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]
I. ~SUMMARY ‘Ii
' ~
Almost seven billion pounds of vinyl chleride are produced in the United !
States annually. Most emissions into the environment originate from R
manufacturing plants which use the compound for the production of pelyvinyl

chloride resins. The predominant route of exposure to the public living near

these plants is through inhalation, while the principal source of vinyl !

| N—,

chloride exposure for most Americans is probably from polyvinyl chloride food

containers. This source contributes approxizately ! ppb vinvl chloride to the

-

diet. Vinyl chloride has also been feund in drinking wacer. Three national

L

surveys have demonstrated the presence ¢f vinyl chloride at

very low levels (ug/L range) in a szall nuzber of drinking water supplies. -

Upon ingestion, vinyl chloride is rapidly zbscrbed from che
gastrointestinal tract and is distribucted to the liver and other organs,
Several pathwavs mavy be involved im vinv! chloride merabolism, which oceurs
primarily in the liver. The toxicity of viayl chloride zppears to be R

attributable to its enzymatic conversion to reactive polar metabolites such as

)

chloroacetaldehyde or chlorcethylene oxide. Several of these suspected

L

metabolites are mutagenic, but vinyl chloride itself is not mutagenic,
according to available information. At low doses (e.g., 1 mg/kg) of vinyl
chloride the metabolites are excreted primarily in che 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 result in toxicity in

experimental animals and humans. In animals, an inhalation exposure of

SL 067126




approxizately 100,000 ppm results in dearth within several hours, with
autopsies revealing congestion and edemas of the lungs and hyperemia cof the
kidneys and liver. Test anipals exposed to an air concentration below 100 ppr
exhibit no pronounced adverse health effects., Vinyl chlcride does not appear
te bYe tevatogenic in rats or rabbits, but insuifict catz exist to evaluate

the teratogenicity of vinyl chloride in humans.

Studies on humans working in vinyl chloride plants suggest that systemic
toxic effecrs that are noncarcincgenic inm nature can be demcnstrated at
expecsure levels below EC ppz. Scme plant workers zav hzve been exposeé to
concentrations exceeding 1,000 ppz znd occasicnally appreaching 10,000 ppm
before QSEA standzrds were instituced £n 1974, At these levels, worke;s
nznifested dizziness, headaches and/or euphoria. Lcﬁg-:er: exposure to these
levels in vinyl chloride plants have resulteé in numerous roxic effecrs (i.e.,
acroosteolvsis, pulmenary insuvfficiency, cardiovascular and gastrointestinal
zenifestations and disturbances of the central nervous svstem). Unforturately,
data on dese-response relationships in huzans are very scarce because there
were few alr measurements of vimvl chloride in zhe 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 relstive distribution f

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,




whereas scme types of tumors, such as brain tumors, hepatomas and lung tumeors,
vere observed in onlyone species of animal. A dose-response relationship was
chserved in most experiments. Inhalation studies have shown that 50 ppum is
the lowest vinyl chloride exposure which has a carcinogen;c effect, A
recently cozmpleted ingestion study demonstrated the occurrence of hepatie
angiosarcowas and pulmonary angilosarcomas 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 lowes: expcsure level of 1.7 mg/kg bw/day.

Buman data have been obtained prigparily from workers exposed to vinyl
chloride. A numbter ¢f epidemiclogic studies have linxed vinyl chloride with
angiosaréoma and ocher forms of neoplasm. The reported frequency of
angiosarcoma of the liver is especially noteworthy because this is a very rare
tvpe of cancer (25 to 30 cases/year in the Uniced Staces), and it is,
therefore, reasonable to infer a causal relationship between exposure toc vinyl
chloride and the development of this tumor. Through 1977, a total of 6+ cases
of liver angiosarcoma have been identified worldwide among viznyl
chloride-exposed industrial workers. Although rare, the carcinogenicicy 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 healch advisories of 9.0 mg/L
for an adult and 2.6 mg/L for a child were developed using the subchronie
toxicity data in the study by Feron et al. (1975). An adjusted ADI of

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

I-3
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liver lesion dats in the .iferime carcincgenicity study in rats by T:il et al.

(1983).

