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The Superfund Amendments and Reauthorization Act of 1986 (Public
Law 99-499) extendsd and amended the Comprehensive Environmental
Rasponse, Compensation, and Liability Act of 1980 (CERCLA or Suparfund).
This public law (alsc known as SARA) directed the Agency for Toxic
Substances and Disesasa Registry (ATSDR) to prapare en:icological
profiles for hazardous substances vhich are most commonly found at
facilities on the CERCLA Nationmal Priorities List and which poses the
most signifiéant potential threat to human health, as datermined by
ATSDR and the Envirommental Protaction Agency (EPA). The list of the 100
most significanc hazardous substancas vas published in the Federal
Register on April 17, 1987,

Section 110 (3) of SARA dirscts tha Adminiscrator of ATSDR to
prapars s toxicological profile for sach subscance on tha list. Each
profile must include the following content: e

"(A) An examination, summary, and interpretation of nvni.hbh
toxicological information and apidemiologic evaluations on the
hazardous substance in order to ascertain the levals of significant
husan exposure for tha substance and the assoclated acute,
subacute, and chronic health effects,

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

{(C) Vhere appropriate, an identification of toxicological testing
neseded to idantify tha types or levels of exposure that may present
significant risk of adverss haelth effects in humans."

This toxicological profile is prepared in accordance with
guidelines daveloped by ATSDR and EPA. The guidelines were published in
the Federal Register on April 17, 1987. Each profile will be revised and

- gapublished as nacessary, but no less often than every three years, as

required by SARA.

. The ATSDR coxicological profile is intended to characterize
suceinetly the toxicological and health effects information for the
hazardous substance being described. Each profile idantifies and reviews
the key literature that describes a hazardous substance’s toxicological
properties. Other literature is presented but dascribed in lass detail
than the key studies. The profile is not intended to be an exhaustive
document; hovever, more comprehensive sources of specialty information
are referenced.
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Each toxicological profile begins with a public health statementc,
which dascribes in nontechnical language a substance’s relevant
toxicological properties. Following the statement {s material that
presents levels of significant human exposure and, where known,
significant health effects. The adequacy of i{nformation to determine a
substance’s health effects is described in a health effects summary.
Rasearch gaps in toxicologic and haalth effects information are
described in the profile. Ressarch gaps that are of significance to
proteetion of public health will be identified by ATSDR, the National
Toxicology Program of the Public Health Service, and EPA. The focus f
the profiles is on health and toxicological information; therefore, we
have included this information in the front of the document.

The principal awdiences for the toxicelogical profiles are health
professionals at the federal, stats, and local levels, interested
privats sector organizations and groups, snd members of the public. Ve
plan to revise these documents in response to public comments and as
additional data become available; therefore, we encourage comment that
will make the toxicological profile series of the greatest use.

This profile reflects our assessment of all relevant toxicological
testing and information that has been peer reviawed. It has been
revieved by scientists from ATSDR, EPA, the Centers for Disease Control,
and the National Toxicology Program. It has also been reviewed by a .
pansl of nongovernment peer revisvers and vas made available for public -
reviev. Final responsibility for the contents and views expressed in I
this toxicological profile resides with ATSDR. :

ﬂ...brmm

James 0. Mason, M.D., Dr. P.H.
Assistant Surgeon General
Administrator, AISDR

iv

CHMA 009828




LIST OF FIGURES
LIST OF TABLES

1.
1.1 WHAT IS VINYL CHLORIDE? ....
1.2 HOW MIGHT I BE EXPOSED TO VINYL cmmnm Ceerieeieaeneas
.3 HOW DOES VINYL CHLORIDE GET INTO MY BODY?
. HOW CAN VINYL CHLORIDE AFFECT MY HEALTH? .......cvvvvueenn
1S THERE A MEDICAL TEST TO DETERMINE WHETHER I
HAVE BEEN EXPOSED TO VINYL CHLORIDE?
WHAT LEVELS OF EXPOSURE HAVE RESULTED IN HARMFUL
HEALTH EFFECTS? .
1.6.1 Toxic Effeccs Ochnr Than Canccr
1.6.2 Cancer
1.7 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT
MADE TO PROTECT HUMAN HEAL‘I’H?

2.1 INTRODUCTION
2.2 LEVELS OF SIGNIFICANT EXPOSURE
‘ 2.2.1 Key Studias and Graphical Presentations
2.2.2 Blological Monitoring as a Measure of
Exposura and Effecets ......,
2.2.3 Environmental Lavels as Indicacou of
Exposure and Effects ........... et e
2.3 ADEQUACY OF DATABASK .............. vonnn
2.3.1 Introduction ...........
2.3.2 Adaquacy of the Database for Healch Effect
End Points .......
2.3.3 Adaquacy of the Duabu- tor Other
Information Needed for Risk Assesszment

CHEMICAL AND PHYSICAL INFORMATION ........ e erre ey
3.1 CHEMICAL IDENTITY ............... Gerasessaeerareeanraeean
3.2 PMYSICAL AND CHEMICAL PROPERTIES

TOXICOLOGICAL DATA

4.1 OVERVIEW .

4.2 TO!ICOKINETICS ........... .
Abgorption ............. et te e ir ey
Distribution
Metabolisa ......... e aeisenesansadt e e e
Exerstion

CHA 009829




Lethality and Decreased Longevity

Systemic/Target Organ Toxicity

Developmental Toxiecity

Reproductive Toxicity

Ganotoxielty ... . i i i i i i
Carcinogenicity

6.3.2 Water
6!3'3 soil -,

7.2.2 Vater v
7.2.3 Sofl ...ttt e et re e,
7.2.6 Other .......cciiietneeerconsannes Crererer e
7.3 OCCUPATIONAL FXPOSURES
7.4 POPULATIONS AT HIGH RISK ..

8:2 BIOMEDICAL SAMPLES ........

REGULATORY AND ADVISORY STATUS
9.1
9.2

9.2.1 Rn‘uinticns teean
9.2.2 Advisory Guidance .....
923 muml,'h R Y R R N A AR RO A A A R L N B N B B

A, PEIR REVIEW ..... Crssniesaans terenataneans N
B. FEDERAL REGISTER ANNOUNC!H!NT

CMA 009830




LIST OF FIGURES

Health effects from breathing vinyl chloridae
Health effects from ingesting vinyl chloride
Effacts of vinyl chlorida--inhalation axposurse
Effects of vinyl chlorida--oral exposure '

Lavels of significant exposure for vinyl chloride--
inhalation. ................. feveraarararaan Braeeeen e

Levels of significant exposure for vinyl chloride--oral

Urinary output of thiodiglycolic acid from volunteers
12 h after exposurs to vinyl chloride in air for 12 h.

Adequacy of the database on health effects of vinyl chloride

Adequacy of ths database on health effects of vtnyl chloride
(animal data)

Proposed metabolic pathways for vinyl chloride

CMA 009831




LIST OF TABLIS

Chemical identity of vinyl chloride
Physical and chemical properties of vinyl chloride

Excretion of radieactivity in rats exposed to l4C-vinyl
chloride in air for 6 h

Percent of administersd dose of radiocactivicy excreted 72 h
following a single oral dose of l4C.vinyl chloride

Experimental protocol for animal exposure to vinyl chloride .
Genotoxicity of vinyl chloride in vive
Genotoxicicy of vinyl chloride in vitre

Tumor incidencs in male end female Sprague-Davley
rats exposad by inhalation to vinyl chloride
4 h/day, 5 days/week for 32 veeks

Tumor incidence in Wistar rats orally exposed to
vinyl chloride

Analytical methods for the quantification of vinyl chloride ..

CHA 009832




1., PUBLIC HEALTR STATEMENT

1.1 WHAT IS VINYL CHLORIDR? .

Vinyl chloride is a colorlesa gas with a mild, sweet odor. Most of
tha vinyl chloride producad in the United States is used to make
‘polyvinyl chloride (FVC), a material used to manufacture a variety £
plastic and vinyl products including pipes, wire and cable coatings,
packaging materials, furniturs and sutomebile upholstery, wall
coverings, housewares, and automotive parts. Much smaller amounts of
vinyl chloride are used as a refrigerant gas and in the msnufacturs of
othar chlorinated compounds. The major sources of release of vinyl
chlorids to the environment are atmospheric emissions and wastewater
discharges from the plastics industries (primarily vinyl chloride and
PYC manufacturers). Most of the vinyl chlorida released to the
snvironmant eventually ends up in air.

1.2 BOW MIGHT I BE EXPOSED TO VINYL CRLORIDR?

Humans ara exposed to vinyl chloride from environmental and
occupational sources. The low lesvels of vinyl chloride found in th
snvironment (often called background levels) are usually more than a
thousand times lower than levels found in occupational locations.
Background levels in the environsent 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 froa factories that manufacture or procass
vinyl chloride, or svaporation from areas vhers chemical wastes aras
stored. Highest background levels have been measured in air near vinyl
chloride factories or over chemical waste storage areas. Air inside nav
cars may contain levels of vinyl chlorids higher than expected
background levels, because vinyl chloride may seap into the air fr m the
new plastic parts.

Background levels in drinking water come from factories thac
releass wastes into rivers and lakes, from seepage into water in areas
where chemical vastes are stored, or from contact with pelyvinyl
ehlorids pipes. In the past, concentrations exceeding expected
background levels vere present in foods packaged in plastic that
‘contained vinyl chloride.

Occupational sources, such as what might be sxperienced in vinyl
chloride marmufacturing or processing factories, may rasult in exposure
to levels in the air much higher than those from snvirommental sources.
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 HOW DOES VINYL CHLORIDE GET INTO MY BODY?

The most likely route for vinyl chl ride to enter the body is by
breathing contaminated air containing the vapor. This route of exposure
may be important for persons employed in vinyl chloride manufaccuring or
processing, but msy also bas of concern for those living in a communicy
where vinyl chloride plants are located, or those living near hazardous
vaste disposal sites. Vinyl chloride can also enter the body by eating
food or drinking water containing the compound. Insignificant amouncs of
vinyl chloride can enter foods that are packaged in plastic made from
polyvinyl chloride and insignificant amounts can encer drinking water
transported in polyvinyl chloride pipes. In addition, vinyl chloride may
be present in drinking vater contaminated with hazardous waste. Lsvels
of vinyl chlorids present in drinking water and packaged foods and
beveragas are far belovw those expscted to have an effect on health.
Absorption of vinyl chloride through the skin {s noc likaly to be
{mportant.

1.4 HOW GAN VINYL CHLORIDE AFFECT MY HEALTH?

Short-term sxposures 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 vhere vinyl chloride was made or processed,
has caused "vinyl chloride disease," vhich 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. Increasad risk of cancer of the
liver, brain, lungs, and possibly other organs, and increased risk of
miscarriage have been associated with breathing air in factories
containing vinyl chloride.

Health effects have not been associated with ths very low levels of ‘
vinyl chloride msasured in drinking watar or foods.

1.3 I3 THERR A MEDICAL TEST TO DETERMINE VAETHER I HAVE BEEN
EXPOSED TO VINYL CHLORIDE?

Vinyl chlorids can be detected in urine and body tissues, buc the
tasts are not a reliable indicator of exposure. Measuring the amount of
the predominant breakdown product of vinyl chloride in the urine may
give some indication of recent exposure; however, people differ in the
quantity of excretion of this breakdown product. This method, therefore,
i{s not a relisble indicator of either tha level or the duration of
exposure, particularly at low exposure levels. The laboratory tests
commonly used by doctors to evaluate liver damage and liver function
gensrally are not reliable for monitoring liver damage from vinyl
chlorida exposurs.

1.6 WHAT LEVEILS OF EXPOSURE HAVE RESULTED IN HARMYFUL HEALTH EFFECTS?

The graphs on the following pages show the relationship batween
exposure to vinyl chloride and known health effects. In the firsc set of
graphs labeled "Health effects from breathing vinyl chloride® (Fig.
1.1), exposure is expressed in parts of vinyl chloride per million parts
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SHORT-TERM EXPOSURE LONG-TERM EXPOSURE
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Fig, 1.1. Health offects from breathing vinyl chioride.
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f air (ppm). In the second set of graphs, the same relationship is
shown for the known "Health effects from ingesting vinyl chloride” (Fig.
1.2). Exposures are expressed in ailligrams of vinyl chloride per
kilogram of body weight per day (mg/kg/day). In both graphs, effects in
animals are shown on the left, effects in humans on the right.

The first column, labeled "Short-term exposuras,” refers to effects
associated wicth exposure durations of 14 days or lass. The column
labeled "long-term exposura” refers to exposures lasting longer than 14
days. The levels marked on the graphs as "Minimal risk for effects other
than cancer® are astimates based on data obtained from laboratory
aninmals, and hence are subject to the uncertainties invelved in using
animal data to predict effects in humans. This data extrapolation is
necess4ry, however, becauss quantitative exposure data vers not
svailable for humans.

1.6.1 Toxic Effects Other Than Cancer

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

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

wF

1.6.2 Cancer

From available data in animals, the Environmental Protection Agency .
(EFA) has estimated that breathing air containing 1 pps vinyl chloride
every day, all day, for 70 years, increases, at the most, risk of 1100
parsons 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 evary day for 70 ysars increases, at the most, risk
of 23 persons in a population of 10,000 (or 22,000 persons in a
population of 10,000,000) developing cancer. It should ba noted that
these risk values are plausible upper-limit estimates. Actual risk
levels are unlikely to be higher and may be lower.

1.7 WVHAT RECOMMENDATIONS HAS THE FEDERAL GOVERMMENT MADE TO FROTECT
HUMAR HEALTH?

Tha Occupational Safety and Health Administratiom (OSHA)
regulations state that a worker must not be exposed to a concencration
of viagl chloride in air that exceeds 1 ppm over any 8-hour work peried,
and that the concentration must not exceed 5 ppm for more than 15
"minuess. The National Institute for Occupational Safety and Health
(NIOSH) recowmands that workers exposed to any measurable amount of
vinyl chloride wear an air-supplied respirator. EPA has determined that
factories must limit air emission of vinyl chloride te 10 ppsm.

Pursuant to the Safe Drinking Water Act, EPA established that
comaunity drinking water systems that regularly serve the same 25
persons for at least 8 months of the year must limit vinyl chloride in
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Fig. 1.2. Health effects from ingesting viayl chioride.
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the drinking vater to 0.002 ag/L, starting January 9, 1989. In order to
limit ingestion of vinyl chloride in fo d, the Food and Drug .
Adninisctration (FDA) recently amended its regulations regarding 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 over the handling of vinyl chloride,
EPA has designated the chemical as & hazardous constituent of solid
waste. If quantities greater than 1 pound are releassd to the
environment, the National Response Center must be notified immediately.
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2. HEALTE EFFECTS SUMMARY

2.1 INTRODUCTION

This section summarizes and graphs data on the health effects
concerning exposurs to vinyl chloride. The purpose of this saction is to
“prasent levels of significant exposure for vinyl chlorids based on key
toxicological studies, espidemiological investigations, and environmental
axposurs data. The {nformation presented in this section is cricically
evaluated and discussed in Sect. 4, Toxicological Data, and Sect. 7,
Potential for Human Exposure.

This Healch Effacts Summary section comprises two major parts.
Lavels of Significant Exposure (Sect. 2.2) prasents brief narracives and
graphics for key studies in a manner that provides public health
officials, physiclans, and other interested individuals and groups with
(1) an overall perspective of the toxicology of vinyl chloride and (2) a
sumnarized depiction of significant exposure levels associated with:
various adverse health effects. This section also includes informatfon
on the levels of vinyl chloride that hsve been monitored in human fluids
and tissues and information about levels of vinyl chloride found in-
snvirormental media and cheir association with human exposurss.

The significance of the exposurs levels shown on the graph may
differ depending on the user’s perspective. For exampls, physicians
concerned with the interpretation of overt clinical findings in exposed
persons or with the identification of persons with the potential to
develop such disease may be interssted {n levals of exposure associated
with frank effects (Frank Effect lLevel, FEL). Public health officials
and project managers concerned with response actions at Superfund sites
nay vant information on levels of exposurs associated with more subtle
affects in humans or animals (Lowest-Observed-Adverse-Effect Laval,
LOAEL) or expesurs levels below which no adverse effects (No-Observed-
Adverse-Effect Lavel, NOAEL) have been observed. Estimates of levels
posing minimal risk to humans (Minimal Risk Lsvels) are of interest to
haalth professionals and citizens alike,

Adaquacy of Database (Sect. 2.3) highlights the availabilicy of key
studies om exposurs to vinyl chloride in the scientific literacure and
displays these data in three-dimensional graphs consistent with the
format in Sect. 2.2. The purpose of this section is to suggest vhare
there might be insufficient information to establish levels of
significant human exposure. These areas will be considered by th 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 information.




2.2 LEVELS OF SIGNIFICANT EXFOSURE

To help public health professionals address the needs of pers ns
living or working near hazardous waste sites, the toxicology data
sumnsrized in this section are organized first by route of exposure--
inhalation, {ngestion, and dermsl--and them by toxicological end points
that are categorized into six general areas--lethality, systemic/target
organ toxicity, davelopmental toxicity, reproductive toxicicy, genetic
toxicity, and carcinogenicicy. The data are discussed in terms of three
sxposure periods--acute, intermediate, and chromic.

Tvo kinds of graphs are used to depict the data. The first type is
a "thermometer® graph. 1t provides a graphical summsry of the human and
animal toxicological end points (and levels of expesure) for each
axposurs route for which data are available. The ordering of effects
does not reflect the exposurs duration or species of animal tested. The
second kind of graph shows lLavals of Significant Exposurs (LSE) for each
route and exposure duration. The points on the graph showing NOAELs and
LOAELs reflect the actual doses (levels of exposure) used in the key
studies. No adjustments for exposurs duration or intermittent exposure
protocol wers made.

Adjustnents reflecting the uncertainty of extrapolating animal data
to man, intraspecies variations, and differences between experimental vs .
sctual human exposure conditions wers considered vhen estimates of o
lavels posing ainimal risk to human health wers made for noncancer end
points’ These winimal risk levels were derived for the most sensitive
noncancer end point for each exposure duration by applying uncertaincy
factors. Thess levels are shown on the graphs as a broken line starting
from the actual dose (level of sxposurs) and ending with a concave-
curved line at its termimus. Although mathods have been established to
derive these minimsl risk levals (Barnes et al. 1987), shortcomings
sxist in the techniques that reduce confidance in the projected
estimates. Also shown on_the graphs under the cancer end point are low-
lavel risks (10°% to 10°7) reported by EPA. In addition, the actual dose
(level of exposure) associated with the tumor incidance is plotted.

2.2.1 Kay Studies and Graphical Presentatioms

Dose-response-duration data for the toxicity and carcinogenicity of
vinyl chloride ars displayed in two types of graphs. These data ars
derived from the key studies described in the follewing sections. The
"thermometer” graphs in Figs. 2.1 and 2.2 plot exposure levels vs NOAELs
and LOAKLs for various effects and ‘durations of inhalation and oral
axposures, respectively. The graphs of levels of significant exposure in
Figs. 3.5 and 2.4 plot end-point-specific NOALLs and LOAELs and minimal
levelitof risk for acute (<14 dasys), intermediate (15-364 days), and
chronfa (2365 days) duration for inhalation and oral exposures,
respectively.

2.2.1.) Inhalatiom exposure

Lathality and decreased longevity. Acute occupational exposure to
high .mspecified concentrations of vinyl chloride has caused death in
humans (ACGIH 1986a). Guinea pigs exposed to 100,000 ppa died within 30
minutes as a result of central nervous system (CNS) depression (Pacty
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Fig. 2.2. Effects of vinyl chioride—oral exposure.
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et al. 1930). Lavels plotted as LOAELs n the graphs in Figs. 2.1 and
2.3 include a 2-h LC50 of 230,800 ppm in rabbits (EPA 1985a), a lavel of
100,000 ppa that was lethal in guinea pigs aftsr 30 to 60 min (Patty et
al. 1930), a level of 1000 ppm that decreased survival in mice exposed
intermictently for 5 days (Las et al. 1977a), and a lavel of 50 ppm that
decraased survival {n rats and sice exposed intermittantly for 6 to 12
months (Lee et al. 1977a, Hong et al. 1981).

Systamie/target organ toxleity. Humans occupationally exposad to
high levels of vinyl chloride have suffered from a syndroms called vinyl
chlorids disease, vhich displays manifold signs of toxicity invelving
the liver, CNS, and peripheral circulation and nerves. Exposures have
not been quantified, however, and thresholds for this syndroms have not
-baen identified. Important target organs in animals are the liver and
© CNS, CHS eoffects gensrally follow acute exposure to high levels (ses
Figs. 2.1 and 2.3), such as 8000 ppm associated with CNS effects in
humans (Laster et al. 1963), 70,000 ppm associated vith anssthesia in
dogs (Oscar et al. 1947), and 30,000 ppm associated with intoxication in
rats (Laster et al. 1963). CNS effects involving occupational exposure
have been rsported, but exposures have not besn quantified (Dinceva et
al. 1985, Perticoni et al. 1986, Halama at al. 1985).

