rats. The invastigators suggested that
phenobarbital had induced the mixed-function oxidase (MFO) system to
enhance metabolism of vinyl chloride to a toxic intermediate. In
subsequent experiments (Reynolds et al. 1975, Conolly et al. 1978),
pretreatment with the polychlorinated biphenyl (PCB) mixture Aroclor
1254 was also observed to cause acute exposure to vinyl chloride to
result in hepatotoxicity. The same mechanism, induction of hepatic MFO,
wvas suggested to result in oxidation of vinyl chloride to the epoxide,
2-chlorcethylens oxida.

Conolly and Jaeger (1978, 1979) investigated the effect of
chemicals that regulate xencbiotic metabolisa on vinyl chloride-induced
hepatotoxicity. Trichloropropane oxide (TCPO), which deplates
glutathione and inhibits epoxide hydrase conversion of an epoxide to ics
corresponding less-toxic alcohol, was found to enhance the toxicity of
vinyl chloride in fasted PCB-pretresatad rats, but not in fed pretreated
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rats. 3ince nonprotein sulfhydryl conceantrations in the liver in TCPO-
treatad rats did not differ from those in control rats, the
investigators suggested that the enhanced toxicicy in TCPO-treated racs
resulted from inhibition of epoxide hydrase rather than from glutathione
depletion. The lack of effect in fed racs was judged to underscore the
importance of epoxide hydrase in the detoxification of epoxide in
glutathione-dapleted racs.

In other parts of these same studies, cysteine, the rate-limiting
precursor of glutathione, was able to block depletion of nonprotein
sulfhydryl in the liver and thus reduce the intensity of liver toxicirty
in PCB-pretreated, vinyl chloride-exposed rats. Treatment of fed racs
with diethylmaleaca, another glutathione depleting agent, reduced liver
-nonprotein sulfhydryl to levels attained in fasted rats, but did not
increase hepatotoxicity.




5. MANUFACTURE, IMPORT, USE, AND DISPOSAL

5.1 OVERVIEW

Vinyl chloride is produced atc 10 locations in the United States.
During 1986, an escimated 8.5 to 8.6 billion 1b of this chemical was
produced in the United States, It is produced by thermsl cracking of
ethylens dichloride. Vinyl chloride is used almest exclusively in the
United States for the production of polyvinyl chloride (PVC) and several
copolymars. These compounds yield a wide range of end-use produccs which
are used by industries and consumers.

5.2 PRODUCTION

Domestic production of vinyl chloride during 1986 was escimated to
rangs becwaeen 8.5 and 8.6 billion 1lb. This was -94 to 98% of available
production capacity in 1986. In 1985, 7.8 billien 1lb of vinyl chloride
was produced in the United States (C&EN 1987).

Manufacturers and sites of production are as follows (CMR 1986a):
Borden Chemical in Geismar, louisiana; Dow Chemical in Oyster Creek,
Texas, and Plaquemine, Louisiana; Formosa Plastics in Baton Rouge,
Louisiana, and Point Comfort, Texas; BF Goodrich in Calvert Cicy,
Kentueky, and La Porte, Texas; PPG Industries in Lake Charles,
Louisiana; Shell 0il in Deer Park, Texas; and Visca Chemical in Lake
Charles, Louisiana.

Vinyl chloride is produced commercially by thermal cracking of
ethylene dichloride (EDC). EDC used in this process is made by either
direct chlorination of echylene using liquid ehlorine, or
oxychlorinatien of ethylene using dry hydrochloric acid and oxygen
(Cowfer and Magistcro 1985). Vinyl chloride is usually supplied as a
liquid under pressure (IARC 1979). The technical grade product is
available {n 99.9% purity (Sax and Lewis 1987).

3.3 IMPORY
Imports of vinyl chloride were -200 million 1b in 1987 (C&EN 1987).

5.4 USES

The use pattern for vinyl chloride is as follows (CMR 1986a):
pelyvinyl chloride (PVC), 85%; exports, 13%; and other, mostly copolymer
use, 2%. This use pattern indicates that vinyl chloride monomer is used
almost exclusively in the Uniced States by the plastics industry. Very
small amounts are used as a refrigerant gas and as an intermediate in
the production of chlorinated compounds (Curry and Rich 1980, Gosselin
et al. 1984, IARC 1979). Limited quantities of vinyl chloride wers used
in the United States as an aerosol propellant, and as an ingredient of
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drug and cosmetic products; however, these practices have been
discontinued (EPA 1985b).

Vinyl chloride is industrially important because of its inherent
flame rectardant properties, ics wide variety of end-use products, and
the low cost of producing polymers from vinyl chloride (Cowfer and
Magistro 1985), Principal end-use products include: PVC pipes, wire and
cable coatings, packaging materials, furniture and automobile
upholstery, wall coverings, housewares, and automotive parts and
accessories; vinyl chloride-vinyl acetate copolymer floor coverings,
phonographic records, and flexible film; vinyl chloride-acrylonitrile
battery cell separators; and vinyl chloride-vinylidine chloride
copolymer food packaging film (Curry and Rich 1980, Salkind and Pearlman
1978, Farkas 1980).

5.5 DISPOSAL

EPA Tequires that persons who generate, transport, Creat, store, or
dispose of this compound comply with regulations of the Federal Resource
Conservation and Recovery Act (RCRA). The recommended method of
disposal, reported by Sittig (1985), involves the incineration of chis
chemical after mixing it with another combustible fuel. Care should be
taken to ensure that complete combustion has taken place in order to
avoid formation of phosgene. An acid scrubbar i{s required to remove HCL.
In addition to this method, other disposal techniques have been
daveloped for the recovery of vinyl chloride from PVC latexes (Sittig
1985).
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6. ENVIRONMENTAL FATE

6.1 OVERVIIW

Effluents and emissions from vinyl chloride and PVC manufacturers
are reasponsible for the majority of vinyl chloride released to the
environment. When released to the atmosphere, vinyl chloride is expected
to be removed by reaction with photochemically generated hydroxyl
radicals (half-life = 1.2 to 1.8 days). Reaction products include HCl,
formaldehyde, formyl chloride, acetylene, chloroacetaldshyds,
chloroacetylchloranil, and chloroethylene. In photochemical smog
sicuations, vinyl chloride has & half-life of 3 to 7 h. When released to
vater, volatilization is expected to be the primary fate process (half-
life = 8.7 to 43.3 h). In waters containing photosensitizers, such as
humic materials, sensicized photodegradation may alsoc be important. When
released to soil, vinyl chloride will eicher volatilize rapidly from
soil surfaces, or leach readily through soil, ultimately entering
groundwatar.