The International Agency for nesearch on Cancer (IZARC) analyzed the
availetble data and ceczcluded thzt exposure £o vinvl chloride resulits in an
increased carcinogenic risk to humans. The organs most likely to be affecred
are the liver, brain, lung and hemato- and lymphopoietic systems. The
Nstional Academy of Sciences (NAS) (1983) also examined the data an concluded
that vinyi chiecride is an establisheé carcinogern in humans and animals, with

older arnizals ané Zemzles arpearing to be nore susceptitle,

The NAS and EPA's Carcinogeric Assessment Group (CAG) have cazlculated
projected incremencal excess cancer risks associated with the consumption of a
specific chemical via drinking water by zathematical extrapolation from
high-dose animal studies. Using the risk estimates generated by the NAS (1977
to 1679), in which the Limear non-threshecld multi-stage model was utilized,

the range of vinyl chloride cecncentraticns were computed that would nominally

v -
increase the risk of cme excess cancer per milliem (107), per hundred thousand

(105) or per ten thousand (IOA) people over a 70-vear lifetime zssuming 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/lL or 1 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. Using the revised CAG approach and the multiscage
model, it was estimated, at the 957 confidence limit, that consuming twe

liters of water per day with a vinyl chloride concentration of 200 ug/L,




20 ug/L or 2 ug/i 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 betwveen the NAS and CAG risk estimates are due to zhe
selection of data for use in the model. The NAS based its calculaticns om ap
ingestion study by Maltoni et al. (1975) in which rats were exposed to vinyl
chloride by gavage, while the CAG used the same Maltoni et al. (1975) study,

but based its estimate upon the increased incidence of total tumors inm rats

exposed to vinvl chloride through inhalscion.

The CAG has recalculated the cancer risk with the method described above
and the Teron et al. (1981) data to estimate an increased risk of one excess
cancer per 10,000, 100,000 or 1,000,000 pecple exposed over a lifetime to a
vinyl chloride concencratien of 1.5, 0.15 or 0.015 ug/L, respectively. The
CAG calculation based on the Feron er al. (1981) dara is under reassessment to

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

I-5
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II. INTRODUCTION

Vinyl chloride has been used for over L0 vears in the procduction cf
polvvinvl chloride (PVC), the meost wicfely used =aterizl inm the =zanufacture ¢
plastics in the world. About 25% cf cthe estizzred 18 bBillien peunds cf wvinyl
chloride prcduced vorldwide in 1572 was manufactured in the United State (Berk
et gl., 1976)., 3Between 1968 and 1973, vinyl chloride production in the United
States rose 147 annually, reaching a producrion level of nearly seven billion
pounds in 1978 (U.S, Internaticnal Trade Commission). This increase in vimyl
chleride production was due to the growing dependence of virtually every
tranch of industry 2nd cocomerce upen products and components fabricated from
pelyvinyl chloride (USEZPA 1974), TFer the lLocation ¢f vinyl ehloride and
PVC manmulacturing and processing plants in the United States in 1978, refer to

Figure II-1.

Vinyl chloride is not known teo cccur inm nature (NAS 1977). The coempound
is svnthesized as chleorinated olefiri:z hydrocarbon zcnomer Ircm petrochesical
feedstock and chlorine, Ir 1975, vimvl zhlioride emissions in cthe Uniced
States were found to originate from three major sources: (l) 17 plants where
vinyl chleride was commercially synthesized (about 1l percent); (2) 41 PVC
plants where the vinyl chloride monomer was used in the production of FVC
resins for various industrial purposes (about 85 percent); (3) about 8,000 PVC

fabricating plants (USEPA 1975b).

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

glass and autometive industries. In addition, vinyl chloride and PVC are used

SL 067131




Figure II-1 Locations of Vinyl Chloride and Polyvinyl Chloride Plants i{n the United States
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a

EVlnyl Chloride Plan Location
Polyvinyl Chloride Plan Location

Source: SRI SL 067132 .
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I1I. PHYSICAL AND CHEMICAL PROPERTIES

The structure of vinyl chloride is:

HZC = CHC1 Molecular Weight = 62.5
Vinyl chloride is highly flammable (limits of inflammability: 4.00% to
21.70%) and in sufficient concentrations (at least 1,200 te 2,000 ppm) has a
sveet, pleasant odor. The compound has a boiling point of ~13.3°C. Thus, at
standard temperature and pressure, vinvyl chloride is a gas. Vimyl chloride is

only sparingly soluble in water (0.1l g/100 g water at 28°C), but is soluble

in alechol and very soluble in ether and carbon tetrachloride. The specific

gravity of the chemiczsl is C.91. The vapor censity of vinyl chloride is
slightly mere chan twice that of air (CRC Handbook of Chemistry and Physies

1978 to 1979, Braker and Mosszan 1971).

