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I1I. PHYSICAL AND CHEMICAL PROPERTIES

The structure of vinyl chloride is as follows:

HaC = CHC1 Molecular Weight = 62.5 .

Vinyl chloride is highly flammable (limits of inflamma~
bility: £.00-21.70%) and in suffiéicnt concentrations (at -
least 1200-2000 ppm) has a sweet, pleamant odor. The compound
has a boiling poigt of :lE}E‘c‘ Thum, at standard temperature
and pressure, éinfi éﬂlorid- o&ists as a gas. Vinyl chloride
is enly sparingly soluble in water {0.11 g/100 g water at
28°C), but is soluble in alcohol and very scluble in ether
and carbon tetrachloride. Th2,!E:EEEES_EEEXiEZ-EE_EE:.S“°mi°‘1 '/
is 0.91; thus it would tcﬁd t0 rise to the surface of water.
The vapor density of vinyl chioride is slightly more than
twice that of air (CRC Handbook of Chemiltry'and Physics,
1978-1979; Braker and Mossman, 1971).

i

The above'information indicates that vinyl chloride is
volatile and £endi1y pamses from water into the gas phase
under most laboratory and environmental conditions. This was
confirmed in experiments where 16 mg/i vinyl chloride was
added tO distilled water in beakars and the concentration
determined with time (U.5. EPA, 1974). The data indicate
that if first order kinetics are assumed, the vol;tilization

half-life in quiescent water (unstirred} is 290 minutes and
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III-2

in continually stirred water is 25.8 minntes. Dilling, et
al. {(1975) found similar values for the stirred water. As
Dilling, et al., note, prcéictionl of vinyl chloride loss .
from water at relatively high concentrations {e.g., 1 mg/l) '

may not reflect the situation at very low concentrations.

Volatilization appears to bs the most significant process
in the loss of vinyl chloride \trom the squatic environment
(Hill, et al.,:1976).. Once in the atmosphere, vinyl chloride
undergoes rapid photoéhemical oxidation (Gay, et al.,1976:
Lillian et al., 1975). -

AP00012256



At high doses (e.g., 100 mg/kxg), most of the solvent is

expired as vinyl chloride.

Acute and chronic exposure to vinyl chloride can result
in toxicity in experimental animals and humans. In animals,
an inhalation exposure of approxzimately 100,000 ppm results
in death within several hours, yith autopsies revealing
éongcstion and sdema of the lungs and hyperemia of the
kidneys and liver. Test animals exposed to an inspired
air concentration.balow 100 ppm exhibit no pronounced adverse
health effects. Vinyl chloride does not appear to be terato-
genic in rats or rabbits. and insufficient data exists to

evaluate the teratogenicity of vinyl chloride in humans.

Studies on humans working in vinyl chloride plants sug-
gest that systemic toxiq effects that a:e'noncnrcinogenic
in nature can be demonstrated at exposure levels below 50
PpT. Bome plnnt workers may have been exposed to concentra-
tions e:ceoding 1000 ppm and oeccasionally approaching 10,000
Ppm bntcrc OSHA standards were instituted in 1974. At these
levels, workers manifested d;tzinelu. headaches, and/or
oupho:ia. Long-term exposure toc these levels in vinyl chlor-
ide plants have resulted in a number of diseases (i.e.,
acroosteolysis, pulmonary insufficiency), cardioviscullr
and gastrointestinal manifestations, and disturbances of

the cantral nervous system. Unfortunately, data regarding
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I. SUMMARY

Almost 7 biliion pounds of vinyl chloride are produced”
in the United ftates annvally. Mos:t amissions into the environ=-
ment originate from manufacturing plants which use the compound
for the production of polyvinyl chlaride resins. The predomi-
nant route of exposure to the public living near these plants .
is through inhalation, while the principal source of vinyl
c¢hloride axposure for most Americans is probably from polyvinyl
chloride food éoniaihqu. This source contributes approximately
1 ppdb to the diet. Vinyl chloride has alsoc been found in
Adrinking water. Three national surveys of drinking water have
demonstrated the presence of vinyl chloride .at very low levels
'(09/1 range) in a small number of supplies.

¢

Upon ingestion, vinyl chlorige is rapidly absorbed from
the ga-ﬁroint-s}inal tract and is distributed to the liver and
other organs. Several pathways may be involved in vinyl chloride
mctabolish;';bicp ocecurs primarily in the liver. The toxicity
of vinyl‘chlotide appears to be attributable to its enzrymatic
conversion to reactive polar metabolites such as chlorocacstalde-
hyde or chloroethylene oxide. Saveral of these suspected meta-
bolites are mutagenic, while vinyl chloride itself is not, accord-
ing to availadle information. At la; doses (e.g., 1 mg/kg) the
metabolites of vinyl choride are primarily excreted in the urine.
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resins for various i{ndustrial purposes (about 85 percent);

(3) about 8,000 PVC fabricating plants (U.S. EPA, 1975b).

Vinyl chloride and polyvinyl chloride are used as raw
materials in the rubber, paper, glass and automotive indus-
tries. 1In addition, vinyl chloride and polyvinyl chloride
are used in the manufacture of electrical wire insulation
and cables, piping, industrial and household equipment,
medical supplies, food packaging materials and -duilding and
construction products. Polyvinyl chloride and vinyl chloride
copolymers are distributed and processed in a variety of
forms,  including dry resins, plastisol (dispersions in plasti-
cizera), organcsol {(dispersions in plasticizers plus volatile
solvent), and latex {a ccllcidal dispersion in water used teo

coat paper, fabric or leather).
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IV. PHARMACOKINETICS

A. Absorption and Distribution

An 1nvo;tiqation by Duprat et E;: (1977) indicates
that inhaled vinyl chloride is rapidly adbsorbed by the lungs
and immediately accumulates in the liver. In this study,
rats were cxpo;cd in a chanber ¢to 20,000 ppm 14c vinyl chlo-
ride for 5 minifeg, ggd then t?o distribution of radicactive
vinyl chloride in the varicus body organs was determined,
After 10 minutes exposure, radicactivity was found in the
liver, bile AQuect, dig;-tivt lumen, and kidneys. With increas-
ing time (up to 3 hours), 14C activity was detected in the

urinary system, salivary and lacrimal glands, skin and thymus.
2

Using male Wistar rats, With,y {1976) dQetermined that
vinyl chloride is rapidly absorbed f£rom thc'gautrointostinal
tract fallowing.ga-tric intubation of agueocus solutions &
ccntaining:ué_to 2.0 mg/ml vinyl chloride. Vinyl chloride Jﬂigf
uptake by'iﬁit route was extremely rapid; peak concentrations g7

were found less than 10 minutes after the dose was administered.

In a3 study by Watanabe st al. (1976a), rats wers given
single oral doses (gavage) of 0.05, 1, or 100 mg/xg of l4c-
vinyl chloride dissolved in corn oil, and the routes and rates
of elimination of 14¢C activity were followed for 72 hours. The
percentage of the dose expired as vinyl chloride was 1, 2,
and 67%, respectively. The disposition of vinyl chloride to
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various organs and tissues was alsc determined, The liver

was found to retain the greatest percentage of activity at

all dose levels, three to five times the percentage Eound in
muscle, lung or fat (Table IV-1)., The investigators concluded
that the fate of vinyl chloride following oral administration
is a dose~dependent saturable process, with the saturation

of the vinyl chloride-metabolizing enzymes occurring at a

concentration between 1 and 100 mg/kg.

In an inhalation study by this group (Watanbe et al.,
1976b), rats were exposed to 10 or 1000 ppm l4c—vinyl
chloride for 6 hours and the routes and rates of elimination
of 14C activity were followed for 72 hours after termination
of exposure. Like the gavage study, animals were sacrificed
after 72 hours and samples of tissues collected for analysis
of 14C activity. Table IV-2 indicates that, similar to the
gavage study, the liver retains the greatest percentage
of vinyl chloride (or metabolites) at the dose levels studied.
However, no saturation of vinyl chloride metabolism is discern-
able between 10 ppm and 100 ppm in this study, in contrast

to the gavage experiment.

-

In another report, Bolt et al. (1976) studied the tissue
disposition of l4C-vinyl chloride in rats. Immediately

after exposure by inhalation of 50 ppm vinyl chloride for 5
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TABLE IV-l

Percentage of the Administered 14C Activity
per Gram of Tissue
After Administration of_ (14C) vinyl Chloride
by Gavage to Male Sprague-Dawley Rats?
(Watanabe et al., 1976a)

Dose (mg/kg}<d

Tissue 0.05 1.0 100 .
Liver 0.172 # 0.025®>  0.182 + 0.005 0.029 + 0.002

8kin © 0.070 £ 0.023  ,0.076 + 0.010  0.010 + 0.002
Cazcass  0.027 & 0.007  0.046 # 0.002  0.007 + 0.001

Plasma 0.041 + 0.004 0.053 + 0.007 NDE

Muscle 0.028 + 0.003 0.031 + 0.003 0,006 + 0.001

Lung ° 0.050 # 0.003 0.061 + 0.003  0.011 + 0,001

rat 0.030 + 0.004 0.045 + 0.008 0,006 + 0,001

’

& Remaining in the body after 72 hr.
Mean + SE, five rats per dose -

€ Kot detectable above background

Q@ vinyl chloride dissolved in corn oil

z
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IV=4
TABLE IV-2 .

Percentage of léc activity
per Gram Tissue 72 hr Polloving an Inhalation
Exposure to (14C) Vinyl Chloride
For 6 hr in male Sprague-Dawley Rats
. (Watanabe et al., 1976b)

Percentage 14C activity

Exposurs concentration

Tissue 10 ppm 1000 ppm

Liver 0.139 + 0.0093 (0135)C  0.145 + 0.0082 (9.63)°
0.141. % 0.009P 0.165 ¥ 0,009P

skin 0.072 + 0.004 (0.18) 0.115 + 0.010 (7.64)
0.073 ¥ 0.004 0.131 ¥ 0.011

Carcase 0.048 + 0.004 (0.12) D.049 + 0.004 (3.26)

_ 0.04% + 0,004 0.056 ¥ 0.005

Plasma 0.051 + 0.001 (0.13) Npd

Muscle 0.052 + 0.005 (0.13) 0.038 + 0.003 (2.52)
0.053 ¥ 0.00S 0.043 ¥ 0,003

Lung 0.065 + 0.007 (0.16) 0.046 + 0.001 (3.06)
0.066 ¥ 0.007 0.052 ¥ 0.001

rFat . 0.026 + 0.006 (0.07) Npd

. 0.026 ¥ D.006

Kidney  0.079 + 0.003 (0.20) 0.057 # 0.005 (3.79)

0.080 ¥ 0.003 0.065 ¥ 0,006

a gxpressed as percentage of total 1l4C activity per gram of
tissue. Uncorrected for expired VC:

a tissue
tota? 5pm recoversd

Mean + SE from four rats.
b gxpressed as percentage metabolized l4C activity per gram
tissuve. Corrected for sxpired VC:

dpm per g of tissue
Total dpm recovere nings dpn of expired VC
xcan % BE from rats.
€ Microgram equivalents vinyl chloride per gram of tissue.
Not detectable, detection limit for plasma and fat was 3
ug/g of tissue (3ppm)
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dose-response relationshipn in humans are very scarce because
of the virtual absence of air measurements of vinyl chloride

in the work environment before 1974.

Vinyl chloride is a proven carcinogen in mice, hamsters,
and rats. Animal studies have shown that vinyl chloride pro-
duces tumore cf different types at different sites, and that
the incidence and relative distribution are influenced by
dose, age of tie animal, and :bccica and strain of animal usped.
Angiosarcomas of the liver were found in all animals studied,
whereas scme types of tumors such as brain tumors, hepatomas
and lung tumors were observed in one type of animal only. A

dose-response relationship was cbserved in most experiments.

Inhnzation studie- havc shown the lowost dose of vinyl chloride

———— e

expasures to have a c nic . A recent-
- \—-*’

ly completed ingestion study demonstrated the coccurrence of hepat- -

——

ic angiosarcomas and pulmonary angiosarcomas in rats at levels

of 5.0 mg/kg-pw/day or more, and the increased incidence of

foci of éellulnr nltd?ition and liver cell tumors at the lowest

exposure level of 1.7 mg/kg/ bw/day.

Human data have been primarily obtained from workers
exposed to vinyl chloride. A number of epidemioclogic studies
have linked vinyl chloride with angiosarcoma and'other forms
of neoplasm. The reported frequency of angiosarcoma of the

liver is especially noteworthy because this is a very rare
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type of cancer (25 - 30 cases/year in the United States),
and it is reasonable to infer a causal relationship betwsen
exposure to vinyl chloride and the development of this tumor.
Through 1977, a total of 64 cases of liver angiosarcoma have
been identified worldwide among vinyl chloride-exposed indus-
trial workers. Although rare, the carcinogenicity of vinyl

chloride to humans is unambigucus.
%

The Inf;rnitional Agency for Research on Cancer {(IARD)

analyzed the available data and concluded that exposure to

.winyl chloride results in sn increased carcinogenic risk to

humans. The organs most likely to be affected were the
liver, brain, lung and hemato-and lynphopéiotic systems.
The National Academy of 8c£enées {1983) also examined the
data and concluded that vinyl chloride is an established
catcinogon'in'hﬁmnns and animals with older animals and

fomales_appearin& to be more susceptible.