6.2 RELEASES TO THE ENVIRONMENRT

The major source of release of vinyl chlorida to the environment is
believed to be emissions and effluents from plastic industries
(primarily vinyl chloride and PVC manufaccturers). Vinyl chleride
released in vastevater is expected to volatilize fairly rapidly (on the
order of hours to days) into the atmosphere. Other sources of release
includa disposal of vinyl chloride wastes in landfills, incomplete
combustion of PVC, tobacco smoke, spills, and biodegradation of
trichloroethylene, tetrachloroethylene, and 1,1,l-trichlorocethane in
groundwater (IARC 1979, HSDB 1987, Wakeman and Johnson 1978, Wilson and
Wilson 1985, Smith and Dragun 1984). EPA estimated that prior to 1975,
110 million kg/year of vinyl chloride sscaped into the atmosphere from
PVC production facilities in the United States (IARC 1979). Worldwide
emissions of vinyl chloride into the atmosphere during 1982 was -400
million 1lb (Hartmans et al, 1985).

6.3 EKNVIRORMENTAL FATE

6.3.1 Alr

Based on a vapor pressure of 2660 mm Hg at 25°C, essenctially all
vinyl chloride {n the atmosphere is expected to exist in vapor form
(Verschueren 1983, Eisenreich et al. 1981). Consequently, remcval from
the atmosphere by dry deposition is not expected to be an important face
precess. Vinyl chloride has a relatively high partition coefficient
between air and vater (H = 50), vhich suggests that significant amounts
of vinyl chloride would not be removed from the atmosphere by wet
deposition (EPA 1985b).
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Reaction of vinyl chloride vapor wizh photochemically generated
hydroxyl radicals is predicted to be the primary degradation mechanism
for this compound in the atmosphere. The half-life for this reaccion in
the typical atmosphere has been -1.5 to 1.8 days (EPA 1983b). Products
of this reaction are HCl, formaldehyde, formyl chloride, carbon
monoxide, carbon dioxide, chloroacetaldshyde, acetylene, chloroethylene,
chloroacetylchloranil, and R20 (EPA 1985b). In photochemical smog
situations, the reaction half-life of vinyl chloride is predicted to
range betveen 3 and 7 h (HSDB 1987). Reaction wich ozone (half-life =
4.2 to 33 days), reaction with oxygen atoms [O(°P)] (half-life = 373 to
532 days), and direct phoctolysis are relatively insignificant
degradation mechanisms in the atmosphere (EPA 1985b).

§.3.2 'Untcr

The primary loss process for vinyl chloride in natural wvater
systems is volatilization into the atmosphers. The half-life for vinyl
chlorida volatilization from a typical pond, river, and lake has besen
estimated to be 43,3, 8.7, and 34.7 h, respectively. These values are
based on an experimentally determined reasracion race ratic of -2 and
assumed oxygen reasration ratas of 0,008, 0.04, and 0.01 hour-l for a
typical pond, river, and laks, respectively (EPA 1985b). Predicted
half-lives should be considered rough estimaces since the presence of
various salts in natural vater systems may affect cthe volatilicy of
vinyl chloride significantly (EPA 1985b). In waters containing
photosensitizers, such as humic materials, photodsgradation may be
fairly rapid. This suggests that in some vaters sensitized
photodagradation would also be a significant ramoval n.ch;nism (HSDB
1987, EPA 1985b).

Chemical hydrolysis of vinyl chloride does not appear to be
suvironmentally importanc. The hydrolytic half-life for vinyl chloride
has been estimacted to be <10 yesars (EPA 1985b). Vinyl chloride is not
axpected to oxidize chemically by resction with photochemically
generated hydroxyl radicals, molecular oxygen, or alkyl peroxy radicals
in natural water systems. Linited available data on the biodegradation
of vinyl chloride indicate that thia compound i{s resiscant to microbial
degradation under asrobic conditions (EPA 1983b). Vinyl chloride is not
sxpected to adsordb significantly to suspendad solids and sediments in
vater or bioaccusulate significantly in aquatic organisas (HSDB 1987).

6.3.3 soil

The relatively high vapor presasure of vinyl chloride (2660 mm Hg at
2%°C) indicates that this compound should volatilize quite rapidly from
dry soil surface. The effective half-life (due to wvelatilization) of
vinyl chlorida placed 10 cm deep in dry soil is predicted to be 12 h
(EPA 1985b). Rvaeporation from moist soll surfaces is also expected to be
significant since this compound doas not adsorb strongly te soil and
appears to volatilize fairly rapidly from water.

Experimental data regarding adsorption of vinyl chloride to soil
wvars not located. Based on the regression equations given by Lyman ec
al. (1982) and Sabljic (1984), the soil adsorption coefficient (Kge) for
vinyl chloride has been eastimated to range between 17 and 131. These Koc
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values suggest that this compound would be highly mobile in s0il. Thus,
vinyl chloride has the potential to leach into groundwater.

Based on data in aquatic media, chemjcal reaction of vinyl chloride
in soil does not appear to be a significant fate process, and ic appears

that vinyl chloride would be resistant to biodegradaction under aerobdic
conditions.
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POTENTIAL FOR HUMAN EXPOSURE

7.1 OVERVIEVW

Anthropogenic sources are responsible for all of the vinyl chloride
found in the environment. Most of the vinyl chloride released to the
ervironment will eventually locate in cthe atmosphere while much smaller
amounts will eventually locate in groundwater. Vinyl chloride has been
detected in the ambient air in the vicinity of vinyl chloride and FVC
manufacturing plants and hazardous waste sites. Vinyl chloride is
expected to leach into groundwater from spills, landfills, and
induscrial sources.

Segments of the general population living in the vieinity of
enission sourcas are exposed to vinyl chloride by inhalation of
contaminated air. Average daily intake of vinyl chloride by inhalacion
for these people ranges from trace amounts to 2100 ug/day. The average
daily intake of vinyl chloride by inhalation is expacted to ba
essentially zero for the remainder of the population. However, short-
tern inhalation axposursa to relativaly high levels may occur during use
of new cars. This is due to volatilizacion of vinyl chloride from vinyl
polymars within the car interior.

The majority of the general population is not expectad to be
exposed to vinyl chloride through ingestion of drinking water. However,
people who have PVC water pipes that have not been treated adequately to
remove vinyl chloride monomer may ingest =0.06 to 2.8 ug/day of vinyl
chloride from drinking water. The average daily intake of vinyl chloride
through diet is predictad to be essentially zero.

NIOSH astimated that 27,000 workers are definitely exposed to vinyl
chloride and that vorkers probably exposed may be as many as
2.2 million. Intake is expected to occur primarily through inhalatiocn
and less importantly by absorption through skin. Workplace air in some
PVC manufacturing plants was found to contain 100 to 800 mg/m> (39 to
312 ppm) vinyl chlorides with peak concentracions of up to 87,300 ng/m
(34,000 ppm). A NIOSH survey of three vinyl chlorida nanufncturcrs
reported a time-weighed-average exposure of 0.18 to 69 ng/n (0.07 to
27 ppm) vinyl chloride in workplace air.