The liver appears to be the most sensitive organ {n humans and
animals. Acute hepatotoxicity was observed in mice dying after X
intermittent exposure to 1000 ppm fotr 3 to 9 days (Lee et al. 1977a}k
(see Figs. 2.1 and 2.3). In racs, exposures of intermediate (6 months)
duration to 10 ppm were a LOAEL for liver effects (Bi et al. 1985) (see
Figs. 2.1 and 2.3). A chronic LOAEL for liver effects in rats wvas
observed at 50 ppm in a chronic (12 months) experiment (Lae et al.
1977a) (ses Figs. 2.1 and 2.3). However, since this was the lovest
concentration tested, a chronic NAOEL could not be determined. After
12-monch exposure, 100 ppa was a LOAEL ard 10 ppm was a NOAEL for
reduced terninal body weights in rats (Bi et al. 1983) (Fig. 2.1).
Minimal risk levels are not estimated in Fig. 2.3 based on liver
toxicity at the acuca level of 1000 ppm, because this level was s frank
effect lavel, and a NOAEL or LOAEL was not identified. A minimal risk
level of 0.005 ppa for intermediate exposure is based on the LOAEL for
liver effeacts observed in rats exposed intsrmittently to 10 ppm for 6
months (BL et al. 1985)., Data were not sufficient to estimace a minimal
tisk level fowx chronic exposurs.

Developmantal toxieity. In humans, incressed incidence of fatal
loss (Infants et al. 1976, Vaxweller et sl. 1977) has baen associatad
with oecupational exposure to vinyl chleride, but exposurss have not
‘been quantified. Animal data identify a NOAEL for developmental toxicicy
in rabbits exposed incarmittently to 2500 ppm on days 6 to 18 of
gestation (John et al. 1977). The ssme study identifies intermittent
axposurs of mice at 50 ppm on days 6 to 15 of gestation as a NOAEL and
similar exposuve of rats at 2500 ppm as a LOAEL. A NOAEL for rats of
1500 ppm exposed intermictently om 10 days of gestation vas identified
from a study by Ungvary et al. (1978). The animsl data are depicted in
Figs. 2.1 and 2.3.

A minima) risk level of 0.7 ppm is estimated for acute exposure
based on the NOAEL of 30 ppa for davelopmental toxicity in mice (John
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et al. 1977). This NOAEL is comfortably below the NOAEL of 250 ppm for
lethality in mice and below the frank effact level of 1000 ppm for
hepatotoxicity in the acute phase of the Les ot 3l. (1977a) study.

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

Reproductive toxicity. Two occupational studies associated effects
on sexual and endocrinoclogical functiom in men and vomen and om
gynecological health in women with exposure to vinyl chloride (Makarov
1984, Makarov et al. 1984). Although axposure levels were estimated, the
reports were inadsquataly reported for critical evaluation, and the daca
from these studies are not plottesd on the graphs. Animal data are
limited to a l-year study in rats in which iatermittent exposure to
100 ppm was a LOAEL for testicular effects and 10 ppm vas a ROAEL (see
Figs. 2.1 and 2.3).

Ganotoxicity. Several studies reviewad in Sect. 4.3.5.1 on
genotoxicicy in humans demonstrate that vinyl chloride causes
chromosonal aberrations in lymphocytes in occupationally exposed
workers. The key study (Hansteen at al. 1978) identified a NOAEL of
1 ppm for this effect. Positive results were obtained in microorganisms
in nonhuman systems, in the recessive lethal tast in Drosophils and in
other mammalian test systems (see Section 4.3.3.2 on genotoxicicy in |
animals).

_ Cartinogenicity. Several epidemiology studies, many of which have
been reviewed by EPA (1985b), associated occupational exposurs to vinyl
chloride with cancers of the liver, brain, lung, and possibly other
sites. Concentrations of vinyl chlorids in tha werkroom air were net

_measurad, In the key studies used by EPA (1983b) to darive an inhslaction
potency factor (Maltonli et al. 1980, 1981), rats were axposed
intermitteantly to 1 to 30,000 ppm for 52 weeks, and mice and hamsters
were exposed to 50 to 30,000 ppa for 30 weeks followed by an observation
period. Estimacion of carcinogenic potancy was based on the incidence f
liver angiosarcomas in rats. A stacisticslly significant increase in
tumor incidence was observed in all three species at 230 ppa. Several
other inhalation studies, reviewed in Sect. 4.3.6, Carcinogenicity,
support the carcinogenicicy of inhalacion exposure to vinyl chloride.
Studies by Suzuki (1981, 1983) appear to dafine intermittent exposurs of
mice to 10 ppe as a low level assoclated with increased incidence of
lung cancer, although statistical analyses wers not performed. Mice vere
axposed for 4 weeks followed by a 41-week observatiom period. The
concentration of 50 ppm associatad with cancer in rats and hamsters and
the cepeentration of 10 ppm associated wich lung cancer in mice are
depicted in Figs. 2.1 and 2.3.

From the incidence of liver angiosarcomas in rats of both sexes in
the Maltoni et al. (1980, 1981) experiments, and basaed upon the absorbed
doses of vinyl chlorida, a q.* of 2.95 x 10°1 (mg/kg/day)-l vas
estimated by EPA (1985b). Asbuming humans breathe 20 m3/day, absorb 50
of inhaled vinyl chloride, and weigh 70 kg each, estimated
concentrations assoclated with cancer risks of 10°4, 10°3, 10°6, and
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10°7 are 9 x 10°4, 9 x 10°5, 9 x 10°6, and 9 x 10-7 ppm, respectively
(see Fig. 2.3).

2.2.1.2 Oral exposure’

Iathality and decreased longevity. Oral lethality daca are limited
to an LDSO 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 lifatime dietary study
in racs (Dow Chemical Company 1984, Til et al. 1983) (see Figs. 2.2 and
2.4).

Systemic/target organ toxicity. Oral 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 13-veek gavage study
in rats, 300 mg/kg/day was a LOARL and 30 mg/kg/day vas a NROAEL for
hepatotoxicity (Faron et al. 1973), (see Figs. 2.2 and 2.4). A minimal
tisk level of 0.30 mg/kg/day is estinmated for intermittent oral exposurs
based on the NOAEL of 30 mg/kg/day (see Fig. 2.4). In a lifetime diecary
study in rats (Dow Chamical Company 1984, TIl et al. 1983), a LOAEL of
1.3 ag/kg/day and a NOAEL of 0.13 mg/kg/day for hepatotoxicity were
idencifi{ed (see Figs. 2.2 and 2.4). A uminimal risk level for chronic
oral axposure is estimated from the NOAEL of 0.1) mg/kg/day for
hepatotoxicity becsuse this dose is also a NOAEL for decreased
longevity. The minimal risk level is ~0.0013 mg/kg/day (see Fig. 2.3).
Other effects observed in a lifetime dietary study in rats by Ferow et
al. (1981) include mild hematological changes at 2l4.l mg/kg/day, bat
not at 3.0 mg/kg/day. These data are dapicted in Fig. 2.2, buc have: ne
bearing on critical evaluation. .

Developmental toxicity. Data wers not located rogar&in;
developmantal toxicity in orally exposed humans or animals.

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

Genotoxicity. See Sect. 2.2.1.1 on genotoxicity associated with
inhalation exposure. .

Carcinogenicity. Data wers not located regarding cancer in orally
exposed humans. In the key lifetime dietary study in rats (Feron et al.
1981) used by IPA (1985a, 1987a) to derive a potency estimate for oral
exposure, rats wers fed diets that provided vinyl chloride st doses of
1.8, 3.6, or 17.0 mg/kg/day for lifatims. An increased incidance of
necplestic nodules of the liyer amd/or hepatocellular carcinoma,
statistically significant, vas observed st z1.8 ag/kg/day in females and
st 3.6 ng/kg/day in males. The lower dose is depicted in Fig. 2.4 as
the lowest ddwe in animals associated with cancer, EPA (1985a, 1987a)
-astimated cancer potency at 2.3 (l‘/k‘/dny)‘l based on the combined
incidence of liver and lung tumors in both saxes of rats. Doses
associated vith excess cancer risks of 10-4, 10-5, 10°6, and 10-7 are
plotted in Fig. 2.4.

2.2.1.3 Dermal exposure

Pertinent data regarding toxicity in humans or animals dermally
exposed to vinyl chloride wers not locatad in the available literature.
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2.2.2 Iloloiienl Monit ring es a Measure of Exposure and Effects

M logical monitoring for exposura to vinyl chloride has had
limited success. In an early study, Baretta at al. (1969) atctempted to
correlate postaxposure concentrations of vinyl chloride in exhaled air
with exposure levels. Although there was a very close relationship
betvesn exposure levels 250 ppm and lsvels in expired air, the method
doss not appear to be useful at exposurs concentrations <50 ppm. Meth ds
have been davised to quantify vinyl chloride in urine (van Sittert and
da Jong 1983) and tissus (Zuccato et al. 1979), but metabolism occurs s
quickly that quantification of levals of unchanged compound in urine is
not likely to reflect exposure levals, particularly at low
concentrations.

Mors recently, biological monitoring has focused on correlating
urinary levels of thiodiglycolic acid, the major urinary metabolits of
vinyl chloride (Green and Hathway 1977), with exposure levels in the air
(Hager ot al. 1982). The results, presented in Fig. 2.5, suggest a
feasonable correlation between exposure concemtration and urinary output
of thiodiglycolic acid. In reviewing these data, howevar, Tarkowski
(1984) noted that a great deal of individual variation occurred, and tha
correlation was not strong enough to render this method reliable at
exposure concentrations of <5 ppm. Tarkowski (1984) concluded thac n
reliable method exists for biological monitoring of exposurs to vinyl -
chlorids. . * -

As indicated in Sect. 4.3.2.1, Hepatotoxicity, liver disease iz '
probably the most common adverse effect associated with exposure to o
vinyl chloride. Generally, routinely performed biochesical screening and-
liver function screening tests have not been useful in monitoring the
presence, severity, or progress of vinyl chloride disease (Lae et al.
1977b, Lilis et al. 1975). More recencly, Doss et al. (1984) measurad
total urinary porphyrins and secondary urinary coproporphyrin in sevaral
patiencs with liver disease resulcing from expesure to vinyl chloride.
These investigators observed a correlation between slighcly to
modarately elevated total urinsry porphyrin and the sarly stages of
toxic liver disease. Particularly noted was a marked elevation in
urinary coproporphyrin. In cases of chronic liver disease, total urinary
porphyrin vas markedly elavated to 3 to 6 times the upper normal limit,
but coproperphyrin sppeared to be elevated relatively less than vas
observed for acuta toxicity. The investigators observed that elevated
urinary coproporphyrin is a common clinical pathological finding in
vinyl-chlorids-related liver disease and may be useful in monitoring
chronic exposurs and progress of the c¢linical case. :

z
v

2.2.3% Ravironmental Levels as Indicators of Exposurs and Effects

2.2.5.1 Llavels found in the envircoment

lavels 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 laevels
in wost places are usually below the level of datection (Stephens et al.
1986; Crimsrud and Rasmussen 1975a,b; Harkov et _al. 1984; Wallace et al.
1984: EPA 1985b). Lavels from trace to 105 ug/m? (0.4 ppm) have been
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found near vinyl chloride production plants (Gordon and Meeks 1977,
Pellizzari et al. 1979, IARC 1979, EPA 1983b), and levels have ranged
from undatectable to 23.4 ug/m3 (0.01 ppm) over landfills (Stephens et
al. 1986, Baker and Mackay 1983). It {s unlikely that levels in ambien:
air would result in significant exposure.

Several epidemiological studies associated 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-
veighted average concentration of 0.18 to 69 mg/m® (0.07 to 27 ppa) in
workplace air (Fishbein 1979). Concentrations in some plants were as
high as 100 to 800 ag/m?® (39 to 315 ppm) (Fishbein 1979). There seenms
little doubt that occupational exposure resains the most imporcant
source of exposure to vinyl chloridas.

Lavels in drinking water as high as 10 ug/L have been detected
(Dyksen and Hess 1982, HSDB 1987), but most monitoring studies have
reported no datectable vinyl chloride in drinking watar (HSDB 1987,
Coniglio st al. 1980). Data were not located regarding the monitoring of
vinyl chloride in soil, but exposurs from contact with contaminated soil
is likaly to be negligible because dermal absorption is not considared
significant (Hefner et al. 1973a).

In the past, vinyl chloride had been detectad in various foods, as
a result of migration from pelyvinyl chloride food wrappings and *
containsrs (EPA 1985b). Currently, the FDA regulates the usa of vinyl-
chloride-containing polymers to maintain levels of vinyl chloride in
food at x5 ppdb. A recent report suggests that migracion of vinyl
chlorids into food from polymers containing very low levels would be
negligible, and that intake from food is expected to be negligible
(Kontominas et al. 1983).

2.2.3.2 Human exposurs potentisl

Monitoring datas indicate that pecople living in the vicinicty of
vinyl chlorids, FVC, or vinyl chlorida copolymer manufacturers, or
hazardous vasts sites that contain vinyl chlorids, would be exposed to
this compound through inhalation of contaminated air, whereas pecple not
living near these sources would ba exposed to negligible levels.
Locations of large industrial sources include, but are not limited co:
Plaquemine, lLouisiana; Houston, Texas; Lake Charles, Louisiana; Calvert
City, Kentucky; Point Comfort, Texas; Oklshoma City, Oklahoma; Baton
Rouge, louisisna; Delavare City, Delaware; Pensacola, Florids; and
Aberdeen, Massachusetts (CMR 1986a,b). The greatest likelihood for human
inhalstion exposure to vinyl chloride is occupational. NIOSH estimaced
that 27,000 vorksrs are definitely exposed to vinyl chloride, and
workars probably exposed may be as many as 2.2 million (Sittig 1983).

The level of vinyl chloride in drinking water is sxpected to be
highest {n aress vhere the raw vater supplies are contaminated with
vinyl chloride. The most probable source of surface water contamination
is wastsvater from vinyl chloride, PVC, and vinyl chloride copolymer
manufacturers. The most probable sources of groundwater contaminacion
are landfills. 1t has been shown that use of PVC pipes may result in
leaching of vinyl chloride monocmer into drinking water supplies;
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hovever, the concantrations in drinking vater that occur from thase
pipes are below those axpected to cause adverse hsalth effects.

2.3 ADEQUACY OF DATABASE

2.3.1 Iantroduction

Section 110 (3) of SARA directs the Administrator of ATSDR to
prepars a toxicological profile for each of the 100 wmost significant
hazardous substances found at facilities on the CERCIA National
Priorities List. Each profile must include the following content:

"(A) An examination, summary, and interpretation of available
toxicological infermation 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 affects.

(3) A determination of vhether adequats information on the health
sffects of each substance is available or in the process of
davelopment to determine levels of exposure which present a
significant risk to human health of acucs, subacute, and
chronic health effacts.

(C) Vhers appropriacte, an identification of toxicological testing
nasded to idencify the typés or levels of exposure that may
present significant ri{sk of adverse health sffects {n humsns."

This section identifies data gaps in current knowledge relevant to
developing levels of significant exposure for vinyl chlorids. Such gaps
are identifled 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 blological monitoring and mechanisms of
toxicity. The present section briefly summarizes the adequacy of
existing husan and animal data, identifies data gaps, and summarizes
research in progress that may fill such gaps.

Spacific research programs for obtaining data needed to develop
leveals of significant exposure for vinyl chloride will ba davalopad by
ATSDR, NTP, and EPA in the future.

2.3.2 Adequacy of the Database for Health Effect End Points

2.3.2.1 Introduction and graphic summary

2% The adequacy of the dscabase for heslth effect end points in humans
lnd aninsls is depicted in bar graphs in Figs. 2.6 and 2.7,
respectively.

The bars of full height {ndicate that thers are "adequate" daca to
meet at least one of the following conditions:

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

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

4, There are studies that show that the chemical does not cause this
heaalth effect via this exposure routa.

Bars of half height ind{cate that “some" data for the end point
axist but do not meet any of the ecriteria for “adequate” data.

2.3.2.2 Descriptions of hi.hlm:s of graphs

Figure 2.6 shows that human dose response data for oral and dermal
exposure are lacking. Data are available that associate high inhalation
levels of vinyl chloride with mortality in acuts occupational exposure,
but exposure lavels ware not quantified; therefore, the graphs indicate
"some” but not "adequate” data. Data wers not located for acute or
intermediace inhalation exposure to vinyl chloride. Many spidemiological
studies and case studies have characterized the syndrome known as vinyl
chloride disease in occupationally exposed humans (see paragraph on
vinyl chlorids disease from inhalation axposure, human, in Sect.
4.3.2.3). There are also data igplicating vinyl chloride as a cause of
fatal loss (ses Sect 4.3.3.1 on developmental toxicity from inhalation
exposure, human). Because exposure levels were not quantified, the
graphs for chronic toxicity and developmental toxicity indicacte "some”
data. Two studies suggest that occupational exposure interferes with
normal sexual activity and compromises gynecological health (Makarov
1984, Makarov et al. 1984). These data are inadequately reported for
critical evaluation, and consequantly, the graph for reproductive
toxicity indicates "some® dats. Although vinyl chloride is clearly a
human carcinogen based on occupstional data (see Sect. 4.3.6.1 on
carcinogenicity from inhalation exposure, human), exposures were not
quantified, and the dats are classified as "soms.”

The lack of desmal data is not problematical since dermal
absorption of vinyl chloride vapor is expected to be insignificant
compared with inhalation absorption (Hefner et al. 1975a). Although
there is a lack of oral dats in humans, data in relevant animal sodsls
are sufficient ta estimate significant levels of exposure for
intermediate and chronic oral exposure. Deficiencies in the human
inhalation toxicity data are somevhat sore notaworthy bacause animal
dats ats sufficient for estimating & minimal risk level for intermediate
duratiom but not for chromic inhalation exposure.

From Fig. 2.7, it is apparent that the database for inhalation
exposure in animals is more extensive than for humans. Inhalacion data
for acute lethality, intermediaze duration toxicity, developmental
toxicity, and carcinogenicity are sufficient for critical evaluation and
are dafined as "adequate.” Inhalation data for chronic systemic 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 intermediace and chronic toxicity and
carcinogenicity. However, acute lethality data, limited to an LDgp in
rats (Sax 1984), were judged to be "some.” Data vere lacking for acute
systemic, developmental, and reproductive toxicity. Since oral exposure
is possible, the data gap regarding dovo].opum:al and reproductive
toxicicy should be filled.

2.3.2.) Summary of relevant ongoing research

Peter Foiles at the American Health Foundation in New York City
will conduct a study sponsored by the National Cancer Institute to
davelop monoclonal antibodies that will aid i{n the datection of cyelic
DNA adducts in humans exposed to emvironmsental carcinogens. The scudy
nay contribute to our knowledge of adducts that are formed in humans
from vinyl chloride exposure and the role these adducts play in human
carcinogenesis (NTIS 1987).

Petsr Guangerich at the Department of Biochemiscry at Vanderbilt
University in Nashville, Tennesses, will investigace the bioactivation
and covalent binding of metabolites of vinyl halides, including vinyl
chloride. This work, sponsored by the National In:t:i.t:utn of
Environmental Hulch Sciences, may contribute to our understanding ocl
the impact of specific enzywes in the liver and qther organs to the-:
toxification and detoxification of vinyl chloride (NTIS 1987).

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

J.R. Glacin at Michigan State University has been investigating the
migration of monomers in plastics into food stimulants. This project,
sponsored by the U.S. Department of Agriculturs, msay allow more accurate
estimation of the exposure of the population to vinyl chleride 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 Pharsacokinetics and mechanisms of action

ﬁ The pharmacokinetics of vinyl chlorids in humans exposed by
inhalation is relatively wall understood, but little is known of oral
and dermal pharmacokinetics. The gap in human pharmacokinatic knowledge
12 not a concern because the pharmacokinetics of oral vinyl chloride in
relevant animal medals is well undarstood, and dermal exposure is not
likely to be significant. Metabolism to an epoxide and an aldehyde
providas reactive intermediatea thought to bs responsible for the
carcinogenicity and probably the hepatotoxicity of the compound in
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aninals and humans. Further uﬁd-rstanding of the mechanism of action on
other systems, such as the CNS, could be gained.

2.3.3.2 Momnitoring of human biological zamples

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

2.3.13.3 Invironmentsl considerstions

Limited data are available regarding the vinyl chlorida levels in
foodstuffs. Monitoring data on levels of vinmyl chloride in food
contained in PVC packaging materials are nsedad. Intake of vinyl
chloride by ingestion of contaminated food was assumed to be negligible,
based on strict FDA regulations and ons laboratory study (Kontominas at
al. 1985%) that simulated actual food packaging and food storage
condit:iom This assumption should be verified with nonit:oring data.