The above inferzation indicates that vinvl chloride is velatile znd
readily passes from water inteo the gas phase under most laboratory and
environmental conditions. This was confirmed in experiments vhere 16 ag/L
vinyl chloride was added to distilled water in beakers and the concentration
determined with time (USEPA 1974). The data indicate that if first order
kinetics ars assumed, the volati‘lin:ion half-life in quiescent water
(unstirred) is 290 minutes, and in continually stirred water it is
25.8 minutes. Dilling et al. (1975) found similar values for volatilization
from stirred water. As Dilling et al., noted, predictions of vinyl chloride
loss from water at relatively high concentrations (e.g., 1 mg/L) may ot
reflect the situation at very lov concentrations.

I1l-1
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in the manufactuyre of electrical wire insulation and cables, piping,

industrial and household equipment, medical supplied, food packaging materials
and building and construction products. PVC and vinyl chloride cecpolymers are
digtributed and processed in g variecty of {corms, including drv resins,
plastiscl (dispersions in plasticizers), crganosci (dispersiens in
plasticizers plus volatile solvent), and lazex (a colloidal dispersion in

vater used to coat paper, fabric or leather).
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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 photochemizal coxidazion (Gay et al

1676), Lillian et al, 187%),

.

N

11I-2
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IV, PHARMACOKINETICS

A, Absorption and Distributicn

An investigation by Duprat et al, (i977) indicated that inhaled vinyl

chloride is rapidly absorbed by the lungs and immediately accumulates in the

I

liver. In this study, rats were exposed in a chamber to 20,000 ppm AC vinyl

chloride for five minutes, and then the distribution of radiocactive vinyl
chloride in the various body organs was determined, At ten minutes following
treatment, radicactivitv was found in the liver, bile duct, digestive lumen
and kidneys. With increasing time (up te three hours), e 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 soluticns containing up to 2.7 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 adminiscered.

In a study by Watsnabe et al. (1976a), rats vere given single oral doses
(gavage) of 0.05, 1 or 100 mg/kg of lac-vinyl chloride dissolved im corm oil,
and the touéll and rates of elimination of 1‘6 activicy were followed for
72 hours. The percentage of the dose expired as vinyl chloride was 1%, 2% and
67%, respectively. The disposition of vinyl chloride to various organs and
tissues was also determined. The liver was found to retain the greatest

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

=1
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.

found in wuscle, lung or fat (Takle IV-1). The investigators conciuded that the
fate of vinyl chloride following oral adrtinistration is a dose~dependent
saturable process, with the saturaticn of the vinyl chioride-metabolizing

enzymes occurring at a concentration between ! and 10C mg/kg.

In an inhalation study by this group (Watanabe et al. 1976b), rats were
exposed to 10 or 1,000 ppm IAC—vinyl chloride for six hours and the routes and
rates of elimination of 1"'C activity were followed for 72 hours after
terrzination of exposure. The anima.t were sacrificed after 72 hours and
samples of tissues collected for anelveis of 1"‘C activity. Table IV-2
indicates that, as in the gavage study, the liver retained the greatest
percen:ag? of vinyl chloride (or metabclites) at the dose levels studied.

In centrast to the gavage experiment, howvever, no saturation of vinyl chloride

metabolism was discernable between I ppm and 1,G0C ppm in this study.

Zolt et al. (1976) also studied che tissue disposition of le-vinyl
chloride in rats. Immediately a‘ter expcsure by inhalation of 50 ppm vinyl
chloride for five hours in a closed system, the percentage of incorperated
lhc-radioac:ivicy per g tissue was highest for kidney (2.13) and liver (1.86).
The percent of incorporated activity wvas 0.73 for the spleen and 0.17 for the

brain. Forty-eight hours after the beginmning of exposure, labeled material

could still be detected in these tissues,
The percentage absorption of vinyl chleride from the human gastro-

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

IV=2
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Table IV=1 Percentage of the Administerfd 1I‘C Activity per Gram
of Tissue After Administration of (°'C) Vinyl Chloride
by Gavage to Male Sprague~Dawley Rats?