Thévua;ional Academy of Science (NAS) and EPA's Carcin-
cgen Assessment Group (CAG) have calculated projected incre~
mental excess cancer risks associated with the consumption
of a specific chemical via Arinking water by mathematical
extrapolation £rom high-dose animal studies. 'Using the risk
estimates generated by the NAS (1977-1979) where the linear
non~-threshold multi-stage model was utilized, the range of

vinyl chloride concentrations were computed that would nomi-
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nally increase the risk of one excess cancer per million
(10), per hundred thousand (103). or per ten thousand (104)
pecple over a ?o-year lifetime assuming‘daily ;onnumptién at
the stated exposure level. From the NAS model it is estimated
at the 95% confidence limit that consuming two liters per

' day over a lifetime having a vinyl chloride concentration of

100 ug/l, 10 ug/l or 1 ug/ would increase the risk of one

excess cancer per 10,000, 100,000 or 1,000,000 pecple exposed,

respectively. Using the revised CAG approach and the multi-

stage model, it was estimated at the 95% confidence limit

that consuming two liters psr day over a lifetime having a .

vinyi chloride concentration of 200 ug/l, 20 ug/l or 2 ug/l
would increase the risk of one excess cancer per 10.003\
100,000 or l.oodTUEU"pEbpli:eipdii Tespactively. The

numerical differences oﬁlerv.d after utllizing the NAS and

CAG risk estimates are due to the selection of data for use
in the model. >T£o NAS basad its calculations on an ingestion
study bf.uaitoni et al., (1975) in which rats were exposed to
vinyl chloride by gavage, while the CAG used the same Maltoni
et al. (1975) study but based its estimate upon the increased
incidence of total tumors in rats exposed to vinyl chloride
through inhalation.
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II. INTRODUCTION

Vinyl chloride has been used for over 40 years in the
production of polyvinyl chloride (PVC), the most widely used
material in the manufacture of plastics throughout the world, .
About 25% of the estimated 18 billion pounds of vinyl chloride .
produced worldwide in 1972 was manufactured in the United
gtates (Berk, at al., 1976). Between 1968 and 1973, vinyl
chloride produé:iép iﬁ the United States rose 14% annually,
reaching a production level of nearly 7 billion pounds in
1978 (U.S. Int. Trade Comm.). This 1nc;enso in vinyl chloride
production was due to the growing dependence of vixtually
every branch of industry and commerce wpon products and
components fabricated from polyvinyl chloride (U.S. EPA, 1974).
{For the location of vinyl chloride and polyvinyl chloride
mnnufactﬁring and processing plants in the United States in

1978, refer to rigure II-1.)

vinyl‘dhioride iz not known to occur in nature (National
Acadamy of Sciences, 1977). The compound is synthesized as
" chlorinated olefinic hydrocarbon menomer f£rom petrochemical
feedstock and chlorine. In 1975, vinyl chloride emissions
in the United States were found to originate from three major
sources: (1) 17 plants where vinyl chloride was commercially
synthesized (about ll percent); (2) 41 PVC plants where the

vinyl chloride monomer was used in the production of PVC v
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hours in a closed system, the percsntage incorporated as léc-
radicactivity per g tissue was high;-t Zor kidney (2.13)
and liver (1.86). The percent of incorporated activity
was 0.73 for the spleen and 0.17 for the brain. Forty=-
eight hours after the beginning of exposure, labeled material

could still be detected in these tissues.

The percentage absorption of vinyl chloride from the

. ~
’ -

human qaltroinecstiﬁal tract has not been sstablished.
Because of the lack of data on parcent absorption from the
gastrointestinal tract, the risk calculations in this

documant will assume a 100% absorption factor.

B. Metabolism : 4
Metaholism of wvinyl chlogido occurs primarily in the
liver by microsomal encymes. There is strong evidence that
the toxicity O:'thil compound is attributable to its

enzymatic 6:ihption to reactive polar metabolites. Several

‘of these iﬁlpoct-d metabolites are strongly mutagenic,

while vinyl chloride itself is not (Bartsch and chtngano,
1975). Exposure to viryl chloride leads to the reduction

of non-protein sulfhydryl. levels in rat liver, suggssting
that the metabolites of vinyl chloride conjugate with
glutathione and/or cysteine (Hefner et al., 1975a). Hathway
(1977) reported in vitro depurination of calf thywus DNA by

chloroacetaldahyde identical to that observed in hepatocyte
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DNA following administration of vinyl chloride to éats in
vivoe. This suggests that vinyl chloride metabolites may
interact with some purine and pyrimidina residues of DNA,
providing a possible explanation for the oncogenic properties
associated with vinyl chloride.

In a review of the literature, Bartsch and Mont-nino
(1975) report two possible biotransformation schemes - one
involving alcoﬁ;l'hohfdrogonanb {Scheme I) and the cother
involving the mixed funetion cxidase sygstem (Scheme 1I).

These are indicated below:
Scheme I: ClHC=CHp===>C1HC~-CHOR~~~>C1H C-CHO-—>C1HE2C~CO0H
Scheme II: c1a-cnz———»tngcféncij-no>c1nzc—cao-->CLBzc-coon

Evidence for biodegradﬁtion involving the alcchol
dehydrogenase pathway includes data which.d.monstratcs that
prstrsatment o!'rats with citgor ethanol or pyrazole {an
inhibitor 6? Qlcdhol dehydrogenase) inhibits the metabolism
of vinyl &Alorido (Hefner et al., 1975a).

There is also ample avidence that the mixed function
oxidase (MFO) system is involvsd in the metabolism of vinyl
chloride. Pretresatmant of rats with phencbarbital, which
which induces the MFO lyskum, also enhances liver toxicity of
vinyl chloride (Jaeger et al., 1974).. Rat liver microsomes -

catalyze the covalent binding of vinyl chloride metabolites to .

AP00012270




Iv-7

protein and nucleic acids (Kappus et al., 1975; 1976): chloro-
ethylene oxide, which is thought to be formed by the MFO system,
may be the primary micro;anal matabolite capable of alk}lating

these intra-eoilulaz macromolecules (Laib and Bolt, 1877).

Several pathways may be involved in vinyl chloride metab-
olism, the predominant one d.fcnding on dose. Hefner et al.
(1975, perforned an inhalation study in which rats were
exposed to vinyl chloride cdncentrations ranging from 50.5%
to 1167.0 ppm for 12 months time. The rate of metabolism,
as determined by measuring the declining level of vinyl
chloride in the chamber atmosphere, was three times greater
for seven ssparate exposures ranging from 50 to 105 ppm than
it was for five separate exposures ranging from 220 to 1167
ppm. This indicated that the predominant pathway at the
lower concentrations, probably lnvolving aleohol dehydrogenase,
is laturaplambcgqocn 105 and 220 ppm. This group also found
evidence tﬁgt oxidases in the microsomee may be involved in
metabolism at high level expcsures. In another study, Bolt
st al. {1977) subjected rats to an inspired concentration
of l4c-vinyl chloride ranging from 200 to 1200 ppm in a closed
system, and measured the rate of dcercgsi of vinyl chloride
levels in the chamber ;tmosphoro. This group calculated
that saturation of the vinyl chloride-metabolizing enzymes
of the rat is achieved at 250 ppm.
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C. Pxcretion

Zxcretion of 14C activity ;1thiqi72 hours following
a single oral doss of }4C-labeled vinyl chloride {0.0S,
1,0, or 100 mg/xg) is shown in Table IV-3 {Watanabe &t 2l.,
1976a). As the dose increases, a markedly greater proportion
of vinyl chloride is expired unmetadbolized, while the percent-

age of metabolite. in .the urine decreases substantially.

Again, saturaticn kinetics ara‘anggolt-d. The tadble also
indicates that mstabolites of vinyl chloride are predominantly
excreted via the urine. Administration of vinyl chloride by
inhalation produced almost identical results (Watanabe et al.,
1976k). Two major metabolites 1n the urine are identified

as indicated in Table IV-4.

Buchter 35.35} (1980) examined the metabolic elimination
of vinyl chloride in Rhesus monkeys. Rﬁelu- monkeys were placed
in a clcscd exposure system into which vinyl chloride was in-
jected, and air -nnplo- taken to datermine the decline of
vinyl chloride in the gas phase of the system, The results
showed that the metadolic elimination of vinyl chloride in
Rhesus monkeys is a dose-~dependent, saturable process, as in

rats. Elimination was shéwn t0o obey a first-order law
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TABLE IV-3

Percentage of Administered 14C Activity Recovered
Following a Single Oral Dase of Vinyl Chloride®
(¥atanabe et al., 1976a)

Dose {(mg/kxg)

. 0.05 1.0 100

Expirad: .

-As VC 1.43 + 0.13P 2,13 + 0.22 66.64 + 0.67

As COz 8.96 ¥ 0.59 13.26 ¥ 0.47 2.52 ¥ 0.13
Urine 68.34 + 0.54 59.30 * 2.75 10.84 * 0.95
Feces 2.39 + 0.52 2,20 + 0.39 0.47 + 0.06
Carcass and f

tissues 10.23 + 1.93  21.10 # 0.47 1.83 + 0.14
Cage wash® 0 0.84 + 0.45 o
Total racoveéy ¢ 91.25 & 2.47 88.83 + 1.98 82.30 + 0.43

a percentage of dose excreted over 72 hr. Only the léc
activity associated with the expired VC can be
attributed to VC per se.

D Mean + SE five rats per dose.

€ Distilled water wash of metabolism cage at termination
of the study.
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-

TABLE IV-4

l4c—containing Urinary Metabolites
from Male Sprague-Dawley Rate
Given Vinyl Chloride by Gavage?
(Watanabe et al., 1976a)

KR \Dose (mg/kg)

Compound 0.05(4)> 1.0(s) 100(5)

A) Ne-aceatyl=-S~(2-

hydroxyethyl~

cysteine) 30.4 + 2.0¢ 36.2 + 3.9 29.1
B} Thiodiglycolic acid 25.6 + 1.; 23.7 + 1.1 25.4
C) Unidentifieda 38.6 + 2.9 34.5 + 4.6 36.6

Total . 94.6 94.6

¢

4 Matabolites were separated and quantitated by high
pressure liquid chromatography. Values are axpresssd
as percentage of total urinary radicactivity.

b ( ) = Number of animals per dose

€ Mean + SE

+ 2.0
+ 0.9
+ 2.0
91.1
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below 200-300 ppm, and at high concentrations the maximal
velocity of metabolic elimination” of vinyl chloride was
about half that of rats when related to kg body weight.

Green and Hathway (1975) measured the excretion of lic-
vinyl chloride administered to rats by intragastric,
intravenous (femoral vein), or intraperitoneal routes. Two
doses were uised; D0.25 nq/kq‘and 450 mg/kg. The results
are shown in Table IV-5. During the first 24 hours after
treatment, more thuy 90 percent was excreted from the
inin;l: for all three routes. Significant differences were
noted, however, in the manner of excretion for the 0.25
ng/kg dose. For the intragastric route, 71.5% was excreted
in the urine, whereas 99( was exhaled from the lunga when
vinyl chloride was administered intravenously. Por the
intrapcriton;al route, 43.25 was exhaled while 41.5% was
excreted in the urine. At the higher dose (450 mg/kg),
over 96‘ was exhaled as vinyl chloride in both intragastric
and intraperitoneal administered rats. The intragastric
values are consistent with the values reported in the oral
studies performed by Watanabe et al., (1976a) (see Table

Iv-3).

Mithey and Collins (1976) have developed a statistical
modal for use in equating oral dose levels of vinyl chloride

to inhalation exposure levels in rats, using blood level

~ AP00012275
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Vv-12

TABLE IV5

{Greon and Hatlway, 1975)

OF RADIOACTIVITY IN RATS, GIVEN A SINGLE DOSE OF llklmm
re each dosed i.g. with 250ug of [14C]viny) chloride per kg in corm oil solution, and another 4 rats were each
tlarly with 450 mg of [14C]lvinyl chloride per kg. 4 rats were each injected in the femoral vein with 250 ug of
L chloride per kg in N-(B-hydroxyethyl}lactamide. Four rats ware each injected i.p. with 250 ug of [l4Clvinyl
»r kg in N-{B-hydroxyethyl) lactamide, and another 4 animals were each injectsd similarly with 450 mg of 114c)

cide. :
Time Radioactivity excreted ($ of dose)d
(h)
Intragastric Intravenous Intraperitoneal
Exhaled air Urine Fpcas Exhaled alr  Urine Poeces  Exhaled air Urine  Peces
vingyl - 002 Vinyl o0y Vinyl 002
chloride chloride chloride )

0-24 3.7+1.2 12,6 +1.1 715 + 5.0 2.0+2,5 99.0+ 08 0,1 0.5 0.1 43.2+ 4.6 10.3 + 2.2 41.5 + 4.8 1.6
2448 0.9 3.3 . L6 .. 0.7 1.6 0.2
48-72 . 0.3 T 0.2 )

Total 3.7 + 1.2 13.5 4 1.3 751 £ 4.2 4.6 + 3.0 995.0+ 0.8 0.1 0.5 0,1 43.2 +4.6 11.0 + 1.2 43.1 +5.7 1.8

0-24 91.9 +2.5 0.6 45 +2.3 0.4 96,2 +4.10.7 2.5 +£0.90.1
24-48 0.1 0.8 0.3 0.1
48-72 0.1
Total 91.9 + 2.5 0.7 5.4 + 2.2 0.7 96.2 + 4.1 0.7 246 +0.90.1

shown are the moans + 8.D. of those moans.
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time curves. The authors concluded that "if the total Aaily
liquid intake contained 20 ppm vinyl chloride, then the area
generated under the blood level tim; curve, for rats, would
be squivalent to an inhalation exposure of abeut 2 ppm for

24 hours.™ Thuse, 'lceord.ing to this model, inhalation exposure

is ten times more efficient than oral eXposure.

J
7

e

armg
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V. HUMAN EXPOSURE

Humans may be exposed to vinyl chloride in drinking water, food, and
air. Detailed information concerning the occurrence of and exposure to vinyl
chloride in the environment is presented in another document entitled “Occur-
rénce of Vinyl Chloride in Drinking Water, Food, and Air" (Letkiewicz et al.
1983). . This section summarizes the pertinent information presented in that
document 1in order to assess the relative source contribution from drinking
water, food, and air. ' .

[N

Exposure Estimation

This analysis is limited to drinking water, food, and air, since these
media are considered to be geaneral sources common to all individuals. Some
individuals may be exposed to vinyl chloride from sources other than the three
considered here, notably in occupational settings and from the use of consumer
products containing vinyl chloride. Even in Jimiting the analysis to these
three sources, it must be recognized that individual exposure will vary widely
based on many personal choices and several factors over which there is little
control. Where one 1ives, works, and travels, what one eats, and physiologic
characteristics related- to age, sex, and health status can all profoundly
affect datly exposure and intake. Individuals 1iving in the same neighborhood
or even in the same household can experience vastly differant exposure
patterns.