Data on the amount of leaching of vinyl chloride from rigid PVC
water pipes into drinking water need to be obtained. Monitoring data
alone cannot reveal the axtent of the leaching problem, because
monitoring data frequently reflect levels in drinking water supplies o
before transport through PVC distribution systeas. 1

Limited data are available on the persistence of vinyl chloride in ¢
the environment, particularly in surface vaters, soil, and groundwater.
Although a half-1ife for vinyl chloride in surface wvater has been
estimated, significant uncertainty exiscs. - Due to lack of data, it was
not possible to estimate a half-life for vinyl chloride in soil ox
groundvater.
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3. CHEMICAL AND PHYSICAL INFORMATION

3.1 CHEMICAL IDENTITY

Data pertaining to the chemical idanticy of vinyl chloride are
listed in Table 3.1.

3.2 PHYSICAL AND CHEMICAL PFROPERTIES

The physical and chemical proparties of vinyl chlorids are
presented in Table 1.2,

23
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Table 3.1. Chemical identity of vinyl chioride

Parametor Value References
Chemical same ) Chiorosthene SANSS 1987
Synonyms and trade names Vinyl chioride, SANSS 1987
chiorosthylene,
ethylene monochioride,
monochloroethylene,
VC, VCM, vinyl
C monomer
Chemical formula CH,C1 HSDB 1987
Wiswesser line notation GiuUl HSDB 1987
Chemicsal structure
H Cl z
AN
C=C
7 AN
H H
Ideatification numbers
CAS Registry No. 75014 HSDB 1987
N1OSH 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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Tebie 3.1 Physical and chomical prepurtios of vinyl chieride

Propenty Value Rafersoces
Molecular weigin 1.5 Cowfer aad Magistro 1983
Coler Coloriew Cowfer apd Magintro 1943
Physical state Gm Cowfer and Magimro 198
Qdor Mild, swent Varschoarea 1943
Odor threshold .

Watar 3.4 ppm (w/v)* Amoorey snd Hautula 1983
Air 3000 ppm (v/v) Amoore and Hautula 1982
Mating poiat -183.8°C Cowfer and Magistro 1983
Boiling poist -134°C Cowfer spd Magistro 1983
Autoigiti
tsmperature 472°C Cowfer and Magistro 194
Solubility
Warer 1763 mg/L n 25°C EPA 19850
1100 mg/L =t 25°C Cowfer sad Magistro 1983
Orgasic solvents Soluble in bydro- Cowfer apd Magistro 1983
carbons, oil,
skeohol. chiorinated
soivests, aad man
COMIOR GrgaRic
Liquids
Deusity, 3/om’ 0.962 (—14.2°C) Cowfer and Magistro 1983
Vapor desgity (air = 1) 2,15 Varchuerea 1983
Log octanol-water
parution cosfficients 136 EPA 1987y
Vapx prewure 2660 mm Hg at 25°C Verxchueren 1983
Hewry's Law comstamt 1.2 (stm-m*)/mol a8 10°C EPA 19850
Rafractive index 1.5700 = 20°C EPA 199%
Flashpoiat —=T7.15 (opem cup) Cowler amd Magistro 1983
Flamaabilicy Limits =12 vol % Cowfer and Maginro 1933
Coaversion factons s
pom (v/v) 1o mg/m 3
in 2y pom’(v/v) = 160 my/m
ag/n’ v ppm (v/v) ,
ia air mg/m’ = 0.39 ppm (v/v)
poa (w/v) w myg/L
in vaer pym (w/v) = mg/L = pg/ml
pom (w/w) 1o mg/kg
in solid mazrioss ppm (w/w) = mg/ky = wg/g
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4., TOXICOLOGICAL DATA

4.1 OVERVIEVW

Much of the data summarized in this section is reviewed in two
recent EPA documents (EPA 1983a,b). Respiratory and gastrointestinal
absarption of vinyl chlorida appears to be rapid. Humans retain -42% of
vinyl chlorids inhaled at concentratioms of 3 to 24 ppw. Animal studies
suggest that gastrointastinal absorption is nearly complete. Dermal
absorption of vinyl chloride vapors is not likely to resulc in toxicity.
Distribution of absorbed vinyl chloride may be widespread, with highest
levels of parsnt compound located in fat; but metabolism and excretion
oceur so rapidly that highest levels of excretory products are located
in the liver and kidney, the primary organs of metabolism and excretion.

Regardless of the route of administrstion, inhalacion or oral.
metabolisa proceeds via oxidation and subsaquent conjugation with
sulfhydryl groups. An important oxidative pathway involves mixed-
function oxidase and results in reactive electrophilic intermediaces,
2-chloroathylens oxide and 2-chloroacataldshyde, vhich bind to liver
macromolecules and may be responsible for tha toxicity and oncogenicicy
associated with vinyl chloxide. Excretion of polar metabolites is
predominantly through the urine; vwhen metabolic pathvays are saturated,
substantial smounts of urmetabolized vinyl chloride are exhaled.

At sublethal doses, the liver is the primary target organ for
carcinogenic and noncarcinogenic effacts of vinyl chloride in humans and
animals. The significant feature of the toxicity of vinyl chloride is
its carcinogenicicy. In occupationally exposed humans and in animals
exposed orally or by inhalation, an increased incidence of liver, lung,
and brain tumors, and possibly other types of tumers, can ba attributed
to vinyl chloride. Other symptoms i{n occupationally exposed humans are
collectively termed "vinyl chloride disease," and include
acroostaolysis, circulatory diaturbance in ths extramities, Raynaud
syndrome, scleroderma, hematological effects, and effects on the lungs,
as well as effects on the liver. No counterpart of the human disease has
been produced in exparimencal animals.

Wives of men occupationally exposed to vinyl chloride have suffered
- & greatst mmber of miscarriages than wives of men othervise smployed.
In occupstionally exposad humans, vinyl chloride is genotoxic. This
effect is associated with sn increase in chromosomal aberrations in
peripheral lymphocytes, and it appesrs to be reversible when exp sures
ars reduced to 3l ppa. Vinyl chloride is sutagenic in a number f
microbial and other test systems. Electrophilic matabolites of vinyl
chloride, 2-chloroethylene oxids and 2-chloroscetaldshyds, have been
shovn 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 monoaer concentrations of 7.5 to 60 ng/u3 (3 to 24 ppm)
by gas mask for 6 h. By measuring the difference between inhaled and
exhaled concentrations, an average retencion of 42% wvas estimated.
Although the results varied among the individuals tested, the percentage
retained appeared to be independenc of the concentraction inhaled.

Animal. Animal data, while demonstrating that inhalation
absorption of vinyl chloride occurs readily and rapidly, are not
sufficient to quantitatively determins the proportion of an inhaled dose
that {s absorbed. Withey (1976) determined that peak blood levels
occurred at 30 min in rats exposed head only to 7000 ppm. Bolt et al.
(1977) placed rats that had been pretreated with 6-nitre-1,2,3-
benzothiadiazole to completely block the metabolism of vinyl chloride in
a closed chamber containing 0.4 to 0.5 ppm 1“c-viny1 chloride.
Radioactivity in the chamber air declined only for the first 15 min of
sxposure, indicating that equilibrium between atmospheric and tissue
levels of radiocactivity had occurred, suggesting rapid uptake by the
tissuses of ths racs.

4.2.1.2 Oral

Human. Data regarding the oral absorption of vinyl chleoride by
humans were not located. .

Animal. Several studies in rats indicate that vinyl chloride is
rapidly and probably completely absorbad from the gastrointestinal
tract. Withey (1976) administered single 10 al (44 to 92 mg/kg) oral
doses of vinyl chloride in aqueous solution and observed that blood
levels of vinyl chloride peakad in 10 to 20 min. Watsnabe et al. (1976a)
administered single gavage doses of 0.05, 1, and 100 mg/kg l4c.vinyl
chlorida in corn oil and measured the amount of radiocactivity excretad
in expired air, urine, and feces, as well as the amount retained in the
carcass, at 72 h. The fraction of the administerasd doss recovered in the
feces, roughly indicative of the proportion unsbsorbed, ranged from 0.47
to 2.39%, suggesting that absorption vas nearly complete. Total
vecovery, however, ranged from 82.3 to 91.3%, suggesting substantial
loss of radioactivity. Feron et al. (1981) provided rats with diets
containing nominally 20, 60, or 200 ppm vinyl chloride monomer (from
powdeved polyvinyl chloride containing & high level of the monomer) for
4 h snd measured the fecal excretion of vinyl chloride 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
chleride recovered from the feces vas encapsulated by polyvinyl chloride
and vas not available to the rats for absorption, and that absorption of
svailable vinyl chloride was virtually complete.
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4.2.1.3 Dermal

Human. Data regarding the dermal absorption of vimyl chloride b
huaang wvare not located.

Animal. Animal data suggest that dermsl absorption of vinyl
chloride gas is not likely to be significanc. Hefner et al. (1975a)
placed all but the heads of two anesthetized rhesus monkeys in chambers
containing 800 or 7000 ppm 140-v1ny1 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 radioactivity 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 vas far
lass significant than {nhalation absorptiomn.

4.2.2 Discribution
4.2.2.1 Inhalation

Buman. Data regarding the discribution of vinyl chloride in the
tissues of humans exposed by inhalation were not locacted.

Anissl. Data from rat studies suggest cthac the distribution of
inhaled vinyl chloride is rapid and vidaspread but depends on
metabolism. Buchter et al. (1977) exposed rats to léc.vinyl chloride to
determine tissue distribution of radioactivity, In rats pretreated with
6-nitro-1,2,3-benzochiadiazole to block metabolisa of vinyl chloride,
the highest levels of radiocactivity wers located in the fat, with lésser
amounts in the blood, liver, kidney, muscle, and spleen. When metab lism
was not blocked, the highest lavels of radiocactive matabolites were
located in the liver and kiduney. At 10 min after a 5-min exposure of
rats to 20,000 ppa I“C-vinyl chloride, Duprat et al. (1977) dacected
radiocactivity in the liver, bile duct, digestive tract, and kidney. Ac 3
h after the exposure described above, radioactivity wvas alsc detectad in
the urinary tract, salivary and lacrimal glands, thymus, and skin.
Immediately after a 3-h exposure to 14C-vinyl chloride at 50 ppm, tissue
levals of radicactivity, expressed as percent incorporated per gram of
tissus, wers highest in the kidney (2.13%) and liver (1.86s8), with lover
levels in the spleen (0.73%) and brain (0.17%) (Bolt at al. 1976a).
Vatanabe ot al. (1976b) exposed racs to 10 or 100 ppn~146-vinyl chloride
for 6 h and ssasured radicactivity in cissues 72 h later. In order of
decreasing concentration, radicactivity (presant as nonvolatilas
astabolites) vas detectad in the liver, kidney, skin, lung, muscle,
carcass, plasms, and fat.

4.2.2.2 Oral

Humsn. Data regarding the tissus distribution of vinyl chloride in
orally exposed humans were not locatad.

Animsl. Vatanabe et al. (1976a) measured the level of
radioactivity present as nonvolatile metabolitas in tissues of rats 72 h
after single 0.05 to 100-mg/kg gavage doses of l4C.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 expsrimental animals were not located.

4.2.3 Metabolism

4.2,3.1 Inhalation

Buman. In the only human data located, Sabadis et al. (1980)
examined the ability of aryl hydrocarbon hydroxylase in the 8-9 fraction
from surgically obtained liver specimens to metabolize vinyl chloride to
slectrophiles mutagenic to Sslmonells typhimurium TA1530. The number of
revertants per plate vere compared with that resulting from identically
prepared $-9 fractions from female strain BD IV rats., Human S-9
fractions induced mutations (and presumably metabolism to a reactive
slectrophile) to an average 84% of the extent mediated by rat 5-9, but a
9-fold individual variation vas observed.

Animal. Hefner et al. (1975b) exposed rats to vinyl chloride in a
closed chamber at concentrations of ~50 to 1000 ppm for 52.5 to 1356.3
min. Additional rats pretrsated with ethanol (to inhibit aleohol
dehydrogenase activity) or SKF 3525-A (te inhibit microsomal oxidase
activicy) vere similarly exposed. Metabolism, estimated by measuring the
rats of disappearance of vinyl chloride from the closed syscem, appsared
to follow first-order kinetics vith a half-life of 86 ain at <100 ppm.
At >220 ppm, metabolism was sloved to a half-life of 261 min, suggesting
saturation of the pathway predominant at <100 ppm. Pretreatment with
ethanol depressed the rate of metabolism >83% at <100 ppm but <47% at
>1000 ppm. Pratreatment with SKF 525-A, however, had no effect at <100
ppm but dapressed metabolism 194 at >1000 ppm. The authors postulaced
three alternative pathways for metabolism, as depicted in Fig. 4.1. At
low concentrations, sequential oxidation to 2-chloroethanol, 2-
chloroacetaldshyde, and 2-chloroacetic acid involving alcohol
dshydrogenase (inhibited by pretreatment with ethanol) appeared to be
the predominant pathway. Lictle 2-chlorcacetic acid was formed, however,
probably because 2-chloroacetaldshyde conjugated rapidly with ubiquitous
sulfhydryl groups. When the alechol dshydrogenase pathway becane
seturated, 2-chlorcethanol say have been oxidized by catalase in the
presence of hydrogen peroxide (H202) to a peroxids, which msy have
undergone subsequent dehydration to form 2-chloroacetaldshyds. An
alternative pathway may have involved oxidation by mixed-fumection
oxidase to form a highly reactive epoxids intarmediate, 2-chloroethylene
oxids, vhich spontaneacusly rearranged to form 2-chloroacetaldehyda.
Hefner ot sl. (1975b) reported urinary excretion of polar metabolites
and 2-chlervcacetic acid by rats sxposed by inhalaciom.

Other animal data expand the hypotheses of Hefner et al. (1975b).
Hultmarzk et al. (1979) used an in vitro technique to determine thac
metabolism was NADPH-dependant, located in the microsomal fraction of
the liver, and probably involved mixed-function oxidase. Bolt et al.
(1977) reported that pratreatment with 6-nitre-1,2,3-benzothiadiazole
vas sufficient to totally block metabolisa of vinyl chloride in racs
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exposed to ~0.45 ppm in a closed sysctem for 5 h. B lt et al. (1977) and
Bolt (1986) incarpreted this observation to str ngly suggest that
mstabolism of vinyl chloride proceseds primarily through a mixed-funetion
oxidase pathway with likely production of an epoxide intermediace,
because 6-nitro-1,2,3-benzothiadiazole is known to inhibit some
microsomal cytochrome P-4350 oxidation pathways. Bolt et al. (1977) and
Filser and Bolt (1979) exposed rats in a closed system to 100 or 1000
ppa l4C.vinyl chloride. By measuring the disappearance of radioactivicy
wich time, they determined 230 ppn to be 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 umol/h/kg (Buchter et al. 1980). The Vmax of 350 umol/h/kg was
suggestad ay a closer approximacion of metabolism in humans than the
valus of 110 :mol/h/kg estimated for rats by Filser and Bolc (1979).

Inhalation exposure has beaen associated with reduction in liver
nonprotein sulfhydryl concentration in the rat (Hefner ec al. 1975b,
Bolt et al. 1976b), particularly at exposure concentrations »>100 ppm
(Watanabs st al. 1978a, Jedrychowski et al. 1984). Urinasry netabolites
identified in rats exposed by inhalation include polar compounds
resulting from conjugation with sulfhydryl groups at low exposure
concentrations (Vatanabe et al. 1976b, Hefnar et al. 1975b) and 2-
chloroacetic acid at high exposure concentrations (Hefner et al. 1975b).

Several investigators have observed the binding of nonvolatile
setabolites of 1“C-.vi.ﬂyl chloride to liver macromolecules in vitro and
in rats exposed by inhalation (Kappus et al. 1976; Guengerich and
Watanabe ‘'1979; Guengerich et al. 1979, 1981; Vatanabe et al. 1978a,b).
In single-exposure experiments at different concentrations, the extent
of macromalecular 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 wvas increased by repeated exposurs to vinyl chloride (Watanab
et al. 1978b) and by pretreatment with phenobarbital (Guengerich and
Vatanabe 1979). Macromolecular binding has been attributed to the
teactive intermediate 2-chloroathylens oxide, which may bind to DNA and
RNA, and to its rearrangement product, 2-chloroacetaldshyde, which may
bind to protein molecules (Guangerich et el. 1979, 1981; Guengerich and
Watanabe 1979; Watanabe et al. 1973a,b; Kappus et al. 1976; Bolt 1986).

4.2.3.2 Oral

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

Asimsl. Urinary setabolites identified from rats orally exposed to
1l4c.vinyl chloride are consistent with the metabolic pathways postulated
for inhalation exposure, in particular with the formation of 2-
chlorosthylene oxide and 2-chloroacetaldahyds, Metabolites identified
inelude N-acetyl-S-(2-hydroxyethyl)cysteine, N-acetyl-$-(2-
chlorosthyl)cysteine, 2-chloroacetic acid, thiodiglycolic acid, and
glutamic acid (Watanabe et al. 1976a; Watanabe and Gehring 1976; Green
and Hathway 19735, 1977). Metabolic saturation appears te occur with a
single gavage dose of >l and <100 mg/kg/day (Watanabe et al. 1976a).

CMA 009865

;,'
%
w




4.2.3.3 Dermal

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

4.2.4 Excretion

4.2.4.1 Inhalation

Buman. Human data suggest that exhalation of unmetabolized vinyl
chloride is not an important pathway of elimination st low exposure
concentrations. Krajewski et al. (1980) exposed humans to air containing
7.5 to 60 n;/u3 for 6 h and measured the mean concentration in expired
air for 30 ain at termination of axpoaure. Maan couccn:rncions in
expired air ranged from undstectable to 2.84 lg/n , representing up to
3.60 to 4.73% of the inhaled concentration.

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

Animal. The moda of excretion of vinyl chloride and its
matabolites following inhalation exposure of animals to different
concentrations reflects the saturation of metabolic pathways at low -
concentrations discussed in Sect. 4.2.3.1, {n the subsection on
matabolism in animals after inhalation expesure. The cumulative
axcretion of radioactivity over a 72-h postexposurs period was measured
in rats exposed to 10 or 1000 ppm (Vatanabe and Gchrin; 1976, Watanabe
et al. 1976b) or 5000 ppm (Watanabe et al. 1978b) lac. -vinyl chloride for
6 h. Radioactivity expired as C0? or vinyl chloride, excreted in the
urine and feces, and retained in the carcass vas expressed as a
percentage of the total radiocactivicy recovered. The results presentad
in Table 4.1 suggest that matabolism was nearly complete at 10 ppm,
because <2% of the recovered radiocactivity occurred as unchanged parent
compound. The predominant route for excretion of radioactive metabolites
was through the urine, accounting for -70% of the recovered
radioactivity. Metabolism appeared to be saturated at 1000 ppa, sinc
unchanged vinyl chloride increased to 12,38 and urinary radioactivicy
decreased to 356.3%. At 5000 ppm, more than half the recovared
tadiocactivity appeared as unchanged vinyl chloride, and urinary
axcretion accounted for -27% of the recovared activicty. Generally, there
vas little change in the proportion of recovered radiocaccivity excreced
in the feces or exhaled as C02. The percentage of the radiocactivicy
retained in the carcass and tissues appeared to ba somsvhat decreased at
5000 ppm compared with 10 and 1000 ppm, suggesting preferencial
retention of metabolites rather than unchanged vinyl chlorida.

Pulmonary excration of unaltered vinyl chlorids appeared to follow
firstc-order kinetics regardless of exposure concentrations, wich half-
lives of 20.4, 22.4, and 30 nin at 10, 1000, and 3000 ppm. The urinary
saxcretion of radicactivicy 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 radicactivity i rats expesed to

14C.vimyi chioride in air for 6 b
i as percent
of total recovered
Exposurs concentration (ppm)

10 1000 5000
Expired vinyl chloride 1.61 12.26 54.5
Expired CO, 12.09 12.30 3.0 .
Urine . 67.97 56.29 271 -
Fecas 4.45 4.21 32 4
Carcass and tissues 13.84 14,48 - 7.3 .

Source: Watanabe and Gehring 1976; Watanabe et al. 1976b, -
1978b.
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rapld (first-order) phase were estimated at 4.6, 4.1, and 4.5 h,
respectively. Urinary metab lites included N-acetyl-S-(2-
hydroxyechyl)cysteine, thiodiglycolic acid, and possibly §-(2-
hydroxyethyl)eysteins.

4.2.4,2 Oral

Human. Data regarding the excretion of vinyl chloride by orally
axposed humans wvers not locatad.