Dose (mg/kg)®

Tissue

0.035

l.o

100

Liver
Skin
Carcass
Plasma
Muscle
Lung

Tar

0.17220.025°

0.070=0.023
0.027=20.007
0.04120.004
0.02820.003
0.05020.003

0.03020.004

0.18220.005
0.07620.C10
0.046=20.002
0.05320.007
0.03120.003
Q.061=0.003

0.04520,008

0.029+0.002
0.010=0.002
0.00720.001
NDd
0.00620.001
C.011=20.001

0.00620.001

Remaining in the body after 72 hr.
Vinyl chloride dissolved in corn oil,

Mean = SE, f£ive rats per dose.
Not deteczable above background.

Adapted from Watanabe et al. 1976a.
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TaBlc IV-2 Percentage of 1"C estivi:y per Gram Tissue 72 Hours Following
an Inhalation Exposure to (° C) Vinyl Chloride for 6 Hours in Male
Sprague-Davley Rats

bl
FS

& ..
Percentage C activityv
I¥ocsure concentration

10 ppm 1,000 ppm

o.139:o.009: (0.35)® o.1a5:o.ooe: (9.63)°
0.14120.009 0.16520.009

Skin .07220,004 (0.18) 0.11520.010 (7.64)
.07320.004 0.13120.011

Carcass L 0LE8=0.004 (0.12) 0.04920.004 (3.26)
.049=0.004 0.056=20.005

Plasma .£5120.001 NDd
.052=0.0C1

Muscle .052£0.005 (0. 0.C3820.003
.05320.005 0.04320.003

.06520.007 0.04620.001

.06620.007 0.052%0.001

Tat .02620. 006 xp¢
.026=0.006

Kidney .07920.003 0.05720.00S
.08020.003 0.06520.006

'E:prcslcd as percentages of total 1I'C activity per gram of
tissue. Uncorrected for expired VC:
dpm per g tissue
- Total dpm recovered

git SE from four rats

crogram equivalents vinyl chloridcl er gram of tissue.
cExprlsocd as parcentage metabolized " C activity per gram
tissue, Corrected for expired VC:

dpm per gram of tissue
Total dpmrecovered - dpm of expired VC

E;nn 2 SE from rats.
ot detectable, detection limit for plasma and fat was
3 ug/g of tissue (3 ppm).

Adapted fromw Watanabe et al. 1976b.

Iv=4
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on pcfcan: absorption from the gastrointestinal tract, the risk calculations

in this document will assume a 100% absorption factor.

Matabolism

Metabolism of vinyl chloride cccurs 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 metabeolires are strengly mutagenic, but vigyl
chioride itsell is nct (Bartsch ané Mentesano 1975). ZIxposure to vinyl
chloride leads to the reduction ¢f =ncn=proteiz sulfhvdrvl levels in rat liver,
suggesting that the metabolites c¢f vinyl chloride conjugate with glutathicne
and/er cysteine (Hefner et al. 1975a). Hachway (1977) reported im vitro
cepurination of calf thymus JXA by chloroacetaldenvie identical te that
observed in hepatocyte DNA following administration of vinvl chloride co rats
in vive. This suggests that vinyl chloride metabolites may interact with some
surine and pvrimidine residues of DXa, providing a possible explanation {eor

the oncogenic properties associated with vinvl chleride.

In a review of the literature, Bartsch and Montesano (1975) report two
possible biotransformation schemes--one involving alcohol dehydrogenase
(Scheme I) and the other involving the mixed function oxidase system

(Schema II). These are indicated below:

Scheme I: ClHC—CHz-—->CIH C-CH_QOH=-->ClH, C~CHQ--->ClH

2 2 2 2C-COOH

C-CHO=--->C1H,C~COOB

Scheme II: c1n-cuz-->[nzc9cac1]-->cm

2 2
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Evidence for bjodegradation involving the alcohel dehvdrogenase pathway
includes data which demonstrates that pretreatment of rats with eirther ethanol
or pvrazole (ar inhiditer of alcchel dehydrogenase) inhibits the netabolism of

vinvl chloride (Hefner et al. 1975a).

