ar

TR~-540-162

FINAL DRAFT FOR THE DRINRING WATER
CRITERIA DOCUMINT ON VINYL CHLORIDE

January 1985
rreparec Under
Pregram Ne. 1302
for
Contract 68-01-6750

Work Assignment 0l
by

ICAIR
Life Systems, Inc.
Cleveland, OB 44122

for

Criteria and Standards Division
Office of Drinking Water
U.S, Environmental Protection Agency
Washington, DC 20460

SL 10894,




TR=-540~162

FINAL PRAFT FOR THE DRINKING WATER
CRITERIA DOCUMENT ON VINYL CELORIDE

January 1985
rreparea Under
Program No. 1302
for
Contract 68-01-6750

Work Assignment O]

by

ICAIR
Life Systems, Inc.
Cleveland, OH 44122

for

Criteria and Standards Divisien
Office of Drinking Water
U.S. Environmental Protection Agency
Washington, DC 20460

SL 108961




DISCLAIMER

This document is & preliminary draft. It has not been released by the Office
of Drinking Water, U.S. Environmental Protection Agency (EPA), znd should not
&t this stage be construed to represent Agency policy. It is being circulatec
for comments on its technical merit.
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Almost seven billion pounds of vinyl chloride are produced in the Upnit d

States annually. Most emissions into the environment originate from
manufacturing plants which use the compound for the production of polyvinyl
chloride resins. The predominant route of exposure to the public living near
these plants is through ishalation, while the principal source of vimyl
chloride exposure for most Americans is probably from pelyvinyl chloride food
containers. This scurce contributes approximately ! ppb vinyl chloride to the
diet., Vinyl chleride hes also been found in drinking water. Three national
surveys have demonstrated the presence of vinyl chloride at

very low levels (ug/L range) in a small number of drinking water supplies.

Upon ingestion, vinyl chleride is rapidly zbsorbed from the
gastrointestinal tract and is distributed to the liver and other organs.
Several pathwayvs may be involved in vinyl chleoride metabolism, which occurs
primarily in the liver. The toxicity of vinvl chloride czppears to be
attributable to its enzymatic conversion to reactive polar metabolites such as
chloroacetaldehyde or chloroethylene oxide. Several of these suspected
metabolites are mutagesic, but vinyl chloride itself is not mutagenie,
saccording to available information. At low doses (e.g., 1 mg/kg) of vinyl
chloride the metabolires are excreted primarily in the urine, At high

doses (e.g., 100 mg/kg), most of the solvent is expired as vinyl chloride.

Acute and chronic exposure to vinyl chloride can Tesult in toxieity in

experimentsl animals and humsns. In animals, an inhalation exposure of
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approxicately 100,000 ppm results in death within several hours, with
autopsies revealing congestion and edema of the lungs and hyperemia of the
kidneys and liver., Test animals exposed to an air concentration below 100 ppr
exhibit no pronounced adverse hegplth effects. Vinyl chloride does not appear
to be teratogenic in rats or rabbits, but insufficienmt data exist to evaluate

the teratogenicity of vinyl chloride in humans.

Studies oo humans working in vinyl chloride plants ‘suggest that systemic
toxic effects that are noncarcinogeric in nature carn be demonstrated at
exposure levels below 5C ppm. Some plant workers may hsve been exposeé to
concentrations exceeding 1,000 ppz &nd occasionelly appreaching 10,000 ppm
before OSEA standards were instituted inm 1974. At these levels, workers
manifested dizziness, headaches and/or euphoria. Long-terz exposure to these
levels in vinvl chloride plants have resulteéd in numerous toxic effects (i.e.,
acroosteolysis, pulmonary insufficiency, cardiovascular snd gastrointestinal
menifestations and disturbances of the centra2l pervous system). Unfortunately,
data on dose-response relationships in huzans are verv scarce because there
were few air peasurements of vinyl chloride in the work environment before

1974.

Vinyl chloride is a proven carcinogen in mice, hamsters and rats.
Animals studies have shown that vinyl chloride produces tumors of different
types at different sites, and that the incidence and relative distribution of
these tumors are influenced by dose, age of the animal and species and strain

of animal used., Angiosarcomas of the liver were found in all animals studied,
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whereas some types of tumors, such as brain tumors, hepatomas and lung tumors,

wvere observed in onlyone species of animal. A dose-response relationship was
observed in most experiments. Inhalatien studies have shown that 50 pph is
the lowest vinyl chloride exposure which has a carcinogenic effect. A
recently corpleted ingestion study demonstrated the occurrence of hepatic
angiosarcomas and pulmonary angiosarcomas in rats at levels of 5.0 mg/kg
bw/day or more, and the increased incidence of foci of cellular alteratiom and

liver cell tumors at the lowest expcsure level of 1.7 mg/kg bw/day.

Human datz have been obtained primarily from workers exposed to vinyl
chloride. A number of epidemiologic stucdies have linked vinvl chloride with
angiosntéoma and other forms of neoplasm. The reported frequency of
angicsarcoma of the liver is especially noteworthy because this is a very rare
tvpe of cancer (25 to 30 cases/year in the United States), and it is,
therefore, reasonable to infer a causal relationship between exposure to vinyl
chloride and the development of this tumor. Through 1977, a total of 64 cases
of liv:; angiosarcoma have been identified worldwide among vinyl

chloride-exposed industrial workers. Alchough rare, the carcinogenicity of

vinyl chloride to humans is unambiguous.

There is insufficient data available for calculation of one-day health
advisories but the ten-day health advisories can be used as conservative
estimates of one-day health advisories. Ten-day health advisories of 9.0 mg/L
for an adult and 2.6 mg/L for a child were developed using the subchronic
toxicity data in the study by Feron et al. (1975). An adjusted ADI of

0.046 mg/L for chronic noncarcinogenic effects was calculated using the

I=3
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liver lesion dats in the lifetime carcinogenicity study in rats by Til et al.

(1983).

The Internationz] Agency for Kesearch on Cancer (IARC) analyvzed the
available data and ccnecluded thzt exposure te vinyl chloride results in an
increased carcinogenic risk to humans. The organs most likely to be affected
are the liver, brain, lung and hemato- and lymphopoietic systems. The
National Academv of Sciencet (NAS) (1983) also examined the data an concluded
that vinyl chioride is an established carcinoger in humans and animals, with

older animals ané femzles appearing to be Dore susceptitle,

The NAS and EPA's Carcinogenic Assessment Group (CAG) have caleculated
projected incremental excess cancer risks associated with the consumption of a
specific chemical via drinking water by mathematical extrapolation from
high-dose animal studies. Using the risk estimates generated by the NAS (1977
to 1979), in whieh the linear non-threshold multi-stage model was utilized,
the range of vinyl chloride concentraticns were computed that would nominally

increase the risk of one excess cancer per million (106). per hundred thousand

(105) or per ten thousand (10‘) pecple over a 70-vear lifetime assuming daily

consumption at the stated exposure level. From the NAS model it is estimated,
at the 95% confidence limit, that consuming two liters per day with a vinyl
chloride concentration of 100 ug/L, 10 ug/L or 1 ug/L would increase the risk
of one excess cancer per 10,000, 100,000 or 1,000,000 people exposed over 2
lifetime, respectively. Using the revised CAG approach and the multistage
model, it was estimated, at the 95% confidence limit, that consuming two

liters of water per day with a vinyl chloride concentration of 200 ug/L,
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20 ug/L or 2 ug/L would increase the risk of one excess cancer per 10,000,

100,000 or 1,000,000 people exposed, over a lifetime respectively. The
numerical differences between the NAS and CAG risk estimates are due to the
selection of datas for use in the model. The NAS based its caleulations on ap
ingestion study by Maltoni et al. (1975) in which rats were exposed to vinyl
chloride by gavage, while the CAG used the same Maltooi et al. (1975) study,
but based its estimate upon the increased incidemce of total tumors ip rats

exposed to vinyl chloride through inhalation.

The CAG has recalculated the cancer risk with the methed describcd above
and the Feron et al. (1981) data to estimate an increased risk of one excess
cancer per 10,000, 100,000 or 1,000,000 people exposed over a lifetime to a
vinyl chloride concentration of 1.5, 0.15 or 0.015 ug/L, respectively. The
CAG cslculation based on the Feron et al, (1981) data is under reassessment to

take into account new data by Til et al. (1983).
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II, INTRODUCTION

Vinyl chloride has been used for over 40 years in the production of
polyvvinyl chloride (PVC), the most widely used materizl in the manufacture cf
plastics in the world. About 25% of the estimated 18 billion pounds of vinvl
chloride produced worldwide in 1972 was manufactured in the United State (Berk
et al., 1976). Between 1968 and 1973, vinyl chleride production in the United
States rose l4% annually, reaching a production level of nearly seven billion
pounds in 1978 (U.S. International Trade Commission). This increase in vinyl
chleride production was due to the growing dependence of virtually every

tranch of industry and commmerce upen products ané components fabricated from

polyvinyl chloride (USEPA 1974)., TFer the location of vinyl chloride and

PVC manufacturing and processing plants in the United Stares inm 1978, refer ro

Figure II=-].

Vinyl chloride is not known to occur in nature (KAS 1977). The compound
is svnthesized 2s chlorinated olefinic hyvdrocarbon monomer £rox petrocherical
feedstock and chlorine. 1In 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 1l percent); (2) 41 PVC
plants vhere the vinyl chloride monower was used in the productien of PVC
resins for various industrial purposes (about 85 percent); (3) sbout &,000 PVC

fabricating plants (USEPA 1975b).

Vinyl chloride and PVC are used as rav materials in the rubber, paper,

glass and sutomotive industries. Irp addition, vinyl chloride and PVC are used
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Figure II-

I Locations of Vinyl Chloride and Polyvinyl Chloride Plants in the United States

c-I1

2Vlnyl Chloride Plan Location
Polyvinyl Chloride Plan Location

Source:
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io the mapufacture of electrical wire imsulation and cables, piping,

industrial and household equipment, medical supplied, food packaging materials

and building and construction products. PVC and vinyl chloride copolymers are
distributed and processed in m variety of forms, including drv resins,
plastisol (dispersions in plasticizers), organesol (dispersions in
plasticizers plus volatile solvent), and latex (a colleidal dispersion in

wvater used to cost paper, fabric or leather).




I11. PHYSICAL AND CHEMICAL PROPERTIES

The structure of vinyl chloride is:

HZC = CHC1 Molecular Weight = 62.5

Vinyl chloride is highly flammsble (limits of inflammabilicy: 4.00% to

21.70%) and in sufficient concentrations (at least 1,200 to 2,000 ppm) has a

sveet, pleasant oder. The compound has a boiling point of -13.3°C. Thus, at

standzrd temperature and pressure, vinvl chloride is a gas. Vinyl chloride is

only 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. The specific
gravity of the chemical is 0.91. The vapor density of vinyl chloridevi:
slightly more than twice that of air (CRC Handbook of Chemistry and Physics

1978 to 1979, Braker asnd Mossman 1971),

The abeve information indicates that vinyl chloride is volarile and
readily passes from water into the gas phase under most laboratery and
environmental conditions., This was confirmed in experiments where 16 mg/L
vinyl chloride was added to distilled water in beakers and the copcentration
deternined with time (USEPA 1974). The data indicate that if first order
kinetics are assumed, the volat%}ization balf-life in quiescent water
(unstirred) is 290 minutes, and in continually stirred water it is
25.8 mioutes. Dilling et al, (1975) found similar values for velatilization
from stirred water. As Dilling et al., noted, predictions of wvinyl chloride
loss from water at relatively high concentrations (e.g., 1 mg/L) may not
reflect the situation st very low concentrations.

I11-1
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Volatilization appears to be the most significant process in the loss of

vinyl chloridé from the aquatic environment (Eill et al. 1976).

Once in the

atmosphere, vinyl chloride undergoes rapid photochemical oxidation (Gay et al.

1876), Lillian et al. 1975).

III-2
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IV. PHARMACOKINETICS

A, Absorption and Discribution

An investigation by Duprat et al. (i977) indicated that inhaled vinyl
chloride is rapidly absorbed by the lungs and immediately accumulates in the
liver. In this study, rats were exposed in a chamber to 20,000 ppm 1"C viayl
chloride for five minutes, and then the distribution of radioactive vinyl
chloride in the various body organs was determined. At ten minutes following
treatment, radicactivity was found in the liver, bile duct, digestive lumen
and kidneys. With increasing time (up tc three hours), lAC activity was

detected in the urinary system, salivary and lacrimal glands, skin and thymus.

Using male Wistar rats, Withey (1976) determined that vinyl chloride is
rapidly absorbed from the gastrointestinal tract following gastric intubation
of aqueous solutions containing up to 2.C mg/ml vinyl chloride. Vinyl
chloride uptake by this route was extremely rapid; peak concentrations were

found less than ten minutes after the dose was administered.

In a study by Watanabe et al. (1976a), rats were given single oral doses
(gavage) of 0.05, 1 or 100 mg/kg of lac—vinyl chloride dissolved in corm oil,
and the routes and rates of elimination of 140 activity were followed for
72 hours, The percentage of the dose expired as vinyl chloride was 1Z, 2% and
672, respectively. The disposition of vinyl chloride to various organs and
tissyes was also determined. The liver was found to retain the greatest

percentage of activity at all dose levels, three to five times the percentage

IV=-1
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found in myscle, lung or fat (Table IV-1). The investigators concluded that the
fate of vinyl chloride following oral administration is 2 dose-dependent
ssturable process, with the saturation of the vinyl chloride-metabolizing

enzymes occurring at & concentration between 1 and 100 mg/kg.

In an inhalation study by this group (Watanabe et al. 1976b), rats were
exposed to 10 or 1,000 ppm 1"C---v:myl chloride for six hours and the routes and
rates of elimination eof 1“c activity were followed for 72 hours after
tercinaticn of exposure. The animslis were sacrificed after 72 hours and
samples of tissues collected for anslveis of 1""C activity. Table IV=2
indicates that, as in the gavage study, the liver retained the greatest
percentagi of vinyl chloride (or metabclites) at the dose levels studied.

In contrast to the gavage experiment, however, no saturation of vinyl chloride

metabolism was discernable between 10 ppm and 1,00C ppm in this study.

Bolt et al. (1976) also studied the tissue disposition of 14C—vinyl
chloride in rats. Immediately after exposure by inhalation of 50 ppm vinmyl
chloride for five hours in a closed system, the percentage of incorperated
lac-radioactivity per g tissue was highest for 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 tissuves.
The percentsge absorption of vinyl chloride from the human gastro=-

intestinal tract has not been established. Because of the lack of data




" Table IV-1
of Tissue After Administration of (
by Gavage to Male Sprague-Dawley Rats

Percentage of the Administer

fﬂ 14C Activity per Gram
€) Vinyl Chloride

Dose (mg/kg)b

Tissue 0.05 1.0 100
Liver 0.17220.025° 0.18220.005 0.02920.002
Skin 0.07020.023 0.07620.010 0.01020.002
Carcass 0.02720.007 0.046=20,002 0.00720.001
Plasma 0.04120. 004 0.053£0.007 xp?
Muscle 0.02820.003 0.03120.003 0.006=0.001
Lung 0.05020.003 0.06120.003 0.011=20,001
Fat 0.03020.004 0.04520,008 0.00620.001
;Remaining in thf body after 72 hr.
cVinyl chloride dissolved in corn oil.
nd;n * SE, five rats per dose,

Not detectable above background.