7.2 1LEVILS MONITOBRED OR ESTIMATED IN THE ENVIRONMENRT

7.2.1 Alr

Alr in rural/remote and urban/suburban areas of the United States
typically contain no detectable amount of vinyl chloride (Stephens et
al, 1986; Grimsrud and Rasmussen 1975a,b; Harkov et al. 1984; Wallace et
al. 1984; EPA 1985h). Limited monitoring data indicate that in areas
near vinyl chloride and polyvinyl chloride manufacturers, the
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concentration of vinyl chloride in air typically ranges from trace
levels to =105 ug/m> (Gordon and Meeks 1977, Pollizzari et al. 1979,

IARC 1979, EPA 1985b), but may excead 2600 ug/m® (1 ppm) (Fishbein
1979). Elevated levels of vinyl chloride may also be found in the
vicinity of hazardous waste landfills Concentrations ranging from below
" detection limits to 5 to 8 wg/m> (0.002 to 0.003 ppm) have been
monitored in the air above some landfills (Stephens et al. 1986, Baker
and Mackay 1985). Homes near a hazardous waste site in Southern
California were found to conctain levels as high as 1040 ns/m (0.4 ppm)
(Stephens et al. 1986).

Typical values for the average daily intake of vinyl chloride by
inhalation in urban/suburban and rural/remots areas have been estimated
to b. essentially zero. Assuming that cthe average intake of air is
20 n3/day, the average daily intake of vinyl chloride by people living
{n source-doainated areas has been aestimated to ranges from trace amounts
to 2100 ug/day.

7.2.2 VWater

Vinyl chloride has been detected at varying concentrations in
surface, ground, and drinking waters throughout the United States (EPA
1985b). Concentrations as high as 9.8 ug/L in surface water, 380 ug/L
in groundwater, and 10 ug/L in drinking water . ave besn reportad (Dyksen
and Hess 1982, HSDB 1987). There was no report in the licerarture of
vinyl chloride being detected in sediment.

The level of vinyl chloride ift groundwater in the United States vas
determined during the 1982 EPA Groundwater Supply Survey. Water supplies
from 945 sites geographically located throughout the United States wvers
studied. Re:..2s indicate that vinyl chloride was positively identified
in only 0.7 of groundwater supplies (detection limit 1 ug/L). Th
maximum concencration detected was 8.4 ug/L (Vestrick et al. 1984).
Other studies have also reportad the occurrence of vinyl chloride in
groundvatar throughout the United States at levels at or below 380 ug/L
(Cotruve 1985, Goodsnkauf and Ackinson 1986, Page 1981, Coniglio et al.
1980, Stuart 1983).

The concentration of vinyl chloride in finished drinking waters in
the United States was studied during the 1976-1977 EPA Nacional Organics
Monitoring Survey (NOMS). Oaly 2 sawples out of 113 contained detactable
levels (>0.1 uwg/L), and these averaged 0.14 ug/L (HSDB 1987). Results of
othar studies alse indicate that the majority of drinking water supplies
in the United States concain no detectable levels of vinyl chloride
(HSDB 1987, Coniglio et al. 1980). Based on these studies, it is assumed
that the average daily intake of vinyl chloride by ingestion of drimking
water for most persons in the United States would be essentially zero.
Estimaces provided in EPA (1985a) indicate that 0.9% of the Unirted
Statas population is exposed to levels of vinyl chloride in drinking
water 21.0 ug/L, and 0.3% of the population is exposed to levels >5

He/L.
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7.2.3 Soil

Monitoring data for vinyl chloride in soil were not located in the
svailable literature.

7.2.4 Other

In the past, vinyl chloride had been detected in various foods as a
tesult of migration from polyvinyl chloride food wrappings and
containers (EPA 1985b), Vinyl chloride has been found in vinegar ar
levels up to 9.4 ppm, in edible oils at 0.15 to 14.8 ppm, and in butter
at 0.05 ppm when these foods wvere packaged and stored in PVC containers
(IARC 1979). At present, the Food and Drug Administratien (FDA)
regulacas use of vinyl chlorida polymers available for use in produczion
of articles intended to contact food. These articles include food-
packaging materials, coatings, plastisols, gaskets, and parts for food-
processing (see Sect 9, Regulatory and Advisory Status). A recent study
on the migration of vinyl chloride from PVC under conditions closely
simulating actual food packaging snd scorage revealed that at very low
concentrations of vinyl chloride in PVC packaging material, there was
essentially zero migration of vinyl chloride (Kontominas et al. 1983).

It is reported that migracion of vinyl chloride from rigid FVC
water pipes into drinking water occurs, and chat it is directly
proportional to the residual level of vinyl chloride in the pipe itself.
Under certain conditions, reaction with chlorine in the water may resul:
in the complate removal of vinyl chloride from drinking water (Fishbein
1979, Ando and Sayato 1984). During one study, it was found that
drinking watar which ran through recently installed PVC pipes contained
vinyl chloride at 1.4 ug/L, while water which ran through a 9-year-old
system contained 0.03 to 0.06 ug/L (HSDB 1987). This suggests that use
of PVC pipe in water distribution sysctems contribuctes to intake of vinyl
chloride through ingestion of contaminated drinking water. Assuming thac
the sverage daily intake of water is 2 L, the average intake of vinyl
chloride from water contaminated with vinyl chloride from PVC pipes is
expacted to range from 0.06 to 2.8 ug/day.

The interior air of two new cars vas analyzed and the level of
vinyl chloride was found to range from 824 to 3120 wg/m3 (0.3 to
1.2 ppm) (EPA 1985b). The source of vinyl chloride was believed co be
volatilization from vinyl plastics found in the car interjors. Levels of
vinyl chloride in the air in new cars may exceed estimates of minimal
risk levals for acute and intermediate exposure.

Vimyl chloride has been detected in tobacco smoke (EPA 1985b).
Cigarettas and little cigars have been found to contain 5.6 to 28 ng
vinyl chloride per cigarette (IARC 1979).

7.3 OCCUPATIORAL EXPOSURES

NIOSH estimates definite worker aexposure to vinyl chloride to be
27,000 persons and probable worker exposure to be 2.2 million (Sittig
1985), This inecludes -5000 vorkers employed in vinyl chloride synchesis,
5000 vorkers involved with polymerizacion processes, and as many as
350,000 workers associated with fabrication plants. Exposure is believed
to occur primarily through inhalation and less frequently by absorptien
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through skin (Sictig 1985). In the past, concentrations of vinyl
chloride in vorkplace air in some plants producing FVC have been
reported to range from 100 co 800 mg/n (39 to 315 ppm) wich peak
concentrations up to 87,300 mg/m3 (34,000 ppm) (IARC 1979). Currencly,
the Occupational Safety and Health Adminiscracien (QOSHA) sets standards
for occupational exposure to vinyl chloride (see Sect. 9, Regulacory and
Advisory Status). A recent NIOSH survey of thres vinyl chloride plants
indicated that the tinc-woigh:cd-avcrage exposure to vinyl chloride
varied batween 0.2 to 70 ng/n (0.08 to 27 ppm) (IARC 1979).

7.4 POPULATIONS AT HIGH RISK

Data were not located specifically regarding subpopulations
unususlly sensitive to the effects of vinyl chloride. Individuals
located near or downwind of production facilities, hazardous wasce
disposal sites, and landfills may potentially be exposed to higher
ambient atmospheric levels.