There is also atple evidence that the mixed function cxidase (MFC) syster
is invelved in the metabolism of vinyl chleride. Precreatment of rars with
phenobarbital, which induces the MFC svstem, also enhanced liver toxicity of
vinyl chloride (Jaeger et sl. 1974). Rat liver micresomes catalvzed the
covalert binding of vinyl chicride metabclites to protein and nucleic acids
{Kappus et al, 1975, 1¢76). Chlorcetnylene oxide, which is thought to be
formed by the MFO system, may be the primary microsomal metabolite capable of

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

Several pathways mav be involved im vinyl chloride metabolism, the
predominant one depending on dose. Eefner et 21. (1975) performed an
inhalation study in which rats were exposed to vinyl chloride concentrations
ranging from 50.5 to 1,:67.0 ppm for l2-months time. The rate cI wmetabolism,
as determined by measuring the declining level of vinyl chloride ir the
¢chamber atmosphere, vas 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

microsomes may be involved in metabolism at high level exposures.
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In another study, Bolt et al, (1977) subjected rats to an inspired
concentration of 1"c:---v:!.x-zy.!. 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 greup calculated that saturation of the vinyl

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

Excretion of 1"C activicy within 72 hours following a single oral dose of
l"C}-labeled vinyl chloride (C.05, 1.0 or 10C mg/kg) is shown in Table IV=3
(Watarabe et al. 1976a)., As the dcse increzsed, a markedly greater proportioen
of vinyl chloride wvas expired unmetabolized, vhile the percentage of
metabolite in the urine decreased substantiallv. Again, saturation kinetics
are suggested, The table also indicactes that metabolictes of vinyl chloride
wvere predominantly excreced via the urine. Adminisctration of vinyl chloride

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

major metabolites in the urine were identrified 2s indicated in Tatle IV-d,

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

was shown to obey a first~order law of kinetics at air concentrations below

IV=7
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Table IV-3 Percentage ¢ Acdministered 1['C Activity Recovered
Following a Single OUral Dose of Vinyl Chloride

Dese (og/kg)

0.05 1.0 100
Expired:
As VC 1.4320.13 2.1320.22 66.6420.67
As CO2 8.96=0.59 13,2620.47 2.5220.13
) Urine 68.3420.5¢ $9.3022.75 10.8420.95
X Teces 2.3%=20.52 2.2020.39 0.4720.06
Carcass and 10.13=1.83 11,10=20.47 1.8320.14
tissues '
Cage wash® 0 0.8420.45 0
Total Tecovery §l.28=22.47 88.831.98 82.30+0.43
aPercentage of dose excreted over 72 hours. Only the 1AC activicy

gssociated with the expired VC can be attributed to VC per se.
“Megan * ST five Tazts per dese.
Distilled water vash of metabolisz cage at termination of the study.

séapted frpzm Watanabe er al, 1976a.

Iv-8
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Table IV«4 IAC-Con:aining Urinary Metabolites from §ale
Sprague-Dawley Rats Given Vinyl Chloride by Gavage

Dose (=g/kz)

Compound 0.05(4)b 1.0(5) 100(5)

N-acetyl-5-(2-hydroxyethyl- 30.422.0° 36.223.9 29.122.0
cysteine)

Thiodiglyecolic acid 25.621,9 23.7=1.1 25.420.9
Unidentified 38.622.9 3L.524.6 36.622.0

Total 94.6 94.6 91.1

®metabolites vere separated and quanticated by high pressure liquid
chrormatography. Values are expressed as percentage of tortal urinary
Eadioac:ivity.

C( ) = Number of animals per dose.

Mean = SE

Adapted from Watanabe et al. 1976a.




200 to 300 ppm, and at high concencraticns the caximai velocityv of metabolic
elizination of vinyl chloride was about half that cf rats when relateé to kg

body wedight.

1é et N
Green and Hathway (1975) =measured the excretion of C-vinyl chloride

2dministered to rats by intragastric, intravenous (femoral vein), or
intraperitoneal roures. Tweo 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,

nore than 9C% was excreted from the ls irrespective route. Significant

diffarences were noted, however, in :he zanner c¢f excreriorn for the C.I5 mg/kg

dose. ¢r the intragastric rouse, 7!, 3N wzs excrered in the urine, whereas
99% was exhaled from the lungs when vinvl chloride vas administered
intravenously. TFor the intraperitoneal route, 43.2% was exhaled vhile 41.352
was excreted in the urine. At the higher dose (450 mg/kg), over 907 was
exhaled as vinyl chleride in both inctragastric and intraperitoneal
sézinistered rats. The intragastric wvalues are censistent with the values
repcrted in the ¢ral studies perfcrrmed by Wzranabe et al. (1976a) (see