Adapted from Watanabe at al. 1976a.




Table IV-2 Percentage of 1“C éstivity per Cram Tissue 72 Hours Following
an Inhalation Exposure to (7 C) Vinyl Chleoride for 6 Hours in Male
Sprague-Dawley Rats

14
Percentage ' C activity

Exposure concentration

Tissue 10 ppm 1,000 ppm

Liver 0.13920.005" (0.35)(b) o.145=o.oosz (9.63)b

Skin

Carcass

Plasxa

Muscle

Lung

0.14120.008°

0.04E820.004
0.049=20.004

0.05120.001
0.052x0.001

€.06520.007
0.066=0.007

0.02620.006
0.026=20.006

0.079=20.003
0.08020.003

(0.

1A
-

)

0.16520.009

0.11520.010
0.13120.011

0.0469+0,004
.05620.003

xpd

.038=0.003
.04320.003

.04€20.001
.05220,001

xpd

0.05720.005
0.065=0.006

(7.64)

(3.26)

'Exprecued as parcentage of total l“C activity per gram of

tissue. Uncorrected for expired VC:
dpm per g tissue
Total dpm recovered
ean * SE from four rats
Microgram equivalents vinyl chloridelaer gram of tissue.
Expressed as percentage metabolized " C activity per granm

rtissue.

Corrected for expired VC:
- dpm per gram of tissue .
Total dpmrecovered - dpm of expired VC
g;an ¢ SE from rats.
ot detectable, detection limit for plasma and fat vas
3 ug/g of tissue (3 ppm).

Adapted from Wetanabe et al. 1976b.
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on pcfccnt absorption from the gastrointestinal tract, the risk calculations

in this document will assume a 100% absorption factor.

B. Metgbolism

Metabolism of vinyl chloride occcurs primarily by microsomal enzymes in
the liver. There is strong evidence that the toxicity of this compound is
attributable to its enzymatic oxidation to reactive polar metabolites.

Several of these suspected metabclites are strengly mutagenic, but viemyl
chloride itself is not (Bartsch and Montesano 1975). Exposure to vinyl
chloride leads to the reduction of ncn-protein sulfhvdryl levels in rat liver,
suggesting that the metabolites of vinyl chloride conjugate with glutathione
and/or cysteine (Hefner et al. 1975a). Hathway (1977) reported in vitro
depurinacion of calf thymus DXA by chlercacetaldehvde identical te that
cbserved in hepatocyte DNA following administration of vinyl chloride to rats
in vivo. This suggests that vinyl chloride metabolites may interact with some
purine and pyrimidine residues of DNA, providing a possible explanation for

the oncogenic properties associated with vinyl chloride.

In a reviev of the literature, Bartsch and Montesano (1975) report two
posaible biotransformation schemes—-one invelving alecohol dehydrogenase
(Scheme 1) and the other involving the mixed function oxidase system

(Scheme II). These are indicated below:

Scheme I: ClHC-CHz-—->CIBZC-CHZOH-->ClBZC-CHO---’ClHZC-COOH

Scheme II: ClE-CH,-—-> [nzc-‘!cnn J===>C1H,C-CHO~~=>C1H,C~COOH

IV=5
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Evidence for biodegradation involving the alcohol dehvdrogenase pathway
includes data which demonstrates that pretreatment of rats with either ethanol
or pyrazole (an inhiditor of alcohel dehydrogenase) inhibits the metabolism of

vinyl chloride (Hefner et al, 19753a).

There is also ample evidence that the mixed function oxidase (MFO) system
is involved in the metabolism of vinyl chleride. Pretreatment of rats with
phenobarbital, which induces the MFC svster, also enhanced liver to#icity of
vinyl chloride (Jaeger et al. 1974). Rat liver microsomes catalyzed the
covalert binding ¢f vinyl chlcride metabclites to protein and nucleic acids
{Kappus et al. 1975, 1¢76). Chlorcethylene oxide, which is thought to be
formed by the MFO system, may be the primary microsomal metabolite capable of

alkylating these intra-cellular macromelecules (Laib and Bolt 1977),

Several pathways mav be involved in vinyl chloride metabolism, the
predominant one depending on dose. Eefner et e]. (1975) performed an
inhalation study in which rats were exposed to vinyl chloride concentrations
ranging from 50.5 to 1,167.0 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 separate exposures
ranging from 50 to 105 ppm than it was for five separate exposures ranging
from 220 to 1,167 ppm. This indicated that the predominant pathway at the
lower concentrations, probably involving alcohol dehydrogenase, is saturable
between 105 and 220 ppm. This group also found evidence that oxidases in the

picroscmes may be involved in metabolism at high level exposures.

gr, 108982




In another study, Bolt et al. (1977) subjected rats to an inspired
concentration of 1l'c:--vmyl chloride ranging from 200 to 1,200 ppm in a closed
system, and measured the rate of decrease of vinyl chloride levels in the

chamber atmosphere. This group calculated that saturation of the vinyl

chloride-metabolizing enzymes of the rat occurs at 250 ppﬁ.
c. Excretion

Excretion of 14C activity within 72 hours following a single oral dose of
14¢-1abeled vinyl chloride (0.05, 1.0 cr 100 og/kg) is shown in Table IV-3
(Watanabe et al. 1976a). As the dcse increased, a markedly greater proportion
of vinyl chloride was expired unmetabolized, while the percentage of
metabolite in the urine decreased substantiallyv, Again, saturation kinetics
are suggested. The table also indicates that metabolites of vinyl chleride
were predominantly excreted via the urine. Administration of vinyl chleoride

bv inhalation produced almost identical results (Watanable et al. 1976b). Tweo

major metabolites in the urine were identified as indicated in Table IV-4,

Buchter et al. (1980) examined the metabolic elimination of vinyl
chloride in Rhesus monkeys. Rhesus monkeys were placed in a closed exposure
system into which vinyl chloride was injected, and air samples were taken t
determine the decline of vinyl chloride in the gas phase of the system. The
results showed that the metabolic elimination of vinyl chloride in Rhesus
monkeys is a dose-dependent, saturable process, as it is in rats. Elimination

vas shovn to obey a first-order law of kinetics at air concentrations below

Iv=7
L 108983
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Table IV-3 Percentage cf Administered 14C Activity Rscovered
Following & Single Oral Dose of Vinyl Chloride

Dose (mg/kg)

1'0

Expired:

As VC
As CO2

Urine
Feces 2.

Carcass and 10,

tissues
Cage wash® 0

Total recovery 91.25%2.47

2.1320.22
13.2620.47

59.3022.7%
2.20:0!39

11.1020.47

0.8420.45

BE.831.95

66.6420.67
2.5220,13

©10.8620.95
0.4720.06

1.83=0.14

0

82.3020.43

aPercentnge of dose excreted over 72 hours,
gssociated
cMean * 8¢ five rats per dose.
Distilled

Acapted from Watanabe et al. 1976a.

Only the

14

with the expired VC carn be attributed to VC per se,

C activirty

water wash of metsbolism cage ar termination of the study.
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Table 1IV-4 1"C:-C«:mta:Ln:l.ng Urinary Metabolites from Male
Sprague-Davley Rats Given Virvl Chleride by Gavagea

Dose (mg/kg)

Compound 0.05(4)° 1.0(5) 100(5)
(4) N-leetyl-s-(Z—hydroxycthyl- 30.4x2.0° 36.2+3.9 29.122.0
cysteine)
(B) Thiodiglycolic acid 25.621.9 23.7¢1.1 25.620.9
(C) Unidentified 38.622.9 3¢.524.6 36.622.0
Total 94.6 84.6 9l.1

aMe:abolites were separated and quantitated by high pressure liquid
chrecatography. Values are expressec as percentage of total urinary

Eadicac:ivity.

( ) = Nucber of enizals per dose.

ciean = SE

Adapted from Watanabe et al, 1976a.
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200 to 300 ppm, and at high concentrations the zmaximal velocity of metabolic
elizination of vinyl chloride was about half that of rats when related to kg

body weight,

Green and Hathway (1975) messured the excretion of 14C—vinyl chloride
adzinistered to rats by intragastric, intravenous (femoral vein), or
intraperitoneal routes. Iwo doses were used: 0.25 mg/kg and 450 mg/kg. The
results are shown in Table IV-5. During the first 24 hours after treatment,
more than 9C% wzs excreted from the animels irrespective route. Significant
differences vere noted, however, irn the menner ¢f excretion for the 0.25 mg/kg
dose., Fer the intrsgastric route, 71,35 wes excreted in the urine, whereas
89% was exhzled from the lungs when vinyl chloride was administered
intravenously. For the intraperitoneal route, 43.2% was exhaled while 41.5%
was excreted in the urine. Ar the higher dose (450 mg/kg), over 90% was
exhaled as vinyl chleride in both incragastric and intraperitoneal
adzinistered rats. The intragaestric values gre ccnesistent with the values
reported in the oral studies perfcrrmec by Witanabe et sl, (1976a) (see

Table 1V=-3).

Withey and Collins (1976) developed a statistical model for use in
equating oral dose levels of vinyl chloride to inhalarion exposure levels in
rats, using blood level time curves. The authors concluded that "if the total
daily liquid intake contained 20 ppm vinyl chloride, then the area generated
ﬁnder the blood level time curve, for rats, would be equivalent to an
inhalation exposure of about 2 ppm for 24 hours.” Thus, according to this

model, inhalation exposure is ten times more efficient than oral exposure.

Iv=10
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Table IV-5 gxcACTION OF RADIOACTIVITY IN RATS, QIVEN A SINGLE DOSS OF [MCJviNvL CHLORIDE

similarly with 450 mg of [**Clvinyt chovide.

4 raly were each dosed I.g. with 230 g of [1*Clvinyl chioride per kg in corn oil solution, and another 4 rats were cach doved simllarly with 430 mg
of ['*C)vinyl chioride per kg. 4 rats were cach injecied in the femoral vein with 230 pg of [**Clvinyl chloride per hig in N-(f-hydroayethyl) lactamide,
-~ Four rats were each Injecied L.p. with 230 ;g of ['*Clvinyl chloride per kg In N-|A-hydroxyethyl) laciamide, and ancther 4 animaly were each Injected

Sireof Time  Radfeoctivity excreted { % of dase)*

dose fh)

Insragasiric Intraveneny Intraperitoncnl
Exhaled ailr Urine Facces Fxhaled oir Urine  Facces  Exholed nir Urine Focces
:! Vinyl COs Vinpl Ch Vinyi Oy
i chloride chloride chioride
- i
—
2130 pg/kg O-I4 37402126408 7L 35020425 D04+ 0800 03 al 432 4 46 103 £ 2241344018
M- 0.9 nm 1.6 07 1.6 0.2
485-1 o 0.2
TFotal ITHI2 D54 1) 750 4246400 N0 4+08 0.1 0.5 (A 4324 46 110422400 4 5718
40 mg/hg 0-24 919423 046 451 1104 9%.24 44 07 135 0%04
4-48 0.1 0n 0y ol
48-72 0l
Total 919425 07 5412207 9.4 41 07 264 0% 0.1
* Valuey shown arc Ihe means 2 S.D. of thove means.
Adapted from Green and Hathway (1975),
] J /NS IO [ R '




V. HUMAN EXPOSURE

Humans mav be exposed to vinyl chloride in drinking water, food and air.
Detailed infcrmation concerning the occurrence of and exposure te vinyl
chloride in the environment is presented in another document entitled
"Occurrence of Vinyl Chloride in Drinking Water, Food, and Air" (Letkiewicz et
al. 1983). This section summarizes the pertinent informetion presented in
that document in order to assess the relative source contribution from

drinking water, food and eair.

A, Expesure Estimation

This gnalysis is lirited to drinking water, food and air, since these
media are considered te be general sources common to &ll individuals, Some
individuals may be exposed to vinyl chloride from sources other than the three
considered here, notablv in occupaticnzl settings and from the use of consumer
products containing vinyl chloride., Even in limiting the analysis to these

three sources, it pust be recognized that individual exposure will vary widely

based on many personal choices and several factors over which there is little
control. Where one lives, works and travels, what one eats and physiologic
characteristics related to age, sex and health status can all profoundly

affect daily exposure and intake. Individuals living in the same neighborhood

or even in the same household can experience vastly different exposure patterns.

Unfortunately, data and methods to estimate exposure of identifiable

population subgroups from all sources simultaneously have not yet been
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develéped. 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 intake.

1. Water

Cumulative estimates of the U.S, populations exposed to various vinyl
chloride levels in drinking water from public drinking vater svstems are
presented in Table V-1. The values in the table were obtained using Federal
Reporting Data Systems data on populations served by primary water supply
systems (FRDS 1983) ané the estimated number of these water svstems that
contain a given level of vinyl chloride., 4An estimated 1,922,000 individuals
(0.9% of the population of 214,419,000 using public water supplies) are
exposed to levels of vinyl chloride in drinking water a: or gbove 1.0 ug/lL,

while 591,000 individuals (0.3X) are exposed to levels above 5 ug/L. It is

estirated that 118,000 individuals are exposed to levels greater than 60 pg/L.

Of the spproximately 1.3 million people exposed to levels ranging from 1.0 to
5 ug/L, 0.9 million (65%) obtain water from surface water supplies. All
exposure to vinyl chloride in drinking water at levels above 5 ug/L is

expected to be from groundwater sources.

No data ware obtained on regional variations in the concentration of
vinyl chloride in drinking water, The highest concentrations are expected to

occur near sites of polyvinyl chloride production.

V-2
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Table V-1 Total Estimated Cumulative Population (in Thousands) Exposed to Vinyl

Chloride in Drinking Water Exceeding the Indicated Concentrattion

Number of .,

people served
in U.S. Cunutative population (thousands) exposed to concentrations {ug/l) of:
System type (thousands) >1.0 5 >10 »20 >30 >0 50 60 - >70
Gronndwater 713,473 1,063 591 I1e 118 118 118 118 118 0
Surface water 140,946 059 0 0 0 0 0 0 _0 0
Total 214,419 1,922 591 118 118 .. 118 ‘118 118 118 0

(X of total) - (100%) (0.91) {0.31) (0.1%) (0.1x) (0.1%) (0.1%})

(0.1%x)

(0.11)

(0.0%)




Daily intake levels of vinyl chloride from drinking water were estimated

using various exposure levals and the assumptions presented in Table V-2. The
data in the table suggest that the majority of the persoms using publie

drinking water supplies would be exposed to intake levels below 0.028 ug/kg/day.

An indicatjon of the overall exposure of the total population to vinyl
chloride can be obrained through the calculation of population-concentration
values, These values are a sumation of the individual levels of vinyl
chloride to which each member cf the population is exposed. An explanation of
the derivation of these values is presented in Appendix -. Population
concentration estimates for vinyl chloride ia drinking warer were

1.1 x 1077

~g/L x persons (best case), 1.5 x 10-7 ug/L x persons (mean best
case), 2.3 x 108 ug/L x persons (pean worst case), and 2.3 x 10"'8 vg/l x

perscns (worst case).