Workers involved in the production or polymerization of vinyl
chloride may constitute a group at risk because of the potential for
occupational exposure. Since the mid 1970s, however, atmospheric levels
in the workplace have often been reduced to =1 ppm (Fishbein 1979,
Kilian et al. 1975, Hanscesn et al. 1978). Occupationally exposed men
may represent a sensitive subgroup because occupational exposure in men
has been associated with an increased {ncidence of fetal loss in cheir
wives (Infante et al. 1976, Waxweiler et al. 1977). No threshold
concentration has been determined for this effect. Women (or couples) of
child-bearing age may constitute a group at risk, because data suggest
that ambient exposure to low (but not quantified) environmental levels
is associated vwith an increase in the incidence of malformations at
birth (Infante 1976; Edmonds et al. 1975, 1978; Theriault et al. 1983).
No threshold has been determined for this effact.

Inhalation studies . in animpals demonstrated that exposure early in
life resulted in greater risk of devaloping cancer than did exposure
later in l1ife (Drew et al. 1983). Alchough human studies that address
the effect of age on cancer risk were not located, the animal data
suggest that exposure during the younger years may result in increased
cancer risk. Other animal studies suggest that prenatal exposure may
increase cancer risk (Maltoni et al. 1980, 1981). Although human data
wers not located, the animal data may suggest that the prenatal exposure
of humans to vinyl chloride may increase risk of cancer.

Animal studies have demonstrated that pretreatment with xenobiotics
or drugs that induce mixed-function oxidase (MFO) potentiates the
hepatotariciry of vinyl chlorides (Jaeger et al. 1974, Reynolds et al.
1975, Comolly et al. 1978). Although human data wvere not located, the
animal data suggest that human axposure to environmental pollutants or
drugs that induce MFO may result in increased sensitivity to vinyl
chloride.
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8. ANALYTICAL METHODS

A variety of methods are available for the analysis of vinyl
chloride in environmental and bilological matrices. The methods of choice
will depend on the nature of the sample matrix, the required precision,
accuracy and detection limic, the cost of analysis, and the turmaround
time of the mechodology. Pre-concentration of samples may not only
increase the sensitivity but also, in certain instances, decrease the
time required for sample separation prior to quantification. The best
sensitivity and specificity for vinvl chloride quantification are
obtained wich Hall detectors and photoionizazion detectors (Reding
1987). Mass spectrometry, although less sensitive than the mosc
sensitive detectors, is often used as a confirmatory tool for vinyl
chloride analysis. Decails of analytical methodologies for wvinyl
chloride are given in IARC (1978).

8.1 ENVIRONMENTAL MEDIA

Some of the more commonly used analytical methods for the
quantification of vinyl chloride are given in Table 8.1. Other methods
that are less sensitive (e.g., infrared analyzer and continuous
monitoring instruments) and less commonly used (e.g., semiconducter
devices) are given in IARC (1978). Details of sample collection, sample
preservation, sample pretrasacment, and quantificacion methods are
provided in the cited references in Table 8.1.

8.2 BIOMEDICAL SAMPLES

The concantrations of vinyl chloride measured in environmental
samples may not reflect the concentration to which persons are exposed.
Proper biological monitoring not only can be used te support
envirotmental monitoring but also potentially may provide more accurate
data on exposure levels. The two hiclogical media that have been used
®ost extensively as promising indicators of vinyl chloride exposure are
breath and urine. A close agreement has been found between postexposure
brsath concentrations and the ambient vinyl chloride levels in both
savironmental and industrial conditions (Barecta et al. 1969, Tarkowski
1984). Howaver, problems wich quantification of low concentrations of
vinyl chloride in exhaled air at ambient air levels of <30 ppm has led
to limited application of this method (Tarkowski 1984).

A reasonable correlation was noted between urinary output of
thiodiglycolic acid, the principal metabolite of vinyl chloride, and
ambient levels to which parsons were sxposed (Heger et al. 1982).
Measurement of urinary thiodiglycolic acid can be used as an indicator
of vinyl chloride intake only as long as individual variability in
metabolism due to such factors as liver disease, use of drugs, alcohol
intake, etc., can be accounted for. Therefore, it appears that there is
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Table B.1. Analytical methods lor ihe quantification of rinyl chioride

Deiection Accurscy/
Sample matsix Sampls preparation Quantification method” Simi % recovery References
Occupatiossl sls Yiayl chileride in sir sheorbed in GCJFID 0.8 ppb HA o NIOSH 1984
sctivated carben irap sad desolved 0.4-26 ppm
by C8,
Ambicat indoor ssd  Alr costsinieg viayl chloride passed GCJFID 4 pph Nt TARC 1978, Milles
outdoor aly through sctivated carbon Lrap and . and Beizer 1985
desolved by dichloromethane or carbos
disullide
Air Adsoiption oa Veasa OC; thermal HRGC/MS 0.33 ppb NR Krost i al. 1952
desorpiion
Air Giab sample collected in clecire- GC/MS st subsmbient 0.003 pph NR Grimarud and
pobishod stainlees sicel came lemperature Rasmussen 197500
Ais Air prefilicred by NajyS;0y- HRGC/FID sad HRGC/MS 0.005 ppb ~NR Harkov et al.
treated glass fiber fller was 1903, 1984
passed Lhrough spherocarh adsorbent
cartridge and thermally desorbed
Aviomobile cxhawst  Exhausi samples takes into slwminized HWRGC/FID 20 ppb NR HusYacn et al
plastic bage 19719
Ais Trapped ia cold Tensr-GC irap; thermal GC/FiD NR 79- 104 a1 Ives 1973
desorplion #-60 ppb
Air Samplo colfected in pressurized canlster GCJECD 0.04 pph NR Rasmussca ¢f ol
i passed thuough & freczeont loop 1977, Harsch el
and aubsequently heated ol 1979
Air Sample coliecied ln polyesicr-coated GC/FID 0 006 ppb NR McMurry and Tarr
plastic bags conceatrated by freczcont (1} ]
and anbscquenily hested
Drinking wates and Purge and trap in Tenax GC; thermal GCJHSD, GC/MS 018 pph (HSD) 102% u * BPA 1981a,
wasewaler desorption {EPA Method Mo 601 sad 624) 082 1213 APHA 1985
ppb
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Sample matriz

Sampls preparation

Grousdwater, liquid,
sad solid matrices

Drinking water

Migration of
monomer inlo
drinkiag waier for
polyviayd pipes
Waler

Landfi¥l gas

Sediment aad
oysler

Puige ol 45°C and trap ia Teaan GC;
ibermal desorption

Putge and trap la Tesan GC; thermal

desorplion

Small scctions pul in waler in sealed

scium visl for & mumber of days a1 20°C;
lution dircctly inpecied into 0 GC

Sample in scaled visl is cquilibrated
al dssd lempersh bcad
gos injecied inle 8 GC

Gos (rom landfill sites sampled by PTFE
tubiag inside deive-in piczomeicrs wes
absuched in Tenaa GC sorbest; trapped
ple desorbed and d in
fiquid Ny-cooled loop sad flash desorbed

Homogencous sample mined with waicr snd

vinyl chioride purged imo o closed loop,
333 1 closed loop imjected into o GGC

Food { ge driak,
wine, olive oil)