Animal. In experimants in the Un{ted States (Watanabe at al.
1976a, Watansbe and Gehring 1976) and Great Britain (Gresn and Hathway
1975), vhich studied the similarities of pharmacokinetics following
inhalacion and orxal exposura, single oral doses of 14C.vinyl chloride
wers administered to rats, and the excretion of radioactivity wvas
sonitored over & 72-h pcrtod. Details are presented in Table 4.2. A
striking increass in exhalation of unchanged vinyl chloride and
compensatory decresses in urinary and fecal excretion of radioactivity
and exhalation of CO2 vare observed at 220 ng/kg, suggesting that
metabolic saturation had occurred at that dosags. At s1.0 mg/kg, the
predoainant routs of slimination was urinary excretion of polar
metabolites.

Exhalation of unchanged vinyl chlorida was gensrally complets
within 3 to 4 h, but excration of metabelites continuad for days (Gfeen
and Hathway 1975). Pulmonary excraetion of vinyl chlorids appesred to be
monophasic at 51.0 mg/kg, with a half-1life of ~55 co 38 ain (Vatansbe et
al. 1976a). At 100 mg/kg, pulmonary excretion of vinyl chloride was.
biphasic, with half.lives of 14.4 and 40.8 nin for the rapid and slowver
phases, respectively. Urinary excretion of radioactivity was biphasic,
wich the rapid phass sccounting for >97% of total urinary radioactivicy
and having half-lives of 4.3 o 4.6 h for dosages of 0.05 to 100 mg/kg.

Metabolites identified in the urine of orally treated racs wvere
consistent with the formation of 2-chlorosthylene oxids and 2-
chloroacetaldehyde (Watanabe et al. 1976a, Greean and Hathway 1977), as
postulated for metabolism following inhalation exposure. The major
metabolite vas identified as thiodiglycolic acid; nearly equivalent
amounts of N-acetyl-$-(2-hydroxyethyl)cysteine vere identified (Watanabe
st al. 1976a, Green and Hathway 1975). Smaller amounts of radiolabeled
8-(2-chloroethyl)cysteine, ursa, glutamic acid, and 2-chlorcacatic acid
vere also identified (Green and Hathway 1975).

4.2.4.3 Dermal

. Data regarding the metabolism of vinyl chloride following dermal
emposurs of humans or animals were not located.

4.2.4.4 Parentersl

Humsn. Data regarding the metabolism of parenterally administered
vinyl chloride in humans wars not located.

Animal. The elimination of radioactivity follewing intraparitoneal
administration of 14c-v:lnyl chloride to rats resembles the pattern
observed following inhalation and oral administration. Following an
incrapericoneal doss of 0.25 mg/kg, exhalation of unchanged vinyl

CMA 009848




a8

Table 4.2. Percent of administered dose of radioactivity
excreted 72 k following a siagle orsl dose
of '“Cviayl chieride In rate

Doss (mg/kg)
0.05* 025 1.0* 20° 1000 450

Expired
As vinyl chlaride 1.43 3.7 2.13 41.6 66.64 219
As CO, 896 135 1326 48 252 07
Urine 68.34 751 5930 226 1084 5.4
Feces 239 4.6 2.20 1.0 0.47 0.7
Carcass 1013 NR® 110 110 183 NR
Tol 9125 969 8883 810 8230 987

*Watanabe and Gehring 1976, Watanabe et al. 1976s.
*Green and Hathaway 1975.
‘Nat reported.
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chloride, exhalation of CO2, and urinary and fecal excretion of
radioactivity accounted for 43.2, 11.0, 43.1, and 1.8% of the
administered dose, respectively (Green and Hathway 1975). At 450 mg/kg,
sexhaled vinyl chloride increased to 96.2% of the administered dose, CO2
decreased to 0.7%, urinary radicactivity decreased to 2.6%, and fecal
radicactivity remained unchanged.

Small doses administered intravenously were eliminated very rapidly
and almost entirely by exhalation of unchanged vinyl chlotidu Groon and
Hathway (1975) administered a 0.25-mg/kg intravenous dose of l4C.vinyl
chloride intravenously to rats and recoverad 8308 of the dose within 2
nin and 99% within 1 h as unchanged compound froa expired air.

. 4.3 T0XXICITY
4.3.1 Lsthality and Decreased Longevicy

4.3.1.1 Inhalation

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

Animal. Patty et al. (1930) reported that narcosis and death
occurred within 30 to 60 min in guinea pigs exposed to 10% vinyl
chloride (100,000 ppm). EPA (1985a) reviewad a number of acute studfes
in animals and reported 2-h 1C50 values ranging from 117 to 500 ppa.for
mice to 230 to 800 ppm for rabbits. Mastromatteo et al. (1960) exposed
rats, nice, and guinea pigs (five per sex per group) to 10, 20, 130, or
40% (guinea pigs only) vinyl chloride in sir (100,000, 200,000, 300,000,
or 400,000 ppm) for 30 min. One gui{nea pig exposed to 40% died; all
mice, rats, and oue guinea pig exposed to 30% died; one mouse but no
rats or guinea pigs exposed to 20% died.

Long-term studies {n rats and mice associate intermictent exposure
to 50 ppm with decreased longevity. Lea et al. (1977a, 1978) exposed
rats and mice (36 per sex per species) to 0, 50, 250, or 1000 ppm, 6
h/day, S days/week for up to 12 menths. Acute lethality associated with
toxic hepatitis and tubular nacrosis of the renal cortex occurred in
mice after 5 to 9 days at 1000 ppm. Shortened life span attributed to
noncarcinogenic sffects of vinyl chloride occurred in all exposed groups
of both species. In a subsequent study, Hong et al. (198l) exposed mice
(8 to 28 per sax per group) and rats (4 to 16 per sex per group) to 0,
30, 250, or 1000 ppm, 6 h/day, 5 days/week for up to 6 months (mice) or
10 mouchs (racs), followed by a 12-month observation periad. A
eontentTation- snd duration of exposure-related decreass in longevity
" was observed in both specias at all sxposure concentrations, which wvas
attributed to a combination of systamic toxicity and tumor development.

4.3.1.2 Oral

Human. Data regarding reduced longevity in humans orally exposed
to vinyl chloride were not located.
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Animasl. Sax (1984) reported an oral LD50 in rats of 500 mg/kg. The
key lifetime oral study is that submitted by Dow Cheaical Company (1984)
and Til ac al. (1983), in which male and female Wistar rats were fed
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 rats per sex excapt for
the  high group, vhich contained 30 rats per sex. Mortality was slighcly
but significantly increased in high-group rats, starting at 68 weeks of
treatnant. No effects on longevity wers observed at 50.13 mg/kg/day,
which is considered the NOAEL for decreased survival.

An earlier lifetime study in rats from this laboratory (Feron et
al. 198]) supportas the 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
ng/kg/day. A marked and statistically significant increase in mortality

occurred at 25.0 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 lethality or reduced longevity in dermally exposed
humans or animals wvere not locatad in the available literatyrs.

4,3.2 Systemic/Target Organ Toxicity

4.3.2.1 Hepatotoxicity

Inhalation, human., Several epldemiologic 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 ot al. 1975, Marsteller ec al. 1975, Popper and Thomas
1975, Doss et al. 1984, Lae et al. 1977b, Tamburro 1984, Tamburro et al.
1984). Several of thase studies have been reviewed by EPA (1985a,b).
Thresholds for hepatotoxicity cannot be identified, because data
regarding exposure concentrations and duration were not available.

Inhalation, animal. In the Lese at al. (1977a) study dascribed in
Sect. 4.3.1.1, in che subsection on lethality and dacreased longevity in
animals after inhalation exposure, acute hepatotoxicity was observed in
mice dying after intermittent exposure to 1000 ppm vinyl chloride for 5
to 9 days.

In an intermediate-length animal inhalation study (Torkelson et al.
1961), several species were sxposed intermittently for up to 6 months,
as detailed in Table 4.3. Air-exposed controls were maintained.
Paramsters of liver toxicity evaluated included gross and
histopathologic examination, measuresment of relative organ weights, and
detsrmination of serum levels of enzymes associated wvith liver damage.
Biochemical parameters of liver status were vithin normal limits at all
exposurs concentrations, but histopathologic lesions occurred in rats
axposed to 500 ppm and in rabbits exposed to 200 ppm. Elevated relacive
liver weights appeared to be the most sensitive indicator of
hepatotoxicity and were observed in rats at 100 ppa, 7 h/day, but not at
SO 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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Toble 4.3. Expurimesssl prottcel for animal expasare to viayl chioride

Nember of

amimsals/ gronp
e Dot of vinyl chioride  Exposare schedule”  Exposurs duration
Mils Femsia (om) (hours/day) (mouthe)

10 0 500 ?
024 W 50, 100, or 200 7

s 0 100 or 200

i0 0 »

Gusss pigp  10-12 &2 50, 100, or 200

Rabbits 3 3 50, 100, or 200

Doge ] 1 50. 100, or 200

S All apimals wers exposed § days/wesk.
Source: Tarkelaca « al. 1961.
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reproductive toxicity in animals after inhalation exposure), Bi et al.
(1985) reported a concentration-related and significant elevation in
relative liver weight in rats exposed to 10, 100, or 3000 ppm, 6 h/dav,
6 days/week for ¢ months. The 10-ppm concentration is considered a LOAEL
for liver effects in intermediate-length exposures. The longer-term
study by Lee et al. (1977a) in which rats and aice were exposed to 0,
50, 250, or 1000 ppm, 6 h/day, 5 days/week for up to 12 months (Sect.’
4.3.1.1, in the subsection on lethality and decreased longevity in
aninals after inhalation exposure) failed to identify a NOAEL for
hepatotoxicity. Lae et al. (1977a) observed no adverse effects on
biochemical parameters of rats or mice exposed to %250 ppm. Several
mitotic figures, indicating increased rate of call division, vere
observed in the livers of rats exposed to 50 or 1000 ppm at 8 to 9
months, and increased rate of DNA synthesis was observed at 50 ppa.
Since the liver i{s a known target organ for the toxicity and
oncogenicity of vinyl chloride, these effects are judged to be
potentially adverse, and 50 ppa is considared an FEL in this study.

Feron et al. (1979a) exposed rats to 0 ot 5000 ppa, 7 h/day, 5
days/weak for 4, 13, 26, or 52 weeks and observed histopathologic
alteration of the liver after 13 weeks and ultrastructural alteration
after only 4 wesks of exposure.

Oral, humen. Data were not located regarding hepatotoxicity in )
orally exposed humans. .o

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 intermediate-
length study. Feron et al. (1975) adwinistered 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 veeks. Parameters of liver toxicity evaluated
included 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 ag/kg, equivalent to 26
mg/kg/day. Reduced blood sugar and slightly altered hepatocytes ware
observed at 100 and 300 mg/kg. A dose-related increase in relative liver
weight was observed and became statistically significant only at 300
ng/kg. Hypertrophic rough endoplasmic reticulum was observed at 300
ag/kg.

The key long-term oral study that defines thrasholds for
hepatotoxicity was reported by Dov Chemical Company (1984) and Til et
al. (1983) and was described in Sect. 4.3.1.2, in the subsection on
lethality and decreased longevity f{n animals after inhalation exposure.
Diets provided daily dosages of 0, 0.014, 0.13, or 1.3 mg/kg/day to rats
for their lifetime. There vere no effects on general appearance,
behavier, food consumption, body weight, or limited hesmatologic and
biochemical parameters. Relative organ veights were 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 foei
were observed in both sexes at 1.3 mg/kg/day and only in females in the
twe lower dosage groups. Lacking a dose-related increase in the
incidence of basophilic foci and histopathological evidence of adverse
effects at 0.13 mg/kg/day, such as were observed at the higher dosage,
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basophilic foci in the liver £ rats £ one sex may be considered a
nonadverss, although compound-related, effect. The dosage of 0.13
mg/kg/day, therefore, may be considered a NOAEL, and 1.3 mg/kg/day may
be considered a LOAEL for hepatotoxicity.

An earlier lifetime study from this lsboratory supports the NOAEL
for hepatotoxicity of 0.13 mg/kg/day. Feron et al. (1981) fed diecs
containing polyvinyl chloride wicth high levels of vinyl chloride monomer
to rats that provided intakes of 0, 1.7, 5.0, or 14.1 wg/kg/day. An
increased incidence of several histopathelogic lesions, some of which
wazre probably prensoplastic, were observed in the livers of racs from
all treated groups.

. Dermal. Data regarding hepatotoxicity assoeciated with dermal
axposure of humans or animals to vinyl chloride werse not located.

General discussion. Symptoms and signs of liver diseass associated
with occupational exposurs to vinyl chlorids imclude pain or discomfort
in the right-hand upper quadrant of the asbdemen, hepatomegaly,
splencmegaly, portal hypertension, thrombocytopenia, esophageal varices,
and evidence of fibrosis and cirrhosis; however, thase ocbservations ate
not pathognomonic for vinyl chloride-induced liver disease (Lilis et al.
1975, Popper and Thomas 1975, Lae et al. 1977b). Severity of the
clinicnl picture appearsd to correlate positively with duration of %
axposurs (Lilis et al. 1975). Biochemical screening and liver funet
tests generally have not been useful to monitor the pressnce or pr gress
of the disease (Lee et al. 1977b, Lilis et al. 1975), although recestly.
Doss et al. (1984) noted that increased urinary porphyrin and
coproponhyrin occurrad consistently in cases of liver disease induced
by vinyl chloride and other industrial hepatotoxine. .

A number of investigators have noted that metabolites of vinyl
chloride bind covalently to hepatocellular macromoleculss and may be
important in the mechanism of caxcinogenesis (Bolt et al. 1976b, Bolt
1986, Kappus et al. 1976, Vacanabe et al. 1978a, Watanabe and Gehring
1976). A mechanisa for noncarcinogsnic liver sffacts has not baen
postulated; however, since many of ths lesions observed in the livers of
vinyl chloride-exposed rats are considered presnaoplastic (Feron at al.
1981), it seems reasonable to suspect that macromolecular binding of
:m:m ;numdiam may be fivolved in nencareinegenic toxicirty.

. wg té#‘8extved trom the dits of Jaeger wt Wk. (1977), whe observed
) wrion cuidawe Lrdhitert Arociow 1154 and phenobarbital
ey in Wm oarvftiyd- chloride by
i 3 MM&! exidase

3 mm be noted that the oral NOAKL for hepatotoxicity in a
WUliyonic study (Dov Chemical Company 1984) vas far below the NOAEL in a
subchronie study (Ferom et al. 1975). At least for oral exposurs, the
duration of exposute appsars to ba of major importance.

4.3.2.2 Nervous system effects

Inhalation, humsn. Vinyl chloride vas once conaiderad for use as
an inhalation anesthetic (ACGIH 1986a). Acute exposuras to 0.8 to 2.0%
vinyl chlorida (8,000 to 20,000 ppa) have been associated with
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dizziness, giddiness, euph ria, ataxia, headache, and narcosis
(Nicholson et al. 1973, Laster et al. 1963). Recent data from the
foreign literature suggest that subtle signs of neurotoxicity may be
associated with occupational exposure. Mild distal axonal neuropachy was
reported in the legs of 45/64 expossd vinyl chloride woerkers, which was
suggestive to the investigators of a dying-back syndrome (Perticoni et
al., 1986). Halama et al. (1983) associated neurologic and psychiatric
disease with occupational exposure. Dinceva et al. (1985) reported
electroencephalogram (EEG) changes that they thought were indicative of
sarly svidence of nsurotoxicity in worksrs exposed to vinyl chloride in
combination with other organic solvents. Exposure levels wers not
reported by these authors.

Inhalation, animal. Oster et al. (1947) anesthetized dogs wich ~7
to 508 (70,000 to 500,000 ppm) vinyl chloride and concluded that its use
as an anssthetic vas unsuitable because of cardiac and muscular effects.
Laster ot al. (1963) exposed rats to concentrations ranging from 5 to
15% (30,000 to 150,000 ppm) for up to 2 hh £o evaluate CNS effects.
Moderate intoxication was observed at 3%, loss of reflexas was observed
at 5 to 108, and deep surgical anesthesia vas reached at 15%. Patty et
al. (1930) produced ataxia and narcosis in guinea pigs exposed to 2.5 ¢o
5% (25,000 to 50,000 ppm) vinyl chloride for 2 to 5 min.

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

Dermal. Neurologic effects in dermally exposed humans or animals
have not besn reported. :

3

General discussion. CNS effects appear to be a manifestation of
acute inhalaction exposure to high lavels of vinyl chlorids in humans- and
animals (Nicholson et al. 1975, Lester et al. 1963) that may result in
deach, at least in animals (Lester et al. 19613, Mastromatteo et al.
1960). Recent data provide minimal evidence that chronic exposure to
vinyl chloride may result in neurologic or psychiatric effeccs
(Perticoni et al. 1986, Dinceva et al. 19835, Halama et al. 1985).
Further irnvestigation is needed.

4.3.2.3 Other systemic effects

Vinyl chloride disease from inhalation exposure, human. Vinyl
chloride disease is the name given to tha total clinical syndrome
associated vith occupational exposure. It includes a syndrome known as
acroostaolysis or dissolution of the ends of the distal phalanges of the
hands; circulstsry disturbance in the extramities; Raynaud syndrome;
sclexoderna; hematologic effects, and effects on the lungs; as well as
the lives effects previously discussed (Halama et al. 1983, Sakabe 1973,
Lilistew al. 1979, Markowitz et al. 1972, Wilson et al. 1967, Dirnman et
al. 1971, Preston et al. 1976). In addicion, Micu et al. (1983) reported .
obscure effects of unknown toxicological significance on enzyme levels
of leukocytes and thrombocytes of exposed workers. Other investigators
have reported slevated levels of circulating IgG (Bogdanikowa and
Zawilska 1984) or immune complexes (Ward 1976) as part of the syndrome,
but the biological significance of these effects is not clear.
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Vinyl chloride dissase from inhalation exposure, animal. Lee erC
al. (1977a, 1978) exposed rats and mice to vinyl chlorids at 0, S0, 250.
or 1000 ppm & h/day, 5 days/week for up to 12 months, as described in
Sect. 4.3.2.1, in the subsection on hepatotoxicicy in animals after
inhalation exposure in this section. Parameters of toxicity avaluated
.included general appearanca, feed consumption, body weight, hematology.
clinical cheaistry, macrophage counts of pulmonary washings, cytogenic
sxanination of bone marrow cultures, senographic radiography of the 1 ng
bonies of the limbs, gross necropsy, selscted organ weights, and
histopathologic examination of a comprehensive set of organs and
tissuss. Abnormalities observed in the mies 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 adenoms. Because of its association wich lung tumors,
an elevatsd pulmonary macrophage count in mice in this study is not
considered a noncarcinogenic toxic effact. Rats exposad to 1000 ppm had
reduced body weights comparad with controls. Other noncarcinogenic
adversa effects were not observed in rats.

B1i ec al. (1985) exposed rats to 10, 100, or 1000 ppa 6 h/day,

6 days/vaek for 12 months to evaluate effects on the testis (see Sact.
4,3.4.1, in the subsection on reproductive toxicity in animals after
inhalation exposure. At termination of sxposure, a concentration-related
decreass in body veights wvas evident and became lueucicnny £
significant ac 100 ppa. : %

In a series of studies on rats exposed to 0 or 5000 ppm 7 h/da¥, $
days/wesk for 1 year, adverse effects not previcusly discussed included
slightly reduced growth, hematologic evidence of anemia, decreased Blood -
clotting time, and minor biochemical alterations of uncertain biological
significance (Ferom at ‘al. 1979a,b; Feren and Kroes 1979). Effects on
the kidney wers noted and included slevated relacive kidney weighcs,
slightly increased blood urea nitrogen (BUN), asltersd urinalysis
parameters, and incresased intensicy of pregressive nephrosis, all
compared with controls. Other nonecarcinogenic lesions seen in trsated
rats included mild alterations of the Zymbal glands and lungs, increased
splenic hematopoiesis, dagensration of the myocardius and thickening of
the valls of the arteries, and hyparplasia of the olfactory epithelium.

Vinyi chloride diseass from orsl exposuze,.. humsn. Data regarding
o!ﬁeu ol viu;t ehlui.dm!.n muy axposed husans ware not located.

o~ m wﬂ “m: 1n a 13-veek
{n Sect. 4.%: .I‘. in the th on hapatotoxicity in
- ‘oral exposure, Feron et al (197% ), treated rats with vinyl
- cae O, 30, 100, or 30U mg/kg 6 days/week. Purameters of toxicicy
"noe’ Mmly discussed included general appearance and behavior, body
Wefight, food consumption, hematology, selscted blood chemistry and
urinalysis tests, gross appearance on necropsy, relative veights f
major organs, and histopathologic appearance of a wide range of organs
and tissues. Minor hamatologic and biochemical changes were obsarved but
were not considered to be adverse. Decreased relative adrensal veight vas
observed in males at 300 mg/kg but wvas not considered toxicologically
significant. No adverse response vas reported in other organs or
tissuss.
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In a lifetine study also described in Sect., 4.3.2.1, in the
subsaction on hepatoxicity in animals after oral exposure, Feron et al.
(1981) fed rats diets that provided 0, 1.7, 5.0, or 14.1 mg/kg/day vinyi
chloride. An additional group was treated by gavage with 300 mg/kg
5 days/veek. Parameters of toxicity evaluated included general
appearance and behavior, body weight, food consumption, hematology,
blood chemistry, urinalysis, gross appearance at necropsy, and
histopathologic examination of a wida range of tissues from controls and
the two higher-dose groups, with a wore limited hiscopathologic
exanination of low-doss rats. Lathargy and poor condition were reported
at 3.0 ng/kg/day, apparently in rats that developed tumors.
Noncarcinogsnic effects included reduced blood clotting time and
increased splenic hematopoiesis at 2l4.1 but not ac 5.0 mg/kg/day.

vinyl chloride diseass from dermal axposure. Data regarding toxic

effects of vinyl chloride in dermally exposed humans or animals wers not
located.