Assuming a consumption rate of 2 licers of water/dsv, population-exposure
values of 2.2 x 107 ug/day x persons (best case), 3.0 x 107 ug/day x persons
(mearn. best case), 4.6 x 108 ug/day x persons (meazn worst case), and

4,6 x 108 ug/day x persons (worst case) were derived.

2. 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.
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Table V-2 Estimated Drinking Water Intake of Vinyl Chloride

Persons using supplies
exposed to incicated levels

Exposure level < of total
(ug/L) Population population

Intake (:g/kg/day)

1,822,000 0.9%
591,000
118,000
118,000

¢

>0.028
>0.14
>0,29
1.4

.0

Assumptions: 7Q-kg man, 2 liters of water/day.
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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/m’ (2,100 wg/z>) (Lillian et al. 1975 cited in Brodzinsky and
Singh 1982). High levels, averaging greater than 15,000 ng/n3 (15 ug/m3).
have been detected in other areas. Normal levels, however, are somewvhat
lower., Bordzinsky and Singh (1982) calculated a median air level of 0.0 ng/n3
(0.0 ug/ma) in each of three tyvpes of areas: rural/remote, urban/suburban

and source douzinated.

The monitoring data available aTe not sufficient to deterzine regional

variations in expesure levels for vinvl chloride.

The daily respiratory in:gke of vinyl chloride from air vas estimated
using the assumptions presented in Table V-3 and median and rmax:inum levels for
vinyl chloride reported above, The estimates in Table V-3 indicate that the
daily vinyl chloride intake from air for adults in rural/remote, urban/suburban,
and source dominated areas is 0.0 ug/kg/day. In contrast, the intake calculszed
using the maximum vinyl chloride level reported is 690 wg/kg/dey; few, if any,
persons are believed to be exposed at that level. The values presented do mnot
account for variances in individual exposurs or uncertainties in the assuﬁptions

used to estimate exposure.

V=6
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Table V-3 Estimated Respiratory Intake of Vinyl Chloride

Exposure (ug/mB) Intake (ug/kg/day)

Rurzl/remote (0.0)
Urban/suburban (0.0)
Source dominated (0.0)

Maximum (2,100)

Assumrtions: 70-kg man, 23 m3 of air inhaled/day (ICRP 16753).
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B. Summagz

Table V-4 presents a general view of the total amount of vinyl chloride
received by an adult male from air and drinking water. Two Separate sxposure
levels in air and six exposure levels in drinking vazter are shown in the
table, Since no data were obtained on lcvels.of vinyl chloride in foods in
the United Staztes, the contribution of vinyl chloride in the diet to total

vinyl chloride exposure could not be assessed.

The data presented have been selected from an infinite number of possible
conbinations ¢of cencentrations for the twec scurces., The actual exposures
encountered would represent some finite subset of this infinite series of
combinations. Whether exposure oceurs at any specific combination of levels
is not known; nor is it possible to cetermire the number of persons that would
be exposed to vinyl chleride at any of the combined exposure levels. The data
presented represent possible exposures based on the occurrence data and the

estirated intakes,

The relative source contribution data are based on estimated intake and
do not account for a possible differential absorption rate for vinyl chloride
by route of exposure., The relative dose received may vary from the relative
intake. 1In addition, the relative effects of the chemical on the body may

vary by different routes of exposure.

Brodzinsky and Singh (1982) calculated a median urban/suburban air level

of vinyl ehloride of O us/m3 based on air monitering data. Assuming an air

SL 108995 v-8
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Table V=4 Estimated Intake of Vinyl Chloride from the Environment by
Adult Males in ug/kg/dey (% from Drinking Water)

t

concentration in air
Rural/remote Urban/suburban Source dominated

‘Concentration in « _J
drinking water g Maximum
(ug/1) (0.0 ug/m) (2,100 ug/m°)
0 0.0 (--) 690 (0%)
.08 0.028 (10C%) 690 (<0.01%)
5.0° 0.14 (100%) 690 (0.02%)
10° 0.29 (100%) 690 (0.04%)
50° 1.4 (100%) 690 (0.2%)
708 2.0 (100%) 690 (0.3%)

Intake from each source (see Sections £.1-5.3):

wWater: 1.0 ug/i: 0.028 ug/kg/day
5.0 ug/1: 0.14 ug/kg/day

10 ug/l: 0.29 ug/kg/day

50 wg/l: 1.4 ug/kg/day

70 ug/1: 2.0 ug/kg/day
Air: 0.0 ug/mB: 0.0 vg/kg/day

2,100 ug/m>: 680 ug/kg/day

Food: Not included
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/1 (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 public 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 individuals using public drinking water systems are estimated to be
exposed to levels > 70 ug/l. .
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level of 0 ug/m3. drinking water would be the predominant source of vinyl

chloride exposure at all drinking vater levels above 0 kg/L. An accurate
assessment of the mumber of individuals for which drinking vater is the
predominant source of exposure cannot be deterrzined from the data since
specific locations ;ontaining high concentrations of vinyl c¢hloride in
drinking water and low concentrations of vin&l chloride {n ambient air and

food are unknown.
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VI. HEALTH EFTECTS IN ANIMALS

A. Acute/Subchrornic/Chronic Effects

Acute toxicity tests with vinvl chleoride were performed by Patty et al.
(1930) of the Bureau of Mines, Department of Commerce. Single exposures of
guinea pigs to vinyl chloride gas, 10 percent in air (100,000 ppm), resulted
in narcosis and death within 30 to 60 minutes. Inhalation of lower
concentrations resulted in ataxia and narcosis. Pachological findings at
necropsy were congestion and edema of the lungs and hvperemia of the kidnevs
and liver. 4 number of investigators Lave made similar observations when
examining the acute inhalation effects of vinyl chloride in mice, rats, guinea
pigs, rebbit, cats and dogs (Peoples and Leake 1933, Lester et al. 1963,
Mastromatteo et al, 196(, Haley 1975, Prodan et al. 1975), In animal studies,

1C..'s at two hours ranged from 117,500 ppm for mice to 230,800 ppm for

50
rabbits,

Feron et al. (1975) reported a subchronic toxicity study in vwhich vinyl
chloride monomer (VCM) dissolved in soybean oil was administered by gavage to
male and female Wistar rats, initially weighing 44 g, at doses of 0
(controls), 30, 100 and 300 mg/kg once daily, 6 days per week for 13 weeks.
Several hematological, biochemical and organ weight values were significantly
(P<0.05 or better) different in both mid~- and high-dose animals compared to
controls. The authors conservatively placed the no-effect level in this study

2t 30 mg/kg. However, they also estimated that the no-effect level may be
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higher since it was their opinion that the effects observed with the higher

doses were of doubtful toxicological significance.

Marsteller et al. (1975) reviewed and summarized the findings of previous
studies on vinyl chloride exposure in laboratorv animals., Torkelsom et al.
(1961) exposed test animals to concentrations ranging from 50 to 500 ppum.

Rats exposed to 100 ppm (two hours/dsy for six months) vere judged normal on
the basis of appearance, wortality, growth, hematological examination and
other factors. A slight increase in the liver weight was observed. Rats,
guinea pigs, rabbits and dogs exposed to 50 ppm (7 hours/day, 130 times in 18¢
days) appeared to be normal in appearance, mortality and growth, and the
incresse in weight of the rat livers did not occur at this concentration.
Basalaev et al. (1972) administered gaseous vinyl chloride to rats and rabbits
at a concentration of 0.03 to 0.04 mg/L for four hours/day for six months.
Cardiovascular disorders, changes in the bioelectric activity of the
hypothalamus, hvperadrenslinemia, osteoporosis and resorption of bene tissue

were observed.

Jaeger (1975) conducted experiments with racs to determine the
interaction between vinylidene chloride (1,1,-DCE) and vinyl chloride. In
this study, hepatotoxicity was neasured by the elevation of serum
alanine—t-ketoglutarate traunssminase (AKT). When fasted rats were exposed to
0.022 (V/V), 1,1-DCE, serum AFT activity was elavated about 50-fold, two hours
after the termination of a four-hour inhalation exposure. No elevarion was

observed when 0.12 vinyl chloride was administered alone. When the two

Vi-2
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chemicals were administered simultaneously at the levels indicated, nec

elevation of serum AKT occurred. Thus, the vinyl chloride was protective.
These two monomers are used together in the production of vinyl copolymers,
and exposure to both agents in the workplace was reporied by Kramer and

Mutchler (1972).

B. Teratogenicity

John et al. (1577) examined the effects of vinvl chloride inhalation on
the fetuses of mice, Tats znd rabbits. The pregnant animals vere exposed
seven hours deily to concentrations of 50 or 500 ppm for mice and 500 or
2,500 ppm for rats and rabbits. Mice and rats were exposed on days 6 to 15 of
gestation, ané rabbits on days 6 to 1B. No teratogenic effects were observed
at 2,500 ppm in rats and rabbies, exéept that a greater incidence of dilated
ureters were noted in rats. Indeed, vinyl chloride exposure at this level
gctually decreased the incidence of certain skeletal anomalies in rats
cocpared to controls (e.g., delayed ossification ¢f the bones of the skull, and
unfused centers of ossification of the skull and sternebrae)., Mice were the
most sensitive to vinyl chloride. No teratogenic effects were noted in the
f‘tules of mice exposed to 50 ppm, but a significantly greater incidence of
unfused sternebrae and delayed ossification of sternebrae (no. 5) and bones of
the skull were observed among litters of mice exposed to 500 ppm compared to
unexposed controls., Embryotoxic effects were not gemerally noted, but sowe
decrease in fetal body weight and crown-rump length was observed in rats and

mice.

SL 109000
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Redike (1977) did not observe gross (nonmicroscopic) abnormalities in the

offspring of rats exposed for four hours daily on days 9 to 21 of gestation by
inhalation of 600 or 6,000 ppw vinyl chloride. A small increase in the
incidence of minor skeletal abnormalities, inecluding vavy ribs, extra lsth
ribs and delayed calgification of small bones, were observed in the offspring
of the exposed animals. The investigators concluded that such a small
incidence is difficult to distinguish from a sporadic occurrence, and,
therefore, these abnormalities should be considered skeletal variants and not

malformations.

Groups of pregnant CF-1 mice, Sprague-Davley rats and New Zealand white
rabbits were exposed to doses of vinyl chloride ranging from 50 to 2,500 ppm
by inhalation. Exposure to these concentrarions of vinyl chloride did not
cause any significant embryonal or fetal toxicity and was not teratogenic in

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

cC. Mutagenicity

Vinyl chloride is mutagenic in a number of biological systems. The
autagenic action of vinyl chloride appears to be dependent upon its metabolic
conversion to chemically reactive matabolites (i.e., chlorcethylene oxide,
2-chloroacstaldehyde). The mutagenic effects of vinyl chloride have been
demonstrated in: (1) metabolically activated systems using Salmonella
typhimurium (Bartsch et al. 1975, McCann et al. 1975, Elmore et al. 1976,

Rantug et al. 1974, Garro et al. 1976) developed by Ames et al. (1973) in

Vi=-4
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which the genetic indicator refers to histidine prototrophy by base-pair

substitutions, or by base-pair insertions or deletions; (2) Escherichia coli

K12 bicauxotrophic strain with back mutation system arginine + (Greim at al.
1975); (3) several species of yeast inducing forward mutations and gene
convergions at specific loei (Loprienmo et al. 1976, 1977); (4) germ cells of
Drosophila (Verburgt and Vogel 1977) and (5) Chinese hamster V79 cells
(Huberman et al. 1975). The literature oo the mutagenic effects of vinyl

chloride was reviewed by Bartsch and Montesano (1975).

The mutagenic activiy of inhaled vinyl chloride (3,000, 10,000 or
30,000 ppm for 6 hours a day for 5 days) was assessed in fertile male CD-1
strain mice with the dominant lethal assay (Anderson et al, 1976). At these
concentrations, vinyl chloride was not mutagenic as judged by scoring of
post-implantation fetal deaths, pre-implantation egg losses and reduction in
fertility. Positive control tests indicated that the dominant lethal effect

wvas expressed in the CD=1 mice used in these experiments.

Anderson and Richardson (1976) conducted a cytogenic study investigating
mutagenic effects in the bone marrow cells of rats after exposure to
paradichlorobenzene at various dose levels. In this study, benzene and vinyl
chloride vers used ag positive controls. The results of the vinyl chloride
control showed that vinyl chloride was effective in producing chromosome

damage in rat bone marrow after the multiple exposure regime,
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D. Carcinogenicity

Evidence has been accumulated in recent years implicating vinyl chloride
as a human and animal carcinogen. The first four cases of human liver
angiosarcoma in workers employed by a vinyl chloride plant were reported by
Creech and Johnson in 1974, The first experimental data on the carcinogenic
effect of vinyl chloride in rats were published by Viola et al. in 1971.
Subanueﬁtly, preliminary results of an investigation concerned with the
oncogenic potential of vinyl chloride in experimental animals were reported
(Mzltoni and Lefemine 1974). These initial reports spurred a series of
retrospective epidemiologic invesrigations of workers in the vinvl chloride
industry and supportive experimental studies in animals, Several
comprehensive reviews and symposium proceedings have been published on the
subject (e.g., Selikoff and Hammond 1975, Proceedings of the Roval Society of

Medicine 1976, USEPA 1975¢, Milby 1978).

Viola et al. (1971) conducted animals studies and reported the carcinogenic

tesponse of msle rats (AR/IRE Wistar strain) exposed to vinyl chloride by
inhalation (Table VI-1), Skin tumors were first noted at approximately ten

months; tumors in the lungs and bone were observed at about 1]l months.

Caputo et al. (1974) exposed male and female rats (A and IRE Wistar
atrain) by inhalation to various concentrations of vinyl chloride. Carcinomas
and sarcomas vere observed in all groups except those exposed to 50 ppm

(Table VI-2). The data indicate that a dose response relationship exiasts
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Table VI=]

Oncogenice Effects of Inhaled Vinmyl Chloride

Cone. VC (ppm)
4 hours/day

5 days/week

12 months

Skin
epidermoid
carcinomas

Lung
adenocarcinomas
and Bones
squamous cell Osteo-
cércinomas chondromas

30,000

No treatment

17

Adapted frem Viola et

=1

1671).




Table VIi-2 Incidence of Tumors
Vinyl Chloride

in Rats and Rabbits Exposed to

by Inhalation

(ppm) Skin squa-~
4 hours/day Liver Lung mous cell
5 days/week Number of angiosarcomas adeno~alveolar carcinoma
12 months animals cholangiomas carcinomas acanthoma Other
Rats
20,000 150 31 21 67 7
10,000 200 16 16 34 8
5,000 200 12 4 20 2
2,000 200 10 8 6 6
500 150 4 - 3 -
50 200 - - - -
No 200 - - - -
tTeatment
Rabbits
10,000 40 - 6 12 -
No 20 - -- - -
treathent
Adapted from Caputo et al, (1974).
\Z]
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at exposures between 50 and 20,000 ppm. Tumors appeared between 8 and 13

months from the beginning of the inhalation treatment. These investigations

also exposed rabbits by inhalation to 10,000 ppm vinyl chloride for 15 months

(Table VI-2) and reported the occurrence of lung and skin carcinomas.