Foodsiulfs

Breath

Saniple scaled in visls and equilibeated
a1 40°C for 2 k; headspace gas
inpected into GC

Ssniplke scaled in vials and equilibraled
al 40°C for » minimum of 2 k;
heudspace gas imjecicd into GC

Cryogenic rapping of eapired air;
thermal desorplion inte GC

sL

Table 8.0 (contianed)

Quantification method®

GC/ISD {EPA Mcibod No-3010)

HRGC /sl detectos, HRGC/PID
(:PA Mcthod 302 2, 524 2)

GC/FID

GC/FID

GCMS

GC/ECD
GCIFID
GUEID

GE/FID. GCLECD and GCIMS

A ¥/

| NN,

l‘\ 1 end L
limit % secavery Reli
013 ppb 102%. ot EPA 1982b
041 1)
ppb
004 ppb (Hall) 100119 o1 Reding 1987
002 (PID) 5-10 ppb
NR NR Awndo and Saydic
1984
<I pph NR IARC 1972
304 0.3 ppm NR Young and Packer
1984
1 ppb NR Wang ¢t ol. 1995
{sediment)
NR NR Chudy and Crosby
"
15pph NR JARUC 978
NR NR Conkle el ol
1973
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Tabie 6.9 (conlinued)

Accuracy f

Delectioa
Sample matrix Samples preparation Quantification method bimit % ¥ - Rel

Bicath Bieath collected in Tedlar bag is GCc/Ms | ppt 7 110 Umann ot sl. 1945
concestreted by Tenan GC adsocbomt
and thormally desorbed

Wholc blood, Sampls squilibrated in & scaled vial ot GCJECD NR NR Raasey and

plasmn, and scrum §5°C; headspace gaa injecied into Flanagan 1982
GC

Blood, wriae Sample pusgod snd trapped in Tennx GC; GC/MS Screening NR Balkon and Leary
1hcrmally desorbed wcthad 1919

Usine Sample solveat cxiracied, exirnct GC/MS or HRGC/MS 50 ppb NR van Sittert aad ;“
mcthylated, and clesncd by ion-cxchasge {usinary deloag 1985,
resin thiodighycolic Mulice <1 al.

scid) 1979

Tissue (liver, Homogeaized ssmples mined with cihanol- GC/FID M pph 75-91% Zuccato et ad.

lung, kidacy, waler mixtuse cquilibraled in o sealed 9719

brain} viu) at J0°C; headapece gas injecred
inte GC

Tiasne Sample mixed with a peotcolytic enzyme GCJECD NR NR Ramscy and

incubsated ab 65°C; headspace gas
analyzed

Flannsgan 1982

“GC = Gas chromsiography; HRGC ~ high-resolution gas chsomatagraphy; FID = flame ioaizsiton detection; MS = mass specisometry; ECD = electron

capture detectos; HSD ~ halide itive delect

Not 1cporied.

salion & ]

L PID = ph
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no suitable biological medium chat c¢an be used as a reliable indicacor
for vinyl chloride exposure (Tarkowski 1984). The commdnly used methods
for the quantification of vinyl chloride in biological media are given
in Table 8.1.
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9. REGULATORY AND ADVISORY STATUS

9.1 INTERNATIONAL

Advisory guidance issued by the World Health Organization (WHO) for
vinyl chloride was not located in the available literature.

9.2 WNATIONAL
9.2.1 Regulations

9.2.1.1 Air

The Occupational Safecy and Health Administration (OSHA 1983)
regulations for vinyl chloride state that a worker must not be exposed
to a concentration of >l ppm over any 8-h period and that a worker must
not be exposed to >5 ppm for any period of time exceeding 15 minutes.
Direct contact with liquid vinyl chloride is prohibited.

EPA (1982¢) has established emission standards for vinyl chloride
released to the atmosphere by vinyl chloride and polyvinyl chloride
plants. Emissions are not to excead 10 ppm.

9.2.1.2 Vater

Pursuant to the Safe Drinking Water Act, EPA (1987c¢) promulgated a
maximum concaminanc level (MCL) for vinyl chloride of 0.002 =g/L,
equivalent to an estimated cancer risk of 10°7. This regulation is to
bacome effective January 9, 1989 and is to apply to all communicy
drinking water systems that regularly serve the same 25 persons for at
least 8 months/yvear,

9.2.1.3 Food

The Food and Drug Administration (FDA 1986) recently proposed to
amend its regulations regarding the vinyl chloride content of polymers
used in packaging materials or processing equipment for foods. Depending
on the nature of the polymer and {ts use, proposed vinyl chloride
content may range from 5 to 50 ppm.

9.2.1.4 Other

EPA (1982d) has designated vinyl chloride as a hazardous
constituent of solid waste and requires that it be handled in accordance
with the regulations governing the same. EPA (1987d) lists a reportable
quantity (RQ) for vinyl chloride of 1 1lb, but proposes that the RQ be
changed to 10 lb. The RQ is the quantity thac, if released to the
environment, must be reported immediately to the National Response
Centar.
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§.2.2 Advis ry Guidance

9.2.2.1 Air

The American Confarence of Governmental Industrial Hygienists
(ACGIH 1986b) recommends a Threshold Limit Value (TLV)-TWA for vinyl
chloride of 5 ppm and a Short-Term Exposure Limit (STEL) of 10 ppm with
the notation that the compound is a recognized human carcinogen. The
National Instirute of Occupational Safery and Health (NIOSH 1973)
concluded that a TLV for vinyl chloride was inappropriate because of its
carcinogenicity. NIOSH (1975) recommended that any workers exposed to
vinyl chloride should wear an air-supplied respiractor.

9.2.2.2 WVatasr

EPA (1980), based on a human q.* of 1.74 x 10-2 (ng/k;/dly)'1
calculaced from the incidence of tuliors in a preliminary repoert of an
inhalaction study in rats (Maltoni and Lafemine 1975), estimated levels
in ambient water of 20, 2, and 0.2 ug/L associated with cancer risks of
10-5, 106, and 10-7, respectively, assuming daily consumption of 2 L
water and 6.5 g fish and shellfish. For consumption of fish and
shellfish alone, water concentrations of 5246, 525, and 52.5 ug/L
correspond to cancer risk estimaces of 1073, 1076 and 10-7, :
respectively. More recently, EPA (1985a, 1987b) estimated that cancer
risk levels of 10°%, 107, and 10-6 would result from daily consumption
of drinking water containing vinyl chloride at 1.5, 0.15, and 0.015
ug/L, respesctively.

EPA (1985a, 1987a) promulgated health advisories for vinyl chloride
in drinking watér. A 10-day health advisory of 2.6 mg/L was based on.-a
NOAEL of 30 mg/kg/day in a l3-week gavage study by Feron et al. (19735).
Because data ware not sufficient for derivation of a l-day healch
advisory, the 10-day healch advisory was adopted as a conservative l-day
health advisory. Longer-term healch advisories of 0.013 mg/L for a 10 kg
child and 0.046 mg/L for an adult were estimated from the NOAEL of
0.13 mg/kg/day in a lifetime diecary study in rats (Dow Chemical Company
1984, Til et al. 1981).