Vinyl chloride disease, genersl discussion. Vinyl chlorids disesase
in humans appears to involve a large number of organ systems and
tigsuaes, including the liver, as discussed i{n Secc. 4.3.2.3, in che
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). It
is not possible to determine the cricical effect in humans (the effact -
that occurs at the lovest exposure), because quantitative human expeosure
data vere not provided. Animals exposed orally or by inhalation manifest =
cancerous and noncancercus liver effects similar to those seen in
humans; but other affects seen in humans, such as acroosteolysis,
Raynaud syndrome, and scleroderma, have not been reaproduced in animals,
even at very high exposures. Liver effscts appear to be the critical end
point in animals, and therefore animals are probably a satisfactory
model for noncancerous and points of toxicity in humans.

4.3.3 Dawvelopmental Toxicity

4.3.3.1 Inhalation

Buman. Epidemiological data associate incrasased fetal loss with
occupational exposurs to vinyl chleride, although exposure daca wers not
quantified. Using a questionnaire, Infante et al. (1976) and Waxweiler
at al. (1977) studied ths outcome of pregnancies of wives of 95 vinyl
chloride workers and a control group of 1358 unexposed rubber workers and
polyvinyl chlorids fabricators exposed to "very low” levels of vinyl
chloride monomer. Data wers obtainad for the exposad cohort regarding
pregnsmeies that occurred before and during employsent in a vinyl-
chlorida-contaminated 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 exposed
vorkars. The most significant difference occurred in wives of men under
age 30, vhere fetal loss was 5.3% for controls and 20.0% for exposed
workers.

Ina proflhimry investigation of the potential for vinyl chloride
exposure to increase the occurrence of congenital malformations, Infante
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(1976) compared the number of malf rmations per 1000 live births in
three Ohio cities where polyvinyl chleride pr duction plants wera
located (index cities) with the incidence in the state as a vhole and
with the incidence in other parts of the counties in wvhich the index
cities were located. The incidence of malformations was greatsr in the
thres index cities by either comparison, and the difference vas
statistically significant. Greatest increases vere noted in
malformations of the CNS, upper alimentary tract, and genital organs,
and in che incidence of clubfoot. An additional study of one of the Chio
cities revealed no association with parental occupation and no svidence
that parents of malformed infants lived clossr to the local polyvinyl
chlorids plant than did a randomly selectad group of parents who
dalivered normal infants (Edmonds at al. 1973). Rdmonds et al. (197%)
concluded that there vas ne sssoelatiom of birth defects with axposure
co vinyl chloride. ‘

Theriault et al. (1983) imsttpénd the incidence of birth defects
in residents of a Canadian town vhere thera {s a vinyl chloride
polymerization plant. The incidence of birth defects was significantly
greater in the index town than in any or all of thres macched towns with
no potential exposure to vinyl chloride. The most commonly reported
dafects involved the musculoskeletal, cardiovascular, cencral nervous,
and urogenital systems. The incidence rate peaked in March and wvas -
lovest in September for the index towm, but no seasonal effect was ¥
observed in the comparison communities. The leowest incidence rate =
followed cthe time of lovest estimated ambient atmospheric levels of :
vinyl chloride by 8 monchs. In comparisons between parents of deformed
infants and control paremcs in the index town, no correlacions were’
noted vith proximity ef residence to the vinyl chloride plant or with
‘parsntal occupation. Furthermore, there vers sevearal industries in the
indax town that emitted pollutants into the atmosphers. The
invastigators concluded that the svailable data did not substantiace an
association batwesn atmespheric vinyl chlorida and an increased
incidence of birth defecets.

Edmonds et al. (1978) compared the {ncidence rates of CNS defects
in a Vest Virginis county in wvhich a polyvinyl chloride polymerization
phm: vas located with those for other regions in the United States with

e to vinyl chloride. The incidence rates of the index councy
_nm«nﬁ those ¢f comtyol aress By 4 fac " .5 t:g 2, By comparing
_data from: patents.of ; p satéhed

- v!.n. in the M& "o

i scion, for preximity to. Mw lhhﬂ.dn plant, or
y &mm and air polluciew.. !'h:thcmrc, one major

- nx-x. Inhalation experiments in umnh have not assoclated
v!.nyl. chlorids with davelopmantal texicity at concentrations bslow those
associatsd with maternal toxicity. John et al. (1977) exposed groups of
30 to 40 pregnant CFl mice, 20 to 35 Spragus-Davley rats, and 15 to 20
Nev Zeaaland whits rabbits to vinyl chloride at 0 or 3500 ppm 7 h/day on
gestation days 6 to 15 for rats and mice and & to 18 for rabbits.
Additional groups of mice wers similarly sxposed to 50 ppm, and
additional groups of rats and rabbits were similarly exposed to 2500
ppu. Parametears of maternal and developmental toxicity wers evaluated;
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b th the fetus and litter wers evaluated. In mice, maternal effects were
restricted t 3500 ppm and included increased @ retality, reduced body
weight, and reduced absolute, but not relative, liver weight.
Fetotoxicity, manifested as increased fetal resorption, decreased fetal
body weight, reduced litter size, and retarded cranial and sternebral
ossification, vas observed only at 500 ppm. There was nc evidence of a
teratogenic effect in mice at either concentration. Maternal effects in
rats at 500 ppm, but not at 2300 ppm, were vers restricted to reduced
body weight gain. Maternal effects in rats at 2500 ppm were death of ona -
rat, elavated absolute and relative liver weights, and reduced food
consumption. Reduced fetal body weight and an increase in the incidence
of lumbar spurs were obsarved at 500 but net 2500 ppm and are not
considared signs of chemical-related fatotoxicity. The incidence of
dilated ureters, however, was increased at 23500 ppm and may represent a
chemical-induced effect. Signs of maternal or davelopmental toxicity
wers not observed in rabbits at sither 500 or 23500 ppm. For
davelopmental toxicity the concentration of 2500 ppm represents a LOAEL
in the rat and a NOAEL in the rabbic.

Ungvary et al. (1978) exposed groups of pragnant CFY rats
continuously to -1500 ppm on gestation days 8 to 14 or 14 to 21 in a
study that {dentified a NOAEL for developmencal toxicity in rats.
Controls consisted of groups of rats that ware chamber exposed to air .
only on gestation days 8 to 14 or 14 to 2Zl1. An additional control group .
consisted of unexposed rats that vere not subjected to the chambar.
Groups contained 14 to 28 litters, and the litter wvas a unit of
comparison for fetal effects. Maternal toxicity was manifested by
increased relative liver weight in dams axposed on gestation days 8 to
14 and slightly reduced body weight gain in dams exposed on days l4 to
21. There vas no avidance of fetal toxicity or teratogenicity. In
anocher part of this study, rats vere exposed as dascribed above on
gestation days 1 to 9 and simultaneously injected subcutaneously with
physiologic saline. Compared with air-exposed controls created wich
physiologic saline, these rats had significantly increased relative
liver weights and fetal vastage, and a slight but not scacistically
-significant increase in the percentage of fetuses vith body veights
<3.3 g. The investigators also observed ona fetus with anophthalmia and
one vith microphthalmia in rats exposed during days 1 te 9, as well as a
tendancy for {ncreased fetal wastage in rats exposed on days 8 to 14.
They suggested that the developmental toxicity of vinyl chloride should
be tested by continuous exposure throughout the period of organogenesis.

In a Bul study, Mirkova et al. (1978) exposed pregnant rats
to 0 o 6.15 (1.4 ppm) continuously throughout gestation.
Fetotoxic effects includad early postimplanctation fetal loss, reduced
fetal bedy weights, retarded ossification, and fetal hesatomas.
Teratogenic effects included anomalies of the brain. In offspring from
rats alloved to deliver, liver function at 1 month of age was
coupromised, as indicated by increased hexobarbital sleeping time.

In a Russian study, Sal’nikova and Kotsovskaya (1980) exposed
pregnant rats to 0, 4.8, or 35.5 mg/a’ (0, 1.9, or 13.9 ppm) & h/day
throughout gestation., Matermal effects included decreased RBC count and
decreased urinary excretion of hippuric acid at 13.9 ppm. Fetal
hemorrhages were reported at both exposure levels, and fecal edema vas
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reported at 35.5 llg/ll3 In offspring f rats lllmd to deliver,
beshavioral changas vare reported at 35.5 u/u , and liver oftcc:s.
hematologiec and biochamical effects, and altered relative organ weights
vers reported in both groups.

4.3.3.2 Oral

Data regarding developmental toxicity in orally exposed humans r
aninmals were not located.

4.3.3.3 Dermal

Data regarding developmental toxicity in dermally exposad humans or
.anisals vers not located.

t.! 3. 6 Ganaral discossion

Epidemiologic data suggest an association between paternal
occupational exposure to vinyl chloride and fetal loss (Infante at al.
1976, Vaxweiler ot al. 1977), but exposures vers net quancified. In
coutrast, developmental toxicity was net reported in animals exposed to
high levels for 7- to 12-day periods during organogenesis at levels
below which maternal toxicity ocecurread (John et al. 1977, Ungvary et al.
1978). Ungvary et al. (1978), however, noted evidence of developmental
toxicity in rats expossd in the firsc crimestsr cempared with rats ;
exposed later in gestation and suggested that valid cesting should °
involve exposure during the entire gestation period. A Bulgarian s
reported both fetotoxicity and teratogenicity in rats exposed
. continuously to a low concentration throughout gestation (Mirkova c: al.
1978). The protocol and results were incompletely reported; hence, the
study cannot be properly avalusted. Reporting problems also preclude
proper evaluation of & Russian study (Sal’nikeva and Kotsovskaya 1980)
vhich raported davelopmental toxicity in raca intermittently exposed to
low levels thrpughout gestation. Thase studies, hovever, underscors the
need for furthar testing, using contimuous exposure at low levels
throughout gestation. - .

4.5.4 mstu 'ruuzq
&340y Rebalartion., |

.M health in
: w te vimyl chloride and
‘djutTo) greips - Sdmial fametion wes evaluated by
‘ », Normone levels vers measured, snd women were given
d léﬂul axzsminations. Exposures were reported as low, not
emceading 1 saxisun allovable concentration (MAC) (30 or -12 ppm);
svezags, in the range of 1 to 3 MAC (12 to 60 ppm); or significant,
exceading 5 MAC (60 ppm). An sxposurs- and duration-related decline in
ssxual function vas reported in axposad men and women, Ovarian
dysfunction, banign uterine growths, and prolapsed genital organs were
reported in 77% of exposed woamen.
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Animal. Bi{ «t al. (1985) exposed adult male Wistar rets to 0, 10,
100, r 3000 ppm, 6 h/day, 6 days/week for up to 12 m nths to avaluate
effscts on the tastes. Relative testicular weight, evaluated only after
6 months of exposure, was significantly reduced at 100 and 3000 ppm.
Histopathological examination revealed a2 concentration-related increase
in the incidence of testicular degeneration significanc at 100 ppm.

4.3.4.2 0Ozal

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

4.3.4.3 Dermsl

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

4.3.4.4 Ganeral discussion

Data regarding the reproductive effects of exposure to vinyl
chloride are limited. Human data associating occupational exposure wich
reduced sexual function in both sexes and impaired gynecological healch
in vomen (Makarov 1984, Makarov st al. 1984) are not adequately reportad
for proper evaluation; therefore, such data cannot be used to identify
thresholds. Whereas animal data do associate exposure to vinyl chloride .
with testicular effects, sexual performance and fertility were not
tested.

- 4.3.5 Genotoxicity

4.3.5.1 Human

Ganotoxicity studies of vinyl chloride in humsns fnclude a large
muaber of chromosomal aberration tests in the peripheral lymphocytes of
occupationally exposed workers (Table 4.4). These tests have baen
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), with the exception of a less rigorously
performad and reported Dow Chemical Company study (Kilian et al. 1975).
The key study in this group is Hansteen et al. (1978), in which blood
from 37 exposed workers and from 16 to 32 unexposed controls was
exanined twice at intervals of 2 to 2.5 ysars. Exposure levels during
the time of first sampling were measured at 25 ppm, and there was a
statistically significant incresse in the percent of peripheral
lymphocytas with chromosomal aberrations. When these workers wvare
subsequently resxamined, exposure levels had dropped to 1 ppm, and there
were ng statistical differences hetween axposed and controls in the
percentage of chromosomal aberrations.

Anderson et al. (1980) observed an inecrease in lymphocytes with
chromosomal aberrations in another cohort at exposure levels estimated
at 50 ppm. The incidence of aberrations was returning to normal,
however, vhen the cohort was resampled after sxposure levels had been
reduced to <5 ppa. In a Russian paper (Katsova and Pavlenko 1983),

0.1 n;/n3 (=0.04 ppm) was suggested as a no-effect level for chromosomal
sberrations. The study was insufficiently reported to allow critical




Table 4.4. Genstoxicity of vinyl chioride in vive

Species/test system Result References

Drosophila melanogaster + Verburgt and Vogel 1977
D. melanogaster - Verburgt and Vogel 1977

Mouss Purchass ot al. 1975,
Anderson et al. 1976

D. melanogaster Verburgt and Vogsl 1977

D. melanogaster Verburgt and Vogel 1977

Rat Anderson and Richardson 1981
Mouse Walles and Holmberg 1984
Human lymphocyte "
Human lymphocyte
Humas lymphocyts
Humaa lymphocyte
Humaa lymphocyte
Human lymphaocyte
Human lymphocyts
Humaa lymphocyte
Human lymphocyts

Hansteen eval 1978~ 3
 Hansteen et al. 1978
Kucerova et al. 1979
Kucerovs et al. 1979
Purchase et al. 1975, 1978
Ducatman et al. 1975
Funes-Cravioto et al. 1975
Katsova and Pavienko 1985
Kilian et al. 1975
Jenwen and Ramel 1980
Laib and Bolt 1977
Laib «t al. 1935
Osterman-Golkar et al. 1977
Gresn and Hathway 1978

+ + +

+ 4+ + 4

Moum
Rat
Rat

+ 4+ + +

DNA sikyiation Mouse
S - Rat

el

+

£ - eAlthongh RNA alkyiation is aot a gesotaxic effoct, the results of this test are supportive evi-
dencs that vinyl chloride metabolites interact with nucleic acids.
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svaluation, however, and the NOAEL from the Hansteen et al. (1978) scudy
is accepted. ’

4.3.5.2 Nonhuman

It is beyond the scope of this document to evaluate all data
regarding the mutagenicity of vinyl chloride in nonhumsn systems.
Representative data, largely takan from a recent EPA (1985b) review, are
presented in Tables 4.4 and 4.3,

Vinyl chloride is mutagenic in Salmcnella typhimurium (Rannug et
al. 1974; Bartsch at al. 1975, 1976; Andrevs et al. 1976: Simmon et al.
1977; Elmore et al. 1976; Poncelet et el. 1980; de Mesester et al. 1980),
but only in strains reverted by base-pair substitutiom by alkylating
agents rather than by frameshift sutations (Bartsch et al. 1976).
Matabolic activation may ba neceasary for any mutagenic activity 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 doainanc lethal
affects, chromosomal translocation, and sex chromosoms loss in
Drosophila melanogaster (Verburgt and Vogel 1977), The investigators
suggested thact the negative results in the dominant lethal test may
indicate that metabolites capable of causing chromosomal damage did not
reach the germ cells. Negative results wers obtained for the dominant
lethal test in mice (Purchase et al. 1973, Anderson et al. 1976).

Positive results vere obtained in mucation and cell transformation
tests and in chromosomal aberration tests in in vivo and in vitro
mammalian systams (Styles 1977, Drevon and Kuroki 1979, Jenssen and
Ranel 1980, Walles and Holmberg 1984, Laidb and Bolt 1977, Laib et al.
1985, Anderson and Richardson 1981). Positive results vere also reported
for DNA alkylacion tests in rats (Gresen and Hathway 1978) and mice
(Ostarman-Golkar et al. 1977) and for BNA alkylation in rac liver
microsomes (Laib and Bolct 1977).

$.3.5.3 General discussion

Evidence strongly implicates the oxidation of vinyl chloride to the
reactive intermediates 2-chlorcethylene oxide and 2.chloroacetaldehyde
as being responsible for mutagenicity in the systems discussed above.
Reports indicate that 2-chloroethylens oxide and 2-chloroacetaldshyde
are manyfold more active in S. cyphimurium than the parent compound or
other oxidation products of vinyl chloride such as 2-chloroethanol or
chloroacetic acid (Rannug et al. 1976, Bartsch 1976, McCamnn et al.
1975)..2-Chloroathylens oxide has also baen shown to be responsible for
base-giity substitutions in £scherichia coli (Barbin et al., 1983a), to
be highiy sutagenic in gene mutation and gene convarsion tests in yeasts
(Loprfamo et al. 1977), and to induce mutations in Chinese hamster V79
cells (Huberman et al. 1975). In vitro testing has shown that
2-chloroethylens oxide is capable of alkylating DNA to fora
7-(2-oxcethyl)guanine as the principal adduct (Barbin et al. 1985b).
This adduct has not besn shown to cause errors in DRA replication in an
in vitro test with E. coli DNA polymerass I, and the role of DNA
alkylation in mutagenesis is unclear.
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Table 4.5. Genotoxlelty of vinyl chieride in vitre

. Wilhout Witk
Specicy/iest sysiem aclivalion  activation

References

Salmonelia syphimurium -
S. typhimurium '
S, typhimurivm
§. typhimurium
S typhimurium
8. typhimurium

Forward or
severse mutation Escherichia coli

Reversc mutation Saccharompces cerevisioe
Forward mulation Schizosaccharomyces pombe
Roc-repair Bacillus subsilis

Forward muistion  Chinesc hamaier ccll V19
Cell transformation  Neonalal hamsier kidacy celis
RNA slkylation® Rat liver microsomes

Rasnug of al. 1974
Bartsch ol al. 1975, 1976
Androws ot al. 1976
Simmon et al. 1977
Elmore el al. 1976

Poncelet ¢t al. 1980,
de Mecsicr ¢ al. 1980

Greim ol al. 1973
Shabin 197¢

Loprieno ot al. 1977
Elmore ot al. 1976
Drevon and Kuroki 1979
Styles 1977

Laib aad Bok 1977

*Not tested.
Not applicable

‘Alithough RNA alkylaiion is not a genotonic effect, the resuMs of this test are supportive evidence 1hat

vinyl chloride metabolites interact with aucleic acids.  * #9/2-iak
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4.3.6 Carcinogenicicy

4.3.6.1 Inhalation

Human. Several reports (Tabershaw and Gaffaey 1974, Monson et al.
1975, Vaxweiler et al. 1976, Nicholaon et al. 1975, Heath et al. 1975,
Lilis et al. 1975, Popper and Thomas 1973, Bryen et al. 1976, Fox and
Collier 1977, Heldaas st al. 1984, Geryk and Zudova 1986) associats
human cancer with occupational exposure to vinyl chloride. The most .
recent review of the human data is that of EPA (1985b). Since none of
the human studies quantify exposures sufficiently for quantitative risk
assessment, no single report is chosen as a key study. In a reviavw of
these dats, IARC (1979) concluded that ths human data constituts
*sufficient” evidence for the carcinogenicity of ths compound. EPA
(1985b) clasaified vinyl chloridea in IARC Group 1; subsequently, EPA
(1987b) placed this compound in Carcinogen Assessment Group A. Both
classifications reflect the designation of vinyl chloride as a known
human carcinogen. '

The incidence of liver cancer, in particular angiosarcoma, provides
the most convincing evidence for the carcinogenicity of vinyl chloerids,
because the sxpected background level (25 to 30 cases per ysar in the
United States) is extremely low (Heath et al. 1975). Most of the
spidemiologic studies cited above reported a higher obsarved/expactsd

ractio for livar cancer than for cancers of any ocher site. Other cancers -

associated with vinyl chloride sxposure include tumors of the brain
and CNS, the lung and respiratory tract, the digestive tract, and the
lymphocytic/hematopoistic system, although statistical significance was
not necessarily reached (Monson st al. 1975, Vaxweiler et al. 1976,
Bryen et al. 1976). Fox and Collier (1977), however, concluded that
there i{s no avidence that cancers other than these of the liver are
associated with exposure to vinyl chloride. Heldaas et al. (1984) also
reported an unusual mmber of cases of malignant melanoma of the skin in
sxposed vorkers. The Heldaas et al. (1984) study, however, is based on
incidence of cancer rather than on daath dus to cancer, which may
sexplain why ocher studies have not reported an increase in malignant
aelanoua.