Unfortunately, data and methods to estimate -exposure of identifiable
population subgroups from all sources simultaneously have not yet been
developed. To the extent possible, estimates are provided of the number of
individuals exposed to each medium at various vinyl chloride concentrations.
The 70-kg male is used for estimating {ntake.

2. Mater

Cumulative éstimates of the.U.S. populations expose& to QariOus vinyl
chloride levels in drinking water from publi¢ drinking water systems are
presented in Table V-1. The values in the table were obtained using Federal
Reporting Data Systams data on populations served by primary water supply
systems (FRDS 1983) and the estimated number of these water systems that
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Table .Y-I. Total Estimated Cumulative Population {in Thousands) Exposed to ¥inyl Chloride
in Drinking Water Exceeding the Indicated Concentration

Number of
people served
in U.S, Cumulative population (thousands) exposed to concentration%ug/l) of :
System type (thousands) 1.0 >5 >10 220 >30 >40 350 p) 10
Granundwater 13,473 1,063 591 118 118 118 118 118 118 0
Surface water 140,946 859 _o 0 0 0 0 0 0 o
Total - 214,419 1,922 591 118 118 .. 1i8 118 118 118 0

(% of total) - (100%) (0.9%)  (0.3%) (0.1%) (0.1%) (0.1%) (0.1%) (0.1%) (0.1%) (0.0%)




I

contain a given level of vinyl chloride. An estimated 1,922,000 individuals
(0.9% of the population of using public water supplies) are
exposed to levels of vinyl chloride in drinking water at or above 1.0 ug/!,
while 531,000 individuals {0.3%) are exposed to levels above 5 ug/l. It is
estimated that 118,000 individuals are exposed to levels greater than 60

"ug/l. Of the approximately 1.3 million people exposed to levels ranging from
1.0 to 5 ug/1, 0.9 million ({65%) obtain water from surface water supplies.
A1l exposure to vinyl chloride in drinking water at levels above 5 ug/l is
expected to be from groundwater sources.

No data were obtained on regional variations in the concentration of
vinyl! chloride in drinking water. The highest concentrations are expected to
M"’_‘—-—'_\_________
occur near sites of.polyvinyl chloride production.
W .

'422;’ Daily intake levels of vinyl chlioride from drinking water were estimated
usfng various exposure levels and the assumptions presented in Table IV-II,
The data in the table suggest that the majority of the persons using public
drinking water supplies would be exposed to dintake Tevels below 0.028
ug/kg/day.

Yable V-II. Estimated Drinking Water Intake of Vinyl Chloride

— Persons using suppties
axposed to indicated levels
Exposure level % of Jotal
{ug/1) Population population Intake (ug/kg/day)
21.0 1,822,000 0.9% 20.028
>5.0 591,000 0.3% >0.14
>10 118,000 . 0.1% >0.29
>80 118,000 0.1% 1.4
>70 ’ 0 . 0.0% 2.0

Assumptions: 70-kg man, 2 liters of water/day.

‘An indication of the overall exposure of the total population to vinyl .
chloride can be obtained through the calculation of population-concentration
values. These values are a summation of the individual levels of vinyl -
chloride To which each member of the population is exposed. An explanation of
the derivation of these values is prasented in Appendix C. Population-
A
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concentration estimates for vinyl chloride in drinking water were 1.1 X 107
ug/1 x persons (best case), 1,5 x 107 ug/1 x persons (mean best case), 2.3 x
108 ug/1 x persons (mean worst case), and 2.3 x 108 ug/1 x persons
case).

Assuming & consumption rate of 2 liters of water/day, population-exposure
values of 2.2 x 107 ug/day x persons (best case) 3.0 x 107 ug/day x persons
(mean best case), 4.6 x 108 ug/day x persons (mean worst case), and 4.6 x 108
ug/day x persons (worst case) were derived.

b. Diet

No data were obtained on levels of vinyl chloride found in foods in the
United States. Therefore, no estimates of the daily intake of vinyl chloride

from the U.S, diet could be made. ﬁ;
c. Alr -

Exposure to vinyl chloride in the atmosphere varies from one location to
another. The highest level of vinyl chloride reported in the atmosphere was
2,100,000 ng/m3 {2,100 ug/ms)_(Li115an et al. 1975 cited in Brodzinsky and
Singh 1982)., High levels, averaging greater than 15,000 ng/m3 (15 ug/m3i.

. have been detected in other areas. Normal levels, - however, are somewhat

Jower. Brodzinsky and Singh (1982) calculated 2 median air level of 0.0 ng/m3
(0.0 ug/ma) in each of three types of areas: rural/remote, urban/suburban,
and source dominated.

The monitoring data available are not sufficient to determine regional
variations in exposure levels for vinyl chloride.

The daily respiratory intake of vinyl chloride from air was estimated
using the assumptions presented in Table Iv-I11 and the median and maximum
levels for vinyl chloride reported above. The estimates in Table IV-III
indicate that the daily vinyl chloride fntake from air for adults 1in
rural/ramote, urban/suburban, and source dominated areas is 0.0 ug/kg/day. In
contrast, the +intake calculated using the maximum vinyl chloride level
reported fs 690 ug/kg/day; few {f any persons are believed to be exposed at
that level. The va'ues presented do not account for variances in individuai
exposure or uncertainties in the assumptions used to estimate expasure.
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Table V-I1II, Estimated Respiratory Intake of Vinyl Chloride

Exposure (ug/m3) Intake (ug/kg/day)
Rural/remote (0.0)
Urban/suburban (0.0) 0.0
Source dominated (0.0)
Maximum (2,100} 690
Assumptions: 70-kg man, 23 m3 of atr §nhaled/day {ICRP 1875). i
SUMMARY

Table V-1V presents a general view of the total amount of vinyl chloride
received by an adult male from air and drinking water. Two separate exposure
.levels 1in air and six exposure levels in drinking water 2re shown in the
table. Since no data were obtained on levels of vinyl chloride in foods in
the United States, the cant—'ributfon of vinyl chloride fn the diet to total
vinyl chloride exposure could not be assessed.

The data presented have been selected from an infinite number of possible
combinations of concentrations for the two sources. The actual exposures
encountered would represent some Tinite subset of this infinite series of
combinations. Whether exposure occurs at any spec1f1é combination of levels
is not known; nor is it possible to determine the number of persons that would
be exposed to vinyl chloride 2t any of the combined exposure Tevels. The data
presented represent possible exposures based on the occurrence data and the
estimated intakes. ’

The relative source contribution data are based on estimated intake and
do not account for ami,b@@n@,a@@%ﬁnﬂ chloride
byvrggye of exposure. The re1at1ye-dose recéiveg may vary from the relative
intake. In addition, the relative effects of the chemical on the body may
vary by different routes of exposure.

Brodzinsky and Singh (1982) calculated 2 median urban/suburban air level
of vinyl chlioride of 0 ug/m3 based on air monitoring data. Assuming an air
level of O ug/m3, ¢~inking water would be the predominant source of vinyl
chloride exposure :t all drinking water levels above 0 ug/1. An accurate
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Table V-IV,

Estimated Intake of Vinyl Chlorida
from the Environment by Adult Males in ug/kg/day
(% from Drinking Water)

Concentration in air

Concentration in

Kurail/remote Urban/supurban Source dominated

drinking water ~

{ug/1) X (0.0 ug/m3) (2,100 ug/m®)
0 0.0 (--)

1.0 0.028 (100%) 690 (<0.01%)
5.0P 0.14 (100%) 690 (0.02%)
10¢ 0.29 {100%) 690 (0.04%)
s0d 1.4 (100%) 690 (0.2%)
708 2.0 (100%) 690 (0.3%)

Intake from each source {see Sections 5.1-5.3):

Water: 1,0 ug/1:

5.0 ug/1:
10 ug/1:
50 ug/l:
70  ug/1:
Air: 0.0 ug/m
2,100

Food: Not included

0.028 ug/kg/day
0.14 ug/kg/day
0.29 ug/kg/day
1.4 ug/kg/day
2.0 ug/kg/day

0.0 ug/kg/day
690 ug/kg/day

21,922,000 individuals using public drinking water systems are estimated to be
exposed to levels > 1.0 ug/1 (0.9% of population using public water supplies).

b591,000 individuals using public drinking water systems are estimated to be
exposed to levels > 5.0 ug/l (0.3% of population using public water supplies).

€118,000 individuals using public drinking water systems are estimated to be
exposed to levels > 10 ug/1 (0.1% of population using pudblic water supplies).

d118.000 individuals using public drinking water systems are estimated to be
exposed to levels > 50 ug/1 (0.1% of population using public water supplies).

®No 1individuals using public drinking water systems are estimated

exposed to levels » 70 ug/l.

to be
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assessment of the number of individuals for which drinking water is the pre-
dominant source of exposure cannot be determined from the data since specific
locations containing high concentrations of vinyl chloride fn drinking water
and low concentrations of vinyl chloride in ambient air and food are unknown.
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VI. HEALTH EFFECTS IN ANIMALS

A. Acute/Chronic Effects
iR}

Acute toxicity tests with vinyl chloride ware carried
out by Patty et al. {1930) of the Bureau of Mines, Department
of Commerce. Single exposure of guinea pigs to vinyl chloride
gas, 10 percent in air (100,00 ppm}, resulted in narceosis and
death within 39 to 69 minuto-.‘ Inhalation of lower concentra-
tions resulted in ataxia and narcosis. Pathological findings
at necropsy were congqntion and edema of the lungs and hypere-
mia of'thc kidneys and liver. A number of investigators have
made similar observations when examining the acute inhalation
effects of vinyl chloride in mice, rats, guinea pigs, rabbits,
cats, dogs (Pecples and Lezke, 1‘933: Lester et al., 1963; P
uant:oﬁnttco et al., 1960; Haley, 1975; Prodan et al., 1975).
In animal studies, LCS50's at 2 hours ranged from 117,500 ppm
for mice to 230,806Ippm for rabbits.

Marsteller et al. (1975) reviewed and summarized the
£indings of previous studies on vinyl chloride exposure in
laboratory animals. Torkelson et al. (1961) exposed test
animals to concentrations ranging from 50 to 500 ppm. Rats
exposed to 100 ppm (2 houri/da& for 6 months) were judged
normal on the basis of appearance, mortality, growth,

hematological examination and cther factors. HRowever, a
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slight increase in the liver weight wae cbserved. Rats,
guinea pigs, rabbits, and dogs expoked to 50 ppm (7 hours/day,
130 times in 189 days) appsared to be normal in appearance,
mortality, and growth, and the 1n=roa¢; in weight of the

rat livers did not occur at this concentration. Basalaev

et al. (1972) administered gasecus vinyl chloride to rats

and rabbits at a concentration of 0.03=0.04 mg/l for 4
hours/day for § months. Cardibvascular disorders, changes

in the biocelectric activity of the hypothalamus, ‘
hyperadrenalinemia, ostecporosis and resorption of bone

tissue were cbserved.

Jaeger (1975) conducted experiments with rats to
determine the interaction botwoc; vinylidene chloride (1,1~
DCE) and vinyl chloride. In this study, 'hopatotozicity was
measured by the. elevation of serum alanine-el-ketoglutarate
ttlmmin_nl.“(m).l When fasted rats were exposed to 0.02%
(v/v), 1.,1'_-l'Dcz. serum AXT activity was elevated about 50-
fold, two hours after the termination of a 4-hour inhalation
exposure. NoO elevation was cbserved when 0.1% vinyl chloride
was administered alone. When the two chemicals were
administersd simultanecusly at the levels indicated, no
elevation of serum AKT occurred. Thus, the vwido
was protective. These two monomers are used together in the
Mvinyl copolymars, and exposure to both agents
in the workplace was reported by Kramer and Mutchler (1972).
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B. Teratogenicity

John et al. (1977) oxamincd the offccts of vinyl
chloride 1dhalation on the fetuses of miec. rats, and
rabbits. The pregnant animals ware exposed 7 hours daily

T to concentrations of 50 or 500 ppm for mice and 500 or 2500
ppm for ratas and rabbits. Mice and rats wera expoasd on
days 6 to 15 ot'gq-tqtion. tnd‘:abbits on days 6 to 18.
No teratogenic effects were observed at 2500 ppm in rats
and rabbits, except thgt a greater incidence of dilated
' i ‘ urqtors'wezc noted in rats. Indeed, vinyl chloride exposure
I at this' level ictually decreased the incidonco-of certain
-k.lctal nnemnlics in rats eamparcd to eontrals {@.g.,

dolny.d oslification of the bonos of the skull, and unfused

Rl i A o T o e R T E T RN G ¥ A SRS I T ol S A Ly -.'—T-Srﬁ-:

P centers of ossification of thq skpll and ltcrnobrl!l. ‘Mice

| were the most sensitive to vinyl chloride. No teratogsnic
effects were noted in the fetuses of mice exposed to 50
ppm, but a .significantly greater incidence of unfused
sternebrae and delayed ossification of sternebrae (no. S}
and bono-‘oi the skull ware ohserved among litters of mice
exposed to 500 ppm compared tO unexposed controls.
!ﬁbryo£o:ie effects were not generally noted, but soma

. decrease in festal dody weight and crown-rump length was

: observed in rats and mice.
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i
Radike ot al. (1977a) did not cbserve gross (nonmicro-
scopic) ahnormaliéinl in the offspring of rats exposed 4
hours daily on the 9th to the 21ist day of gestation by inha-
lation of 600 or 6000 ppm vinyl chloride. A small incrsase
in the incidence of minor skeletal abnormalities, including
wavy ribs, extra 14¢th ribs and delayed calcification of -
;nnll bones, vor; cbserved in tﬁ. offspring of the exposed
;nimals. Howaver, the investigators concluded that such a
small incidence 3; difficult to distinguish f£rem a sporadic
occurrence, and should be considered to be skeletal variants

and not malformations.

Géoup- of pregnant CP-]l mice, Sprague-Dawley rats and
Neww Zealand white rabbits were exposed to doses of vinyl
chloride ranging from 50 to 2500 ppm by inhalation. Exposure
ta th.i. conccntrations.of Qinfi chloride Aid not cause any
llgni!icant cmbiyonfl or £.tal,toiicity and was not teratogsnic

in any of the three species tested. (John et al., 1981).