9.2.3 Dats analysis

9.2.3.1 Refersnce doses (RfDs)
Reference doses for vinyl chloride have not been estimated by EPA.

9.2.3.2 Carcinogenic potancy

EPA (1985a) classified vinyl chloride in IARC Group 1, and more
recantly, EPA (1987a) assigned the compound to Carcinogen Assessment
Group (CAG) Class A. By either classification scheme, the dasignations
have the same meaning, that evidence for carcinegenicity to humans is so
comvineing as to be considered "sufficient.” EPA has derived several
estimates of carcinogenic potency for vinyl chloride for both oral and
inhalation exposure. In an early escimate, EPA (1980) derived a q,* for
human oral exposure of 1.74 x 10-2 (ng/kg/d.ay)‘1 based on prclini%ary
reports of the ineidence of total rtumors in racts of both sexes exposed
to vinyl chloride by inhalation at concentrations up te 10,000 ppm
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(Maltoni and Lefemine 1975). A subsequent estimate of potency for oral
exposurs is 2.3 (mg/kg/day)-l, which appears in EPA (1985a, 1987a) and
reprasants the most recent analysis by CAG (EPA 1987a). This estimate
was based on the incidence of lung and liver tumors in both sexes of
racs exposad for lifetime to diets that contained vinyl chloride (Feron
ot al. 1981).

The first estimate for carcinogenic potency by inhalation exposure,
2.5 x 10°2 (mg/kg/day)-l derived in EPA (1984), was based on the same
preliminary inhalation data (Maltoni and Lafemine 1973) that was used as
the basis of the EPA (1980) oral estimate. A more recent estimate of
2.95 x 10-1 (ng/kg/day)'l (EPA 1985b) was based on the final report of
the incidence of liver angiosarcomas {n male and female rats exposed for
up to 1 year to concentrations up to 30,000 ppm (Maltoni et al. 1980,
1981).

9.3 STATE

(Regulations and advisory guidance from the states were still being
compiled at the time of printing.)
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ll. GLOSSARY

Acuts Exposure--Exposure to a chemical for & duration of 14 days or
less, as specified in the Toxicological Profiles.

Bioconcantration Factor (BCF)--The quotient of the concentration of a
chemical in aquatic organisms at a specific time or during a discrete
time period of axposure divided by the concentration in the surrounding
water at the same time or during the same time period.

Carcinogen--A chemical capable of inducing cancer.

Ceiling value (CL)--A concentration of a substance that should not be
exceeded, even instantanecusly.

Chronic Exposure--Exposure to a chemical for 365 days or more, as
specified in the Toxicological Profiles.

Davelopmental Toxicity--The occurrence of adverse eifects on the
developing organism that may result from exposure to a chemical prior to
conception (either parent), during prenatal development, or postnatally
to the time of sexual maturation. Adverse devalopmental effects may be
detected at any point in che life span of the organism.

Embryotoxicity and Fetotoxicity--Any toxic effect on the conceptus as a
result of prenatal exposure to a chemical; the distinguishing feacure
between the two teras is the stage of development during which the
insult occurred. The terms, as used here, include malformations and
variations, altered growth, and in utero death.

Frank Effect Lavel (FEL)--That level of exposure which produces a
statistically or biologically significant increase in frequency or
severicy of urmistakable adverse effects, such as {rreversible
functional impairment or mortality, in an exposed populatien when
compared with its appropriate control,

EFPA Health Advisory--An estimate of acceptable drinking water levels for
a chemical substance based on health effects information. A health
advisory is not a legally enforceable federal standard, but serves as
technical guidance to assist federal, stace, and local officials.

Imaediately Dangerous to Life or Health (IDLH)--The maxioum
environmental concentration of a contaminant from which one could escape

within 30 min without any escape-impairing symptoms or irreversible
healch effects,
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Intersediate Rxposure--Exposure to a chemical for a duration of 15-364
days, as specified in the Toxicological Profiles.

Immunologic Toxicity--The occurrence of adverse effects on the immune
system that may result from exposure to environmental agents such as
chemicals.

In vitro--Isolated from the living organism and artificially maintained,
as in a tast tube,

In vive.-Occurring within the living organism.

Koy Study--An animal or human toxicological study that best illustraces
tha naturs of the adverss effects produced and tha doses associated with
those effacts.

Lathal Concentration(lLo) (LCLO)--The lovest concentration of a chemical
in air which has been raported to have caused death in humans or
animals.

Lethal Concentration($0) (LC50)--A caleculatad concencration of a
chemical in air to which exposure for a specific length of time is
axpected to cause death in 50% of a defined cxpcrimen:al animal
population.

Lathal Dose(L0) (LDLO)--The lowest dose of a chemical introduced by a
route othar than inhalation that is expectad to have caused death in
hunnps or aninals.

Lethal Dose(50) (LD%50)--The dose of a chemical which has been calculated
to cause death in 50% of a defined axperimental animal population.

Lowest-Obaarved-Adverse-Effect Lavel (LOAEL)--The lowest dose of
chemical in a study or group of studies which produces statistically or
blologically significant i{ncreases in frequency or severity of adverse
sffects between the exposed population and its appropriate control.

Lovest-Observed-Effect Lavel (LOEL)--The lowest dose of chemical in a

study or group of studies which produces statistically or biologically
significant increases in fraquency or severity of effects between the

axposed population and its appropriate control.

Malformations- -Permanent structural changcs that may adversaly affect
survival, development, or function.

Iintnal Risk Lavel--An estimate of daily human exposurs to a chemical
that is likaly to be without an appreciable risk of deleterious effects
(noncancerous) ovaer a specified duration of exposurs.

Mutagen--A substance that causes mutations. A mutation is a change in

the genetic material in a bedy cell. Mutations can lead to birth
defects, miscarriages, or cancer.
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Heurotoxicity--The occurrence of adverse effects on the nervous system
following exposure to s chemical.

No-0Observed-Adverse-Effect Lavel (ROARL)--That dose of chemical at which
there are no statistically or biologically significant increases in
fraquency or severity of adverse effects seen between the exposed
population and its appropriate control. Effects may be produced at this
dose, but they are not considered to be advarse.

No-Qbserved-Effect Lavel (NOEL)--That dose of chemical at which there
are no statistically or biologically significant increases in frequency
or severicy of effects seen between the exposed population and its
appropriate control.

Parmissible Exposure Limit (PEL)--An allowvable exposure level in
workplace air averaged over an 8-h shife,

q,"--The upper-bound estimate of the low-dose slope of the dose-response
curve as determined by the multiscage procedure. The q,” can be used to

calculate an estimate of carcinogenic potency, the inc%nmcntal excess
cancer risk per unit of exposure (usually ug/L for water, mg/kg/day for
food, and ug/m3 for air).