Generally, prolonged exposure (employment) increased the risk of
cancey, particularly {f intermittent high exposures have occurred (Bryen
ot al. 1976, Heath at al. 1975). Tabershav and Gaffey (1974) noted that
an increased risk of malignancy correlated vith an increased "exposure
index,” an interplay of level and duration of exposure. Fox and Collier
(1977}, howewver, reportad lictle correlation with duration of exposures.

%

An9sX. .The key animal inhalation studies of carcinogenicity are
the sesfps of experiments by Maltoni et al. (1980, 1981) in Sprague-
Davley rats, Sviss mice, and golden hamsters. A report of interim
results was published earlier (Maltoni and Lafeains 1973). All animals
vere chamber exposed; controls wers chamber exposed to air only. The
tast material was >99.9% purs. A complete gross and histopathological
exapinacion of every animal was performed. Mice and hamsters vere
exposed to vinyl chloride concenctrations of 50 to 10,000 ppm for
30 weeks, followed by an observation period of 51 vesks (mice) or 79
waaks (hamsters). Exposure lavels and results from the most
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comprehensive and longest-ternm experiments in rats are presented in
Table 4.6. The investigators noted that increased incidence of tumors
occurred at 250 ppa in all spacies tested. All species showed an
increase in the incidence of liver angiosarcoms. In addition to the’
tumor types presented in Table 4.6, the authors associated extra hepacic
anglosarcomas, hepatomas, Zymbal gland carcinomss, and neuroblastomas in
rats vith exposure to vinyl chloride.

Other inhalation sxperiments support the carcinogenicity of vinyl
chloride. Rats, mice, and hamsters wvers exposed to 50 to 2500 ppm vinyl
chlorids for 9 or 12 months (Keplinger et al. 1975, MCA 1980). All
species developed liver angiosarcomas in a concentration-related manner
at 250 ppa, the lowest level tested. Mecastases to lymph nodes or lung
vere common. Rats also developed Zymbal gland tumors at x50 ppm and
brain tumors at 2200 ppm, and mice developed lung tumors at 250 ppam.
Viola et al. (1971) exposed rats to 3% vinyl chloride (30,000 ppm) for
12 months and observed primary tumors of the skin, lungs, and bones.
Feron and Kroes (1979) exposed rats to 0 or 35000 ppm for 52 weeks and
observed primary tumors in treated rats in the brain, lung, Zymbal
gland, and nasal cavity. Lae et al. (1977a, 1978) exposed racs and mice
to 0, 50, 250, or 1000 ppm, 6 h/day, 5 days/wesek for up to 12 months;
subsequencly, they observed an increased incidence of hemangiosarcoma of
the liver in rats ac 22350 ppm, as vell as bronchioalveolar adenoma of
the lung, mammary tumors, and hemangiosarcoma of the liver and ocher;
organs in mice atc 250 ppa. In a later study from the same laboratory|
Hong et al. (1981) exposed rats and mice to 0, 30, 250, or 1000 ppm,. -

6 h/day, 5 days/veek for up to 6 months, followed by a 12.menth
observation peried. Tumor typas attributed to vinyl chlorids exposure in
rats wers those observed by Lee at al., (1977a, 1978), in addiction te
bronchioalveolar lung tumors at 250 ppm and mammary tumors at all
axposurs concentrations.

Suzuki (1978, 1981, 1983) also observed lung tumors as a primary
carcinogenic response of mice to vianyl chloride. Lung tumors developed
in 26 of 27 mice exposed to 2500 or 6000 ppm for 5 to 6 months (Suzuki’
1978). Concentration-related increased incidances of lung tumors ware
observed in studies in vhich mice were exposed to 0 to 100 or 0 to
600 ppm for & weeks and then observed for up to 41 weeks postexposuras
(Suzuki 1981, 1983). Although in neither study was statistical analysis
performed, it appeared that 10 ppa vas a low level associated vith an
increased incidence of lung tumors in both studies. Hehir et al. (1981)
reported an increased incidence of lung tumers in mice given single 1-h
axposures to 5000 or 50,000 ppm.

Inhalation data in three species suggest that age at exposurs has
an offect on carcinogenic response. Draw et al. (1983) exposed racs,
sies, and hamsters to SO to 200 ppm for periods from 6 to 24 months or
from 6§ to 12 menths during different portions of their lifespans. All
three species had a saximal oncogenic respense vhen exposad during the
first 12 monchs of life. Exposures begun after a l12-month holding peried
did not produce a carcinogenic response. Maltoni et al. (1983) and Cocti
et al. (1983) exposed rats in utero from gestation day 12 and after
birth to 1 year of age to 2500 ppm and observed very high incidences of
liver and brain tumors. Liver angiosarcoma, vith an average latency
pariod of 50 wvasks, developed in 32 of 56 males and in 38 of 55 females.
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Table 4.6. Tumer incidence in male and female Sprague-Dawiey
rats exposed by inhalatien to visyl chioride
4 h/day, 5 days/week for 52 wenks

Duration of
Exposure level study Incidence of liver Incidence of kidney
(ppm) (weaks) angiosarcoms nephrobiastoma

0 135-147 0/363 0/363
1 147 0/118 o/118
5 147 0/119 0/119
10 147 1/119 0/119
28 147 /120 1/120
50 138 1/60 1/60
100
150

143 1/120 10/120
143 6/119 11/119

200 143 12/120 7/120
%50 135 /589 5/59

500 135 6/60 6/60
2,500 135 13/60 6/60
6,000 135 13/59 5/59

138 1/60. 5/60

30,000 68 18/60 NR*

*Not.reported. .
Source: Maltoni et al. 1960, 1981.
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Brain tumors, with an average latency of 48 veeks, developed in 27 of 57
males and in 28 £ 57 females. Lover incidences of tumors developed in
rats exposed for only 7 days in utero. Maltoni et al. (1980, 1981)
sxposed rats to 6000 or 10,000 ppm in utero on days 12 to 18 of
gestation and continued to obsarve them for 115 weeks. In 54 high-dose
progeny, there wers 3 with Zymbal gland carcinoma, 2 with anglosarcoma,
and 1 with nephroblastoma of the brain. In-32 low-dose progeny, 1
developed Zymbal gland carcinoma and 2 had angiosarcoma.

4.3.6.2 Oxal

Buman. Data regarding the carcinogenicity of vinyl chleride in
orally sxpossd humans ware not found.

Animal. Cancer types observed in orally treated rats resemble
those observed from inhalation exposure. In the key oral study, Feron et
al. (1981) exposed groups of Wistar rats to vinyl chloride in the diet
by incorporating polyvinyl chloride (PVC) powder containing a high level
of the monomer. Diets were fed 4 h/day, and food consumption end body
weights vers monitored. Volatilization of vinyl chloride from the diet
was estimated, and dosages of vinyl chloride available to the rats vere
also estimatad. In addicion, one group received vinyl chloride by gavage
S days/wesk. Pertinent data are sumnarized In Table 4.7. Exposure vas
for the lifetime of the rats. Tresatment of the 300-mg/kg gavage growp
vas terainated at 84 weeks because of high mortality. The liver cumax
incidence data pressented in Table 4.7 suggest that angiosarcomas
pradominated at high dosages but that hepatocellular carcinomas
predomainated et low dosages. In addition to tumors of the liver and.
lung, the investigstors actributed exposure to the development of extra
hepatic abdominal angiosarcomas and Zymbal gland tumors. They also noted
soms evidence that exposure enhanced the davalopment of abdoainal
magotheliomas and adenocarcinomas of ths 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 50 mg/kg/day for 52 veeks followed by an 84-week observation
period. An increased incidence of liver anglosarcomas and kidney
nephroblastomas vas attributed to vinyl chloride. Zymbal gland
carcinomas may also have been the result of exposure to vinyl chloride.
Dow Chemical Company (1984), in a lifetime study, administered vinyl
chloride in 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
ng/kg/day and females at all dosages had an increased incidence of liver
nodules snd prenecplastic foci. Females at 1.3 mg/kg/day had increased
incidence of hapatic neoplastic nodules, but no other carcinogenic
TASPONSe Vas reported.

4.3.6.3 Dermal

Data regarding the carcinogenicity of vinyl chloride in dermally
exposed humans or animals were not found.
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Tabls 47, M“hmm-ﬂ,wh

vinyl chiorbde'
Durstion of
Dow’ treatment Torgnt Tumor incideace
Sex  (mg/kg/day) (wesiz) Vehicle/mmbod  organ Tumor typs (@ valus)
F 300 7] Soyeesa ail/ Liver  Neoplastic sodule  2/54
savage Hepasooaibeler 0/54
. okielhame
Asgimswosime 2/34
Luag Asgisssroome 23/54
F 170 14 PVC/dint Livr  Neoplostic noduls  44/37 (P < 0.001)
Hopmtomiiler  29/57 (P < 0.001)
ontineute
Angissarcoma /57 (P < 0.001
Luag  Aagiossrcoma 5/57 (P <008
F 58 14 PVC/dim Livar  Nespiastic soduls  39/59 (P < 0.001)*
Hoposowsllulor 19759 (P < 0,001/
carcipnma .
Asgimercoma 1y L
Lang  Angioesroome 35 k4
F 13 143 PVC/din Liver  Nesplostic soduls  26/58 (P < 0.01)* e
Hopasosslialar 4458 ) ’
ocarcipems
Angiosarcoms 0/58
Lung Asgicswemma o/58
¥ a0 NA¢ Uscrosted dlet  Liver  Neoplastie acimie  2/57
only Hopaascalinier ys
GRS
Angicaarcome 0/57
Lang Aagiossrcoma = 0/57
M 00 (7 Soybeea ail/ Liver  Noophweie sodule /33
g Hepatocaliuler 1/58
ovlaoma :
Angiosarcone 215
. Lemg Asgiossrenne 19/5%
M e 41 PVC/Gm Lie  Nesplostic sodule  23/99 (P < 0.001Y/
Hepsaocaltuler  3/99 (P < 0.001)
n carvinome
- Algharesmns el X7 1] o.on:)‘
: - Laag Asglomresse 19/ (P < 0.01
V) 149 PVC/timt Liver  Neoplestic soduls  7/36 (P <0.01/*
- : Hopuessibolee /% (P <00y
- carvinm.
Angiossresma §/%6 (P < 0.08)*
Lang  Asgiossreoms 1156

cup 009889




Durstios of
Doss’ trentasent Targe
Sz (mg/kg/day)  (wesks)  Vehicly/mathod orgam Tumer typs

M 1.8 14 PVC/dim Livw  Neoplasiic soduls
Hepssosilelar

Lang
Livar

Ustrosted dist
ouly

ARgicapcans
Lusg  Angiossroans

:Mdﬂymldswﬂ:mdm“nm
Dosage given 5 days/wesi

“Not spplicabls.

¢ Compared with controls using chi-square.

Sowree: Furon « al. 1981,
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4.3.6.4 General discussion

The data revieved indicate that there is a similaricty in cancer
types in experimentslly exposed animals and occupationally exposed
humans. The human data presant the strongest statiscical case for
associating occupational exposurs with liver angiosarcoma (Monson et al.
1975, Waxweiler et al. 1976, Bryen et al. 1976, Fox and Collier 1977).
The incidence of cancer of the brain, lung, and digescive cract,
although not always statistically significant, is suggestive of a vinyl
chloride etiology. The substantisl 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
increases have also besn observed for lung cancer in mice (Lee et al.
1978; Hong et al. 1981; Suzuki 1978, 1981, 1983), and biologically
significant increases have baen reportsd for brain cancer in rats (Feron
and Kroes 1979; MCA 1980; Maltoni et al. 1980, 1981). Animal data
suggest that both the young and the prenatal organism are suscepcible to
vinyl chloride-induced cancer (Maltoni et al. 1980, 1981, 1983; Drew et
al. 1983).

It is generally agreed that oxidatiom to 2-chloroethylene oxide, a
highly electrophilic intermediate, is responsibla for che mutagenicicty
of vinyl chloride (Gwinner et al. 1983, Vaino 1978). In vitro testing
has shown 2-chloroethylene oxide capable of slkylating DNA to form
7-(2-oxoethyl)guanine as the principal adduct (Barbin et al. 1985b). .3
This adduct has not been shown to be involved in genetic miscoding, and f
the role of DNA alkylation in carcinoganesis is unclear. ,

4.4 INTERACTIONS VITH OTHER CHEMICALS

A series of investigations describes the interactions of vinyl
chloride with various ocher compounds, which clarifies the role of
metabolism in the toxicity of this compound. In all studies, the acute
toxicity to the liver of rats exposed by inhsalation to high
concentrations, as sanifested by searum levels 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),
pretreatment of rats with phenobarbical resulted in liver damage as
measured by biochemical and hiscopathological parameters. Liver damage
vas not detected in nonpretreated rats. The investigators suggested that
phenobarbical had induced the mixed-fumction oxidase (MFO) system to
sphance metabolise of vinyl chloride to a toxic intermediacte. 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 machanism, induction of hepatic MFO,
vas suggested to result in oxidation of vinyl chloride to the epoxides,
2-chloyvethylens oxida.

Conolly and Jaeger (1978, 1979) investigated the effect of
chemicals that regulate xenobiotic metaboliss om vinyl chloride-induced
hepatotoxicity. Trichloropropena oxide (TCPO), wvhich depleces
glutathione and inhibits epoxide hydrase conversion of an epoxide to its
corresponding less-toxic alcohol, was found to enhance the toxicity of
vinyl chloride in fasted PCB-pretreated rats, but not in fed pretreaced
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rats. Since nonprotein sulfhydryl concentrations in the liver i{n TCPO-
treated rats did n t differ fr m those in control racs, the
investigators suggested that the enhanced toxicity i{in TCPO-treated rats
resulted from inhibition of epoxide hydrase rather than from glutathione
depletion. The lack of effect in fed rats was judged to underscore the
importance of epoxida hydrase in the detoxification of epoxida in
gluctathiona-depletad rats.

In other parts of these same studies, cysteine, the rave-limicing
precursor of glutathione, was able to block depletion of nonprotein
sulfhiydryl in the liver and thus reduce the intensity of liver toxicicty
in PCB-pretreated, vinyl chloride-exposed rats. Treatment of fed rats
with diethylmaleats, another glutathions depleting agent, reduced liver

-nonprotein sulfhydryl to levels attained in fasted rats, but did not
increase hepatotoxicity.
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3. MANUTACTURE, IMPORT, USE, AND DISPOSAL

5.1 OVERVIIV

Vinyl chloride i{s produced at 10 locations in the United Staces.
During 1986, en estimated 8.5 to 8.6 billion 1b of this chemical was
produced {n the United States. It is produced by thermal cracking of
‘athylene dichlorids. Vinyl chloride is used almost exclusively in the
United States for the production of polyvinyl chloride (PVC) and several

copolymers. These compounds yield a wvide range of and-use products which
are usaed by industries and consumers.

3.2 TPRODUCTION

Domestic production of vinyl chloride during 1986 was estimated to
ranges betvean 8.5 and 8.6 billion 1b. This was ~94 to 98% of available
production capacity in 1986. In 19835, 7.8 billion 1b of vinyl chlortdl
was produced in the United States (C&EN 1987).

Manufacturers and sites of production are as follows (CMR 1986s):
Borden Chemical in Geismar, Louisiana; Dow Chemical in Oyster Creek,
Texas, and Plagqueaine, Louisiana; Formosa Plastics in Baton Rouge, :
Louiziana, and Point Comfort, Texas; BF Goodrich in Calvert City,
Kentucky, and la Porte, Texas; PPG Industries in Lake Charles,
Louisiana; Shell 0il in Daer Park, Texas; and Vista Chemical in Lake
Charles, Louisiana.

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

5.3 TMPOAT
Imports of vinyl chloride vere =200 million 1b in 1987 (CAEN 1987).

3.4 Usks

The use pattern for vinyl chlorida {s as follows (CMR 1986a):
polyvinyl chloride (PVC), 83%; exports, 13%; and other, mostly copolymer
use, 2%. This use pattern indicates that vinyl chloride monomer is used
almost axclusively in cthe United Scates by the plastics industry. Very
small amounts are used as a refrigerant gas and as an intermadiace in
the production of chlorinated compounds (Curry and Rich 1980, Goaselin
et al. 1984, IARC 1979). Limicted quantities of vinyl chloride were used
in the United States as an aerosol propellant, and as an ingredient of
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drug and cosmetic products; howaver, these practices have been
discontinued (EPA 1983b).

Vinyl chloride is industrially important because of its inherent
flame retardant propertiss, its wide variety of end-use products, and
the low cost of producing polymers from vinyl chloride (Cowfer and
Magistro 1983). Prineipal end-use products include: PVC pipes, wire and
cable coatings, packaging saterials, furniture and automobile
upholstery, wall coverings, housevares, and automotive parts and
accessories; vinyl chloride-vinyl acetate copolymar floor coverings,
phonographic records, and flexible film: vinyl chloride-acrylonicrile
battery cell separators; and vinyl chloride-vinylidine chloride
copolymsr food packaging fila (Curry and Rich 1980, Salkind and Pearlman
1978, Farkas 1980), .

$.5 DISPOSAL

EPA requires that persons who generate, transport, treat, stors, or
dispose of this compound comply with regulations of the Federal Resource
Conservation and Recovery Act (RCRA). The recommended method of
disposal, reported by Sitcig (1983), involves the incineration of this
chemical afrer mixing it with another combustible fuel. Care should be
'taksn to ensure that complets combustion has taken place in order to
avoid formation of phosgens. An acid scrubber is required to remove HCl. .

In addition to this method, other disposal techniquas have been ;
developed for the recovery of vinyl chloride from PVC latexes (Sittig %
1985).

.
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6. ENVIRONMENTAL FATE

6.1 OVEIRVILV

Effluants and emissions from vinyl chloride and FVC manufactursrs
ars responsible for the majority of vinyl chlorids realeased to the
anvironment. When released to the atmosphere, vinyl chloride is expactad
to be removed by reaction with photochemically generated hydroxyl
radicals (half-life = 1.2 to 1.8 days). Reaction products include HCl,
formaldehyds, formyl chloride, acetylens, chloroacetaldahyds,
chloroacetylchloranil, and chloroethylena. In photochsmical smog
situations, vinyl chloride has a half.life of 3 to 7 h. When released to
water, volatilization is expactad to be the primary fate process (half-
life = 8.7 to 43.3 h). In waters containing photosansitizers, such as
humic materials, sensitized photodegradation may also be important. Vhen
released to soll, vinyl chloride will either volatilize rapidly from
s0il surfaces, or leach readily through soil, ultimately encering.
groundwater.

6.2 RELEASES TO THE ENVIRONMENT

The major source of raelaase of vinyl chlorids to the environment is
believed to be amissions and effluents from plastic industries
(primarily vinyl chloride and PVC menufactursrs). Vinyl chloride
relsased in vastewater is expectsd to volatilize fairly rapidly (on the
ordar of hours to days) into the atmosphere. Other sources of releass
include disposal of vinyl chloride wvastas in landfills, incomplecte
combustion of PVC, tobacco smoks, spills, and biodegradation of
trichloroethylene, tetrachloroethylens, and 1,1,l.trichloroethans in
groundwater (IARC 1979, HSDE 1987, Wakemart and Johnson 1978, Wilson and
Wilson 1983, Smith and Dragun 1984). EPFA estimated that prior to 1975,
110 aillion kg/vear of vinyl chloride escaped into the atmosphere froa
PVC production facilities in the United States (IARC 1979). Worldwids
enissions of vinyl chloride into the atmesphere during 1982 wvas ~400
aillion 1b (Hartmans et al. 1983).

€.3 ENVIRONMRNTAL FATE

"8.8.1 Alr

Based on a vapor pressure of 2660 am Hg at 25°C, essentially all
vinyl chloride in the atmosphers is expected to exist in vapor form
(Verschusren 1983, Eisenreich et al. 198l1). Consequently, resoval from
the atmosphers by dry deposition is not expacted to be an important fate
process. Vinyl chlorida has a relatively high partition coefficient
betveen air and vater (H = 50), which suggests that significant amounts
of vinyl chlorids would not be removed from the atmosphere by wet
daposition (EPA 1985b).