C. ﬁ;taglnicitx
Vinyl chloride is mutagenic in a number of biological
systems. The mutagenic action of vinyl chlorids app-hr. to
e dependent unpon its metabolic conversion to chemically
reactive matakbolites (o.g..'ehloroothylon. oxide, 2 chloro-
acetaldehyde). The mutagenic effects of vinyl chloride have

been demonstrated in: (1) metabolically activated systems

AP00012288




VI-6
cells of rats aftc;lcxposuro to paradichlorobenzene at various
dose levels. In this study, bcnzan? and vinyl chloride were
used as positive controls. " The results of the vinyl chlofide
control showed that vinyl chloride was of&octivo in producing
chromosome damage in rat bone marrow after the multiple

exposure reginme. -

D. cCarcinogenicity

zvidcgco:hal-boon accumulated in recent years impli-
cating vinyl chloride as a human and animal carcinogen.
The f£irst four human cases of liver angiosarcoma in workers
cmploygd by a vinyl chloride plant were roport‘d by Creech
and Johnson in 1974. Ths first experimental data on the
cifcinogenic effect of vinyl chloride in rats were published
by Viola et al., in 1971; preliminary results of an investi-
gation concerned with the oncogonic potential of vinyl chloride
in cxporime;tal'an;mnls followed (Maltoni and Lefemine, 1974).
These initiaivrepcrt- spurred = series of retrospective epidemi-
elogic invi;tigations of workers in the vinyl chloride industry
and supportive experimental studies in animals. Several compre-
hensive reviews and symposium proceedings have been publighed
on the subjact (e.3., Selikxoff snd Hammond, 1975; Proceedings
of the Royal Socisty of Hcdicine. 1976; uU.8. EPA, 1975c;
Milby, 1978). '
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using Salmonella typhimurium (Bartsch et al., 1975; McCann
et al., 1975; Elmore et al., 1976: Rannug et al., 1974;
Garro et al., 1976) developed by Anes et al. (1973) in which
the genetic indicator rafers to histidine prototrophy by
base-pair substitutions, or by base-pair insertions or dele-
tionss (2) Escherichia coli K12 biocanxoctrophic strain with
back mutation system arginine + (Greim et al., 1975); (3)
several specieg of yesst inducing forward mutations and gene
conversions at specific loci (Lopriono st =l., 1976, 1977);
(4) in germ cells of Droscphila (Verburgt and Vogel, 1977) °
and {5) Chinese hamster V79 cells (Huberman et al., 1975).
The literature on the mutagenic effects of vinyl chloride

were reviewed by Bartsch and Montesano (1975).

The mutagenic activity of inhaled viny)l chleride (3006.
10,000 or 30,000 ppm for 6 hours a day for 5 days) was

assessed in 1n£crt£ic male CD=-1 strain mice with the dominant

lethal assay (Anderson gt al ., 1976). At these concesntrations,

vinyl chloride was not mutagenic as judged by scoring of

post=implantation fetal deaths, pre~implantation egg losses

end reduction in fertility. Positive control tests 1n&1catod

that the dominant lethal effect was expressed in the CD-1
mice used in these cxporim;nts.

Anderson and Richardson (19768) conducted a cytogenic

study investigating mutagenic effects in the bone marrow
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Table VI-5
wm‘
Animals with cxmory, %
Tumery/108
Creup end Hepe- Ni Neare- mary
sancendration nnmummmﬁ' ’ggmmn
| ! 0090 KR 2 LY 17 A8 17 - LT =3y 17 123 13
: Neym asn a8 O oW O e aswn e (AL80) (L0}
"Expomare by inhalstion 16 VC in nir at 30,000 ppw; § keiday, & dsys/week, for &Y weeks. Speague-Dawiey raza, N and F, 17 weaks

il Results after 63 weeks (erul of experient).
Coe .. \

3
.

Table VI-6
Lxperimant XTV.*
Animals with tamors, &
-hl-w ’ Foree Mam-
Cregp and Hepa- Nnhv.)tm g:hl stomash iy
mmatretion MT BT LAS 1A ELAS KLA tamss EpT PakAe MT
7 48 27 L1 A7 - o3 - [X} 1.0 04 217
fr “s ‘L VB0 S I QL) 204) QIS4) /54 (V34) (82298
truatanet S - - - - - - - - - Lo 10.2
m_dl -ll.l b ’ %8 098)
"o aposare by inhalation ta VC i aiv st 50 ppm; ¢ hriday, § daysweal, Sor A2 weeks. Sprague-Dawley rats, M and F, 13 weeks old.
Kasults altar ? €2 weels (sad of experiment).

Source: Maltoni, 1981.
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‘TABLE VI-7

e . .

. Axirals with tomors, %
Tumere/100 .
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lr s g [P 2531 5]
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TABLE VI-8
Expariment BTL
Animals with tumers, %
Tomory/100

p— Bepe N b — Sen moh mary
[ MY ST LAE i ELAS ElLi voms BL . GlCs T PakAc NT

5 48 X6 - = - - .Y LT 1T 1.6 65 &8 1T LY

10,000 ppm ass osn 8 5% 059

n 2 3 1LY - ~ 33 LT LY ;9 180 13 L7
WH- - asn o8 QA0 QA a2S0) (A0) (0) QA0 (A0}

QY % LY - - - 83 3 LT (Y

mir . ase a0 e &80 80 &) (49%0)

onT N - 1? - L7 - 103 - 17 - [ 81 17

ﬁr asn asn () o o 018

B9 MBS - LT - 1T - 42 = - 7 e 17

HE - 0D ash oD Qan [+1, )
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ontred) ansom @10) (190} a/190)

=T by imbaisticn ts VC iv & 8 10,000, 000, 5500, 400, 250, and &0 ppm; ¢ Ariday, § dayvweek, for 17 weels.
mmﬂquﬂhuvmaﬂ. lmhlﬂzl“t«h(ddw

Source: Maltoni, 1981. .
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TARLE VI-2 |

Incidence of Tumrs in Rats ard Rabhits
Expcsad 0 Vinyl Chioride bw Irhalation
(Caputo et al., 1974)

{ppm) g Skin Squa-
4 hru/day Liver Adenco- mous Cell
5 days/Wk % of Angicearcoms Alwsoclar Carcincm
12 mocoths  Anirels Cholangioms Carcinares Acantham  Other
*Rats
20,000 150 n 2 6 7
10,000 200 16 16 34 8
5,000 200 12 4 20 2.
2,000 200 10 d 8 6 6
S00 150 4 - 3 -
50 200 - - - -
m K4
Treatment - 200 - - - -
Rabbits
_— - 6 12 -
40
10,000
- -] 20
Treatment
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Table VI-3
- Esserimant BTL"
lﬂ' with tumors, %
smronle gin Fare- Mms
_;‘h HMT ST LAE Li IliS ELA tems | 1A Ca EpT PséAc MT
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Table Vie4
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'I:q::-mby — Lie 22 X ppe; 4 heiday, § days/week, wetka. Eprague-Dawley rats, M arnd F

Source: Maltoni, 1981.
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In animal ftudios. Viola et al. (1971) reported the
carcinogenic response of male rats (AR/IRE Wistar strain)
exposed to vinyl chloride by inhalation (Table VI-1)}. Skin
tumors were first noted at approximately 10 months; tumors

in the lungs and bones were observed at about 1l months.

Caputo et al. (1974) exposed male and female rats (A and
IRE Winstar strain) by inhalation ta various concentrations
of vinyl chloride. Carcinomas and sarcomas were observed
in all groups O;Cth those éxposcd to 50 ppm (Table VI~2).
As can be observed, a dose response relationship exists
between exposure of 50 to 20,000 ppm. Tumors appeared
betw;on 8 and 13 months from the beginning of the inhalation
" treatment. These lnvostigati?ns also exposed rabbits by
inhalation to 10,000 ppm vinyl chloride for 15 months (Table

VIi-2) and reported the occurrence of lung and skin carcinomas.

Recent inhalation studies with albino CD-1 mice and CD
rats (@parlas River Breeding Lab) confirm the carcinogenicity
of vinyl chloride at concentrations as low as S0 ppm (Lee
et al., 1977, 1978). Liver angiosarcomas as well as other

forms of cancers were found in both species.

An extensive examination of vinyl chloride in experimental
animals has been conducted by Maltoni (1981). A summary of

these results are presented in Tables VI-3 -~ VI-19. Vinyl
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chloride was shown to caunge tumers in all the animal systens
tested (i.e., mice, rats and hamsters) both through inhalation
and ingestion exposure. A clca:~cu; dose-response rolntiénlhip
was shown to sxist, with carcinogenic effects being seen at
exposures as low as 50 ppm. Newborn animals appeared to be
especially sensitive to the develcpmant of hepatocarcinomas and
angiosarcomas and carcinogenic effects on the embryo via the
placenta were demonstrated. Table VI-20 indicatas the tumor
types that have been corzohto; to vinyl chloride exposure in
experimantal animals.

TABLE VI-1

Oncogenic Effects of Inhaled Vinyl Chloride
(ViOI‘ -._t ‘_1_! & 1971)

Conc. VC . Skin Lung

(ppm) » Epider- Adenocarci- Bones

4 hrs/day, moid Carci~- nomas & Osteo-

5 days/wk - Number nomas Squamcus cell chondroma
12 months Rats Carcinomas

30,000 26 17 6 5
No treatmant 25 - - -
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TABRLE VvI-13
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Frore-
Crvwp and Rape- )iﬁb Neure ZEH Ekin stomach
senssntration T BT A3 LA ELAS EA  toms 3L Cs EpT PakAs
1 MN: 3 - 18 1] [ 4 Ly - - 20 - -
lr am am aw nee om
Ko trontmang ne s - - - - - - - 32 - 13
] oM o] })
_Ewiv

inhalstion ta VC in air ¢ ] pom; 4 , B for 52 weeks. Wistar 32 weela old, Results sfter 134
p - prm; 4 kriday, dsrw-k, s, M,

" TABLE vy-14

Experiment STL.*
Animals with tamaory, %
Fare-
TumorsN00 snimals
. Mamgrary Bkin  stomach
- Mr ST 1A LA , FLAX ELAL lagT Cs  ET  Pakde
1. 21 k&1 1.9
1 0o ns by s ] 10.7 13 (l ‘ oV ] \
L7 59 n: 33 17 1.7
1} .7 100.¢ nJs nt
ase) o) (140} 80 ({1 ] (3400} €120) (1%0)
‘”3“ =3 2”08 2771 T s 13 r 53 1.6 u)
- w owms as Y hr G ‘@d w B
" e owm R EBDEDE T o
t 7] Quen Ge) aes  «ien 1260 (180 (t40)
Vr as - § L7 - 13 .7 43 e 2.0 : (1%)
~ . am) asn 6% N om0
Ns trestioant & | uY LY

; %o VC in air 83 30,000, 6000, 2500, 500, 250, and 50 ppex; € hridey, b days/sreekc, for 30 weeks. Swiss mice, M
ad F, 12 0id. Rasuilis alter 81 weeks (ond of axpariment).

Source: Maltoni, 1981.
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. TABLE VI-15%
Esperiment BTLY
Temorw100 o Animals wich tmmors, &
Smimals Amostie Fore
Grexy ad Baper Cholanr Chalan- Duet Mela- stomach Laukas- N
amemtration NT BT LAS Li KLA temes gieCs gumee EpT EpT momm PakAc min®
- 47 - | %4 13 33 n3 33 83 16,7
“gﬂn e ns &;‘!ﬂm 240) W 090) (130 (LU30) (100) V0)
n M «&s 13 23 - [ 3 ] &7 87 &7 23 &7 3 NG .
[ ] oo aan s aF G 00 () 230 (1095 ®3)
ﬂr- a3 k3 - &7 - - - »7 & 10.0 33 6.7 30.0
lﬂﬂr- [~ - as Qa0 a0 (A0 (17300 OV0)
23 &3 '4r - &3 - - 200 100 =3 - 2.0 187
800 ' * 0) ®30) G N - (v30) (5/30)
;F' e &z - - %g’ - - p T ) - 100 13 123 N0
lhkpn o %) a0 030 W) &)
IUE- Tan o Q0 Q0 (60)
“%-lno ne a2 . ) a0 3/s0) (80)

”ns.
TABLE VI-16
! Rxperiment FT1L®
Tanore/100 Animals with timers. %
Growp md e Hepa- Nephro- Netro- Zyretal stonach
#LITO-
esasentration MY BT LiX fA ELAS ElLA temss BL GLCs EpT Pskie 13?
n.nx %nT B a% 27T 5 83 - 25 - a%) 12 25 (z':o
nghy as; e oE) a0 )
n.-n ne 115 124 . - - - 22 .~ 25 e e s
apky e o a0 )
m 100 2%y - - } 3 3 12 - - - - - u;m 3.7
lﬂarﬁt am aen 0/90)
(asmtrel) as) Qe «0)

"Exposars by ingestion (stormack tibe!

of X
wesla. Sprague-Dawiey mta, M asd T, 13 weeks ald. Besulta sfar 136 weeks (and of

Sourcs: Maltoni, 198l.
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TABLE VI-1l7

lﬂ‘z&}hﬂ!mﬂw.ﬂmoﬁ. for 59 weeln.

TABLE VI-18

b oyt g

with temors.

G ml), 4, & 2 times, ot twe month ixarvale or snce o
ot o & .

in dlive oll
144 wonks

Maltoni, 1981.

Source:
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TABLE VI-19
Experissent BT1L.*
Thamor100 Anirals with cymers, ¥
D s i st e
1 Mo 173 - - - - - 13 - - - - 4.0 -

45 ng ‘ amm ans)

Oika all 23 MW7 - - - 13 - - - 13 - -~ 13

‘oncrel} . om e le ans)

"Erpumre by sobaEaneous jection of VC, 4.25 mg. s slive obi  ml), singie doos. Sprague-De M and F, 23 weaks sid.
Resuits ser 145 weaks (snd of sxperiment). “ = wiey s Mand B, 21

’ ¢ >

L4 - ’ 'I
Abbreviations used in tables®

gggrgus_;:wg

i
T

i

"I incidence of tota) malignant and benigs tumours ks
-&MmdelMM(mmF‘
bewr more {han one maligrant o benign tnmar) en the basis

Source: Maltoni, 198l1.