Recent inhalation studies with albino CD-1 mice and CD rats (Charles
River Breeding Lab) confirmed the carcinogenicity of vinyl chloride at
concentrations as lov as 50 ppm (Lee et al. 1977, 1978). Liver angiosarcomas

as well as other forms of cancars were found in both species.

An extensive examination of vinyl chloride in experimental animals was
conducted by Maltoni (198l1). A summary of these results are presented in
Tables VI-3 to VI-19. Vinyl chloride caused tumors in all the animal specles
tested (i.e., mice, rats and hamsters) both through inhalation and ingestion
exposure. A clear-cut dose-response relationship was demonstrated, with
carcinogenic effects occurring at exposures as low as 50 ppm. Newborn animals
appeared to be especially sensitive to the development of hepatocarcinomas and
angiosarcomas and carcinogenic effects on the embryo via the placenta wvere
demonstrated. Table VI-20 indicates the tumor types that were correlated to

vinyl chloride exposure in experimantal animals.

Maltoni (1981) concluded that vinyl chloride may produce tumors of
different types at different sites and that the incidence and relative
distribution are greatly influenced by dose, age of the animal, and species

and strain of animal used.
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Table VI-3

Eaperiment BTH.?

Adapted from Maltoni, 1981

—— A F SN S

C 2 L —J ]

(f Animals with tumers, %
. Tumersy/100
animale Foree Mam-
Group and Heps- Nephro- Newro- Zymbal Skin  stemach mary
concentration 1y BT LAS LA ELAS ELA temaa BL SL GIL.Ca EpT PabAc MT
] BnY 3y 11 - S0 50 1.7 83 1.7 241 (¥ - 5.0
18,000 ppm (1760} QA& AN (160} {360 (180) (16%60) (360} 60)
1] e B3I 220 34 s 6.3 (I} 85 5.1 TR 34 1.7 -
00e V59 (29 (59 (15 (1459 55N (IS (159 (259  (1/58)
n $13 200 217 - 3.0 oy 13 0.0 6.7 33 1.2 - 33
2500 ppem (1yveo) D60 26m {260} (860) (460) (260) (1/80) (2/60)
114 L1 13.3 10.0 - 1.7 1.7 23 0.0 - 6.7 1.7 - 1.7
800 ppm (6/60) (1°60} (160} 560 (660) - (4%60) (1/%0) (160}
v 0. %0 6.1 1.7 34 - L7 85 - - kX ) - 3.4
250 ppm V59 I'SM 239 (059 1555 27569) {259)
Vi 15.0 %.7 L7 - 1.1 33 - [ - - 1.7 [ 33
&0 rpn“ {160} 160)  (260) (160) (1%0) (L6 (280)
Ne lrestment 13.3 43.3 - - - 24 - - - - LT - -
{control) (2581 (4/68)
"Exposure by inhalation to VC In air st 19.000, 6000, 2500, 500, 250. and 50 ppm; 4 hriday, 6 days/week, for 62 weeks.
Sprague-Dawley rats, M and F, 13 weeks cld. Results sfier 135 weeks {end of expenment).
» I

e o e
. —



- @ T omEn e oem e RS

N
Table VI-4
Enperiment AT2.*
Animals wnh tumars, %
Tumnors/100 *
animale Foree Mam-
Group and - Hepa- Nephro- Newrs- Zymbal Skin  slomach mary
ﬁ concentration | 1) BT LAS LA ELAS ELA (omm 8L BL GICa EpT IabAce MT
)
Lo | | %0 257 0.0 b} % ) L%} & 58 - 33 4.2 - 5.0
b 200 ppm {12120) (V1200 (AN20)  (IAR20) (120} (771200 (4#120) (51200 ©120
1 »Ne %9 5.0 - - 0.8 - 92 - 34 34 L7 59
150 ppm {6'119) nmm amnm Wi Wiy nm emn
[ }1] 2.7 ns 0.8 98 - - - 8.3 - ;% | 0os 1) 3.3
108 ppm (1207 (11120} (w20 (N2 {V120) W2 (V120
v
Ne treatment 5.7 s - - i.i - - - - 11 1.1 6 1.0
{comtrel} (2185) (2185) (ZIRS) (V1B5) (2i85)

*Exposwre by inhalation te VC in air a1 200, 150. 100 ppm; & hrrday, 5 days'week, for 52 weehs. Sprague-Dawley rats, Mand F, 13
weeks old. Results after 143 weels {end of experiment).
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Table VI-S

Experiment BTS.*

Animaly with tumors, %

Tumory/t00
animaly Fore- Mam-
Growp and ——— Heps- Nephre- Neuro- Zymbal Skin stomach mary
concentralion f 1) BT LAS LA ELAS ELA wma BL Bi. GILCa EpT PakAce NT
1 1000 §0.0 2.0 1.7 1.7 5.0 Ly - 1.7 68.3 1.7 8.3 3
30,000 ppse (18%60) (1/60) (1/%0) (360) ({l/s0) (U69) (3560) (160} (16 (260}

SExpesure by Inhalstion te VC in air sl 30,000 ppm; 4 hriday, § daywweek, for 52 weeks. Sprague-Dawley rate, M and F, 17 weeks
old. Results after 68 weeks (end of experiment).

Adapted from Maltoni, 1981
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Table Experiment BTY.*

Animals with tumore, %

Tumere/100
animale Fore- Mam-
Growp snd lleps- Nephre- Neure Zymbsl Skin  slomach mary
eoncentralion uT BT LAS LA ELAS ELA 1emas Dl BL GIL.Ca EpT PskAc NT

1 “u3l az 8 25 3.} ai - 0.) - 3l 19 *d 217
ﬂrn (Q429) (A290) (3294) (11280 uzsh (V2934) (V294) (V2M4) (6272%40)
]

No trestmemt ne Mo - - - - - - - L 102
fcontrol} 1) (1008)

*E sposwre by inhalation to YC in air st 50 ppm; 4 hriday, $ daynweek, for 52 weeks. Sprague-Dawley rals, M and F, 13 weehs old.
Results after HE weeks (end of experimemt).

Mapted from Maltoni, 1981
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Adspted from Maltoni,

Table VI-7

Eaperiment BTI5.*

Animals with tumors, %
Twmors/100 .
snimals Fere- Mam-
Group snd Hepa- Nephro- Neuro- Zymba) Skin slomach mary
concenirston MT BT LAS LA ELAS ELA 1omas BL BL GILCs EpT PshAc MT
I By 683 412 o8 - &) - X ) - LR | - - . 150
5 r o120 (3120} im (1120 1200 (nzn .
] 3T 83 08 - L7 25 - - - L? - - 17.6
10 ppm 1/119) 29 (3119) 219 2ins
m %8 656.0 - - - - - - - .8 0 - 185
[ 3 s (e 2%
L 25 2 - - - - - - - 08 08 - 12.7
u‘;n ] Ums (118) (us1) {
No tresiment n Nk - - - 08 - - - 1.7 - - 68
(eomtrel} an20 1200 r120) !

*Expesure by lnhalstion to VC in air st 25, 10. 5. | ppm; 4 hriday, b days'week, for 62 weeks. SpnglnDlwleynu.llndF 13

weeks old. Resulls afler 147 weeks (end of experiment).
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Table Vi-8 Experiment BT3.*

Animals with lumors, %

animale Fore- Mam-
Hepa- Nephro- Newro- Zymbal Skin  stomach mary
uT BT LA ELAS ELA twmas Di BL GILCa EpT PakAce MT

6se 200 - - 1.7 L7 L7 155 155 8.6 1.1 17
(/58)  (1/58) (1/58) (58) (W58} (5/58) (1/58) (1/58)

RN 5e . - 33 L7 . 2.0 15.0 a3 33 L7
(2601 (1/60) (1260) (9/60) (5/%60) {2%0)

4.7 %9 . - a3 . 83 1n? 33 -

260 5%60) (1600 (260}
([ % B X ) . - - - - 1.7 -

(1/60)
nT »ne 1.7 1.7 - . - 1.7 -
115%) 115% asm
83 B9 1.7 17 . - 17
11/58) L758) {1/68)

Ne trestment . 2.0 - 0.5 - 1.0 [ X1
(eontrel) (1/190) 21 (11%0)

*Exprsure by inhalstion to VC in air »t 10,000, 6000, 2500, 500, 250, snd 50 ppm; 4 hriday, 6 daysiwedk, for 17 weeks.
Sprague-Dawley rats, M and F, 12 weeks old. Resubtz after 156 weeks (end of experiment).

Adapted from Malt ni, 1981
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Table VI-9 ‘
Experiment ATIO®

Tumors/100 Animals with tumors, % D

snimaly Fere- Mam

Growp amd Hleps- Nephre- Neurn- Zymbal Skin  slomach man

concentralion T BT LAS LA ELAS ELA tomas PL PL GiCa EpT PaliAc NT

1 23 471 on . - en o8 - - 16 - 285 nue
10,900 ppm RG] 118 (1110 113 8 O3

n ne 45.0 - on - 1.7 - oh 08 15 - LT 1on
a 000 ppm (120 2m 175200 {IH28) )20 20200 (1.,
" nt 3.0 L1 X ] 08 1.7 - 1]} - - - 18 5 26 134
— 18,000 ppm 1y @2m thnm NI (N (VLS e
o w Ve W2 25 - 1.7 - - - - 4.2 24 L7 L
Mr (11m wum 15910 (Nl L2018 (1Vue
an.t 6.9 0.8 L7 - 08 - 08 08 61 8 08 158
18,000 ppm /19 2um i U719 1719 (VI {17293 (1119 200N
i 3.3 50.8 o8 1.7 op - 17 0.8 - 15 - 038 100
m’llp. {20} (2N20} (1N20) (TN20) (A200 120 {120 (121N
L

He treatment 166 1.0 - - - 94 - - - - [} ] 22 15
{contrel) wvan (2270 (322D (11D

“Exposure by inhalation te VC in air at 10,000, 6000, ppm; 4 heiday, 5 dayaweek, for 5 weehs (groups | and 1 or 1 he day. ¢

days/week, for BS weeks (groups 111 and 1V) or 4 hriday, once weekly, for 25 weeks igvoups V and V11 (100 hri. Sprague-Dawley rsu,
M and F, 13 weehs old. Results alter 154 weeks (end of experiment).

Adapted from Maltoni, 1981
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Table Vi-10 Experiment ATS.*

Tumors/100 Animals with tumars, %

animals Fore- Mam
Group and Hepa- Nephro- Neuro- Zymbal Skin  stomach mary
concentration MT BT LAS LA ELAS ELA tomas DL Al GLCa EpT PakAc NT

1 6T %7 - - - - 3 - - -

16,000 ppm 1120)
i

&1 23 - - - -

6000
n ¢ 22 59 *s - 20 28
19,008 ppm @ss) (5/51) (Is1) (A1)
v 2Ny %y 1 - - ¢ 31 31 62
6000 ppon (1732) 32 01 192 e’

*Exposwre by inhalstion Le YC in sir at 10,000, and 6000 ppm of breeders; 4 hriday for | weeh (from 12th e iRk day of pregnancy}
Dawley rats, M and F, 19 weeka old (breeders). Breeders igroupa § and [§) and offsprings (growps 111 and V). Results afler
__ 143 weeks (end of experiment).

Adapted from Maltoni, 1981
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Table VI-I11
Enperiment UT14.°
Tumors/100 Animals with tumors, %
ansmaly Fore- Mam
Group and flepa- Nephro- Neuro- Zymhal Skin siomack mary
concentration MNT BT LAS LA ELAS ELA tomas BL BL  GLCax EpT PakAce MT
|
10,000 ppm 18T &6.7 - - - - - - - - - - -
a (breeders)
] i
= 6000 ppre - - - - - - - - - - = - -
m '
19,000 ppm 1908 85 31 - - 68 454 - - 23 23 - -
{newborn) 15/44) i) {(20048) {4 (144)
v
6000 ppm 1093 Bl 405 24 24 24 416 - - 4.8 4.8 - 24
{newborn) (ITM2) (142) (142) (D) (20v42) 242) (242) [{F2F2]

{end of experiment).

————— e - s

Adapted from Maltoni, 1981

e (R | S Lo

*Exposure by inhalstion te VC in air st 10,000 and 6000 ppm, 4 he:day, § days'week, for 5 weeks (from | day te 5 weeks of age).
Sprague-Dawley rats, M und F, 21 weeks old (breeders) (groups | and 1)} and newborn (

groups 1l and 1V). Results alter 124 weeks
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Table VI-12 . Eaperiment AT *
Tumors/$00 Animals with tumors, %
animalx - Fore
P snd Heps- Nephro- Neurs- Zymbal Skin  stomach
concemiration NT BT LAS LA ELAS ELA tomas BL BL  GLCs  EpT Iabac
1 0.0 0.0 me - - - - A7 111 74 - -
19.900 ppm K29 {129 2 @22n
[ 83 20 15 11 AR s 7.7 1.1 s 1.1 - -
§000 (326 2260 (126 (126)  1226) (2260 (1726} {2/26)
m .1 133 120 - 0 - 40 - 40 - 4.0 -
2500 3251 {1250 (1725} u2zs {1725}
w 0.9 10.0 0.7 36 - - - 11 - - - -
500 ppm azn  azs @28
v & ] th 7 33 - 7 37 - - - - a7 -
230 ppm n1n i a2y {au2n
Vi 18.7 6.5 - - - - - 36 - - - -
50 ppm (28
Vi
Ko trestment 5.0 150 - - 26 - - - - - - -
eonirel) (18

*Exporwer by inhalation te VC in air et 10,000, 6000, 2500, 500, 250,
13 weehs obd. Sesults after 165 weeks (end of experiment).

Adapted from Maltoni, 1981

and 50 ppey; 4 hriday, 5 daya/week, for 52 weeks. Wintar rate, M,
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Table VI-1)

Experiment BTIL®
Tumors/100 Animals with tumors, %
saimals ‘Fore-
Group and Heps- Nephro- Neuro- Zymbal Skin stomach
toncemirsiion MT BT LAS LA ELAS ELA tomas BL AL GiCa EpT PakAc
a ] 2 D2 - 1.0 o 50 10 - 20 - -
\ ] rln (5m (3% (99 (189) {299)
N
o Ko treatment 2.0 185 - - - - - 3.2 - L1
tcontrel} sy (1/948)
. *Enpoenrs by inhalation te VC in sir at | ppm; 4 hriday, 6 days/week, for 52 weeks. Wistar rats, M, 13 weeks old. Results after 134
srrhe l!lﬂ_.'_!j?ﬂ"'l!ﬂ'.