-

Table IV-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
under 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.
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Table IV-5

ENCALTION OF RADIOACTIVITY N RATY, GiVEN A SinGLE DOSE OF {1*ClvinyL cuomioe

4 raly were each dosed L.g. with 230 jig of {"*C|vinyl chloride per kg in corn oil solution, and snother 4 rats were each doved simliasky with 450 mg
of (MClvinyt chiorida pec hg. 4 rais were cach injccted in the femorsl vein with 330 jig of [V*Clvinyl chloslde per kg in N-{-hydroxyethyl} lactamide.
Four rais were each injected Lp, with 230 sg of |"*Cjvinyt chloride per kg in N-[i-hydraxyethyl) Inctamide, and another 4 animals were cach Injecied
similarly with 430 mg of ['*Clvinyl chloside.

Siee of Time  RedVoectivity excreted ( % of dose)®

dose fh)
Intragesiric Intravenous tairaperitoncol
Exhaled alr Urine Focees Fxhaled air Urine  Facces  Exhaled air Urine Focces
Vinyl COy Viapl COr Vinyt O
chloride chlaride chloride
Il
250 pgfhg O-14 374020264 0.0 S 435020 25 990408 O 03 0.1 41+ 46 10) £ 22413 48 18
-0 0% 3 1.6 0.7 [ %] 0.2
41-1 iR} 0.1 .
Toal IT 12133 400750 4246430 990 4 0B 0.0 0.5 ol 432 £ 46 1103 12400 35718
430mg/hg D0-M4 9194123 06 43 ) 2104 %.24 41 07 123 0% 0.1
-4 ni oR oA [I Y]
94-1 0ol
Tolal 919423 07 5412107 9%6.24 4.1 07 16 £t 0% 0.1

* Values shown are the means 2 S.D. of those mcans.

Adapted from Creen and Hathway (1975).
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V. HMAN EXPOSURE

Kumans may be exposed te vinvl chlieride in drinking water, food and air,
Detailed irnfermartien zeoncerning the occurrence e¢f znéd exposure to viavi
chloride in the envirenmen:z is rresented in znother documen:t enticled
"Occurrence of Vinyl Chleride in Drinking Water, Tood, and Air" (Letkiewicz et
al, 1983)., This section summarizes the pertinent information presented in
that document in crder to assess the relative source contribution from

dyinking water, food and air.

L, Expesure Esztimation

This analysis is lirired to drinking water, food and air, since these
media are considered tc be general scurces commen to all individuals. Some
individuals may be exposed to vinyl chloride from sources other than the three
considered here, notably in occupaticnzl sertings and from the use of consumer
produc:ts containing vinyl chleride. Even in limiting the analysis to these
three sources, it must be recognized that individual exposure will vary widely
based on many personal choices and several factors over which there is little
control. Where one lives, vorks and travels, vhat 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 te estimate exposure of identifiable

population subgroups from all sources simultaneously have not yet been
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developed. To the extent possible, estimates are provided of the number of

individuals exbosed to each medium at various vinyl chleride concentrations.

The 70-kg male is used for estimating intake.

Cumylative 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 iz the table were obtaired using Federal
Reporting Data Systems data cn pepulations served by primary water supply
systems (FRDS 1983) and the estizated number of these vater systems that
contain a given level of vinyl chloride. &an estizaced 1,922,C0C individuals
(0.9% of the population cf 214,419,000 using public water supplies) are
exposed to levels of vinvl chloride in drinking water a: or adove 1.0 ug/L,
wnile 591,000 individuals (0.3%) are exposed to levels above 5 ug/lL, It is
estirmated that 118,000 individuals are exposed to levels greater than &0
0f the approximately 1.3 million people exposed zo levels ranging from l.

5 ug/L, 0.9 million (65%) obtain wvater froz surface water supplies. All
exposure to vinyl chloride in drinking wacer at levels above 5 ug/L 1is

expected to be from groundwater sources.