AP00012300



10£21000dV

vI-19
TABLE VI-20

Tumors Presently correlated to VC Exposure (by inhalation) on Experimental Rodents

{Maltoni, 1981)-
: Seba~" Other rore-
Ly caous | cuta- * stomach
Angio- phomas - cuta necus Ham~ papillomas
sarcomas Tumors Tumors and neous. epi- mary and
of of of leu- Hepa~ Anglo- Nephro~ car—" thelial car- acan- Mol
Species liver brain 1lung kemias tomas saroomas blastomas cinomas tsors cinomas thovas non
Rat ‘ + + + + + * (+) + +
Mouse ‘ + + + . (+) + (+)
llmtnr\ + {+) (+) (+) + €]
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Maltoni (1981) goncludos from the available data that
vinyl chloride may produce tumors of different types at
different sites and that the lncid‘nc; and relative distribution
are greatly influenced by dose, age of the animal, and species

and strain of animal used.

s
A recently completed study by Feron st al. (1981) examined

the oral toxicity of vinyl chloride in Wistar rats. This

study was cnrricg og; over the lifespan of the rats, and
consisted of incorporating polyvinyl chloride powder containing
a high contant of vinyl chloride moncmer in the diet, or using
gastric intubation of a 10% vinyl chloride monomer in soya-
bean oil; The vinyl chloride monomer dcees (actual exposures)
wers 0, 1.7, 5.0 and 14.1.mg/kg bw, through the diet or 300
mg/kg bw by gastric intubation. Th; results showsd that rats
exposed to vinyl chloride monomer at lavels of 5.0 mg/kg

bw day or mors d-hong;rated hepatic angiocsarcomas, pulmonary
angiOlarcomaj. and at the higher levels, a few primary extra-
hepatic !bdo&in;l angiosarcomas. At tha lowest exposure

level of 1.7 mg vinyl chloride monomer/kg bw/day, liver-call
tumcrs and en increased incidence of foci of cellular alteration

were noted. (Tables VI-21 and Vi-22).

~
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vi-21

TABLE VI-21~ Type and incidence of treatment-related histopathological changes in the liver of rats exposed

orally to VOM

{Peron et al. , 1981}

Incidsnce of change

Te

Males Famles
Type of Treatasnt ~
m‘ (m hr een 0 1.7 5.0 14.1 B wt :0 1.7 5.0 14.1 mf
Animals killed after 26 vk
No. of rats examined... 10 § —_— 10 9 _ 1o - -~ 10 10
Clear-cell foci o - - 1 1. 0 - - 5nh 2
' Animals killed-after 52 wk
! No. Of rats mm-.o 9 — — 10 9 9 e — .10 0
Clear-cell foci 1 -— -_— g** o0 0 — -~ Bk o
Basophilic focl 0 -— —_ 0 0 4] — —~ 4 1
Eosinophilic focl (] - — 2 0 ] e — Se& (]
Necplastic nodule 0 -— —— 1 0 1) — — 2 (1]
Hepatocellular carcinom o -— -— 1 (4] 0 -— — 1 1]
Cystic proll feration of bile ducts 0 —_ — o o 0 - -— 4> 0
. Animails found dead or killed in extremis or terminally
No. of rates examined...55 58 56 59 55 57 58 59 57 4
Clear-cell. foci 0 LA UL LU ) LU L B 4 24%%% 22%%*  3Jgeie 10
Bascphilic focl 8 18 21* 22*% 12 0 33nee 17 204+% 19
Eosinophiltic foci 3 23%4% JTakk J3RAR ] 8 IShee 20% 29%4%%  §
Necplastic nodule 0 1 Th 23%4% 3 2 26%% 30844 . gqeeh D
Hepatocellular carcinom 0 1 2 Ba* | 3 0 4 19%* 29%+* o
Angiosarcam o 0 6* 27%*x 27 0 o 2 9t 29
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TAHLE VI-21 (Continued)

Prollferation of atyplcal N R

sinusoidal calls only 2 0 4 7 6 4 6 3 4 7
Extensive necrosis 4 4 8 23+ 21 ., S5 6 19444 7enh 24
Cysts 2. 3 4 16%%* 3 g 30% 41Aee jomes 3
Liver-cell polymorphism 4 16% 28848 42%%a 3§ 34 51+ 33 41 41
Centrilobular degeneration 0 0 0 1 . B 2 3 1 18
Pocal haematopoiesis 0 1 ) 0%+ : ] 1 3 1 6 12

Y8pecific hepatocsllular lesions wers classified according to Squire & Levitt (1975).

-r'l‘h: figures of this group were not evaluated statuticauybm- no correspording control group was included
n the study,

$Not. exanined. '

The initial nurber of animals was 60/sex/qroup. A mnber of rats could not be exmuined bescauss of cumnibalism or
advanced autolysis.

Values marked with asteriks differ significantly from those of the controls according to the dli-uq.nm teats
*Pq)oos’ "P‘o.ol' “‘P‘oomlo
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VI-23

TAELE VI-22- Site, typs and incidence of tumurs in organs other than the liver’ in rats exposed orally to VM for

over 2-5 yr {Feron et al., 1961)
Incidence of tumours
Site' and Treatment group Males Famles
type of teour  (mg VOM/kg/day)... 0 1.7 5.0 14.1_ 3003 O 1.7 5.0 14.1 300y
Effective no. of rats... 59 58 57 54
No. of rats with primary tueours... 52 56 57 47
Langs . .
Amgiosarcom Jorke 0 54
Adenam Q. . ] o
Zynbal glands ~
1 carcinoma .
Adencma )
Abdamen
Mesothelioma L]
\mgmmmm
Fibarosarooma :
Osteosarcam
lsarcava

*Schwann-cell tisour’
Unclassifled
Bpleen
Haemangloendotheliosarcom
Lympiwsarcoma :

Nose
1 carcinam

Brain

Granmular-cell myoblastom
Oligodendrogliom
Plexus papilloam
Glial-cell tumour
Ependymwoma

Mesodarmal twmour
Pancreas

Adenccarcinom

Thorax

Mesothelioma

MONOOD O 00 CC0WDOOw Ow og 33
fMCE00 & 00 OOONMOOOW OO Om WS

W

Parafollicular-cell ademama
Parafollicular-cell carcinama
Follicular-cell adenam

OMd = © COCORMW © OO0 CoCoceow 0o oo B&
<] , 88
ccg S O 000OO0OW O O OOMNOOOOm ©OO OO
T k&
COWw © © OONOCOD © OO0 OONOMOHEKM O} MO
gy
~Od B w 000000 O OO0 NOCOOMOM OO0 OO 3

oW © O O~OCO0Q = OO0 OCONTWO® OO°
CO00 O O C000CO @ HO DOOCOONGO ww O
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TAHLE VI-22 (continued)

Incldence of Tumours

1.7

14.1 300t

5.0

Fermles

o0t o

14.1

1'1

SN

&

gﬂ

MO ~ ~O0 D000 OO0 © O OO0 ©
1

-«

NEo O 00 OmMDOD 0O © = Q09O O

OMN -~ OO0 CCOO0O O ©O @ ~00 O

XL od cocoOoC O © O MAS ©

¥M % MO ©OO0OM ©0 © O MA- o~

O ™M ~O0 0000 Ow = O MO =~

NO ™ NO MOOO® 00 © = ~HOoOo ~

Lipamatous tassour
Reticulum-cell sarcom
Fribrasarcoma
Mesenchymal tusour

Fibroma

Subautis
Skeletal miacle
Fhabdowyosarocam
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TARLE VI-22 (contimed) , . .

Incldence of Tuwours
gite ard “ales Pera los
type of Treatment graup
tuwour (g VoM/kg/dny)
skull "
Ostecma 1
Mesenciyml tumowur L
Ear region
Adenocarcinoma of unknown ocigin O
Urinary bladder
Unclassifie? epithelial tupur 0
Preputial glands
Squanous-cell carcinomm
Moy Yy glands .
Adenam
\Rﬁmﬁhmn
s Adenocarcinom
|M@h¢mammnm
tes

g

1.7 5.0 14.1 30t o 1.7 5.0 14.1

o

7

3
©o o o oo

:

QMo

[
L
>

OCw~wo © O © ©0

w OO0 ©

O OmDPO © © © OO

Q Qooo ™

- ONOD O O D OO

“~ Q000 O D B 80

N R - «

oOoMiio © © © wo
~aNG® O O o OO0
O«uwan O © o0 Qe

Interstitial-cell tumour
Uterus
Adenomarcinom
Malignant fibroadencmatous tuwour
Leiomyama
Cervix
Mesenchymal type of tuwour
Adenocarcinom

Ovaries
Theca-oaell tizmwour 0 1 0

e Onm OCoO0OM
~o oMW
Qi O
O OO

o So ©oOQ

$A small ramber of pclmary 1lver tumours unrelated to treatment were found ln several groups.” These tumours were
one Kupffer-cell sarcoma, three reticulum-cell sarcoms, two fibrosarcomas, one hasmangicendotheliom and one

mesenchymal tomour. :

{The figures for this group were not evaluated statistically, because no corresponding control group was inclnded
in the study.

§In several cases the necplastic character of the lesion was doubtful.

Values marked with asterike differ significantly fram those of the controls acoording to the chi-sguare test:
*p<0.05; **p<0.01l3 ***p<0,001.
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Feron et al. (1981) concluded that vinyl chloride monomer
is a carcinogen when administered by the oral route, and that
the tumor r--pons; seams to shift £ran‘th: sxclusive development
of angiosarcomas at very high levels to the exclusive induction "
of hepatocellular tumors at low levels of exposure. Feron et
2;, bave also initiated a similar lifespan oral carcinogenicity
study with vimyl chloride in rats, using three different dose
levels (0.017, 819 a‘n'd 1.7 mg'vinyl chloride monomer/kg bw
day) and two control groups. Thisg study is currently in

progress and the results ars not yet available.

~ AP00012308



VI1I. BEUMAN HEALTH EFFECTS

A. Non~Carcinogenic Effects -

Vinyl chloride can produce a number of pathological
consequences in humans in addition to its carcincogenic effect.
These effects can be from acute or chronic exposure to vinyl
thloride. Unfortunately, data regarding dose-responss relation-
ships in humans aye vary seaxﬁ’ because of the virtual absence
of air measurements of vinyl chloride in the work environment
of vinyl chloride manufacturing and pelymerization plants
before 1975 (Mancuso, 1975). According to OSHA (39 PR 12342,

"April 5, 1974), several facilities revealed vinyl chloride
concentrations for some job clgssificltions as high as 229
ppm. Rowe (1975) commented that before 1960, a few jobs
resulted in exposures in the range of 100 to 385 ppm, but
these measurements /could be high because the method of quanti-
fication m;l;grod total halogens rather than vinyl chloride
alone. ﬁiﬁhellonlgglgi. (1975) reported that vinyl chloride
in polymerization reactors may often have exceeded 1000 ppm
and occasicnally may have approached 10,000 ppm befors OSHA
standards were instituted. At these levsls, worksrs experi-

snced dizsiness, ﬁ-ndadh-s-and/o: suphoria during work periods.

Several instances of acute exposurs have occurred in

vinyl chloride plants. Deaths of two Canadian workers ware
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reported by Danziger in 1960 follov}nq acute exposures to vinyl
chloride gas. At autopsy, there was congestion of the 1iéoro
spleen and kidneys. In another study reported by Suciu et al.
(1975), sxposure of workers to high concentrations of vinyl
chloride produced euphoria, intoxication and narcosis. In

this study, the investigators found a dose~response relationship
for acute and %ybapugg cases of "occupational disease” from

air eoncontrnticn;'ttnging from 2,298 mg/m? (about 900 ppm)

to about 100 mg/m3 (about 40 ppm).

" In anothsr investigation, Spirtas et al. (1975) conducted

a survey of 200 vinyl chloride workers and 89 rubber plant
workers {(controls) where information was sought on the frequency
of eight symptoms, includiﬁg dizzinsss., loss of consciousness,
headaches, etc. The vinyl chloride workers were categorized
into low and high exposure groups. Because the exposure

limits had.b;cn markedly decreased a short time before the
survey, tﬁ; high cxﬁosuro group consisted of workers wvho

were exposed to vinyl chloride concentrations of over 200

PPm before the standard, and 20-30 ppm subsequsntly. The

low exposure group consisted of workers who were exposed to
0-50 ppm before the standard and 0-10 ppm subsequent to it.
Examination of the differences among the three groups indicated
e statistically significant docze-response relationship for

five of the oight symptoms (i.e., frequency of symptoms in the
. high exposure group ¢ low exposure group € rubber workers), and

AP00012310
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a similar but non-significant trend in two of the remaining
symptom categories. Thus there aﬁgpa:- o be a dose-response
relationship between certain acute symptoms (pr-dominant1§
neuroclogical) and level of vinyl chloride exposure. The data
alss suggest that vinyl chloride levels below 50 ppm can
produce health effects.