Adapted from Maltoni, 1981
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Table VI-14

Eaperiment BT4.®

Animals with lumors, %

Tumors/100 animals Fore-
Group and Mammary  Skin stomach .
conceatration MT BT LAS LA ELAS ELA Lung T Ca EpT Pak Ac
i e %3 178 i LR 7. R 232 1.1 IR
10,000 pprw (6} {6°H6) {1756) {4'56) (4556) (156) {4/56) (1/56)
[} "7 ¥00.0 2.7 "7 1.7 50 - |3 1.3 1.7 3.7
ﬂ 6000 ppm (1%60) {180} {15 (360} {4160} {R6G0) {160 (160)
1 {111 03 90.0 211 [ %1 s | 81k IR 68 1.7
2 2500 ppm 11659 (b5 5 {159) {#0539) (B9 “ny (1/59)
1Y 8.3 103.3 233 R3 1.7 50 a3 133 3 - 1
500 ppm (14%60) (5GM (TAD) {340:0) {50601 {RO0) 2%m '
v [ < % ] 9.2 0.0 [0} 50 50 6R3J 200 L1 1.7 !
50 ppm {pem {1150} {360) (340} (41/60) (2om {160 {160}
i 8.3 D3 3.7 1.7 1.7 [ 3} 0o 20 - 1.7
iﬂvm {3/60) {1760} (160) (5%0) 16/60) (1260} - (1/60)
]}
%; Re trestment 1.7 M1 - - 0.7 01 o o7 13 -
" (contrel) {1150 (371500 (551500 {78507 21501
% *Expoture by inhalation to VC im air st 10,000, 6000, 2500. 500, 250, and 50 ppro; 4 hridey, & daysiweeh, for 30 weehs, Swiss mice, M ]
% and F, 11 weeks old. Resulta after B3 weeka (end of experimen). . |
O

Adapted [rom Maltoni, 1981
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Table VI-15 Experiment HTH."
Tamory/ 100 Animala with tumors, %
snimah Acountic Fore.
Grewp snd Hepa- Cholan- Chalan- Duct  Skin  Mela- stomach Lewin
concentrstion MNT BT LAS LA ELA toma gioCs gioman EpT  EpT nromas PekAc mia
! 8o M - 11 67 - 67 133 33 23 31 B3I K
19,000 ppm 1umm tym (Z22m 48 (1108) (130 (430 (1090 4w
1 [ A ] £33 23 12 - i3 6.7 6.7 8.7 3 0.7 DI M
4000 (130 (H5m U3 1230 (A0 (230 (190 (220) (10730) (6%
m 4233 10 - 67 - - - 26.7 33 100 22 6.7
2500 ppm 1230} 800 (100) (0 (3730) (11300 N
14 3.3 4.3 67 - 3 - - 200 108 3.3 - 00 15!
$00 ppwn 29 ihim w30 3 (0 - 00 (39m
v 0.8 0.3 - - 12 - - 200 - 106 33 nl 1]
250 ppm {130} {3 320) (10} (430} §m
vi 08 0.0 - - - - - 2 - 0.0 a3 100 20
“V'IT. {i°0) OO0 (190) (330) wWwm
Netresiment 200 487 - - - - - 3.7 - (Y - 5% M)
{conirel) (2260) {3600 68 (3%n

*Exposwre by inhalatien to VC in air at 10,000, 6000, 2500, 500, 20, and 50 ppm. 4 herday, 5 daye/week, for 30 weeks. Golder

hamsiers, M, 11 weeks old. Results aller 109 weeka (end of expenment ).

Adspted from Maltoni, |
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*Latency lime In weeks: Group 1, 16.7; Group 11, 21.2; Group 111, J0.8; Group {1V, 19.0; Group V, 22.5; Growp V1, 35.3, Group v




Table VI-16 Enperiment BTI1*

Animals wilh tumors, %
animals Fore- Mam
Croup and Hepa- Nephro Neuro- Zymbal Skin  stomach many
conceniration MT BT LAS LA ELAS ELA t1oman L Bl GLCa EpT PakAc MT

1 38T B 22 AT 25 2.5 - 2.5 - 1.2 12 25 58
§0.00 mg/kg s (380 (80) (2/R0) 12 HOy (B0 (180)  (2ah (W)
1 Ne 175 125 - - - 27 25 - 1.2 18

16.65 mghg (1080} (180 (2/10) (180 (R0

1]} woe 260 - 25 1.2 - - - 7
ml-;;n.g (280 (18N e ]

Ollive ol 127 225 - - 1.2 1.2 X
(contrel) ey (1780} {480)

*Exposure by ingestion {stomach Lube) of Y in olive oil at 50.00, 16.65 and 1.33 me/kg bouclv weight, once daity, 45 daysrweek, Tor 32
weeks. Sprague-Dawley rats, M and F, 13 wechs old. Resvlits afier 136 weehs (end of eaperiment).

Adapted from Maltoni, 1981
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Table VI-17 Eaperiment BT21.*
Tumsors/100 Anienalys with tumors, %
: animals Fore- Mam
Greup and Hepas- Nephro- Neuro- Zymbal Shin  stomach ewary
concentration T BT LAS LA ELAS ELA tomas QL Pl. GLCa EpT PakAe NT
| U BI 290 - 0.7 - o1 - - 33 - 0 a0
1.6 mgihg 4% (17149) (11149 {149) (3149} Q2149
n 133 20 0.7 0.1 - - 0t - - - 07 1.3 27
0.3 mgikg {17148) (11148) (3/148) (V148) 14y (410
1 i5s NI - - - . - - - - - 0.7 0.7 93
0.03 mg/kg QNS0 (1150} (1U150
v
Olive ofl 150 287 - - - - - - - 0.7 - 13 47
{conlrel) 171500 {2/150) (11158
*Exposure by ingestion (stomach tube} of VCin olive ol at 1.0, 0.3, 0.03 mg/kg body weight, once daily, 4-6 days/week, for 58 weeks.

Sprague Dawley rats, M and F, 10 weeks old. lesults afler 136 wecks (end of experiment).

Adapted fr m Maltoni, 1981
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Table Vi-18 Eaperiment RTI2.*
Tumers/100 Animals wilh tumors, %
) andonale Fore- Mam.
M Growp and Hepa. Nephro- Neure: Zymbal Skin  stomach mary
? dose MT BT LAS LA ELAS ELA temar AL BL  GICe EpT PabAc MT
ﬁ! 1 ns 18 - - - - - - - - - 10 1.8
425 mgd (m6  11/46)
n 167 23 - - I - - - - - - 1y 1y
3 L5 mgxd nan 0% (53
o i nr .3 - - s - - - - - I8 - 63
i I mgnl (1156} {1756) (56)
w 2080 N - - - In - - - 18 - 36 b
4B mgxd )35 (1755} {255y (285)
v
Olive ol . N7 - - - - - - - - - 36 -
feontrol) (2/55)
; *Cxposwre by intraperitoneal Infectlon of VC, £.25 mg in olive ol {3 mi), 4. 3, 2 times, 8t two month intervals or once only.
Sprague-Dewley rats, M and F, 17 weeks old. Results afler 144 weeks tend of experiment ).
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Table VI-19 Enperiment BT13.*
) Tumorsy/L00 Animals with tumors, %
animals Fore-” Mam-
Group and - Heps- Nephro- Neuro- Zymbsl Skin  stomach mary
dose MT BT LAS LA ELAS ELA twomas DL BL GICa EpT PakAc MT
| 1% 173 - - - - - .3 - - - - 49
128 mg - 1735y 275}
n
Oive ol 12.3 26.7 - - - 1.3 - - - 1.3 - - 1.3
{comirel) (s {1715) (1535}
*Ex,

posure
Results aRer 145 weehs (end of experiment).

Adapted from Haltoni, 1981
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by subcutancous Injeclion of VC, 4.25 mg, in olive oil (1 ml), single dose. Sprague-Dawley rats. M and F, 21 weeks okd.




Table VI-20 Tumors Presently Correlated to VC Exponsure {by inhalation) on Experimental Rodents

Angio- Seha-
RAFCOIMAR ocrous

. and an- cula.
Angioc Twmors Tumers Lympho giomar  Nephro-  neous
sarcomas  of of masand Hepa. eofother blasto  earci-
ol liver rain lung levhemias tomss sites mas nOMas

+ +

4

(+)

GE060T 18

Adapted from Maltoni, 1981
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Adapted from Malromi, 1981 .
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A recently completed study by Feron et al. (198]) examined the oral
toxicity of vinyl chloride in Wistar rats. This study was carried out over
the lifespan of the rats, and consisted of incorporating PVC powder containing
a high content of vinyl chloride monomer (QCH) in the diet, or using gastrie
intubation of a 10% VCM in soybean o0il. The VCM doses (actunal exposures) were
0, 1.7, 5.0 and 14.1 mg/kg bw through the diet or 300 mg/kg bw by gastric
intubation. The results showed that rats exposed to VCM at levels of
5.0 mg/kg bw day or more demonstrated hepatic angiosarcomas, pulmonary
anglosarcomas, and at the higher levels, a few primary extrahepatic abdominal
angiosarcomas. At the lowest exposure level of 1.7 mg vinyl chloride

monouwer /kg bw/day, liver«cell tumors and an increased incidence of foei of

cellular alteration were noted (Tables VI-21 and VI-22).

Feron et al. (1981) concluded that VCM is a carcinogen when administered
by the oral 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. Feron et al.
have also initiated a similar lifespan oral carcinogenicity study with vinyl
chloride {n rats, using three different dose levels (0,017, 0,17 and 1.7 mg

VCM/kg bw day) and two control groups.

T4l et al. (1983) examined the oral carcinogenicity of VCM in & lifespan
study (149 weeks) with five groups of Wistar rats, each consisting of 100
males and 100 females, sxcept for the top~dose group which comprised 50 males
and 50 females. VCM was administered by incorporating PVC powder with a high

VCM content into the diet. The diet was provided daily for a period of four

SL 10903+
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Table VI-21 Type and Incidence of Treatment-Related Histopathelogical Changes in the
Liver of Rats Exposed Orally to VCM

Incidence of change

Feowmley

Typs of Treatmont roq:
m‘ (q m (hy sse 14.1 ﬁ’ 0 1.7 5.0 14.1
Anirals killed after 26 wk
Clear-cell foci . -_— | ) § 0 - - 5ee 2
Animals killed-after 52 wk
Clear-cell foci 1 —_— — 8** 0 0o — ~— gee 1]
Basaphilic focl 0 e o 0 0 - — 4 1
Eosinophilic focl 0 -_— — 2 o 0 - -— See o
Necplastic nodule 0 -— - 1 o 0 — — 2 1]
Hepatocellular carcinom 0 — — 1 0 0 -— — 1 0
Cystic prollferation of bile 0 -— — 0 0 0 — —-— 4 0
' Animale found dead or killed in extremis or terminally
No. of rates examined...55 58 56 59 5 57 sa 59 57 4

Clear-cell focl o 21%¢* o 4 24040 22040 Y500t 10
Basophilic focl e 2% 12 0 k x Lo 17 2pees 19
Eosinophillc focl k| 23006 27008 j3eee )) 8 J5ees 20* 9% ¢
Necplastic nodule 0 23%ee 3 2 2604 Joeess L4 2
Hepatocellular carcincm o g 1 0 4 194+ 29%%*
Anglosarome o 27%4¢ 27 0 (1] 2 9
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Table Vi-21 - continued

Proll feration of atyplcal
eimsoidal cells only

Extensive necrosis

Cyets

Liver-cell polymorphiem

Cemtrilotular degeneration

Focal hmewatopoliesis

7 6 6 3
2)%* N 6 1900
lﬁano 3 ”ﬁ.t 41.0.
42%** 3% 51¢ K ;)

| | 2 3
104 8 3 1

CQOosNAN

SSpecific hepatocellular lesions were classified according to Squire & Levitt (1973).

1111: figures of thle group were not evaluated statistically beceuse no corresponding comtrol group was included
n the study. "

$tot. examined.

The initial mwber of anlmals was 60/sex/group. A mwber of rats could not be exssmined becaues of cannibalism
advenced autolyeis.

Values marked with asteriks differ significantly from those of the controls according to the chi-eqare test:
‘I’CO.USI ..m-OI ' ..‘P(OOmlo

Adapted from Feron et al, 1981.
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Table VI-22 Site, Type snd Incidence of Tumors in Organs Other than the Liver in Rate
Exposed Orally to VCM for Over 2 to 5 Yesrs

Incldence of tumours
Males ~ Fumles
l-T g-o l‘ol ﬂ' ﬁ io, 506 l‘ol ﬁ

58 59 57 54
56 55 57 47

S* 23
0 o

Site aml - Treatsant group
type of tumour __ (wg VOM/kg/day)...

Bfﬁe‘:lﬂ no. d mt--oo
No. of rats with prizary tuwours...

58 56 59 5%

50 49 52 44

Langs
Angiocsarcom
Mencms

4* 194k )9
0. 1
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COoOrO0O000W 0O OO
-0 000 OOE

@ Om
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Squasous-cell carcinom
Brain
Grarular-cell myoblastoma
Oligodendrogliom
Plexus paplllom
Gllal-cell tumour
Ependywona
Mesodormal tassour
Pancreas
Adenouarcinom
Thoran
Mesothelicoma
Thyroid
Parafo) Mcular-cell adevoma
Parafollicular—cell carcinom
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Pribrosarcom
Mesenchyml tusour
Skeletal mcle

Fibrom

skin
Suhcountis
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Incldence of Rwours

Males

~ Pamlies

Treatmant group
tamour (mg VOM/kg/dny) 0

1.7

5.0

14.1 50t 0 1.7

14.1

g

Osteaw 1
1 i o
Ear reglon
Adenooarcinom of unknown origin O
Urinary bladder
Unclassified epithelial ismour O
Preputial glands
Squsoue-cell carcinowa 0
Mowary glands
Aenom
PFibroadenaona
Adenocarcinowma
Anaplastic carcinom
Testes
‘Interstitial-cell tumour
Uterus
Adenoarcinom
Malignant fibrosdencomatous tumour
Leiowoes
Cervix
Meserchiymal type of tuour
Adenocarcinom
Ovaries
Theca-cell tuwour
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%A small nmber of primary 1lver timcure unrelated to treatment were found In several groupe. These tuwours we
one Kupffer-cell sarcoma, three reticulum—cell sarcoms, two fibrosarcomas, one hasmanglioendotheliom and one

mesencinmal tumur.

tThe flgures for this group were not evaluated statistically, because no corresponding control group was included

in the study.

$In several cmesas the neplastic chavracter of the lesion wes doutnr ful,

Valuves marked with aateriks differ aiqmltimnuy from those of the controls according to the dhi-sguare tests

*pen 055 **PC0, M **4P 0.0 .
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consecutive hours, and food was withdrawn during the other 20 hours, Oral VCM
exposure levels were 0 (control), 0.014, 0.13 and 1.3 mg VCM/kg bw/day. An

extra control group of 100 rats/sex was housed in a separate room.