Reference Dose (RfD)--An estimate (with uncertainty spanning perhaps an
order of magnitude) of the daily exposure of the human population to a
potantial hazard that is likely to be without risk of delecerious
effects during 4 lifetime. The RED is operaticnally derived from the
NOAEL (from animsl and human studies) by a consistent application of
uncertainty factors thac reflect various types of data used to estimate
RfDs and an additional modifying factor, which is based on a
professional judgment of the entire database on the chemical. The RfDs
are not applicable to nonthreshold effects such as cancer.

Beportable Quantity (RQ)--The quantity of a hazardous substance that is
considered reportable under CERCLA. Reportable quancicies are: (1) 1 1b
or greatar or (2) for selected substances, an amount established by
regulstion either under CERCLA or under Sect. 311 of the Clean Water
Act. Quanticties are measured over a 24-h pariod.

Reproductive Toxicity--The occurrence of adverse effects on tha
reproductive system that may result from exposure to a chemical. The
toxicity may be directed to the reproductive organs and/or the related
endocrine system. The manifestation of such toxicity may be noted as
alterations in sexual behavior, fertility, pregnancy outcomes, or
modifications in other functions that are dependent on the incegricy of
this system,

Short-Tarm Exposure Limit (STEL)--The maximum concentration to which
workers can be exposed for up to 15 min continmually. No more than four
sexcursions are allowed per day, and there sust be at least 60 min
betwean exposure perioeds. The daily TLV-TWA may not be excseded.
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Target Orgen Toxicity--This term covers a broad range of advarse effects
on target organs or physiological systems (e.g., renal, cardiovascular)

extending from those arising through a single limited exposure to those

assumed over a lifetime of exposure to a chemical.

Teratogen--A cheaical that causes structural defeccs that affect the
development of an organism.

Threshold Limitr Value (TLV)--A concentration of a substance to which
most workers can be exposed without adverse effect. The TLV may be
expressed as a TWA, as a STEL, or as a (L.

.Time-waighted Average (TWA)--An allovable exposure cencentration
averaged over a nermal 8-h workday or 40-h workweek.

Uncartainty Factor (UF)--A factor used in operationally deriving the RfD
from experimental data. UFs are intended to account for (1) the
variation in sensitivity among the members of the human populationm,

(2) the uncertainty in extrapolating animal data to che case of humans,
(3) che uncertainty in extrapolating from data obtained in a study thac
is of less than lifetime exposurs, and (4) the uncertaincy in using
LOAEL data rather than NOAEL data. Usually each of chese factors is set
equal to 10.
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APPENRDIX A: PEER REVIEW

A peer raview panel was assembled for vinyl chloride. The panel
consisted of the following members: Dr. Richard Monson, Harvard
University; and Dr. Anthony Guarine, South Alabama University. These
axperts collectively have knowledge of vinyl chloride’s physical and
chemical properties, toxicokinaetics, key health end points, mechanisms
of action, human and animal exposure, and quantification of risk to
humans. All reviawers were selected in conformity with the conditions
for pesr review specified in the Superfund Amendments and
Reauthorization Act of 1986, Section 110.

A joint panel of scientists from ATSDR and EPA has reviewad the
peer ravievers' comments and decermined which comments will be included
" in the profile. A listing of the peser reviewars’ comments not
incorporaced inte the profile, with a brief explanation of che rationsale
for their exclusion, exists as part of the administrative record for
this compound. A list of databases reviewed and a list of unpublished
documents cited are also included in this record.
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APPENDIX B: FEDERAL REGISTER ANNOUNCEMENT

DEPARTMENT OF HEALTH AND HUMAN SERVICES
AGENCY FOR TOXIC SUBSTANCES AND DISEASE REGISTRY
ENVIRONMENTAL PROTECTION AGENCY
(ATSDR-2; FRL-3269-7)

NOTICE OF AVAILABILITY OF TOXICOLOGICAL PROFILES

AGENCIES: Department of Health and Human Services (DHHS): Agency for
Toxic Substances and Disease Registry (ATSDR); and Environmental
Protection Agency (EPA).

ACTION: Notice.

SUMMARY: The Superfund Amendments and Reauthorizaction Act (SARA)
(Public Law 99-499) amends the Comprehensive Environmental Responss,
Compensation, and Liabiliry Act (CERCLA or Superfund) (42 U.5.C. 9601 et
seq.) by -establishing certain requirements for the Agency for Toxic
Substances and Disease Registry (ATSDR) of DHHS and EPA with regard to
hazardous substances which are most commonly found at facilities on the
CERCLA National Priorities List (NPL). Among these statutory
requirements is a mandate for cthe Administrator of ATSDR to prepars
toxicological profiles for each substance previously included on the
firsc prioricty list of 100 chemicals. The list identified the firsc 100
chenicals which beth Agencies determined posed the most significant
potantial threat to human health. This list was published in the Federal
Register on April 17¢th, 1987 (52 FR 12866) as required by SARA section
110.

This notice announces the expected availability dactes of the first
25 draft toxicological profiles for review and comment.
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AVAILABILITY: The following draft toxicological profiles are expectad
to be publiely available by the date indicated:

Datea/Profile CAS »

October 17, 1987:

Benzo(a)anthracene 56-55-3
Banzo(a)pyrene 50-32-8

Beryllium 7440-41-7
Chloreform 67-66-3

Chromium 7440-47-3

Chrysene 218-01.9
Dibenzo(a,h)anthracene 53-70-3
Heptachlor/Heptachlor epoxide 76-44-8 / 1024-57-3
Nickel 7440-02-0
N-Nitrosodiphenylamine 86-30-§

October 29, 1987:

Aldrin/dieldrin 309-00-2 s 60-57-1

Arsenic . 7440-38-2

Benzo(b)fluoranthene 205-99-2

PCBs - Aroclor 1260, 1254, 1248, 11096-82-5%, 11097-69-1, 12672-29-6
1242, 1232, 1221, 53469-21-9, 11141-16-5, 11104-.28-2
101e 12674-11-2

2,3,7,8- Tetrachlorodibenzo-p-dioxin 1746-01-6

November 5, 1987

Banzens 71-43-2
Bis(2-echylhexyl)phthalate 117-81.7
Cadmium 7440-43-9
1,4-Dichlorobenzene 106-46-7
Methylene chloride 75-09-2

November 30, 1987

Cyanide 57-12-5
Laad 7439-92-1
Tatzachloroethylens 127-18-4
Trichloroethylane 79-01-6
Vinyl chloride 75-01-4

SL 065100




111

A full 90-day public comment period will be provided for each
profile, starting from the actusl ralease date. The close of the comment
period for each draft profile will be indicated on the front of esach
profile.