The carli:st‘reportc of hepatotoxicity in vinyl chloride
workers were noted by Trihukh?gg al. (1949); however, the
effects were attributed to plasticizers added in the manufac-
‘turing'procols. The observed concentrations of vinyl chloride
ranged from 1 to 470 ppm. Since that time, impaired liver
function has bsen noted by otho; investigators (Marstellar et
al., 1975; Lilis et al., 1975: Popper and Thomas, 1975;
Jaoéor. 1975):'

Anoth;r-;tfoct from chr§n1c vinyl chloride exposure is
a conditién known as acroostedlysis, whldh involves bone
lesions in the distal phalanges of the hands and feet and
scleroderma-like skin lesions. Alsoc associated with this
condition are Raynaud's syndrome, pseudoclubbing of fingﬁr:,
and numercus other symptoms. Many cases of acroosteclysis
have been reported and characterized and most involve antoclave
workers in vinyl chloride plants (Wilson et al., 1967; Dinman
et al., 1971; Barris and Adams, 1967; Lilis et al., 1975).

et
ar———
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Other long-titm effects induce disturbances of the
central nervous system, pulmonary insufficiency, cardicvgseular
manifestations, and several gattrointostih;l symptoms (Miller
st al., 1975; Buciu et al., 1975). These and other vinyl
chloride~-induced health effects are reviewed in the New York
Academy of Bciences raport "Toxicity of Vinyl Chloride-pPolyvinyl
Chloride” (Selikoff and Hammond, 1975).

no;roduct;vo:offocto hav: also been noted. According to
a study by Infante (Infante, 1976: Infante ot al., 1976a},
the incidence of birth defects for three small communities
in Ohic in which vinyl chloride polymerization plants are
located were significantly highof (P<0.001) than those in
either the counties in which these communities are located’
or the State of Ohieo in general. Significant excesses were
cbsesrved for ciubfoot and defects of the central nervous
system, upper alim;;tary tract, and genital organs. A éollow—
up study by Edmonds et 31. (1975) identified a moderate increase
in central nervous system malformations, but no association
could be found with vinyl chloride exposure. In another
epidemiologic study by Infante et al. {1976b), there was a
significant excess fetal loss (P<0.05) in wives whose husbands
were vinyl chloride polymeriration workers compared to controls
(wives of polyvinyl chloride fabrication and rubber workers).

The Infante studies suggest an association between vinyl
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chloride and birth defects/fetal loss, but they are not yet ;;7,')1’
L
supported by animal data. i ME,/’///

.t

Cytogenic studies have also been conducted. Picelanc et

&

al. (1977) reported no statistically significant differences
in chromatid and chromosomal aberrations or proportion of
;bnormxl cells, in a group of 209 vinyl chloride exposad
woxkers. Thcs’ wquc;u were exposed for periods ranging from
l to 332 mnth.s t.:: tima-woiqht‘ed average (TWA) levels of viny;
chloride ranging from 0.3 to 15.2 ppm. Killian et al. (1975)
have also reported a lack of evidence for excess chromoscme
brcnkaéo in a population of vinyl Ehlorido'oxposod workers.

In contrast, Ducatman et al. (1975) and Purchase et al. (1975)
have }eportad increased 1ncidonéo of chromosomal breakage

anong vinyl chloride exposed workers.

Heath et al. (1977) examined cytogenic effects in three
groups ofAinéustrial workers: PVC polymerization workers
(prosumoa ££gh cxposﬁro), PVC processing workers (presumed
low exposure)} and rubber and tire manufacture workers (presumed
negligible -zposuré). Actual vinyl chloride levels wers not
measurad. Chromosome brctkaéo in all thres groups was signi-
ficantly greater than in non-industrial cpﬁtrols, and overall
breakage levels were simlar in all three groups. The authors
concluded that other agents in addition to vinyl chloride

may cause cytogenic damage in workers smployed in the rubber/

plastics industry. ———— ) Ljo
S — 3
)f‘,%
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B. Carginogenic Effects
The primary effect associsted w@;h vinyl chleoride
exposure in man is an increased risk of cancer in several
organ systems including angiosarcoma of the liver. Euman ‘
data have been obtained primarily from occupational exposure
of workers to vinyl chloride. '

Epidemiologic studies oz‘vinyl'chlorido exposed workers
have focused on cases of angiosarcoma of the liver, a type of
cancer which occurs ipfrcquently in the general population,
about 25-30 cases per year in the United States (Heath et al.,
1975). Because of its rare occurrence, it is possible to
infer a causal rel#tion-hip between exposure to vinyl chloride
and the development of this tumor. The epidemioclogic evidence
linking vinyl chloride to other types of cancers is more

tenuous. K

The first study as-ocilﬁing vinyl chloride exposure in
humans with cancer was conducted by Creech and Jchnson, 1974.
Three cases of angiosarcoma in workers at a pelymerization
plant in Louisville, Kentucky, were described. The remaining
portion of this section describes some of the epidemiclogic
studies linking vinyl chloride with angiosarcoma and other

types of cancer. .
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Tabershaw and Gaffey (1974) conducted a mortality study
of vinyl chloride workers. Mortality calculations included
only those workers who could be traced, i.e., 7,128 of 8,384
workers. These individuals were from 33 different facilities
and 211 had been expcsed to vinyl chloride for at least 1
Year. The mean anmployment duration £or the group of workers
under study was 80 months. Among the workers, there were
854 with exposgrcg of 20 years or longer and 1,640 exposed

15 or more years. -

Compared to the éoner&l male U.S5. population, the overall
mortality rate among vinyl chloride workers was found ¢o be
'lowor, i.e., 75 percent of the expectesd rate. The favorable
overall nortality rate is a phenomenon commonly observed in

working populations. Standarized mortality ratios (the

ratio of the number of observed deaths in the study populatien
to the number of deaths expscted in a comparable population)
for nalign;né neoplasms increased with increasing exposure
level nn&/or longer duration. 1In the group i{dentified as the
high exposure group, there were increases in liver cancer
{primarily angiosarcoma), respiratory system cancers, and
brain cancers. These differences were not statistically

significant.

Dow Chamical Co. (Holder., 1974} conducted a mortality study

of 594 workers in a single plant exposed to vinyl chloride

AP00012315
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between 1942 and 1960. Workers were assigned to exposure
groups based on the highest level of exposure for at least 1
month (low group.- TWA less than 25 ppn vinyl dhiorido.
intermediate = 25 to 200 ppm TWA, high - 200 to 300 ppm TWA).
Also included in the high group were workers normally expcsed
to 25 to 200 ppm TWA who were also freguently exposed to
sxcursions of 1000 ppm. Total ﬁortality was 91 percent of
expected among.:th@ vinyl chloride exposed workers. No deaths
due to liver cancer were rcpo;tod. and only 13 cases of
necplasms were reported as opposed to 15.4 expected. However,
nine og these nalignahcios occurred in the high exposure group,
as compared to 5.1 expected {the author stated that due to the
srall number of deaths, this difference was not tested for
significance). Eight of these malignancies were in workers )

with 15 or more years of exposura.

Monson 22}2£.:(1975, conducted a proportional mortality
study of workers from two vinyl chloride plants who died
betwsen 1947 and 1973, Death certificates were obtained for
142 out of 161 workers (88%) who died within this time pericd.
Deaths attributable to cancer were 50 psrcent higher than
expected {a statistically significant difference). A 900 per-
cent increase in cancers of the liver and biliary tract was
noted (five angicearcomas). Excluding angiosarcoma, a 275

percent excess in numbers ¢f cancers was observed. Two brain
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tumors (320 percent excess) and 13 lung cancers (60 percent
excess) were ohserved. In addition, the overall cancsr

death rate increased during the peried.

Richolson et al. (1975) studied a group of 257 workers
fof whom 285 were traced) .xpo.;d to vinyl chloride for at
least 5 fclrs subsagquent to 1546, Thelr mortality status was
evaluated bogiqnipg 10 years after start of smployment until
1974. zxposur;s ;oro‘cltimatod to often excsed 10,000 ppm.
Among the 24 deaths were threes cases of angiosarcoma of the
liver. Preliminary findings indicated e 25 percent increase
in deaths over the expected number and a 131 percent increase
in all cancer deaths, although ngiﬁhor of these increases was

s

statistically significant.

The National Institute for Occupational Safety and Health
(NIOSH) conduct.cé a study which involved 1,294 individuals
who v.ro.c;péqu to vinyl chloride for at least 5 yaars, and
for whom iivlcn-t 10 years had eslapsed since initial employment.
A total of 136 deaths were r;po:tod versus 126.3 sxpected
(not a significant difference). A 49 percent increase over
the expectsd number of cancer deaths was ncted, a statistically
significant factor. A statistically significant excess number
of deaths occurred for brain and CNS5 cancer, respiratory system

cancer, and biliary and liver cancer (Waxweiler et al., 1976).

AP00012317
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Oott et al. (1975) have re-examined much of the mortality
data reported by Tabershaw and Gaffey {1974) and have includea
more clearly defined exposure levels and follow-up of forhcr
tompany exployees. The basic findings remain unchanged:; no

increase over expected in malignant neoplasms was found in

‘the low exposure group (TWA from 10 te 100 ppm) and an increase

in deaths due to malignant neoplasms was observed in the high

exposure group,(TWA of greater than 200 ppm) .

Chiazze et al.(1977) have reported a cross-sectional
mortality study of 4,341 employees frem 17 PVC plants who died
between 1964 and 1973. Fo angiosQrcoma deaths were identified.
Total cancer deaths increased in white employees (especially
due to cancer of the digestive -§tem). In white women
enployees, deaths from cancer of the breast and urinary organs

were greater than expected.
4
In contrast, in a mortality study of 7,000 British

workers .x‘p’o.;d to vinyl chloride between 1940 and 1974, the
1nv.ntigat;r: found no evidence of increased cancer mortality
other than from liver cancer. In this study, four cases of
malignant liver tumcr were diagnosed, and two of these were
confirmed to be angicsarcoma. Both cases were in man exposed

to high levels of vinyl chloride (Pox and'COllior, 1977).
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In lddition,'hyron et al. {19%5) traced 750 of 771
Swedish vinyl chloride plant workers. A four- to five-
fold increase over expected in pancreas and liver tumors was
found, and two cases were diagnosed as angiosarcoma. The
numbers of cther tumors did not deviate significantly from

expected.

t
Ten cases of, hopntic angiosarccma have been found

among the rclntivoly small work force employed at a vinyl
chloride polymarization plant in Quebec. This is the largest
number of cases to be diagnosed in a single plant (Makk et

.al., 1976). As a result, Delorme and Theriault (1978) have
retrieved more detailed information on these employees. The
authors suggest that the cases 6} hepatic angiosarcoma appear

to be associated with high vinyl chloride exposurs levels and
overtime work hours. No correlation was found between coccurrence
of this tumor and ;leohol consumption or cigarette smoking.

In ;o;k-rl engaged in the polymerization of vinyl chloride
who were studied by Popper and Thomas (1975), the characteristic
hepatic fibrosis was present in all cases of angiosgrcoma.
Although the relation of fihrotlé lesions to the development
of angiosarcomas 'roqui.rn further study, a transition Zrom
the fibretie stage tc angiosarcoma is suggested by the focal
proliferation of the sinusoidal lining cells and of the
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hepatocytes that are seen in the fiﬁrctic stage but which
baccocnes even more pronounced in the iﬂitial stages of angio-
sarcoma development. These findings suggest that the
fivrotic lesions without angiosarcomax, frequently cbserved
in workers exposed to vinyl chloride (Lilis et al., 1975),
might be the prestage of developing neoplastic lesions.

'I;he diagnosis of the f£ibrotic Iinionn in these workers may <
imply a longer:latency period for tumor initiation based

on a lower exposure level. '1'h"o series of changes observed
in the liver appear to represent a multi-centric dovel.opmcnt.
of ang%osarcm and are similar to the changes induced by

. Thorotrast and inorganic areenicals (Berk et al., 1976).

In the most recent update °£,- the NIOSH register '(Spirta-
and Kaminaski, 1978) a total of 64 cases of hepatic angio-
sarcoma have besn identified worldwide l.mng vinyl chleride
exposed industrial ‘workers. A listing of all documented
cases by country is presented in Table VII-l. The number
of cases per year is depicted in Pigure VII-l. Of the €4
cases, 23 have besen reported in the United States. The
luehbz:s reported that both ého age at diagnosis and the
latency period for cancer induction appear to be increasing.
They suggest three explanations for these phenomena:

(1) early cases may have heavier exposures: (2} th.e initial

cases represented more biolegically susceptible individuals:y
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and (3) random fluctuation. If the trend of increased age
at diagnosis and the longer latont ;uriod for hepatic
angiosarcoma induction are indeed toia;od:to lower levels of
occupational exposure, then the latent period for cancer
;nduction,ls a result of these low levels of exposure may be
longer than previously anticipated, i.e., it would be many
years befors the ultimate outicmn of these exposures will be

Xnown, O

It has been hypothesized that inhalation of low levels
of vinyl chloride by the general public in the vicinity of
vinyl ¢hloride/PVC manufacturing plants could be responsible
for an increased risk of angicsarcoma of the liver development.
Brady et al. {1977) examined anriual rates of hepatic angié—
sarcoma f£rom 1970.through 1975 in residents of tio State of
New York (c:cluding‘now York City). Exposures to arsenic,
vinyl chloride, or'thorium dioxide were suggested to be
significant factors in the etiology of these tumors. Direct
exposure to these agents could not bde demonstrated in 19 of
the 26 study cases. PFive of the 19 patients lived closer to
vinyl chloride plants than did their matched controls. This
may lend some support to the idea that "indirect modes of
exposure, not specifically related to occcupation, might be
irmportant in the etioclogy of this disorder™ (Brady et al..

a7

1971},
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The Intcrmtilanai Agency for Research on Cancer (1979)
examined the available data on humans and concluded that ex=
posure to vinyl thloride results in an iricreased carcinogenic
riak to humans. The organ systems most likely to be affected
were the liver, brain, lung, and hematc and lymphopoietic