Additional groups of 10 male and 10 female Tats, each receiving the same
treatment as the main groups, were used for determinations of glutathione
levels in the liver after 9 and 18 wmonths. Observations were made of general
appearance, mortality, growth, food intake, thrombocyte count, prothrombin
time, glutathione levels in the liver, gross pathology and microscopic
pathology of the liver and of all grossly visible tumors or presumable tumors

in the abdominal cavity, Zymbal gland and the mammary glands,

General health, behavior, body weight and food intake were not adversely
affected by the test substance, In the second half of the experimental
period, mortality in the extra control group was higher than in all other
groups. This was most probably due to a high incidence of chronic respiratoery
disease in the extra control group. In the final stage of the study, the
mortality in the top-dose group was slightly higher than in the lower dose
groups and the controls, Thrombocyte count, prothrombin time and liver

glutathione levels did not show treatment-related differences among the

groups.

A clearly higher incidence of grossly visible, tumorous, liver nodules

wvas found in both males and females of the top-dose group than in any of the




other groups. Moreover, in females of the top-dose group the incidence of

hepatic cysts was considerably higher than in controls.

Microscopic examination of the liver revealed increased incidences of
liver=-cell polymorphism, hepatic c¢ysts, foci of cellular alcerationm,
neoplastic nodules and hepatocellular carcinomas in the top-dose group as
compared to the control group., One mid-dose female had a hepatocellular
carcinoma and neoplastic nodules were found in one low-dose female and in one
mid-dose female. A control female was diagnosed with hepatocellular
carcinoma. A hepatic angiosarcoma was found in one male and two females of
the top-dose group, but ro such tumecrs were encountered in any of the other
groups. The number of animals bearing foci of cellular alteration in the
liver was also statistically significantly increased in females of the
mid-dose group as compared to controls., In addition, in females but not in
males, the incidence of basophilic foci of cellular alteration in the liver
was statistically significantly higher ir both the low=~ and the mid-dose group
than in the control group. Details of the histopathological examination of

liver are in Table VI-23,

There was no evidence of VCM-feeding affecting the incidence of abdominal
mesotheliomas or the type and incidence of mammary gland tumors (Table VI=24).

No Zymbal gland tumor was found.
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Table VI-23 Type and Incidence of Nistopathological Changes in the Liver

Type of clun.n” Incidence of changes
Males Tensles
mg YOU/Ng b.w. /day ng YOU/hg b.v./day
1] 0.0)7 0,17 1.7 [ 0 0.017 0o.1? b.!? o
Bumber of anfaals exsmined 9 1) ”» s oo o8 100 ) 97 ey
L. Foct of cellular alteration
8. clear cell focl
1 one or & few 12 ] 8 Thsa 5 L] 3 ) | [ B LA 1
1 several [+] ] o L] 0 ] 0 .0 fane L]
b, basophilic foct
a L one or o fevw & 1 ) [ o 9 10+ 1680e 988
‘L I1 several 0 0 0 o 0 0 1 0 ? ]
~ c. wined celt foc)
1 one or n fev o 1 ? ? n [ [} 4 L 0
d. eosinophilic focl i
1 one or a few 1 1 2 1 0 0 o i 10sss 2
Ald type of fock: = memeeenomeeo.- e e L DR TS
Total 17 12 15 10 $ 9 LH 34 A1 H
Muaber of foct-
bearing animsln 16 12 13 FaLLL b LA | | 7 11 Jasan Fas
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Table V1-23 - continued

B o
o Type of changes Incldence of changen
g Halen Femalen
g wmg VCH/hg b.w, fday ug VO/kg b.w. /dey
* 0 0,017 0,17 1.7 0 0 0.017 0.7 i.? 0
2, Meoplestic nodules ;
a. one 1] 0 0 1 0 o 1 ] LA LB ]
b. & few 0 o . 0 2 1] ] o 0 1 0
). Mepstocellular carcinoms 0 0 0 I o ] 0 ] | 0
6. Anglosarcoms o 0 o 1 o o o 0 ? 0
5. Liver-cell polymorphias
a. alight 1 k3 26 19 128 &6 (1] 49 ) pL
3 b. moderate . & ? T T 13 ] 118
:g c. severe 1 1 i 3 0 2 1 4 LLLL IS |
&, Prouinent sinuseidel cells
8. slight 1 1 i ;] ] [ L] b} ] [
b. moderate/marked ] ? 1 1. 0 3 L} b} b
T, Cyets
8, onm 3 o ] 1] 1] 3 2 [} 1 1
. 8 few & 4 b & 1 13 11 12 r 100
€. sany 0 0 o 0 1] 3 & L ] inne 1
8. Blle duct proliferstion . »
o. slight ” 76 15 [T TUTR ¥ n 3 1] 14s F4
b. soderate 9 ’ 8 S LT s 10 2 3 ’
c. severe 2 0 0 0 i 1 2 1 1 [}
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Table VI-2} - continued .
Type of changes Incldence of
Halea Feoalen
ng YOM/hg b.w. /dey wg YOU/hg b.v./day
0 0,017 0.17 1.7 0.17 1.7 0
Cholengiof bronia ;
s. slight ) 19" 20 15 57 1% Jaas
b. moderate F & a* 2 [} o 0
Periportal fibrosis
a. slight H 2 3 ] 0 1
5. moderate 2 0 L] [+] 0 0 o
. Periportal/centrolobular
infiltrates of mononuclesr
celle
a. slight 11 10 8 j ) 1 2 4
b. soderste 1 ] 1 L F{
c. severe L] 1 ] 0 o
Focl of AES-cells
occaslonally accompanied
by s fev necrotic
hepatacytes
a. one ot o few ]} 13 17 a2 12 15
b. several ] h | ] 3 0 ) ;
Siight haematopnisrtic ‘:
sctivity 1 9 o 0 3 o o



Table VI-23 - continued

{é)‘ Tepe of changes Inclidence of changers
- Hales Tensles
\Oo ug YOM/hg b.v./day g YOU/hy b.v./day
e 9 0017 oi? 1.7 0 o 007 047 1.7 0
® 14, Simgle cell mecrosis )
s. slight 2 ) 1 0 ) ? ) 1)ae 5* 9
b. soderste/severe 2 1 o o o [ 3 4 ? 2
15. Focsl necrosie
s. slight 1" I 8 &e & ] [ L3 }
b, moderste [ 2 1 4] ] ] 1 b § 0 ]
. severse i 0 0 o 3 0 1 o ]
'?- 16. Centrolobular iiver-cell
g degenrration 1 ] ] 1 1] L] H 2 4] 0
17, Oae or & lev focl of
degenerated hepatocytes 1 o 1% ] 0 1 ? 0 n 0
18, Naemorchagic avess i o 1 0 0 0 0 ] 0 0
19. Pelioales-11ke changes 1] ] 0 H L] 1 0 n 0
10, Swal) granulosa o 0 o [ ] [+] H 0 o L] 1]
. 2. ¥Yacvoliestion of
hepatocytes mainly
n. periportal
i sllight 3 6 1ts 3 ) EL 12 " & LLEL
11 woderane L] 2 3 0 0 * n ]
11T nevere 0 1 1 0 o L] 0 o n n
L : A S S U SENEEAN SN R N L_‘ C3 e .77 o ey oL . )




Table VI-23 - continued

Incldence of changen

Type of changes

Males Feasleo

wg YOU/hg b.w./dsy

wg YOH/4g b.w./day
1.}

0,017 0.17 1.7 0.017 o.1?

b, diflune
I elight
[1 woderstie
115 severe
c. centrolebular
1 slight ]

D Specific hepstocellulnr 1ewtons were clamnilled sccording to Squire and Levite {1913),

AP C0,05; 4% P L0.01; **4 P (0,001, according to the Fishera®' ranct test {one talled).

Adapted from Til et al. 19R8)].
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Table VI-24 Type and Incidence of Tumors nf the Mammary Glanda and Incidences
of Abdominel Merothelloman

Site and type of tumoure Inclidence of tumours
Males Femsles
wp YOU/kg b.v./dey ng YOt/hg b.v./dey
0 0.017 0.17 i.r [ 0 a. 017 0.7 1.7 0

Nember of sniusls enseined 99 ”" 99 sy 100 %8 100 ) L 1]
Heansery glonds
= No of tesowr-bearing

animale ] [ ) 0 b 41 2)84s 184 n 10%es
1. Adenoes

a. single 0 o 0 0 o s s 2 Yy 2

. twr [H] o o ] 1 1 1 0 o
1. istraductal paplllons ] 1] o [+ 0 L] 1] ] 1 1]
3. Fidrosdenons

8. slngle 0 ] 0 0 L] 5 1048 13 16 ] ol

b. two 0 0 [+ 0 o 4 ) 2 2 &

c. sultiple o 0 ) ° 0 ) 1 1 1 1
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Table VI-24 - continued

Stie and type of tumours incldence of rtuwmoure
Males Females
ng YOt/hg b.w./day wg VOU/hg b.v./day
0 0.05? 0,17 i.? 0 0 0.017 6.17 1.7°

4. Fibrowe

s. single & ] H n b ] [}

». tvo 0 1] 1 1] Li] 0 0 o

c. suitiple 1] )] | 1) 1] n ] 0 o
5. Adenccarcinoma

a. single 0 1 ¢ 0 0 )| o $

b. two 1 0 0 0 U] [ 0 2 0
Abdomer.
1. Menothelioma 0 1 2 ] L] )] 2 H ]

P C0.03; 4P CD.01; **4 P C 0001, according to the Fiahern' exact tent (one tafled)

Adapted from Til et al, 1983,




VII. HUMAN REALTH EFFECTS

A. Nen-Carcinogenic Effects

Vinyl chloride can produce a number of pathological consequences in
humans in addition to its carcinogenic effect. These effects can be caused bv
acute or chronic exposure to vinyl chloride. Unfortunately, data regarding
dose~response relationships in humans are very scarce because fewv air
measurements of vinyl chloride in the work environmental of wvinyl chleride
manufacturing and polyvmerization plants vere made before 1975 (Mancusc 1975).

According to OSHA (39 Federal Regiscer 123:2, April 5, 1974), several

facilities revealed vinyl chloride concentrations for some job classifications
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
may be high because the method of quantification measured total halogens
rather than vinvl chloride alone. Nicholson et al. (1975) reported that vinyl
chloride in polymerization reactors may often have exceeded 1,000 ppm and
occasionally may have approached 10,000 ppm before OSHA standards were
instituted. At these levels, workers experienced dizziness, headaches and/or

euphoria during vork periods.

Several instances of acute exposure have occurred in vinyl chloride
plants. Deaths of two Canadian wvorkers following acute exposures to vinyl
chloride gas were reported by Danziger in 1960. At autopsy, there wvas
congestion of the liver, spleen and kidnevs. In another srudy reported by

Suciu et al, (1975), exposure of workers to high concentrations of vinyl

vII-1
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chloride produced euphoria, intoxication and narcosis. In this study, the
investigators found a dose-response relationship for acute and subacute cases
of "occupational disease"” from air concentrations ranging from 2,298 mg/m3

(about 900 ppm) to about 100 mg/m3 (about 40 ppm).

In another investigation, Spirtas et al. (1975) conducted a survey of 200
vinyl chloride workers and 89 rubber plant workers (controls) in which
infornation was sought on the frequency of eight symptoms, including
dizziness, loss of consciousness, headaches, etc. The vinyl chloride workers
wvere categoriec into low and high exposure groups. Decause the exposure limits
had been markedly decreased a short time before rhe survey, the high exposure
group consisted of workers whe wvere exposed to vinyl chloride concentrations
of over 200 ppz before the standard, and 20 to 30 ppe subsequently. The low
exposure group consisted of workers who were exposed to 0 to 50 ppm before the
standard and 0 to 10 ppr subsequent to it. Examination of the differences
ampong the three groups indicated a statistically significant dose-response
relationship for five of the eight symptoms (i.e., frequency of symptoms in
the high exposure group > low exposure group > rubber workers), and a similar
but non-sgignificant trend in two of the remaining symptom categories. Thus,
there appears to be a dose~response relationship between certain acute
symptons (predominantly neurological) and level of vinyl chloride exposure.
The data alsc suggest that vinyl chloride levels belov 50 ppm can produce

health effects.

The earliest reports of hepatotoxicity in vinyl chloride workers were

noted by Tribukh et al. (1949); hovever, the effects wvere attributed to

VII-2 SL 109053



plasticizers added in the manufacturing process. The observed concentrationms
of vinyl chloride ranged from 1 to 470 ppm. Since that time, impaired liver
function has been noted by other investigators (Marstellar et al. 1975, Lilie

et al. 1975, Popper and Thomas 1975, Jaeger 1975).

Another effect from chroniec vinyl chloride exposure is a condition known
as acroosteolysis, which involves bone lesions in the distal phalanges of the
hands and feet and scleroderma-like skin lesions. Also associated with this
condition are Ravnaud's syndrome, psevdoclubbing of fingers, and numerous
other symptoms. Many cases of acroosteolysis have been reported and character-
ized and most involve autoclave workers in vinyl chloride plants (Wilson et

al. 1967, Dinman et al 1971, Harris and Adams 1967, Lilis et al. 1975).

Other long-term effects induced by vinyl chloride are disturbances of the
central nervous system, pulmonary insufficiency, cardiovascular manifestations
and several gastrointestinal symptoms (Miller et al. 1975, Suciu er al. 1973).
Tnese and other vinyl chloride-induced health effects are reviewed in the New
York Academy of Sciences report "Toxicity of Vinyl Chloride-Polyvinyl

Chloride” (Selikoff and Hammond 1975).

Reproductive effects have also been noted. According to a study by
Infante (Infante 1976, Infante et al. 1976a), the incidence of birth defects
for three small comunities in Ohio in which vinyl chloride polymerization
plants are located was significantly higher (P<0.00l!) than that in either the
counties in which these communities are located or the State of Ohio.

Significant excesses were observed for clubfoot and defects of the central

V1i-3
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nervous system, upper alimentary tract and genital organs, A follow=up study
by Edmonds et al. (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
2 significant excess fetal less (P<0.05) in wives whose husbands were vinyl
chloride polymerization workers compared to controls (wives of polyvinyl
chloride fabrication and rubber workers). The Infante studies suggest an
association berween vinyl chloride and birth defects/fetal loss, but they are
not vet suppo-ted by animal data. Hateh et al. (1981) examined the
statistical analveis (chi-square) used in the Infante (1976a, 1976b) work ané
concluded that the difference in fetal loss reported as statistically
significant by Infante (1976a, 1976b) was not statistically significant;

Hatch et al. (1981 also concluded that the statistical test used was of
rather low power, and that a negstive finding with this analysis does not rule

out a possible moderate effect.

Cytogenic studies have also been conducted. Picciano et al. (1977)
reported no statistically significant differences in chromatid and chromosome
aberrations or proportion of abncrmal cells, in a group of 209 vinyl chloride
exposed workers. These workers vere exposed for periods ranging from 1 to 332
months to time-wveighted average (TWA) levels of vinyl chloride ranging from
0.13 to 15.2 ppm. Killian et al. (1975) also reported a lack of evidence for
excess chromosome breakage in a population of vinyl chloride exposed workers.
In contrast, Ducatman et al. (1975) and Purchase et al. (1975) reported an
increased incidence of chromosome breakage among vinyl chloride exposed

vorkers.