Requests for draft toxicological profiles should be sent to:

Ms. Georgi Jones

Director, 0ffice of External Affairs

Agency for Toxic Substances and Disease Regiscry
Chanblee 28 South

1600 Clifton Rd.

Atlanca, GA 30333

Specify the profiles you wish to reviev. One copy of each profile
requested vill be forwarded, free of charge, as they become available.
In the case of undue delays, requestors will be notified,

Five copies of all comments should be sent to Ms. Jones at the
sbove address by the end of the comment period. All written comments and
the draft profiles will be available for public inspection at the Agency
for Toxic Substances and Disease Regiscry (ATSDR), Building 28 South,
Room 1103, 4770 Buford Highway, NE, Chamblee, GA, from 8am to 4:30pm,
Monday through Friday, except legal holidsys. Wriccen commencs and other
data submitted in response to this notice and the draft toxicological
profiles should bear the docket control mumber ATSDR-2.
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SUPPLEMENTARY INFORMATION:

I. BACKGROUND

On October 17, 1986, the President signed the Superfund Amendments
and Reauthorization Act of 1986 (Publie Law 99-499), which extends and
anends the Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 (CERCLA or Superfund, 42 U.$.C. 9601 et seq.).

Section 110 of SARA amends section 104(i) of CERCLA by establishing
requirements for the preparation of: (1) liscs of hazardous substances
in order of priority, (2) toxicological profiles of those substances,
and (3) a research program to fill data gaps associaced with the
substances.

In compliance with section 104(i)(2)(A) of CERCLA, ATSDR and EPA
published on April 17, 1987 (52 FR 12866) the first priority list of 100
hazardous substances. This priority list of 100 was further brokan down
into four groups of 25 chemicals. The first group of 25 was to be the
subject of the second phase of the requiremencs, {.e., the development
of the first set of toxicological profiles. Section 104(1)(3) of CERCLA
spells out the content of these profiles and the timecable by which chey
must be developed. Profiles on at least 25 substances on the first
priority list veres to be completed within one year of the enactment of
SARA (by October 17, 1987). The remaining seventy-five are to be
completed at a rate of at leasz tventy-five per year with the cotal 100
completed within four years afrer the enactment of the SARA amendments.
Revision and republication is mandated as necessary but no less often
than once every three years. ‘

Each profile is required to include an examination, swamary and
interprectation of available toxicological information and epidemiologic
evaluations. This information and data are to be used to ascertain the
levels of significant human exposure for the substance and the
associated health effects. The profiles musc also include a
determination of whether adequate information on the health effects of
each substance is available or in the process of development. The
Agencies’ intention is that this information be used to identify the key
toxicological testing needs that vhen filled will improve our ability te
define significant human exposure levels.

The toxicological profiles are to be provided %o the States and
mada available to the public. The profiles are to be prepared in
accordance with the guidelines developed by ATSDR and EPA. These
guidalines were published along with the priority list of 100 in the
April 17, 1987 Fedaral Register Notice (352 FR 12870).

This gurrent notice announces the projected avajlability dates of
the first 23 draft toxicological profiles. The documents have undergene
sxtensive internal review and have been subject to scientific and
technical peer review by ocutside experts. We are now announcing their
availability and encouraging public participation and comment on the
further development of these profiles. Although the profiles will not be
complecad by the Occober 17, 1387 deadline, we believe that the extra
time given to peer review and public review and comment is important to
the development of qualicy profiles of scientific wmeric.
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Although we ars reasonably confident that the key studies for each -
of ¥ha 25 substances wers considered during the profile development
proiess, this Federal Register notice solicits any significant sctudies,
including unpublished data, vhich may aid the revision of these drafc
profiles.

II. LEVELS OF SIGNIFICANT HUMAN EXPOSURE

The setting of specific levels of significant human exposure has
presented a unique set of problems. The significance of a specific level
of a hazardous substance depends on the context in vhich that level is
evaluated. For example, a low level that may be insignificant wich
respect to causing acute, immediatsly debilitcacing symptoas may be
highly significant with respect to causing gradual, chronic effects over
a longer term. Since these profiles are intendsd for use by a diverse
group of people vho have different situations in vhich to interpret the
significance of spacific levels, it vas considered appropriate at this
time to describe the range of exposures over which effects may occur
(vhere data are available), and to allow the user to make daterminations
as to vhich type of effect is significant {n any particular inscance. A
format for graphically displaying the levels of significant human
axposure has been developed and is used in the profiles to present the
ranges over vwhich effects may be observed.

Ve encourage public comment and recommendations on this specifie
issue.

II1. SOLICITATION OF PUBLIC COMMENT

Ve are soliciting public comment on all phases of the development
of the toxicological profiles. A previous Federal Register notice,
published on April 17, 1987 (52 FR 12866) solicited comment on the firsc
priority list of hazardous substances. We are currently reviewing those
comments and are evaluating the impact that those commants may have on
the priority list and the methods used in its development.

As the first 23 toxicological profiles become available in drafc
form, we are sager to provide them to the States, industry, publie
health professionals, scientists and the general public. We welcome
comseant and feedback on the content of the profiles; the format and
scope of the documants; the process used in the davelopment of the
levels of significant human exposure and the overall process used in the
developmant of the profiles.

There are spacific items that we would like to draw to the
attsucion of the readsr and vould strongly encourage as candidates for
closs attention during the commant period,

A. PUBLIC HEALTH STATEMENT

The draft profiles include a public health statement which is
intended to provide the lay public with a concise statement of the
general health risks associated with the chemical of concern. Tha
summary a3 originally planned should be able to scand alone. If removed
from the rest of the document, it should still be capable of conveying
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to the public the substancive health ¢ ncerns ass ciated with the
substance. ™ We are also considering the devalopment of more abbreviated
versions of the public health statements and are evaluating a8 number of
different formats. This notice specifically invites comments on the
existing public health effacts statements in the draft profiles and
solicits recommendations for alternative approaches.

B. DATA/STUDIES USED IN THE DEVELOPMENT OF THE PROFILES

In general, and for sach chemical-specific profils, have the
appropriate studies been used in the developmant of these documents? Our
concern here is that we capture the crictical, or “key®, studies but not
miss other data that may be important in the valid evaluation of the
toxicological profile chemicals.

C. FORMAT AND CONTENT OF THE PROFILES

The draft profiles represent our bast effort to provide the
information required by Section 104 (1)(3) of CERCLA in the most useful
format for the various identified users of the profiles, given the
constraints of the tight timeframe. Every effort has been made o define
sections clearly and to format the documents in such a way that they can
be used as resource documents by many diffsrent audiences. Ve
specifically request comment on the format and content of the initial
set of profiles, including how the format might be modifiud for
subsequent sets of profiles.

D. LEVELS OF SIGNIFICANT HUMAN EXPOSURE

What is the most useful way of presenting this type of informacion?
For this first generation of profiles wa have selectad a graphic
presencation that reflects a "range” of values that covers both upper
and lower bounds of effect levels. Is this more useful than a single
munber? Are there other ways of presenting this type of informacion that
would be more useful to the eventual user?

E. IDENTIFICATION OF SIGNIFICANT DATA GAPS

The process used to develop the draft profiles has resulted in the
identification of the full range of health effects daca gaps associated
with sach chemical. However, depending on individual circumstances some
subset of the identified data gaps may be essential in determining
levels of significant exposure, vwhile other data gaps may be less
immediats., ATSDR, LPA, and the National Toxicology Program (NTIP) have
been exploring ways to identify the critical data elements that are
neaded to astablish significant human exposure levels. This notice
specifically requests comsent and suggestions for approaching this phase
of the toxicological profile process.
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