‘systems.
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TABLE

vii-1

Anglosarcomm of the Liver in Vinyl Chloride/PVC Worker

(Spirtas and Kaminski, 1978)
1at VC Years from Total Date
Case Birth of PVC Piagnosia of 1st Exposure Years of of
Oountry NO. Date ‘Exposure  Anylosarcoma Diagmh to Diagnosis Exposure  Death
Belgium 1) § 00-00-00 00-00-00 00-00-00 00 00 (41 06~29-76
Canada 01* 12-15-13 00-00-44 . 00-00-55 41 2. 11 11 09-02-55
Canada 02* 03-06~14 00-0D0-43 00~-00-57 43 14 14 12-21-55
Canada 03* 08-26~19 00-00-41 - 00-00-62 42 *“ 21 20 03-22-62
Canxidn 04* 04-05-19 00-00-45 00-00-67 48 22 22 01-21-~-68
Canada 05% 05-07-11 00-00-44 00-00-68 S7 24 (1.3 07-05-68
Canexia 06* 12-15~19 00-00-47 00-00-71 51 24 23 04~-10-71
Camia 0o7* 11-09-19 00-00-46 00-00-72 S3 26 25 12-24-72
Canada 08 05-13~20 00-00-61 00-00-73 53 12 s 06-12~73
m o9 07-19-21 00-00-46 00-00-74 53 29 26 09-04~74
10 - 05-16-15% 00-00-53 00-00-76 61 - 23 14 04~-00~77
1orrakia Oo1* 00-00-28 00-00-57 00-00-73 46 16 16 00-00-74
lovakia 02* 00-00-26 00-00-51 00-00-66 40 15 15 00-00-66
Fed Rep Garmany 01* 06-04~-30 10-01-56 09-19-68 k: , 12 12 01-~-25-69
Fed Rep Gormany 02* 07-26-31 10-~14-57 09=25~70 39 13 12 12-14~71
Fed Rep Garmany 04 09-04~30 04-16-57 00-00-74 44 17 17 11-25-74
¥Fed Rep Garmany 05¢ 01-01-32 12-16-62 00-00~75 43 13 12 01-09-75
Fed Rep Garmany - 07* (09-29-26 04-15-54 00-00-75 49 21 12 11~13-75
Fed Rep Garmany 08* - 10-19-17 04-19-54  00-00-75 58 22 21 12-25-75
Ped Rep Germany 09*  12-13-34 12-02-59 06-16-76 42 17 15 Alive
Fed Rep Germany 10* 07-25-29 10-10-55 06-28-77 47 22 22 05~-28-77
Fed Rep Ganmany 11* 12-29-3 01-02-61 00-00-77 41 16 10 03-07-77
France 01* 04-15-24 01-00-46 02-18-67 43 21 19 02-19-67
France 02 06-03-11 07-06-59 01-08-75 63 15 12 01-24-75
France 03* 00-00-19 00-00-46 01-00-75 55 2 2 06~29-75
France 04* 01-27-27 10-19-49 01-04-76 49 26 26 01-04~76
France 05* 01-29-38 00-00-65 04-00~76 38 11 10 05-13-76
Franoce o6* 04-14-34 00-00-58 09-00-76 42 18 17 09-12-76
Framne 07 00-00-27 07-01-50 07-00-76 49 26 23 07-02-76
France 08* 04-01-34 05-23-57 12-03~76 42 19 19 01-30-77
Great Britain o1* 04-20-01 00-00-44 12-00-72 n 23 2 12-00-72
Great Britain 03 06-02-37 02-00-66 12-00-74 7 (0] 04 12-24-74
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TABLE VII-1 {(Continved)

1st W ge Years from Total Data

Case Birth of FVC Diagnosis of at 1st Exposure Years of of
Country No. Date Exposure  Angiosarcana  Diagnosis to Diagnosis:  Exposure Death
Italy 02* 11-13-29 00-00-57 12-13-72 43 15 06 12-00-72
Italy 03* 03-14-20 00-00-53 07-10-75 5s 22 21 07-20=-75
Japan 01  08-01~-22 04-00-53 08-21-74 52 22 2 10-24~75
Horwery ol1* 12-23-15 03-00-50"-, ‘12-20-71 56 22 21 01-04~72
Sweden 01* 06-23-27 DB-14-51. 08-00-74 43 19 18 10-20-70
Sweden 03* 06-10-10 05-00-47 . 03-19-76 €5 .9 21 03-19-76
Sweden 04* 11-16-14 00-00-46 05-12-77 62 3 a 05-12-77
U.B.A. 01* 10-17-23 12-09-48 03-03-73 49 24 21 03-03-73
U.S.A. 02*¢ 08-19-33 11-15-55 05-00-70 7 14 13 09-28-71
U.S.A. 03* (05-25-15 11-~28-45 12-19-73 58 S8 23 12-19-73
U.S.A. 04* O01~15-24 07-06-52 08-~19-67 43 15 15 01-07-68
U.S8.A. 05* 01-25-12 06-19-44 04~09-64 52 20 20 04-09-64
U.5.A. 06* 11-23-28 01-17-62 02-00-74 46 12 12 _ 01-24-75
U.B.A. o1*  05-03-22 08-27-44 00-00-68 A5 24 17 03-23-68
U.8.A. 08* 05-06-20 10-07-46 08-00-61 41 ~15 15 08~29-61
U.8.A. 09* 11-06-31 05-20-45 03-01-74 43 29 24 03-00-7%
U.B.A. 10* 08-16-13 06-12-51 05-00-68 ™ 55 17 17 05-20-68
U.S.A. 11* 05-27-09 10-14-46 03-00-70 61 23 ) . 03-16-70
U.S.A. 12*  11-17-18 09-13-49 05-02-69 50 20 19 05-02-69
U.8.A. 13*  12-01-21 12-11-42 05-00-74 52 2 26 07-04~74
U.8.A. 16* 11-04-27 05-08-50 00-D0-69 41 19 o4 03-27-69
U.8.A. 17*  05-06-31 06-23-55 10~11-74 43 19 19 Alive
U.8.A. 18* 04-22-28 09-15-54 00~-00-75 46 21 11 11-02-75
U.B.A. 19* 00-00-15 00-00-43 06~19-75 60 32 22 04-06~76
U.8.A. 20* 08-31-17 00-00-55 01-30-76 58 - 21 18 01-30-77
U.8.A. 21* 09-02-09 12-00-46 00-00-77 67 30 21 01-02-77
U.8.A. 22* 10-02-23 07-11-47 01-00-76 52 2 p: ] 12-04-76
U.8.A. 23* 00-00-23 09-00-58 04-06-73 50 15 14 04-06-73
U.S.A, 24* 05-07-17 00-00-39 05-27-77 60 K : | 26 05-27-77
U.S.A. 25*  08-07-10 02-00-47 03-10-77 67 30 20 03-10~77
Yugoslavia o1* 04-05-14 00-00-53 04-08-73 59 20 20 04-08-73
Yogoalavia 0z*  11-15-31 00-00-50 07-12-73 12 23 18 07-22-73
Total Reported
Cases
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results in proliferation of a necoplasm. This change reflects
a mutational event in the DNA of that cell, suggesting that
the chemical carcinogen must'int.ract-diractly with or
otherwise alter the DNHA to intiate the dhaﬁée. In recent years,
however, some substances have been shown to be carcinogenic,
but by mechanisms in which there apparently is no direct
interaction with or alteration of the DNA of the cell by the
substance. ?rnsumably. these ccmpounds are not capable of
initiating the aIterltien of a normal cell to @ neocplastic one,
but can facilitate expressiocn of a neoplastic response in
latent cells. On the b;oio ©of these purported differences in
mechanisms, carcinogens now are often classified into two broad
categories: genotoxic and epigenetic or nongenotoxic.

;

The meachanisms by which a comﬁaund exerts its carcinogenicity
rarely can be dotgrmincd by the chronic testing of whole
animals such as is deno in the NTP bicassay. Thus, a large
number of short-term in vitro and in vive assay systems have
been developsd for the purpose of elucidating mechanisms.

Since most of the in vitro testing systems measure mutational
svents, and many carcinogens are mutagens, it is suggested

that positive results in certain of these test sytems indicate
genotoxicity. The decision as to whether a substance is
genoctoxic may be made qualitatively on the bnois of several
criteria: 1) a reliable, positive demonstration of genotoxicity

in appropriats pfokaryOtic and eukaryotic systems in vitro:
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IX, Quantification of Toxicological Effects for Vinyl Chloride

The quantification of toxicological effects of a chemical
consists of an assessment of the non-carcinogenic and carcino-
genic effects. In the guantification of non~carec¢inogenic
effects, an Adjusted Acceptable Daily Intake (ADI) for the
chamical is determined. For ingestion data, this approach
is illustrated as follows:

ADI = (NOAEL or MEL in mg/kg)(70 kg)
(Uncertainty factor)(2 liters/day)

The 70 kg adult consuming 2 liters of water per day is used
as the basis for the calculations. A "no-observed-adverse-effect-
level™ which is the higheat reported long—term dose observed
not to produce any adverse effect or a "minimal-effect-level®
which is the lowest studied concentration at which adverse
health effects were observed is determined from animal
toxicity data or human effects data. This level is divided
by an uncertainty factor because, for these numbers which are
derived from animal studies, there is no universally acceptable
Quantitative method to extrapolate from animals to humans,
and the possibility must be considered that humans are more
sensitive to the toxic effects of chemicals than are animals,
For human toxicity data, an uncertainty factor is used to
account for the heterogeneity of the human population in
which persons exhibit differing sensitivity to toxins.

The guidelines set forth by the National Academy of
Sciences (Drinking Water and Health, Vol. 1, 1977) are used
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TABLE VIII-1 - Results of Vimyl Chloride Mitagenicity Studies

A. Assay system - Results References
In Vitro prokaryotic and qﬂmryctic wystems "

Matabolioally activated + Bartsch et al., 1975
Salmonella um

McCarm et al., 1975
m‘“im;‘*% — Elwore et al, 1976
Ranrug et al, 1974

Garro st al, 1976
Escherichia colf K12 + Greim et al., 1575
Biocauxctrophic strain
Yeast e \ Loprienc et al, 1976, 1977
Germ cells of Droscchilia * Verburgt and Vogel, 1977
Chinese hamster V79 cells + Buberman et al., 1975
B. DMA Binding Studies
Mxuss tigmms (brain, lung, + Bergman, 1982
liver, kidney, spleen, (Irreversible
pancreas and testes) in bnding to RA
vitro and DXQ)
Rt Liver microscmes, + Guengerich et al., 1981

reconstituted cytochroms (Irrevarsible

P=450 systans and isolated binding ¢o
hepatocytes P Eotein and RA)
Rat liver microscmes with + Laib and Holt, 1977
of RB)
C. Blochemical or biologié consequences of DNA damage
Bone marrow calls of + Anderson and Richardson,
rats (in vivo) (Chromoecne 1976
damnge )

Bone marrow cells of + Baslar and Rchrborn, 19€0
Chinese hansters (in viwo) (Chromoscme -

sister-chromtid-

exchances)
Cultured peripheral lympho- +
cytes in humns (vinyl (Chramceaml Purchase et al., 1978
chloride axposed workers) armormalities) Purchage et al., 1975

Ducatran et al., 1975
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congestion and edema of the lungs and hyperemia of the
kidneys and liver. Mastrometto et al. (1960) exposed
mice, rats and guinea pigs in an inhalation chamber to .
10, 20 or 30 per cent vinyl chloride in air for 1-30 minutes.
" The principal pathological changes observed were pulmonary ;
edema and hemorrhages, and congeatipn of the liver and kidneys.

In a chronic inhalation exposure study (Torkelsen

1., 1961), rats, rabbits, guinea pigs and dogs were

et
exposed repeatéﬂly for up to six months to 50, 100, 200

or 500 ppm vinyl chloride in air. Detectable changes

occurred at 211 but the lowest concentration. Rats

exposed to 100 ppm (7 hours/day for 6 montha) were judged
Anormal on the basis of appearance, mortality, growth, hemato-
logical examination and other factors. However, slight
increases were found in the average weights of the livers of
male and female rats, Rats, guinea pigs, rabbits and dogs
expesed to 50 ppm (7 hours/day for é months) appeared to be
normal in appearance, mortality and growth, and the increase

in weight of the rat livers did not occur at this concentration.
At higher doses, pathological changes were increasingly more
pronounced. Basalaev et al. (1972) administered gaseous vinyl
chloride to rats and rabbits at a concentration of 0,03 - (.04
mg/1l for 4 hours/day for 6 months. Cardiovascular disorders,
changes in the biocelectric activity of the hypothalamus,
hyperadrenalinemia, osteoporosis and resorption of bone

tissue were observed,
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in establishing uncertainty factors. These guidelines are
as follows: an uncertainty factor of 10 is used if there
exist valid experimental results from studies on prolonged
ingestion by man, with no evidence of carcinogenicity:; an
_uncertainty factor of 100 is used if there exist valid results
of long-term feeding studies on experimental animals, or in
the absence of human studies valid animal studies on one or
more species, no indication of carcinogenicity: and an
uncertainty factor of 1000 is used if there is no long-term
or acute human data, scanty results on experimental animals
and no evidence of carcinogenicity.

In the quantification of carcinogenic effects, mathematic
models are used to calculate the estimated excess cancer
risks associated with the consumption of a chemical through
the drinking water. EPA's Carcinogen Assessment Group has
used the multistage model, which is linear at low doses and
does not exhibit a threshold, to extrapolate from high dose
animal studies to low doses of the chemical expected in the
environment. In order to predict the risk for humans from
animal data it must be converted to an equivalent human dose,
This conversion includes correction for non=-continuous animal
feeding, non-lifetime studies and for the difference in size,
The factor that compensates for the size difference is the
cube root of the ratio of the animal and human body weights.

It is assumed that the average human body weight is 70 kg

al
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and that the average human consumes 2 liters of water per
day. The multistage model is then fit to the equivalent
human data to estimate the risk at low doses. The upper 95%
confidence limit of this estimate is used.

Excess cancer risk rates also can be estimated using :
other models such as the one-hit mopel, the Weibull model,
the logit model and the probit model. Current understanding
of the biclogical mechanisms involved in cancer do not
allow for choosing among the models., The estimates of
incremental risks associated with exposure to low doses
of potential carcinogens can differ by several orders of
magnitude when these models are applied. The multistage
model does not necessarily give the highest or lowest risk
estimates at low doses. Whether it is the most conservative,
least conservative or predicts a risk in the middle of the
range of risks predicted by other models is chemical specific.