65
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Reaction £ vinyl chl ride vaper with photochsmically generated
hydroxyl radicals is predictad to be the primary degradati n mechanism
for this compound in the atmosphers. The half-life for this reaction in _
the typical atmosphare has been -1.5 to 1.8 days (EPA 1985b). Products
of this reaction are HCl, formaldehyds, formyl chloride, carbon
monoxide, carbon dioxide, chlorocacetaldshyde, acetylene, chloroathylene,
chloroacetylchloranil, and H20 (EPA 1985b). In photochemical smog )
situations, the resction half-life of vinyl chloride is predicted to
range betwveen 3 and 7 h (HSDB 1987). Reaction with ozone (half-life =
4.2 to 13 days), reaction with oxygen atoms [O(3P)] (half-1ife = 373 to
532 days), and direct photolysis are relatively insignificant
dagradation mschanisns in the atmosphers (EPA 1985b).

$.3.2 .Intot

The primary loss process for vimyl chlorida in natural vater
systems is volatilization into the atmasphere. The half-.life for vinyl
chlorida volatilization from a typical pond, river, and lake has been
estimated to be 43.3, 8.7, and 34.7 h, respectively. These valuas are
based on an experimentally determined reaeration rate ratio of -2 and
assumed oxygen reaeration rates of 0,008, 0.04, and 0.01 hour-l for a
typical pond, river, and laka, respectively (EPA 1983b). Predicted
half-lives should be considered rough estimates since the presence of
various salts in natural wvater systems may affect the volatilicy of 2
vinyl chloride significantly (EPA 1985b). In waters comtaining H
photosensitizers, such as humic materials, photodegradation may be .
fairly rapid. This suggests that in some waters sensitized
photodegradation would also be a significant removal machanisa (HSDB
1987, EPA 1983b). .

Cheaical hydrolysis of vinyl chlorids does not appear to be
envirenmentally imporcant. The hydrolytic half-life for vinyl chloride
has bean estimatad to be <10 years (EPA 1985b). Vinyl chloride is not
expected to oxidize chemically by resection with photochemically
gensrated hydroxyl radicals, molecular oxygen, or alkyl peroxy radicals
in natural vater systems. Limited available data on the biodegradacion
of vinyl chloride indicats that this compound is resistant te microbial
degradation under aerobic conditioms (EPA 1985b). Vinyl chloride is not
axpected to adsorb significantly to suspendad solids and sediments in
vatar or bicaccumulats signifieantly in aquatic organisms (HSDB 1987).

6.3.3 Soil

The relatively high vapor pressure of vinyl chloride (2660 mm Hg at
25°C) indtcates that this compound should volatilize quite rapidly from
dry seil surface. The effective half-life (dus to volacilizacion) of
vinyk chloride placed 10 cm deep in dry soil is predicted to be 12 h
(EPA 1985b). Evaporation from moist soil surfaces is also expected to be
significant since this compound doas not adsorb strongly to soil and
appears to volatilize fairly rapidly from vater.

 Experimental data regarding adsoerptiom of vinyl chloride to soil
vere not located. Based on the regression squations given by Lyman et
al. (1982) and Sabljic (1984), the soil adsorption coefficient (Kog) for
vinyl chloride has been estimated to range between 17 and 131. These Koc
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valuss suggest that this compound would be highly mobile in soil. Thus,
vinyl chl ride has the p tencial to leach inte groundwater.

Based on data in aquatic media, chemical reaction of vinyl chloride
in soil does not appaar to be a significant fate process, and it appears

that vinyl chloride would bs resistant to biodegradation under aerobic
conditions.
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7. POTENTIAL FOR HUMAX EXPOSURE

7.1 OVERVIIW

Anthropogenic sources are responsible for all of the vinyl chloride
found in the environment. Most of the vinyl chloride released to the
snvironment will eventually locats in the atmosphere vhile much smaller
amounts will eventually locate in groundwater. Vinyl chloride has basn
detactad in the ambient air in the vicinity of vinyl chloride and PVC
manufacturing plants and hazardous vaste sites. Vinyl chloride is
expacted to leach into groundwater from spills, landf{lls, and
industrial sources.

Segments of the gensral population living in the vicinity of
enission sources are axposed to vinyl chloride by inhalation of
contaminated air. Average daily intake of vinyl chloride by inhalation
for these people ranges from trace amounts to 2100 ug/day. The average
daily intake of vinyl chloride by inhalation is expected to ba
sssantially zero for the remainder of the population. Howaver, short-
term inhalacion exposurs to relatively high levels may occur during use
of new cars. This i{s due to volatilization of vinyl chloride from vinyl
polymers within the car interior.

The majoricy of the general population is not expected to be
exposed to vinyl chlorids cthrough ingestion of drinking water. However,
people who have PVC vater pipes that have not been treatad adaquately o
remove vinyl chloride monomer may ingest -0.06 to 2.8 ug/day of vinyl
chlorida from drinking water. The average daily intake of vinyl chloride
through diet is predicted to be essentially zero.

NIOSH astimated that 27,000 workars are definitely exposed to vinyl
chloride and that workers probably exposed may be as many as
2.2 million. Intake is expected to occur primarily through inhalation
and less importantly by absorption through skin. Workplace air in some
FVC manufscturing plants was found to comtain 100 to 800 mg/m3 (39 to
312 ppe) vinyl chloride with peak concentrations of up to 87,300 mg/m3
(34,000 ppm). A NIOSH survey of three vinyl chloride manufacturers
reportad a time-weighad-gverage axposure of 0.18 to 69 ng/m3 (0.07 to
27 ppm) vinyl chloride in workplace air.

7.2 LEIVILS lﬂlITOllb OR ESTINATED IN THE ENVIRONMENT

7.2.1 Air

Alr in rural/remote and urban/suburban areas of the United Statas
typically contain no deteccable amount of vinyl chloride (Stephens et
al. 1986; Grimsrud and Rasmussen 1975a,b; Harkov et al. 1984; Wallace ec
al. 1984; EPA 1985b). Limited monitoring data indicate that in areas
near vinyl chloride and polyvinyl chloride manufacturers, the

&9
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¢ ncentrati n f vinyl chl ride in air cyplcally ranges from trace
lavels to -105 ug/a® (Gordon and Maeks 1977, Pellizzari et al. 1979,
IARC 1979, EPA 1985b), but may exceed 2600 ug/m3 (1 ppm) (Fishbein
1979). Elevated levels of vinyl chloride osay also be found in the
vicinity of hazardous vaste landfills. Concentrationa ranging from balow
" datection limits to S to 8 ug/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 vaste site in Southern
California were found to contain levels as high as 1040 ug/n3 (0.4 ppm)
(Stephens et al. 1986).

Typical valuss for the average daily intake of vinyl chloride by
inhalation in urban/suburban and rural/remote areas have been estimated
to be essentially zere. Assuming that the average intake of air is
20 m3/day, the average daily intake of vinyl chloride by people living
in source-dominated aress has been estimated to range from trace amounts
to 2100 ug/day.

7.2.2 WVater

Vinyl chloride has been detected at varying concentrations in
surface, ground, and drinking vaters 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 have been reported (Dyksen
and Hess 1982, HSDB 1987). There vas no rsport in the literature of
vinyl chloride being dstected in sediment.

The leval of vinyl chloride ift groundwater in the United Scates vas
determined during the 1982 EPA Croundwater Supply Survey. Vacer supplies
from 945 sites geographically located throughout the United States ware
studied. Results indicate that vinyl chloride was positively idencified
in only 0.74% of groundvater supplies (detaction limit 1 ug/L). The
maxioum concentracion decected was 8.4 ug/L (Westrick et al. 1984).
Other studies have also reported the occurrence of vinyl chloride in
groundvater throughout the United States at levels at or below 380 ug/L
(Cotruvo 1983, Goodanksuf and Actkinson 1986, Page 1981, Coniglio et al.
1980, Stuart 1983).

The concentraction of vinyl chlorids in fimished drinking wvaters in
the United Scates vas studied during the 1976-1977 EPA National Organics
Monitoring Survey (NOMS). Only 2 samples out of 113 contained detectable
levels (0.1 ug/L), and these averaged 0.1s ug/L (HSDP 1987). Results of
other studies also indicate that tlie majority of drinking water supplies
in the United States contain no degectadle levels of vinyl chloride
(HSDB 1987, Coniglio et al. 1980). Based om these studies, it is assumed
that thie average daily intake of vinyl chloride by ingsstion of drinking
vater. for most persons in the United Ststes would be essentially zero.
Bstimetes provided in EPA (1985a) indicate that 0.9% of the United
Statss population is exposed to levels of vinyl chloride in drinking
vater 21.0 ug/L, and 0.3 of the population is exposed to levals >3

sg/L.
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7.2.1 Soil

Monitoring data for vinyl chloride in soil wers not located in the
available literature.

7.2.4 Ocher .-

In the past, vinyl chloride had been detected in various foods as a
result of migration from polyvinyl chloride food wrappings and
containers (EPA 1985b). Vinyl chloride has been found in vinegar at
levels up to 9.4 ppm, in edible oils ac 0.15 to 14.8 ppm, and i{n bucter
at 0.05 ppa vhen these foods were packaged and stored in FVC containers
(IARC 1979). At present, the Food and Drug Administration (FDA)
regulates use of vinyl chloride polymers available for use in production
of articles intendad 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 and storage revealed that ac very low
concentrations of vinyl chloride in PVC packaging macterial, there wvas
essentially zero migration of vinyl chlorids (Kontominas et al. 1985).

It is reported that migration of vinyl chloride from rigid PVC
wvater 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 chlerins in the water may result
in the complete removal of vinyl chloride from drinking water (Fishbein
1979, Ando and Sayato 1984). During one study, it was found chat
drinking water which ran through recently installed PVC pipes contained
vinyl chlorids 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 FVC pipe in water distribution systems contributes to intake of vinyl
chloride through ingescion of contaminated drinking water. Assuming thac
the average daily intake of water is 2 L, the average intake of vinyl
chloride from water contaminated with vinyl chloride from PVC pipes is
expected to range from 0.06 to 2.8 ug/day.

The interior air of two new cars was analyzed and the level of
vinyl chloride was found to range from 824 to 3120 ug/a3 (0.3 to
1.2 ppm) (EPA 1985b). The scource of vinyl chloride was balieved to be
volatilization from vinyl plastics found in the car interiors. Levels of
vinyl chloride in the air in new cars may exceed estinmates of minimal
tisk levels for acute and intermadiate axposure.

Viuyl chloride has been detected in tobacco smoke (EPA 1985b).
Cigarettss and little cigars have been found to contain 5.6 to 28 ng
wvinyl chlorida per cigaretts (IARC 1979).

7.3 OCCUPATIONAL EXFOSURKS

NIOSH estimates definite worker axposure to vinyl chloride to be
27,000 persons and probable vorker exposure to be 2.2 million (Sitcig
1985). This includes ~5000 vorkers employed in vinyl chloride synthesis,
$000 workars involved with polymerization processes, and as many as
350,000 vorksrs associated with fabrication plants, Exposure is bslieved
to occur primarily through inhalation and less frequently by absorption
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through skin (Sittig 1985). In the past, concentrations of vinyl

chl ride in workplace air in some plants producing PVC have been

rep rted to range from 100 to 800 wg/m3 (39 to 315 ppm) with peak
concentrations up co 87,300 mg/m3 (34,000 ppm) (IARC 1979). Currently,
the Occupational Safety and Health Administration (OSHA) sets scandards
for occupational exposurs to vinyl chloride (see Sect. 9, Regulatory and
Advigory Status). A racent NIOSH survey of three vinyl chloride plants
indicated that the time-weighted-average exposurs to vinyl chloride
varied between 0.2 to 70 ag/m® (0.08 to 27 ppa) (IARC 1979).

7.4 POPULATIONS AT HIGR RISK

Data ware not located specifically regarding subpopulations
unusually sensicive to the effects of vinyl chloride. Individuals
located near or dovnwind of production facilities, hazardous waste
disposal sites, and landfills may potentially be exposed to higher
smbient atmospharic levels.

Vorkers involved in the production or polymerizaction of vinyl
chloride may constitute a group at risk because of the potantial for
occupational exposure. Since the mid 1970s, however, atmospheric levels
in the workplace have ofren been reduced to x1 ppm (Fishbein 1979,
Kilian et al. 1975, Hansteen et al. 1978). Qccupationally exposed men
aay reprasent a sensitive subgroup because occupational exposure in men
has been associated with an increased incidénce of fetal loss in their
wives (Infante et al. 1976, Waxweiler et al. 1977). No chreshold
concentration has been determined for this effact. Women (or couples) of
child-bearing age may constitute a group at risk, bscause data suggest
that ambient exposurse to low (but not quantified) environmental levels
is associated with an increass in the incidence of malformations at
birth (Infance 1976; Edmonds et al. 1975, 1978; Theriault et al. 1983).
No threshold has been determined for this effact.

Inhalation studies .in animals desonstrated that exposure early in
1ife resulted in greater risk of developing cancer than did exposure
later in life (Drew et al. 1983). Altheough human studies thac 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 prenstal exposure may
increase cancer risk (Maltoni et al. 1980, 1981). Although human data
were not located, the animsl daca may suggest that the prenatal exposure
of humans to vinyl chloride may incresse risk of cancer.

Animal studies have deamonstrated that pretresatment with xenobiotics
or drugs that induce mixed-function oxidase (MFO) potentiates the
hapatotxicity of vinyl chloride (Jaeger et al. 1974, Reynolds ec al.
1975, Gaoelly et al. 1978). Although human data vers not located, the
animsldata suggest that human exposure to enviromnmental pollutants or

that induce MFO may result in increased sansitivity to vinyl
chlorida.
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8. ARALYTICAL METHODS

A variety of methods are available for the analysis of vinyl
chloride in environmental and biological matrices. The methods of choice
will depend on the nature of the sample matrix, the raquiresd pracision,
accuracy and detection limit, the cost of analysis, and the turnaround
time of the methodology. Pre-concentration of samples may noc only
increase the sensitivity but also, in certain instances, decrease the
time required for sample separation prior to quantification. The best
sensitivity and specificicty for vinyl chloride quantification are
obtained with Hall detectors and photoionization datectors (Reding
1987). Mass spectrometry, although less sensitive than the most
sensitive detectors, is often used as a confirmatory tool for vinyl
chloride analysis. Details of analytical methodologies for vinyl
chloride are given in IARC (1978).

8.1 ENVIRONMENTAL MEDIA

Some of the more commonly used analytical methods for che
quantificacion of vinyl chloride are given in Table 8.1, Other meth ds
that are less sensictive (e.g., infrared analyzer and continuous )
monitoring instruments) and less commonly used (e.g., semiconductor
devices) are given in IARC (1978). Details of sample collection, sample
prassrvation, sample pretreatment, and quantification methods are
provided in the cited references in Table 8.1.

8.2 BIOMEDICAL SAMPLES

The concentrations of vinyl chloride measured in environmantal
sanples may not reflect the concentration to which psrsons are exposed.
Proper biological monitoring not only can be used to supporc
snvirotmental monitoring but also potentially aay provide more accurate
data on exposure levels. The two biological wedia that have bsen used
most extensively as promising indicacors of vinyl chloride exposure are
breath and urine. A close agreement has bean found between postexposure
breath concentrations and the ambient vinyl chloride levels in both
envirormental and industrial conditions (Baretta at al. 1969, Tarkowski
1984). Howaver, problems with quantification of low concentrations of
vinyl chloride in exhaled air at ambient air levels of <30 ppm has led
to limited application of this mathod (Tarkowski 1984).

A Teasonable correlation was noted between urinary output of
thiodiglycolic acid, the principal metabolite of vinyl chloride, and
anbient levels to which parsons were exposed (Heger et al. 1982).
Msasuremant of urinary thiodiglycolic acid can be used as an indicator
of vinyl chloride intake only as long as individual variabilicy in
metabolism due to such factors as liver disease, use of drugs, alcohol
intake, etc., can be accounted for. Therefors, it appears that there is
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Table 8.3. Analytical methade for the quoniificasion of vinyl chieside

Detoction Accurscy/
Sample matria Sample proparstion Quaniificstion method® Dot % recovery References
Occupsticas] sly Viapl “‘h alr sheorbed in OCJI'I-D 0.8 ppb L T NIOSH 194
sctiveted carbags trep and deselved 8.4-26 ppm
by CBy
Ambioat indess sad  Als conisining viapt shioride passed GC/FID dpph ne? LARC 1978, Mitler
ouidosr oir theough activaied carben trap and and Beizer 1945
desclived by dichiorsmeibane o carhon
disulfide
Al * Adsorption es Teasz GC; thermal HRGC/MS 013 ppb NR Krost ¢t ol. 1982
desorption
Als Geab snmpls collocied in elscire- GC/MS st whemblent 8.005 ppb NRR Grimernd aad
poliched stginless stesl cans lemporalune Rasmussen 19752,
Air Alr proliitored by Nay8,0;- HROC/FID sad HRGC/MS 0003 ppb . NR Harkev of al ;‘
trsated glass fiber filer was 1983, 1984
passed theaugh sphosocarh adeorhent
cartridgs ond thermally desorbed
Automebile exhanst  Exhaust samples takon inde sluminized HROC{FID 28 ppb NR Hikskaon of ol
plastic Soge 1"
A Tropped ia cald Tenaz-GC trags thormal ac/Fid NR M-10dat  lves 975
dusorption 60 ppb
A Semple callecied in peessuriaed canleler OC/BCD 081 ppb NR Rasmussca ot al.
is passed shwough » frasapant loop . 1977, Harsch o
sad subsoquently heated ol 1979
Als Sample celiectod in palycster-cesied GC/FID 0.006 ppb NR McMuery and Tarr
plastic bags concenlrsied by frecasont "
and subssquenily hesied
Drinking waler sad Purge sad trap in Teaaz GC; thermal GC/HSD, QC/MS 18 ppb (HSD) 102% ot EPA (M1a,
washewnler desocplion (EPA Method No. 68} snd $14) a82 123 APHA 1995
]
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Toble &1 {continncd)

Sampls propacation

Quastificstion method®

Accurscy/
% recevery Refereaces

Pusgs ot 45°C sad 4rap is Tensx GC;
thermal desarplion

Pucge sad trap in Tesax GC; thermal
desorption

Small sections pul in waler in seabed
serum visl for 3 aumber of days sl 20°C;
solutisn disetily injacied inte o OC

G frem loadfill siies sompled by PTFE
tublag insids drive-in plsaomoton was
shaorhed in Tonsa GC sarbent; rapped
sample desarbed sad concontsated in
liquid Ny-cocled leop sad flash desorbed

Homogencous sample mized with waler sad
viayl chlorids purged into & closed loop;
s in closed loop injecied inte s GC
Sample sosled in visle and equilibrated
ot 40°C for 1 b; headspace gas
injccted inte GC

Samplc scaled in viale and oquilibrated
81 40°C for a minimum of 2 k;
headspace gas injocied imto GC
Cryogesic Lrapping of capired air;
thermal desosplios iato GC

GC/HSD (EPA Mcihod No-3010)

HRGC/Hall detector, HRGC/PID
(EPA Method 302.2, 524.2)

GC/FID

GC/ECD
GC/FID
GC/FID

GC/FID, GCJECD sad GC/MS

102% o EPA 1980
8.82-123
wh

100-119 a1 Reding 1967
3-10 b

NR Aade and Sayito
1984

IARC 18

Youag sad Parker
1984

Weag ot &l 1985

Chudy asd Crosby
1977

1ARC 1978
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Table 8.1 (continusd)

Detoction Accwracyf
Sample mairis Sempls, propersiien Quantification method Namit % reoovery - Refarences
Besslh Reonth saliscied in Todlar bag is GC/MS I pp 1o Umaaas of sl 1985
conssntsaied by Tensx GC adeerbont
aad tharmally dosorbed
Whele blood, Sample squitibrated in & scaled viad ot GC/ECD NR NR Ramecy and
plasma, and serum $§5°C; hoadepace gos injested inte Flanagan 1942
ac
Bivod, wiss Sample purged sad irapped ia Teasx GC,; GC/MS Screcaing NR BDelkos sad Leary
thermally dessshed method 197
Urine Sample delveat sxisacied, satract GC/MS or HRGC/MS 50 ppb NR van Sittert and >
meibylated, and clessed by isn-sachaags {usinary delong 1945,
sesin indi Mutier ot al.
. acid) e
Tinsus (liver, Homapesized samples mined with cihasol-  OGC/FID o ppb 73929 Zuccale of al.
lung, bidosy, waler mistuss squilibraied ja s sealed [} 7.
brain) vial at 10°C; beadopace pas injeciod
into GC
Tisene Sampls mized with s pretesiytic saxyme GC/ECD NR NR Ramssy and
incubsted st $5°C; headspace gas Flasaagas 1982

“4GC = Gas cheomatography; HROC = high-resclution gas chiomatogeaphy: FID = mumuammus-—-macn-m
a.?umuso halide-sensitive detactor; PIIY = photoionization detector.
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no suitable biological medium that can be used as a reliable indicator
for vinyl chloride exposure (Tarkowski 1984). The commonly used mechods

for the quantification of vinyl chloride in bioleogical media are given
in Table 8.1.
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9. BREGULATORY AND ADVISORY STATUS

9.1 INTERNATIONAL

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

9.2 NATIORAL
9.2.1 Regulations

9.2.1.1 Alr

The Occupational Safety and Health Administration (OSHA 1983)
regulations for vinyl chloride scace that a worker must not be exposed
to a concentration of >1 ppm over any 8-h period and that a vorker must
not be exposed to >5 ppm for any period of time exceeding 15 minutes.
Direct concact 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 exceed 10 ppm. :

9.2.1.2 Vater

Pursuant to the Safe Drinking Water Act, EPA (1987c) promulgated a
maximum concaminant level (MCL) for vinyl chloride of 0.002 mg/L,
aquivalent to an estimated cancer risk of 10-5, This regulatien is to
become effective January 9, 1989 and is to apply to all communicy
drinking water systems that regularly serve the sams 25 persons for ac
least 8 months/year.