VIi=-4
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Hansteen et al. (1978) and Anderson et al. (1981, 1980) showed that

chromosome aberration frequencies in cultured lymphocytes from workers exposed
to vinyl chloride returned to levels in the normal control range after a
period without exposure to vinyl chloride or after a reduction in vinyl

chloride exposure levels.

Heath et al. (1977) examined cytogenic effects in three groups of
industrial werkers: PVC polymerization workers (presumed high exposure), PVC
processing workers (presumed low exposure) and rubber and tire manufacture
workers (presumed negiigible exposure)., Actual vinyl chloride levels were not
measured, Chromosome breakage in all three groups was significantly greater
than in non-industrial controls, and overall breakage levels were similar in
all three groups. The authors concluded that other agents in additien to
vinyl chloride may cause cytogenic damage in workers emploved in the

rubber/plastics industry,

B. Carcinogenic Effects

The primary effect associated with vinyl chloride exposure in man is an
increased risk of cancer in several organ systems including angiosarcoma of
the liver. Human data have been obtained primarily from occupational exposure

of workers to vinyl chloride,
Epidemiologic studies of vinyl chloride exposed workers have focused on

cases of angiosarcoma of the liver, a type of cancer which occurs infrequently

VII-$
gL 10905¢

v

L=

I S W




in the generzl population, about 25-30 cases per vear in the United States

(Heath et al. 1975). Because of irs rare occurrence, it is possible te infer

a causal relationship between exposure to vinyl chloride and the development
of this tumer, The epidemiologic evidence linking vinyl chloride to other

tvpes of cancerts is more tenuous,

The first study associating vinyl chloride exposure in humans with cancer
was conducted by Creech and Johnson, 1974. Three cases of angiosarcoma in
workers at a polvmerization plant in lLouisville, Kentucky, were described.

The retaining portion cf this section describes some ¢f the epidemiologic

stucdies linking vinyl chloride with angiosarcoma zné other types of cancer.

Tebershav and Gaffey (1974) conducted a mortality study of vinyl chloride
workers, Mortality calculations included only these workers who could be
traced, i.e., 7,128 of 8,384 vorkers, These individuals were from 33
difference facilities and all had been exposed te vinyl chloride for at least
one year. The mean emplovment duration for the group of workers under study
wvas B0 months. Among the workers, there were 854 with exposures of 20 years

or longer and 1,640 exposed 15 or more years.

The overall mortality rate among vinyl chloride workers was found to be
lower, i.e., 75 percent of the expected rate compared to the general male U.S.
population. The favorable overall mortality rate is a phenomenon commonly
observed in working populations. Standardized mortality ratios (the ratio of

the number of observed deaths in the study population to the number of deaths




expected in a comparable population) for malignant neoplasms increased with
increasing exposure level and/or longer duration., In the group identified as
the high exposure group, there were increases in liver cancer (primarily

angiosarcoma), respiratory system cancer and brain cancer, These differences

were not statistically significant,

Dow Chemical Co. (Holder 1974) conducted a mortality stuly of 594 workers
exposed to vinvl chloride in a single plant between 1942 and 1960, Workers
vere assigned to exposure groups btased on the highest level of exposure for at
least one month (low group - TWA less than 25 ppm vinvl chloride, intermediate
- 25 to 200 ppm TWA, high - 200 to 300 ppm TWA). Also included in the high
group vere vorkers normally exposed to 25 to 200 ppm TWA who were also
frequently exposed to excursions ef 1,000 ppm., Total mortality was 9. percent
of expected among the vinyl chloride exposed workers. No deaths due to liver
cancer were reported, and only 13 cases of neoplasms were reported as opposed
to 15.4 expected. Nine of these malignancies occurrec in the high exposure
group, as coxmpared to 5.1 expected (the author stated that due to the small
number of deaths, this difference was not tested for significance). Eight of

these malignancies were in workers with 15 or more years of exposure,

Monson et al. (1975) conducted a proportional mortality study of workers
from two vinyl chloride plants who died betwveen 1947 and 1973. Death
certificates were obtained for 142 of 161 vorkers (882) 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
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cancers of the liver and biljary tract was noted (five sngiosarcomas).

Excluding angiosarcoma, a 275 percent excess in the number of cancers was
observed. Twvo brair tumors (320 percent excess) and 13 lung cancers (60
percent excess) were observed. In addition, the oversll cancer death rate

increased during the period.

Nicholson et al. (1975) studied a group of 257 workers (of whom 255 were
traced) expcsed ro vinyl chloride for at least five years subsequent to 1946,
Their mortzlity status was evaluatecd beginning ten vears after the start of
emplovment until 1974, Exposures were estimated to oftern exceed 10,000 pprx.
Arong the 24 deaths were three cases of angiosarcoma of the liver. Preliri-
nary 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 vas statistically significant,

The National Institute for Occupaticnal Safery and Health (NIOSH) conducted
a study which involved 1,294 individuals who were exposed to vinyl chloride
for at least five yaars, and for vhom at least ten years had elapsed since
initial employment. A total of 136 deaths wvas reported versus 126.3 expected
(not a significant difference). A 49 percent increase over the expected number
of cancer deaths was noted, a statistically significant factor. A statistically
significant excess number of deaths occurred for brain and CNS cancer, respira-

tory system cancer, and biliarv and liver cancer (Waxveiler et al. 1976).

Ott et al. (1975) reexamined much of the mortality data reported by

Tabershaw and Caffey (1974) and included more clearly defined exposure levels

VIii-8
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and follow-up of former company employees. The basic findings remain unchanged;

no increase over expected in malignant neoplasms was found in the lowv exposure

group (TWA frem 10 to 100 ppm) and an increase in deaths due to malignant

neoplasms was observed in the high exposure group (TWA of greater than 200 ppr).

Chiazze et al. (1977) reported a cross-sectional mortality study of 4,341
employees from 17 PVC plants who died between 1964 and 1973, The exposed
employee population was compared with the entire U.S. population, specific for
color and sex and adjusted for age. No angiosarcoma deaths were identified.
Total cancer deaths increased in white emplovees (especially due to cancer of
the digestive system). In white women employees, deaths from cancer of che

breast and urinary organs were greater than expected. In a follow=up case-

contrel analvsis of breast cancer deaths among PVC fabricators, as an extension

of their 1977 study, Chiazze et al. (1980) found no statistically significarc
relative risks for breast cancer in PVC fabricators and concluded that very

large increases in risk for breast cancer ¢id not exist among these workers.

In contrast, in a mortality sctudy of 7,000 Brirish workers axposed to
vinyl chloride between 1940 and 1974, the investigators found no evidence of
increased cancer mortality other than from liver cancer. In this study, four
cases of malignant liver tumor were diagnosed, and two of these were confirmed
as angiosarcoma. Both cases were in men exposed to high levels of vinyl

chloride (Fox and Collier 1977).

In addicion, Byren et al. (1976) traced 750 of 771 Swedish vinyl chloride

plant workers., A four- to five-fold increase over expected in pancreas and

VII-9
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liver tumors was found, and two cases werte Clagnosed as angiosarcoma., The

numbers nf other tumors did not deviate significantly from expected.

Ter cases of hepatic angiosarcoma were found among the relatively small

work force empleved st a vinyl chleride peclymerizatiorn plant in Quebec. This
is the largest number of cases to be diagnosed in a single plant (Makk er al.
1976). As a resulr, Delorme and Theriaulr (1978) retrieved more detailed
information on these emplovees. The authors suggest that the cases of hepatic
angiosarcozz appezr tc be associated with high vinvl chloride exposure ievels
ard overtime work hours. XNo correlation was found between occurrence of this

tumor and alcohol consumption or cigarette smoking.

In werkers engaged in the polymerization of vinyl chloride who wvere
studiec¢ by Popper and Thomas (1975), the characteristic hepatic fibrosis
present in gll cases of angiosarcoma. Although the relation of fibrotic
lesions to the development of angiosarcomz requires further study, a
transition from the fibrotic stage te angiosarcoma is suggested by the focal
proliferation of the sinuscidal lining cells and of the hepatocytes that are
seen in the fibrotic stage, but wvhich becomes even more pronounced in the
initial stages of angiosarcoma development. These findings suggest that the
fibrotic lesions without angiosarcomas, frequently observed in workers to
exposed to vinyl chloride (Lilis et al, 1975), might be the prestage of
developing neoplastic lesions. The diagnosis of the fibrotic lesions in these
wvorkers may imply a longer latency period for tumor initiation based on a

lover exposure level. The series of changes observed in the liver appear to
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represent a multi-centric development of angiosarcoma and are similar to the

changes induced by Thorotrast and inorganic arsenicals (Berk et al. 197¢),

in the most recent update of the NIOSH register (Spirtas and Kaminsski
1978) a total of 64 cases of hepatic angiosarcoms have been identified
worldwide ameng vinyl chloride-exposed industrial workers. A listing of all
documented cases by country is presented in Table VII-1. The number of cases
per vear 1s depicted in Figure V1I~1., Of the 64 cases, 23 have been reported
in the United States., Thke authors reported that both the age at diagrosis ané
the latency period for cancer induction appear to be increasing. They
suggested three explanations for these phenomena: (1) early cases may have
heavier exposures, (2) the initial cases represented more biologically
susceptible individuals and (3) random fluctuation, 1f the trend of ipcreased
age at diagnosis and the longer latent period for hepatic angiosarcoma
induction are indeed related to lowver levels of occuparional exposure, then
the latent period for cancer induction as a result of these low levels of
exposure may be longer than previously anticipated, i.e., it would be many

vears before the ultimate outcome of these exposures will be known.

It has been hypothesized that inhalation of low levels of vinyl chloride
by the general public in the vicinity of vinyl chloride/PVC manufacturing
plants could be responsible for an increased risk of developing angiosarcoma
of the liver. Brady et al. (1977) examined annual rates of hepatic
angiosarcoma from 1970 through 1975 in residents of the State of Nev York
(excluding New York City). Exposures to arsenic, vinyl chloride or thorium

dioxide vere suggested as significant factors in the etiology of these tumors.
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Table VII-1 Angiosarcoma of the Liver in Vinyl Chloride/PVC Worker
lat VC Years from Total Date
Case Pirth of PVC Diagnosis of Age at lst Exposure Yearw of of

Country No. Date Exposure Angiosarcoms Diagnosis  to Dagnosis Exposure Death
Belglum oL 00-00-00 _ 00-00-00 00-00-00 00 v- 00 00 06-29-76
Canada o1*  12-15-13 00-00-44  00-00-55 41 1. “{,11 11 09-02-55
Canada 02* 03-06-14 .; 00-00-43°  00-00-57 43 14 14 12-21-55
Canada 03* 00-26-19  00-00-41 00-00-62 42 N | O 20 03-22-62
Canada o4* 04-05-19  00-00-45 00-00-67 49 22 22 01-21-68
Canada 05* 05-07-11 ., 00-00-44 00-00-68 57 24 05 07-05%-68
Canada 06 12-15-19 _, 00-00-47 00-00-71 51 y 1) p k) 04-10-71
Camada 07* 11-09-19 -, 00-00-46 00-00-72 53 26 25 12-24-72
Canada 08  05-13-20 : 00-00-61  00-00-73 53 12 05 06-12-73
m 09 07-19-21 .° 00-00-46 00-00-74 53 20 26 09-04~74
10 05-16-1% . 00-00-53 00-00-76 61 - 23 14 04-00-T7
Zud’:oolo'mkh 01* 00-00-28 . 00-00-57 00-00-73 46 16 16 00-00-74
lonkia 02* 00-00-26 00-00-51 00-00-66 2 1% 15 00-00-66
Ped Rep Gormanyy  01* 06-04-30 10-01-56  09-19-68 K ;| 12 12 01-25-69
Ped Rep Gormany  02* 07-26-31 10-14-57  09-25-70 19 © 13 12 12-14-T1

FPed Rep GQenmary D4 09-04-30 04-16-57 00-00-74 44 17 17 11-25-74

Fed Rep Ganmiy 05¢ 01-01-32 12-16-62 00-00-75% 43 13 12 01-09-7%
Ped Rep Garmanyy - 07* 09-29-26 04-15-54 00-00-75 49 21 12 11-13~-75
Fel Rep Garrary 08* . 10~-19-17 . 04-19-54 00-00-7% 58 22 21 12-25-15

Fed Rep Garmany  09° 12-13-34 . 12-02-59 06-16-76 42 17 15 Alive
Pod Rep Garmary 10* ©07-25-29 . 10-10-55 06-28-17 47 22 22 06-28-77
Fed Rep Garmary  11* 12~29-36 , 01-02-61  00-00-77 41 16 10 03-07-77
France 01* 04-15-24 01-00-46 02-10-67 43 21 19 02-19-67
Franoe 02 06-03-11 . . 07-06-59 01-08-75% 6] 15 12 01-24~75
Prance g3* 00-00-19 00-00-46 01-00-75 55 9 2 06~-29-715
Franoe 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 30 11 10 05-13-76
Franoa 06* 04-14-34 ° 00-00-58 09-00-76 42 18 17 09-12-76
France 07 00-00-27 07-01-50 07-00-76 49 26 23 07-02-76
Franoe 00* 04-01-34 05-23-57 12-03-76 A2 19 19 01-30-77
Great Britain oL* 04-20-01 ",_ 00-00-44 12-00-72 T 28 22 12-00-72
Great Britain o3 06-02-37 . 02-00-66 12-00-74 » o9 04 12-24-74
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Tahle VI-1 - cont inued