The scientific data base, which is used to support the
estimating of risk rate levels as well as other scientific
endeavors, has an inherent'uncertainty. In addition, in
many areas, there exists only limited knowledge concerning
the health effects of contaminants at levels found in drinking
water. Thus, the dose-response data gathered at high levels of
exposure are used for extrapolation to estimate responses at

levels of exposure nearer to the range in which a standard
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Feron et al, (198l) carried cut a lifespan oral
toxicity study of vinyl chloride in rats. Vinyl chloride
monomer was incorporated into the diet, or gastric intubation

of a 10% vinyl chloride monomer solution in soya-bean oil

- was used, Groups of 60-80 male and 60-80 female Wistar rats

were exposed to 0, 1.7, 5.0 and 14.1 mg/kg bw vinyl chloride
in the diet, or 300 mg/kg bw by gastric intubation. A variety
of carcinogenic and noncarcinogenic effects were observed
at all dose levels. At the 14.1 and 300 mg/kg doses, shortened
blood-clotting times, slightly increased —-foetoprotein levels
in the blood serum, liver enlargement and an increased haemato-
poietic activity in the spleen were observed. Non-neoplastic
liver lesions consisting of pronounced swelling, discolora-
tion and altered consistency of the lobes as well as nodules
and nodule-like processes were observed., At the lower dose
levels of 1.7 and 5.0 mg/kg bw, histopathoclogical changes
in the liver were observed including clear-cell foci,
extensive necrosis, cysts, and liver-cell polymorphism,

Suciu et al. (1975) examined exposure of workers to
vinyl chloride at high concentrations. Air concentrations
ranging from 100 mg/m3 (40 ppm) to 2,298 mg/m3 (900 ppm)
produced euphoria, intoxication and narcosis, in a dose-
response relationship. In an epidemiological investigation,
Spirtas et al. (1975) conducted a survey of 200 vinyl chloride

workers and B9 rubber plant workers {controls). The vinyl
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chloride workers were categoerized into low and high exposure

groups. The high exposure group consisted of workers who

were exposed to concentrations ranging from 20-200 ppm .
and the low exposure group consisted of workers exposed to

0-S0 ppm vinyl chloride. Information was sought on the -
frequency of eight symptoms, includ}ng dizziness, nausea,

headache and weakness. The results showed a statistically

significant dose-response relationship for 5 of the 8 symp-

toms when compa}ing vinyl chloride workers with rubber

workers, and between high and low exposure vinyl chloride

workers. A similar but non-significant trend in the remaining

symptoms categories was also noted.

B. Quantification of Non-Carcinogenic Effects

In the calculation of an adjusted ADI, a chronic study
in which animals or humangs are exposed to the chemical at
various dose levels with a no-observed-effect-level or a
minimal-effect-level being identified 15 used., Ideally, the
study should use the oral route of exposure. For vinyl
chloride, the toxicological studies which £it some of the
above criteria are the Feron et al. (1981} and Torkelson et
al. (1961) studies, The Torkelson et al. (1961) study examined
vinyl chloride inhalation exposure in rats, rabbits, guinea
pigs and dogs at various dose levels. At 100 ppm, the only
adverse effect noted was the slight increase in the weight

of the livers in the rat, and not in the other species.
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Thus, a minimal-effect-level of 100 ppm could be used for
the derivation of the an adjusted ADI. However, a major
limitation of this study is that inhalation exposure was
used, which presents problems in terms of conversion factors
needed to convert from inhalation to ingestion exposure.

In the Feron et al. (1981) study, carcincgenic and
non—-carcinogenic effects were observed at all dose levels.
At the lowest dose of 1.7 mg/kg bw, a variety of effects
were reported, éncluding narcosis of the liver, liver cysts
and nodules. It is not possible to identify a no-observed-
adverse-effect-level from this study, as effects were seen
at every dose level. However, 1.7 mg/kg/day may be used as
a minimal-effect-level for the purpose of calculating an
adjusted ADI, using an appropriate safety factor to account
for the fact that the no—-observed-adverse—effect-level is

below this value. Using this study, the calculations are as

(1,7 mg/kg/day) (70 kg) (= 0,06 mg/l
(1000) (2 l/day)

Where: 1.7 mg/kg = Minimal-effect-level from Feron et al.
(1981) study

follows:

70 kg = Average body weight of adult human
1000 = Uncertainty factor: animal study where
no~observed-adverse-effect-level was not
identified
2 liter = water consumption per day for an adult human
Thus, the adjusted ADI for vinyl chloride using non-carcinoge
data and 100 percent exposure from drinking water would be

0.06 mg/l. This number should be appropriately reduced if

nic
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there is shown to be significant vinyl chloride exposure

from other sources, such as food and air.

C. Carcinogenic Effects

Vinyl chloride has been shown to have carcinogenic
éffects in animals and humans. Viola et al. (1971)
reported the carcinogenic response of male rats (AR/IRE
Wistar strain) exposed to vinyl chloride by inhalation.
Rats exposed totB0,00D ppm vinyl chloride for 4 hours/
day, 5 days/week for 12 months, demonstrated an increased
incidence of skin carcinomas, lung adenocarcinomas and
bone osteochondroma over controls,

Caputo et al. (1874) exposed male and female rats
(A and IRE Wistar strain) by inhalation to 0, 50, 500,
2,000, 5,000, 10,000 and 20,000 ppm vinyl chloride.

Liver angicsarcomas, lung adenocarcinomas and skin
sguamous cell carcinomas were observed in all groups
except those exposed to 50 ppm. Tumors appeared between
8 and 13 months from the beginning of the inhalation
treatment.

A series of inhalation and ingestion studies
examining the carcinogenic effects of vinyl chloride have
been conducted by Maltoni (Maltoni, 198l). Vinyl chloride .
was shown to cause tumors in all the animal systems tested
(mice, rats and hamsters) both through inhalation and ingestion

exposure. In one study, Sprague-Dawley rats were exposed by
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inhalation to vinyl chloride at concentrations ranging from

50 to 100,000 ppm for 52 weeks, Angiosarcoma of liver,

zymbal gland carcinomas, skin carcinomas, mammary carcinomas

and other tumors were found to occur. One ingestion study

showed the occurrence of angiosarcoma of the liver, mammary

carcinomas and other tumors at 50.0 mg/kg.

As discussed in the "Non-Carciéogenic Effects”
section, Feron et al. (198l) carried out a lifespan oral
toxicity study of vinyl chloride in rats. Wistar rats
were exposed to 0, 1.7, 5.0 and l4.1 mg/kg bw vinyl
chloride in the diet, or 300 mg/kg bw vinyl chloride by
gastric intubation. The results showed that rats exposed
to vinyl chloride monomer at levels of 5.0 mg/kg bw or
more demeonstrated hepatic angiosarcomas, pulﬁonary
angiosarcomas, and at the higher levels, a few extra-
hepatic abdominal angiosarcomas. At the lowest exposure
level of 1.7 mg/kg vinyl chloride, liver-cell tumnors and
an increased incidence of foci of cellular alter;iion
were noted. The author concluded that vinyl chloride is
a carcinogen_when administered by the coral route, and
that the tumor response seems to shift from the exclusive

development of angiosarcomas at very high levels to the

exclusive induction of hepatocellular tumors at low levels

of exposure.
Epidemiological studies examining the carcinogenic
effects of vinyl chloride have also been carried out,

The first study associating vinyl chloride exposure in
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humans with cancer was conducted by Creech and Johnson,
1974. This study described three cases of angiosarcoma
of the liver in workers at a polymerization plant in
Louisville, Kentucky. Since that time, a number of
studies have also demonstrated this association.

Monson et al. (1975) conducted a proportional mortality
study of workers from two vinyl chloride plants who died
between 1947 and 1873. Death certificates were obtained for
142 out of 161 workers (88%) who died within this time period.
Deaths attributable to cancer were 50 percent higher than
expected (a statistically significant difference). A 900
percent increase in cancers of the liver and biliary tract
vas noted (five angiosarcomas). Excluding angiosarcoma., a
275 percent excess in numbers of cancers was observed.
Nicholson et al. (1975) studied a group of 257 workers (of
whom 255 were traced) exposed toc vinyl chloride for at least
5 vears in a polymerization facility. Exposures were estimated
tc often exceed 10,000 ppm. Their mortality status was evalua-
ted beginning 10 years after start of employment until 1974.
Among the 24, deaths were 3 cases of angiosarcoma of the
liver. Preliminary findings indicated a 25 percent increase
in deaths over the expected number and a 131 percent increase
in all cancer deaths, although neither of these increases
was statistically significant. .

The National Institute for Occupational Safety and
Health (NIOSH) conducted a study which involved 1,254

individuals who were exposed to vinyl chloride for at
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least $ years, and for whom at least 10 years had elapsed
since initial employment. A total of 136 deaths were
reported versus 126.3 expected (not a significant differ-
ence). A 49 percent increase over the expected number of
cancer deaths was noted, a statistjcally significant factor.
-A statistically significant excess number of deaths oOccurred
for brain and CNS cancer. respiratory cancer, and biljary and
liver cancer (Waxweiler et al, 1976).

According to the International Agency for Research on
Cancer (IARC, 1%79), vinyl chloride is a human and animal
carcinogen. IARC's evaluation of the chemical is as follows:
"Vinyl chloride was tested in rats by oral, subcutaneous and
intraperitoneal administration and in mice, rats and hamsters
by inhalation exposure. Following oral and inhalation
exposure, vinyl chloride was carcinogenic in all three species,
producing tumcrs at different sites, including angiosarcoma of
the liver. vVinyl chloride was carcinogenic in rats following
prenatal exposure. A dose-response has been demcnstrated.

Vinyl chloride is a human carcinogen. 1Its target organs '///
are the liver, braipn, lung and haemo-lymphopoietic system.
Similar carcinogenic effects were first demonstrated in rats
and were later confirmed in mice and hamsters. Although
evidence of a carcinogenic effect of vinyl chloride in humans
has come from groups occcupationally exposed to high doses of
vinyl chloride, there is no evidence that there is an exposure
level below which no increased risk of cancer would occur in

humans™.
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D, Quantification of Carcinogenic Effects

In the quantification of carcinogenic effects for vinyl
chloride, many studies were considered in performing the
carcinogenicity risk assessment. In particular, human data .
exists for vinyl chloride and it would be advantageous to use
such data in the risk assessment procedure. However, the human v
studies available do not provide dose-response data that is
needed for the calculation of the risk values, and EE&E,EEfié
data were not used for the risk assessment.
EPA's Carcinogen Assessment Group {CAG) and the National
Academy of Sciences (NAS) have used the linear multistage
model to calculate the projected excess cancer risk resulting
from lifetime exposure to vinyl chloride through the drinking
water. The CAG numbers were calculated assuming consumption'
of 2 liters of drinking water and 6.5 grams f£ish and shellfish
per day, and were published in the Ambient Water Quality
Criteria Document for Vinyl Chloride, U.S. EPA 440/5-80-078.
For vinyl chloride, CAG used the incidence of total tumors
in rats exposed through inhalation (Maltoni et a}, 1975} to
calculate the excess cancer risk. They calculated that
consuming 2 liters of water per day having a vinyl chloride
concentration of 200 ug/l, 20 ug/l or 2 ug/l would increase
the risk of one excess cancer per 10,000 (10-4), 100,000
{10-5) or 1,000,000 (10-6) respectively, per lifetime.
There are several problems with the data used by CAG -
in risk estimation. The major problem is that inhalation
data were used, and the relationship between oral and

inhalation exposure toxicity is not well understood. '
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NAS used ingestion data from the Maltoni et al. (1975)
study in their calculation of excess carcinogenic risk numbers.
In this study, rats were given vinyl chloride in olive oil
by gavage, four or five times per week for 52 weeks and held
for their life span, This experiment was not completed at
£he time NAS performed its compﬁtations. but the available
data did indicate the development of liver angiosarcomas and
other tumors in rats exposed to 16.65 mg/kg. The NAS made
the decision to.pse this study because it was felt that the
limited gavage data were still superior to completed inhalation
studies for assessing risk by the oral route.

The NAS have calculated that consuming 2 liters of water
per day over a lifetime at a vinyl chloride concentration of
100 ug/l, 10 ug/1 or 1 ug/l would increase the risk of one
excess cancer per 10,000 (}o-4), 100,000 (10-3), or 1,000,000
(10-6) people exposed, respectively. The NAS have published

these calculations in Drinking Water and Health, Vvel. 1., 1977.

The major problem with the NAS data is that the
Maltoni experiment was not completed at the time the risk
calculations were carried out, and thus the data cannot be
considered definitive. However, since that time the Maltoni

experiment has been completed, and the NAS (Drinking Water and

Health, Vol. V, 1983) reexamined the data and decided to
continue using their 1977 risk estimates. Thus, the NAS
risk estimation uses ingestion exposure and represents the
best estimate of the carcinogenic risk from exposure to

vinyl chloride that is available at this time. Using the

AP00012339



e bt ¢ e st —— am- 4 oA

IX-15
NAS data, the excess cancer risk concentrations associated
with 10-4, 10~5, and 10-6 excess risk rates are 100 ug/l,
10 ug/l, and 1 ug/l, respectively.
The World Health Organization has not calculated an
action level for vinyl chloride. An EPA Health Advisory
" number for vinyl chloride also has not been calculated. .
Vinyl chloride has also been dgmonstrated to have
interactions with other chemicals. Ingestion of ethanol was
shown to increase the incidence of liver tumors in rats
(Radike et al., 1977) and vinyl chloride was demonstrated to
have protective effects when administered with l,l-dichloroethylene
(Jaeger, 1975).
In the quantification of toxicological effects for a
chemical, consideration should be given to subgroups within
the general population which are at greater than average
risk upon exposure to the chemical. For vinyl chloride,
animal studies have indicated that older individuals, females,
newborns and alcohol consumers may be particularly sensitive

to the effects of vinyl chloride.
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EPA's Carcinogen Assessment Group (CAG) have recently
recalculated their excess carcinogenic risk estimates resulting
from lifetime exposure to vinyl chloride through the drinking
water., CAG based their preliminary revised risk estimates (1984)
on the Feron et al.(1981) study. The total number of tumors,
considering tumors of the lung and iiver, in rats exposed through
the diet were used to calculate the excess cancer risk. They \
calculated that consuming 2 liters of water per day having 09"
a vinyl chloride concentration of 1,5 ug/l, 0.15 ug/l and ‘\ ,///
0.015 ug/l would increase the risk of one excess cancer per }JP{/
;
//

ré‘b} ’

exposed, respectively, per lifetime. (g ;//

10,000 (10-4), 100,000 (10-5) or 1,000,000 (10-6) people

p
- - e . H
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