9.2.1.3 Tood

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 squipment for foods. Depending
on the nature of the polymer and its use, proposed vinyl chloride
content may range from 5 to 50 ppa.

,lzlll‘ oth.t

EPA (1982d) has designated vinyl chloride as a hazardous
constituant 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 1b, but proposes that the RQ be
changed to 10 1b. The RQ is the quantity that, if released to the
envirorment, must be reported immediately to the National Response
Center.
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9.2.2 Advisory Guidance

9.2.2.1 Air

The American Conference of Governmental Industrisl Hygieniscs
(ACGIH 1986b) recommends a Threshold Limit Value (TLV)-TWA for vinyl
chloride of 5 ppm and a Short-Term Exposure Limitc (STEL) of 10 ppm wich
the notation that tha compound is a recognized human carcinogen. The
National Institute of Occupational Safety and Health (NIOSH 1975)
concluded that a TLV for vinyl chloride was inappropriate becauss of its
carcinogenicicty. NIOSH (1973) recommended that any workers exposed to
vinyl chloride should wear an air-supplied respirator.

-9.2.2.2 Vater

EPA (1980), based on a human q.* of 1.746 x 102 (mg/kg/day)-l
calculated from che incidence of rs in a preliminary report of an
inhalation study in rats (Maltoni and Lafemine 1975), estimaced levels
in ambient water of_20, 2, and 0.2 ug/L associated with cancer risks of
10-3, 10-6, 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, 3525, and 52.5 ug/L
correspond to cancer risk estimates of 10°3, 106 and 107,
respectively. More recently, EPA (1985a, 1987h) estimated that cancer
risk levels of 10°%, 103, and 10°6 would result from daily consumpcion.
of drinking water containing vinyl chloride at 1.5, 0.15, and 0.015
ug/L, respectively.

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 ag/kg/day in a 13-waek gavage study by Ferom et al. (1975).
Because data vers not sufficient for derivation of a l-day health
advisory, the 10-day health advisory was adopted as a conservative l-day
health advisory. Longer-term health 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 ng/kg/day in a lifetime dietary study in rats (Dow Chemical Company
1984, Til et al. 1983).

ek

9.2.3 Data analysis

9.2.3.1 Raferenca doses (RfDa)
Refersnce doses for vinyl chloride have not been estimated by EPA.

9.2.3.2 Carcinogenic potency

EPA (1983a) classified vinyl chloride in IARC Group 1, and amore
recently, EPA (1987a) assigned the compound to Carcinogen Assessment
Group (CAG) Clasa A. By either classification scheme, the designations
have the same mesning, that evidence for carcinogenicity to humans is so
convincing as to be considered "sufficient.” EPA has derived several
estimates of carcinogenic potency for vimyl chloride for both oral and
{nhalation exposure. In an early estimate, EPA (1980) derived a q,* for
human oral sxposure of 1.76 x 10°2 (ag/kg/day)-l based on prelimikary
reports of the incidence of total tumors in rats of both sexes axposed
to vinyl chloride by inhalation at concentrations up to 10,000 ppn
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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
represents the most recent analysis by CAG (EPA 1987a). This estimace
was based on the incidence of lung and liver tumors in both sexes of
rats exposed for lifetime to diets that contained vinyl chloride (Feron
et al. 1981).

The first estimate for carcinogenic potency by inhalation exposure,
2.5 x 10°2 (mg/kg/day)"l derivad 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 (mg/kg/day)-l (EPA 1985b) was based on the final report of
the incidence of liver angiosarcomas in male and female rats exposed for
up to 1 year to concentrations up to 30,000 ppm (Malconi et al. 1980,
1981).

9.3 STATE

(Regulations and advisory guidance from the states vere still being
coupiled at the time of printing.)
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11. GLOSSARY

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

Biocconcantration Factor (BCY)--The quotisnt of the concentration of a
chamical in aquatic organisms at a specific time or during a discrete
time period of exposure divided by the concentration in the surrounding
vater at the same time or during the same time period.

Carcinogen--A cheaical capable of inducing cancer.

Ceiling value (CL)--A concentration of a substance that should not ba
exceaded, sven instancaneously.

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

Davelopaental Toxicity--The occurzence of adverse sffacts on the
daveloping organisa that may result from exposure to a chemical prier to
conception (either parent), during prenatal development, or pestnatally
to the time of sexual maturation. Adverse developmental effects may be
datected at any point in the life span of the organism.

Babryotoxicity and Fetotoxicity--Any toxic effect on the conceptus as a
tesult of prenatal exposure to a chemical; the distinguishing feacure
batvasn the two terms is the stags of development during which the
insult occurred. The terms, as used here, includs malformations and
variations, altered growth, and in utero death.

Trank Effect Lawvel (FEL)--That level of exposure which produces a
statistically or biologically significant increase in frequency or
sevaricy of uwwmistakable adverse effects, such as irreversible
functional impairment or mortality, in an exposed population vhen
compared with its appropriate comtrol.

EPA Health Advisory--An estimste of scceptable drinking vater levels for
a chemical substance based on health affects information. A health
advisory is not a legally enforceable federal standard, but serves as
technical guidance to assist federal, stats, and local officials.

Immediately Dangerous to Life or Health (IDLR)--The maximum
envirormental concentration of a contaminant from which one could escape
wvithin 30 min without any escape-impairing symptoms or irreversible
health effects.
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Intermadiate Exposure--Exposurs to a ¢h mical f r & durarion of 15.364
days, as specified in the Toxicological Pr files.

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

In vitro--Isolated from the living organisa and arcificially maintained,
as in a test tube.

In vivo--Occurring within the living organisa.

Kay Study--An animal or human toxicological study that best illusctrates
the naturs of the adverse effects produced and the doses associated with
those affects.

Lethal Cmelni:ration(m) (LCLO)--The lowest concentration of a chemical
in air vhich has been reported to have caused death in humans or
animals.

Lathsl Concentration(50) (LC350)--A calculated concentration of a

chenical in air to vwhich sxposure for a specific length of time is
expected to csuse death in 30% of a defined experimental animal ®
population.

Lathal Dose(L0) (LDLO)--The lowest dose of a chemical introduced by a
route other than inhalation that i{s expected to have csused death in
humans or animals.

Lethal Dose(30) (LDSO)--The dose of a chemical which has been calculated
to cause death in 50% of a dafined experimencal animsl population.

Lowest-Qbserved-Adverse-Effeact Lavel (LOAEL)--The ldwest dose of
chemical {n a study eor group of studies vhich produces statistically or
biologically significant increases in frequency or severicy of adverse
effects betwveen the exposed population and {ts appropriate control.

Lowast-Observed-Effect Lavel (LOEL)--The lowest dose of chemical in a
study or group of studies which produces statistically or biologically
significant increases in frequency or saverity of effects between the
axposed population snd its appropriats control.

Malfoxpagions- -Permanent structural chmgu that may adversely affect
survt? davelopment, or functionm.

Miniwsl  Re{sk Level--An estimate of daily human exposure to a chemical
that is likely to be without an appreciable risk of daleterious effacts
(noncancerous) over a specified duration of exposurs.

Matagen--A :ublemeo that causes mutations. A mutation is a change in

the genetic paterisl in a body cell. Mutations can lead to birth
defects, miscarriages, or cancer.
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Neurotoxicity--The occurrence of adverse effacts on the nervous system
folloving exposure to a chemical,

No-Observed-Adverse-Effect Lavel (NOAEL)--That dose of chemical at which
there are no stacistically or biologlcally significant increases in
fraquency or severity of adverse sffects seen between the exposad
population and its appropriate control. Effects may be produced ac this
dose, but they are not considered to be adverses.

No-Observed-Effect Laval (NOKL)--That dose of chemical at which thare
are no statisticdlly or biologically significant increases in frequency
or severity of effects seen between the exposed population and its
appropriate control.

Permissible Exposure Limit (PEL)--An allowable exposure level in
vorkplace air averaged over an 8-h shifc.

q,¥--The upper-bound estimate of the low-dose slope of the dose-response
rve as determined by the multistage procedure. The q,” can be used to

calculate an estimate of carcinogenic potency, the anicnnn:al excess
cancer risk per unit of exposure (usually ug/L for water, mg/kg/day for
food, and u;/n3 for air).

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

Reportable Quantity (RQ)--The quantity of a hazardous substance that is
cons{dered reportable under CERCLA. Reportable quancities are: (1) 1 1lb
or greater or (2) for selected substances, an amount established by
regulation either under CERCLA or undsr Sect. 1ll of the Clean Water
Act. Quantities are measured over a 24-h peried.

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

Short-Term Exposurs Limit (STEL)--The maximum concentration to which
workers can ba exposaed for up to 15 ain continually. No more than four
axcursions are alloved par day, and there must be at least 60 ain
batwesn exposure periods. The daily TLV-TWA tay not be exceeded.
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Target Organ Toxicity--This tarm covers a broad rangs of adverse effects
on carget organs or physiological systems (e.g., renal, cardiovascular)

sxtending from those arising through a single limited exposure to those

assumed over a lifetime of exposure to a chemical.

Teratogen--A chemical that causes st:ru‘ccuul defects that affect the
developuent of an organisa.

Threshold Limit Value (TLV)--A concentration of a substance to which
most workers can be exposed without adverse effect. The TLV may be
axpressed as a TVA, as a STEL, or as a CL.

Tina-veighted Average (IVWA)--An allowable exposure concentration
averaged over a normal 8-h workday or 40-h workweek.

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

(2) the uncertaincty in sxtrapolating animal data to the case of humans,
(3) the uncertaincy in extrapolating from data obtained in a study that
is of less than lifetime exposurs, and (4) the uncertaincy in using
LOAEL daca rather than NOAEL dacta. Usually each of thesa factors is sec
equal to 10.
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APPENDIX A: PEER REVIIV

A peer reviev panel vas assembled for vinyl chloride. The panel
consisted of the following members: Dr. Richard Monson, Harvard
University; and Dr. Anthony Guarino, South Alsbama University. Thesa
axperts collectively have knowledge of vinyl chlorida’s physical and
chemical properties, toxicokinatics, key health end points, mechanisms
of action, human and animal exposure, and quantification of risk ¢
humans. All reviewsrs vars selected in conformity with the conditions
for pesr revievw specified in the Superfund Amendments and
Reauthorizacion Act of 1986, Section 110.

A joint panel of scientists from ATSDR and EFA has reviewed che
pesr reviewers’' comments and detarmined vhich comments will be included
in the profile. A listing of the peer revievers’' comments not
incorporated into the profile, with a brief explanation of the rationale
for their exclusion, exists as part of the administracive record for
this compound. A list of databasas reviewed and a list of unpublished
documents cited are also included in this rescord.
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APPENDIX B: TFEDERAL 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 Dissase Registry (ATSDR); and Environmental
Protection Agency (EFA).

ACTION: Notice.

SUMMARY: The Superfund Amandments and Reauthorizacion Act (SARA)
(Public Lav 99-499) amsnds the Comprshensive Enviromental Response,
Compensation, and Liability Act (CERCLA or Superfund) (42 U.$.C. 9601 et
seq.) by wstablishing certain requiresents for che Agency for Toxic
Substancas and Disease Registry (ATSDR) of DHHS and EPA with regsrd to
hazardous substances vhich are most commonly found at facilities on the
CERCLA National Priorities List (NPL). Among these statutory
requiremancs is a mandate for the Administrator of ATSDR to prepare
toxicological profiles for each substance previously included on the
first priority list of 100 chemicals. The list idantified the first 100
chemicals vhich both Agencies destsrmined posed the most significant
potantial threat to human health. This list was published in the Federal

Registear on April 17th, 1987 (52 FR 12866) as regquired by SARA section
110.

This notice announces the expected availability dates of cthe firsc
25 draft toxicological profiles for review and comment.
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AVAILABILITY: The following draft toxicological pr files are expected
to be publicly available by the date indicated:

Data/Profile
October 17, 1987:

Banzo(a)anthracens
Benzo(a)pyrsna

Beryllium

Chloroform

Chronium

Chrysene
Dibenzo(a,h)ancthracens
Heptachlor/Heptachlor epoxids
Nickel
N-Nitrosodiphenylamine

October 29, 1987:

Aldrin/dieldrin

Arsenic

Banzo(b)fluoranthene

PCBs - Aroclor 12640, 1234, 1248,
1242, 1232, 1221,
1016

2,3,7,8- Tetrachlorodibenzo-p-dioxin

November S5, 1987 -

Benzene
Bis(2-ethylhexyl)phthalate
Cadniuvm
1,4-Dichlorobenzens
Methylene chloride

Noveaber 30, 1987

Cyanide

Lead
Tetrachlorosthylene
Trichlegdethylene
Vinyl chloride

CAS »

36-33-3
50-32-8
7440-41-7
67-66-3
7440-47-3
218-01-9
33-70-3

76-4b-8 / 1024-57-3

7440-02-0
86-30-6

309-00-2 / 60-57-1

7440-38-2
205-99-2

11096-82-5, 11097-69-1, 12672-29-
$3469-21-9, 11141-16-5, 11104-28-

12674-11-2
1746-01-6

71-43-2
117-81-7
7640-43-9
106-46-7
75-09-2

37-12-3
7439.92-1
127-18-4
79-01-6
75-01-4
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A full 90-day public comment peri 4 will be provided for each
profile, starting from the actual release date. The close of the comment
period for each draft profile will be indicated on the fr nt of each
profile,

Requests for draft toxicological profiles should be sent to:

Ms. Georgi Jones

Director, Office of External Affairs

Agency for Toxie¢ Substances and Disease Registry
Chambles 28 South

1600 Clifron Rd,

Atlanca, GA 30312

Specify the profiles you wish to reviaw. One copy of each profile
requasted will be forwarded, frae of charge, as they becoms available.
In the case of undue delays, requestors will be notifiad.

Five copies of all comments should be sant to Ms. Jones at the

abova address by the end of the comment period. All written comments and
the draft profilas will be available for public inspection at tha Agency
for Toxic Substances and Diseass Ragistry (ATSDR), Building 28 South,

Room 1103, 4770 Buford Highway, NE, Chamblee, GA, from 8am to &4;30pm,
Monday through Friday, except legal holidays. Urittan comments and other
data submitted in response to this notice and the draft toxicological
profilas 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 (Public Law 99-499), which extends and
amends the Comprehensive Environmental Response, Compensation, and
Liability Aet of 1980 (CERCIA or Superfund, 42 U.S.C. 9601 et seq.).

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

In compliance with section 104(1)(2)(A) of CERCLA, ATSDR and EPA
published on April 17, 1987 (52 FR 12868) the first priority list of 100
hazardous substances. This priority list of 100 was further broken down
into four groups of 23 chemicals. The first group of 25 was to be the
subject of the second phase of the requirements, i.e., the development
of the first set of toxicological profiles. Section 104(i)(3) of CERClLA
spalls out the content of these profiles and the timetable by which they
sust be daveloped. Profiles on at least 25 substances on the first
priority list were to be coupleted within one year of the snactment of
SARA (by October 17, 1987). The remaining seventy-five are to be .
completed at a rate of at least twenty-five per year with the cotal 100
completed within four years aftsr the enactment of the SARA amendments.
Revision and republication is msndated as necessary but no less often
than once every three years. ’

Each profile is required to include an examination, summary and
interpretacion of available toxicological information and eapidemiologic
evaluations., This information and dsta are to be used to ascercain the
levels of significant human exposurs for the substance and the
associated health effects. The profiles must also includs a
determinacion of whether adequate information on the health effacts of
esach substance is available or in the process of davelopment. The
Agencies’' intention is that this information be used to identify the key
toxicological testing needs that vhen filled will improve our abilicy to
define significant human exposurs levels.

A e ot

The toxicological profiles are to be provided to the States and
sada availsble to the public. The profiles are to be prepared in
accordance vith the guidelines developed by ATSDR and EPA. These
guldelines were published along with the priority list of 100 in the
April 17, 1987 Fedaral Register Notice (52 FR 12870).

This current notice announces the projected availability dates of
the first 23 draft toxicological profiles. The documents have undergone
extensive intsrnal reviev and have been subject to scientific and
technical peer review by cutside experts. We are now amnouncing their
availability and encouraging public participation and comment on the
further development of these profiles. Although the profiles will not be
completed by the October 17, 1987 deadline, we believe that the extra
time given to peer review and public review and comment is important to
the development of quality profiles of scientific meric.
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Although wa are reasonably ¢ nfidant that the key studies for each -
of the 25 substances vere considered during the pr file development
process, this Federal Register notice solicits any significant studies,
including unpublished data, which may aid the revision of these draft
profiles. .

I1. LEVELS OF SIGNIFICANT HUMAN EXPOSURE

The setting of specific levels of significant human exposure has
presented a unique set of problams. The significance of a specific level
of a hazardous substance depends on the context in vhich that level is
evaluated. For example, a low lavel that may bs insignificant with
Tespect to causing acuts, immediately debilitating symptoms may be
highly significant wich 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 differant situstions in which to interpret the
significance of specific levels, it was considered appropriate at this
tims to describe the range of exposures over vhich effacts may occur
(vhers data are available), and to allow the user to nake determinations
as to vhich type of effect is significant in any particular instance. A
format for graphically displaying the levels of significant human
exposure has been developed and is used in the profiles to present the
ranges over vhich sffects may be observad.

Ve encourage public comment and recommendacions oun this spaciﬁﬁ
issue. =

o

IIT. SOLICITATION OF PUBLIC COMMENT.

We are soliciting public comment on all phases of the davel pment
of the toxicological profiles. A previous Faderal Register notice,
published on April 17, 1987 (32 FR 12866) solicited comment on the first
prioricy lisc of hazardous substances. We are curvently reviewing those
comments and are evaluating the impact that those comments may have on
the priority list and the methoeds used in its development.

As the first 25 toxicological profiles become available in draft
form, we are sager to provide them to the States, industry, public
health professionals, scientists and the general public. We welcome
comment and feedback on the contant of the profilas; ths format and
scope of the documents; the process used {n the davelopment of the
levels of significant hussn exposute and the overall process used in the
developmant of the profiles. )

Thare are specific items that we would liks ‘to draw to the
ateamtion of the readsr and would strongly encourags as candidates £ r
clese attantion durihg the comment period.

A. PUBLIC HEALTH STATEMENT

The draft profiles include a public health statement vhich is
intended to provids the lay public with a concise statement of the
genaral health risks associated with the chemical of concern. The
summary as originally planned should be able to stand alone. If removed
from the rest of the document, it should still be capable of conveying
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to the public the substantive health concerns associated with the
substance. We are also considering the development £ more abbreviatad
versions of the public health statements and are evaluating a number of
different formats. This notice specifically invites comments on the
axisting public health effects staitements in the draft profiles and
solicits recommendacions for alternative approaches.

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

In general, and for each chemical-specific profile, have the
appropriate studies been used in the devalopment of thess documents? Qur
concern here is that we capture the critical, or "key", studies but n t
miss othar dats 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 best effort to provide the
information required by Section 104 (1)(3) of CERCLA in the most useful
fornat for the various identified users of the profiles, given the
constraints of the tight timeframe. Every effort has been made to 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 concent of the initisl
sat of profiles, including how the format might be modified for
subsequent sets of profiles.

D. LEVELS OF SIGNIFICANT HUMAN EXPOSURE

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

R. IDERNTIFICATION OF SIGNIFICANT DATA GAPS

The process used to develop the draft profiles has resulted in the
identification of the full range of health effects data gaps associated
with each chemfcal. Howsver, depending on indi{vidual circumstances some
subset of the identified data gaps may be essential in determining
levels of significant exposure, while other dats gaps may be less
immediate. ATSDR, EPA, and the National Toxicology Program (NTP) have
been exploring ways to identify the critical data elemsnts thac are
needed to establish significant human exposure levels. This notice
specifieally requests comment and suggestions for approaching this phase
of cthe‘toxiecological profils process.
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