Ist W Yearse from Total Date
Case Birth of PVC Diagnosis of 1st Exposure Yeurs of ot
Country No. Date Exposure Anglosarcom Diagnosis to Diagnosis Exposuxe Death
Italy 02* 11-1329 00-00-57 12-13-72 43 15 06 12-00-7T2
Italy 03* 03-14-20 00-00-5) 07-10-75 55 2 21 07-10-T75
Japan 1) | 08-01-22 04-00-5) 08-21-74 52 22 22 10-24~-75
Horway o1* 12-23-15% 03-00-50 = °‘12-20-71 56 22 21 01-04-T72
Sweden 01* 06~23-27 00-14-51. 08-00-74 43 19 18 10-20-70
Sweden 03* 06~10-10 05-00-47 03-19-76 €5 .. 29 21 0)-19-7¢
Sweden 04* 11-16-14 00-00-46 05-12-77 62 31 3 05-12-T7
U.8.A. o1* 10-17-23 12-09-40 03-0»13 49 w24 21 03-03-7)
U.5.A. 02¢ 08-19-33 11-15-55 05-00-70 n 14 1) 09-28-71
U.S.A. 03* (05-25-15 11-20-45 12-19-73 58 . | 28 12-19-73
U.B.A. 04* 01-15-24 07-06-52 08-19-67 4) 15 15 01-07-68
U.B.A. 05¢ 01-25-12 06~-19-44 04-09-64 52 20 20 04-09-64
U.8.A. 06* 11-23-20 01-17-62 02-00-74 46 12 12 07-24-T%
U.B.A. 07* 05-03-22 08-27-44 00-00-68 45 24 17 " 03-23-68
U.S.A. 0g* 05-06-20 10-07-46 08-00-61 41 13 13 00-29-61
U.8.A. 9% 11-08-31 05-28-45 03-01-74 43 2 24 03-00-T3
U.8.A. 16* 08-16-1) 06-12-51 05-00-68 ° 55 17 17 05-10-68
U.5.A. 11* 05-27-09 10-14-46 03-00-70 61 23 2] , 03-16-70
U.8.A. 12¢ 11-17-18 09-13-49 05-02-69 50 p. 19 05-02-69
U.8.A. 13* 12-01-21 12-11-42 05-00-74 52 32 26 07-04-74
U.8.A. 16* 11-04-27 05-08-50 00-00-69 41 19 04 03-27-69
U.S5.A. 17* 05-06-31 06-23-55 10-11-74 4] 19 19 Alive
U.8.A. " 18* 04-22-28 09-15-54 00-00-75 46 21 11 11-02-75%
U.S.A. 19* 00-00-1% 00-00-43 06-19-715% 60 2 22 04-06-76
U.B.A. 20* 08-31-17 00-00-55 01-30-76 58 21 18 01-30-77
U.S.A. 21* 09-02-09 12-00-46 00-00-77 67 K | 21 01-02-77
U.8.A. 22¢ 10-02-23) 07-11-47 01-00-76 52 29 28 12-04-76
U.B.A. 23 00-00-23 09-00-58 04-06-73 50 % 14 04-06~73
U.8.A. 24* 05-07-17 00-00-39 05-27-77 60 3 26 05-27-T7
U.S.A. 25* 08-07-10 02-00-47 0310-77 67 0 20 03-10-77
Yugoslavia o1* 04-05-14 00-00-513 04-00-7) 59 20 20 04-08-73
Yugoslavia 02+ 11-15-31 00-00-50 07-12-73 42 y &) 10 07-12-71)
Total Reported
Casen 64

] r
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Figure VII-1 Number of Cases of Vinyl Chloride/PVC Related Angiosartomas Reportel te
NIOSH by Year of Diagnosis (Representing onlv 63 of the 64 Cases Known
ro NIOSH Sinece Information on Diagnosis 1s Missing for One Case

{‘-—«

-
L_ Adapted from Spirtas and Karineki 1978,
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Direct exposure to these agents could not be demonstrated in 19 of the 26
study cases, Five 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 occupation, might be

important in the etiolegv of this disorder" (Brady et al. 1971).

Falk et al. (1981) described a nationwide survey of hepatic angiosarcoma
in the United States from 1964 to 1974 which identified 16R cases., Of these,
42 cases were associated with known etiologic factors ineluding exposure te
vinyl chloride, use of thorotrast, exposure to inorganic arsenic and treatmernt
vith androgenic-anabolic steriods. The recaining cases were of uncertain
etiology. The authors concluded that hepatic angicsarcema most often affects
males, peaks in the sixth and seventh decades of life, and appears to occur
more often in industrial areas of the Northeast and Midwest. These authors

also noted a high relative risk for PVC polymerization workers.

IARC (1979) examined the available data on humans and concluded that
exposure to vinyl chloride results in an increased carcinogenic risk to
humans. The organ systems most likely to be affected were the liver, brain,

lung and hemato~ and lymphopoietic systems.
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V1II. MECHANISMS OF TOXICITY

The mechanisms by which vinyl chloride causes non-carcinogenic injury are
unknown, It is theorized that the toxicity of this compound is attributable
to its enzymstic oxidation to reactive polar metabolites, possible

chloroethylene oxide or chlorcacetaldehyde (see Pharmscokinetics section).

Vlard et al, (1976) hvpothesized that an immunclogical mechenism is
respensible for the non-tarcinogenic pathological effects of vinvl chleride
exposure. According to this model, a metabolite of vinyl chloride binds to

plasma protein, producing an antibody response. The antigern and resulting

immunoglobulin interact to produce a soluble complex which causes vascular

occlusion, platelet aggregation and other adverse effects vhich explain the
observed svmptoms of the disease. An investigation of workers with "vinyl
chloride disezse" showed the presence of circulating immune complexes in 19
28 patients, Abnormzlities were alsc detected in some workers exposed to

vinvl chloride who had few or no overt clinical signs,

Over the past several decades, scientists have undertaken considerable
research in an effort to establish the mechanisn(s) by which chemical
substances cause their carcinogenic effects. The somatic cell mutatien theory
of carcinogenicity suggests that for a carcinogenic response to occur, an
irreversible change must occur in the cell which results in proliferation of a
neoplasm. This change reflects a mutational event in the DNA of that cell,

suggesting that the chemical carcinogen must interact directly with or




othervige alter the DNA to initiaste the change. In recent years, however,
some substances have been shown to be carcinogenic, but by mechanisams with no
apparent direct interaction with or alteration of the DNA of the cell by the
substance. Presumably, these compounds are not capable of initiating the
alteration of a normal cell to a neoplastic one, but can facilitate expression
of neoplastic response in latent cells. Carcinogens now are often classified

into two broad categories: genotoxic and epigenetic or nongenotoxic,

The mechanism by which a compound causes its carcinogenic effect can rarelv

be determined by the chronic testing of whole animals, as in the NTP biocassay.
Thus, a large number of short-term in vitro and in vivo assay systems have
been devéloped for the purpose of elucidating mechanisms. Since most of the
ir vitTo testing systems measure mutational events, and many carcinogens are
wutagens, it is suggested that positive results in certain of these test
svstems indicare genotoxicity. The decision as to whether a substance is
genotoxic may be made qualitatively on the basis of several criteria: (l) a
reliable, positive demonstration of genotoxicity in appropriate prokaryotic
and eukaryotic systems in vitro, (2) studies on binding to DNA and (3)
evidence of biochemical or bilologic consequences of DNA damage (Weisburger and

Williams 1981).

No single test system appears capable of identifying all carcinogens that
are genotoxic. Therefore, a number of scientists have proposed testing
batteries such that the results from each test within the battery, vhen

evaluated in conjunction with the others, will enable researchers to determine
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the mechanisw of carcinogenicity of a particular compound. Vinyl chloride has
not been systematically studied in any specific battery of tests, but has been
evalusted in a number of test systems that hzve been proposed for inclusion in
one or more batteries, Table VIII-] summarizes some of the mutagenicity
studies on vinyl chloride which have demonstrated the chemical's genotoxic
potential. The studies have been divided according tc the three criteria for

genotoxicity (Weisburger and Williams 1981) outlined above.

Considering all of the date on vinvl chloride, it is probable that vinyl

chloride exerts its carcinogenicity through genotexic mechanisms.
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Table VIII-1}

Results

A Mssay systam

Fasults

In Vitro profanyotic et edaryotic systas®

Eacherichia cold K12
HHoausotrephic strain

[

”

Gern calls of Drescchilla
Chinsse hamwter V79 calls

B. mmm—

Mouse tissues (brain, Ly,

liver, xidney, spleen,
parcTeas art! testas) in
vitro

Rat liver adcroscmes,
reconstitited cytochrome
P=450 system ard isclated
hepatocytas Y,

Rat liver micrescmes with
KADPH :

+
(Irreversible
Hrdting to R
and DNA)

+*
(Irreversidble

Hirdim to
grotain and DNA)

+

(Alkylation

of RQ)

f Vinyl Chloride Mutagenicicy Studies

Referwrces

hrtﬂhltllu 1975

famnx; ot al, 1974
Garro ¢ a1, 1976

G!‘ill!&;g&fl 1975

Verburgt and Vogel, 1977
Buberman et al., 1975

Laih ard Holt, 1977

C. Blochemical or biolegic consequences of DN\ dammce

Bone marrow cells of
rats (in vivo)

Cultired

peripheral )
cytes in tumns (vinyl
chieride exxsed workers)

SL 109070

+

VIII-4

Arderncn arf Richardson,

(Chromcscame 1976
&arage )
+* Basler ard! Rohrborn, 1960
(Chroceas
aberratices and
sister-chiromtid-
axchances)
-+
(Cromscml) Purchase et al., 1978
abrormlities) Purchase et al., 1975

Ducatnnn.ss_zg;, 1975

1




r— ¢ 7/ M

-
i

APPENDIX 1

UNIT RISK ASSESEMENT FTOR VINYL CHLORIDE

The data used tc estimate z unit risk for oral exposure to vinyl chloride
are based on the Feron er al, (198l1) study. The statistically significant
increases reported for liver and lung tumors were considered biologicallw
significant, TFor the liver tumors, neorlastic nocdules were ccneidered &
progression toward hepetocellular carcinozas, and these are included in the
gralvsis in Tahles 1 and I, Extrapclations using the linearized multistage

2

model show values of qi for the individual tumors ranging from 8.8 x 10 ° to

1.3 x 10"} for the males srd from 5.8 x 1072 to 1.3 for the females. The

value of qf based on males was 3.0 x 10“I for liver tumors and 2.9 x 10“1
based on all tumors combined. For the females the value of qi based on liver
tumors was 1.% 2nd for all tumors combined was 2.3, All units of q? are per

ng/kg/day.

Before proceeding with the unit risk estimates an explanation of the
total tumor counts in Tables 1 and 2 is necessary. For the liver all animals
with hepatocellular carcinomas were assumed to also have the neoplastic
nodules. Thus, only the neoplastic nodules and liver angiosarcomas were added
to derive the total liver tumors. Otherwise, the totals would have exceeded
the number of animals examined. Also, in adding the lung and liver tumors,

the totals were not allowed to exceed one less than the number examined. The
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Table 1
Changes in the Liver and Lung of Male Wistar Rats Exposed to VCM in

Type and Incidence of Statistically Significant Treatment-Releated

the Diet, Values of q% and Concentration from Multistage
Extrapointion Model Included
Treatment group 951 lower-limit concentratio
(mg/kg/day) qla associated with risk (ug/L)
0 1.7 5.0 141  (mg/kg/day)”’ TR T A
Number of rats examined® 55 58 56 59
Liver
Neoplastic nodules 0 1 7 23 2.1 x 107! 16.7 1.7 0.2
Hepatocellular carcinomas 1] 1 2 8 8.8 x 10-2 39.8 4.0 0.4
Angliosarcomas 0 0 6 27 1.3 x 10‘-l 27.0 2.7 0.3
Total liver tumors’ o 2 13 50 3.0 x 107! 1.7 1.2 0.1
Lung
Anglosarcomas 0 0 4 19 1.1 x 107" 3.8 3.2 0.3
Total animal with tumors® o 2 17 58 2.9 x 107" 121 1.2 0.1
:Hu-an equivalent q*% = q* (a) (M_/w )1,3 in (nglkg!day)-l.

Concentration in ug/L = ( 35, 00B/q®

/q®
Found dead or killed in extremis o

) In{1-R).
% terminally.

Suu of neoplastic nodules and liver angiosarcomas.
®Total must be at least lens than total examined.
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Table 2 Type and Incidence of Statistically Significant Treatment-Related Changes
in the Liver and Lung of Female Wistar Rats Exposed to VCM in the Diet. Values
of q} and Concentration from Multistage Fxtrapolation Mode! Included

Treatment group a 95% Jower-limit concentratiog
(mg/kg/day) qT y associf:ed vitESrisk (f%/L)
¢ 1.7 5.0 14.1 (mg/kg/day) 1o 10 10

Number of rate examined 58 59 57

Liver
Neoplastic nodules
Hepatocellular carcinomas
Angiosarcomas

Total liver tumors

Lung
Anglosarcomas

Total aniwmal with tu-orse

Human equivalent q* = q* (a) (M /U )1/3 in (nglkglday)-!
Concentration in ug/L = ( 35 Oohlq YIn(1-R).
Found dead or killed in extremis or terminally.

Sum of neoplastic nodules and liver angiosarcomas.
Total must be at least less than total examined.



result of this latter restriction was to raise the value of qf slightly due to
increased variance., In fitting the response data in Tables | and 2 with the
human equivalent dosages, the human equivalent dosages were derived by
dividing the corresponding animal dosages by (Uhlw.)lla. The human weight
(wh) vas assumed to be 70 kg; the male rats were estimated to weight 350 g and
the female rats vere estimated to weigh 200 g (Figure 1). Thus, the corres=-

ponding human equivalent dosages were 0, 0,29, 0.85, and 2.4]1 mg/kg/day based

on the male rats, and 0, 0.24, 0.71 and 2 mg/kg/day based on the femgle rats.

When the response and human equivalent dose data were fit to the
linearized multistage model, the 95 upper limit on the largest linear term

(Table 2) was:
qt = 2,3 (mg/kg/day)—l

To derive an estimate of the 952 lower level of concentration, d,

corresponding to a 957 upper level of risk, R, the following equation is used:

q*d

R= l-e 1

where d is the lover limit on dose in mg/kg/day. To solve for d in ug/L, we

use the transformation

1 mg/kg/day x (70 kg/2 L) x 1,000 ug/mg = 35,000 ug/L

4
5, 10907 Al-4
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Mean bedy walghl g

1 A 1 1 . J
20 40 &0 B0 1O0 120 14D 160

Duration of experiment, wk

% The weight curves of the rats receiving 0, 1.7, 5.0 or 14.1 mg
VCM/kg body weight/dsy from the 10X PVC diets fed for four hours

each davy all lie within the shaded area.

Adapted from Feron et al. 1981.

Figure 1 Average Body Weights of the Extra Controls Fed the
10%~PVC Diet Ad Libitum (-) and of the Rats Giyen
300 mg VCM/kg Body Weight in 01l by Gavage




If we set R = 10°° then
d = (-35,000/q%) In (1-10"%) (ug/L).

For the highest value of q? = 2.3 (lllg/lr.g/c:lay)"1 (Table 2), setting R = 1070
yields a value of d = 0,15 ug/L. Setting R = 104 or 1078 yields values of d

= 1,5 yg/L and d = 0.015 ug/L, respectively.

For comparison purposes only wve compare the potency of vinyl chloride by
the diet versus the inhalation routes. A previous memo wve gent you estimated
the 95% upper limit of potency for VCM as q? = 1.7 x 10-2 (tng/kg/clay)-l based
on an inhalation study showing angilosarcomas and other tumors in rats. That
potency estimate was derived for water quality criterion purposes. In that
document an inhalation to ingestion by gavage relationship of 1 ppm inhaled =
2.28 mg/kg/day ingested was derived for 200 g rats based on VCM uptake study,
Without that adjustment for route differences, a direct transformation based
on a 70 kg human breathing 20 m3/day would have yielded a 1 ppm inhaled =
0.76 mg/kg/day relationship and a qt = 5,2 x 10-2 mg/kg/day, scill 44 times

less than the estimate from the diet study.

In summary, the VCM potency estimates are reported in Table 3.

qg“\(’ Al=6
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Table 3 VCM Potency Estimates

95% lower limit concentration

Route Potency associsted with risk (ug/L)

;- q‘{(mg/kg/day)-1 107¢ 107° 1078
‘ Oral

\ Based on .

/ diet study 2.3 1.5 0.15 0.015

Based on -2
J_ inhalation study 1.7 x 10 290 20.0 2.0
i Inhalation
- Based on -2

_ inhalation study 5.2 x 10 67.3 6.7 0.7
L
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