No data were obtained on regional variations in the concentration £
vinyl chloride in drinking water. The highest concentrations are expected

dccur near sites of polyvinyl chleride production.
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Table V-1 Total Estimated Cumulative Populatlon (in Thousands) Fxpased to Viuyl
Chloride in Drinkilng Water Exceeding the Indicated Concentratlon

Humber of o,

people served
in U.S. Cunulative population (thousands} exposed to concentrations {ugf1} of:
System type (thousands) >1.0 >5 > 10 20 >30 30 50 260 - »70
Groundwater 713,473 1,063 591 118 118 118 116 - 118 118 0
Surface water 140,946 059 0 0 0 0 0 0 _0 0
Total 214,419 1,922 591 i18 iig .« 118 ‘118 ¢ 118 118 0

(X of total) - {100%) {0.9%) (0.31) (0.1%) ({(0.1%) (0.1%) (e.1x) (o0.1x) (0.1x) (0.0%) .

£=4a
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Daily fintake levels of vinyl chloride from drinking water wvere estimated ‘

using various exposure levels and the assumptions presented in Table V-2. The

o4

data in the table suggest that the majority of the persons using public :

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

]

An indication of the overall exposure of the total population to vinyl ;
chloride can be obtained through the caleulation of population-concentration —
values. These valuyes are a summatjon of the individual levels of vinyl J

chloride to which each member of the population is exposed. An explanation of

the derivarion of these values is presented in Appendix C. Population

N [

concentration estimates for vinvl chloride in drinking water vere

1.1 x 10-7 »g/L % persons (best case), 1.5 x 10-7 ug/L x persons (mean best
8

L

case), 2.3 x 108 ug/L x persons (zean worst case), and 2.3 x 1077 ug/L %

perscns (worst case).

Assuming a consumpzicn rate of 2 liters of weter/day, population-exposure -
- -
values of 2.2 x 10’ ug/day x persons (best case), 3.C x 10  wug/day x persons 9
8 .
(mear. best case), 4.6 x 10 ug/day x persons (mean worst case), and

8

4.6 x 10° ug/day x persons (vorst 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.

T V-4
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Table V-2 Estimated Drinking Water Incake of Vinvl Chloride

Persons using supplies
exposed to indizzted levels

Exposure level ~ of total
(-g/Ll) Population pepulation Intake (.g/kg/day)

>1.0 1,522,000 . 20.028
.0 591,000 : >0. 14
>10 118,000 : >0.29
118,000 : 1.4

¢

Assuzmptions: T0-kg man, 2 liters of va:ier/day.
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3. Alr

Exposure to vinyl chloride in the atmosphere varies froz one location to
another, The highest level of vinyl chloride reported in the atzosphere was
2,100,000 ng/m’ (2,100 ug/m>) (Lillian et al. 1975 cited in Brodzimsky and
Singh 1982)., High levels, averaging greater than 15,000 ng/n3 (15 ug/m3).
have been detected in ocher areas. Normal levels, however, are somewhat
lower. Bordzinsky and Singh (1982) calculated a median air level of 0.0 ng/n3
(0.0 ug/mB) in each of three tvpes of areas: rural/remote, urbar/suburban

and source dezinated,

The monitoring daca available are no: sufficient to detercine regional

varistions in expcsure levele for vinvl chloride.

The dzily respiratorv intake of vinvl chloride from air was estimated
using the assumptions cresented iIn Table V-2 and rmed:ian and nmaxizum 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 incake calculated
using the maximum vinyl chloride level reported is 6590 ug/kg/day; fev, if any,
persons are believed to be exposed at that level. The values presented do not

account for variances in individual exposure or uncertainties in the assumptions

used to estimate exposure.

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

Exposure (ug/m3) Intake (ug/kg/cay)

Rural/remote (0.C)
Urhan/suburban (0.0)
Source dominated (0.0)

Maxicum (2,100)

sssuzsticns: TO-kg mar, 3 of air inhaled/cay (ICRP 1§75).
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B. Suuuugz

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

vinyl chloride exposure could not be assessad,

The data presented have been selected from an infinite nucber of possible
corbinztions ¢f concentrations for the tvec scurzes. The actual exposures
encountered would represent some Iinite subset of this infinite series of
combinations. Whether exposure occurs at amy specific combination of levels
is not knowm; nor Is it possitle to determine the numter of persons that would
be exposed to vinyl chloride at any of the combined exposure levels, The data
presented represent possible evposures hased c¢n the cccurrence data and the

estizmated inrtakes.

The relative source c¢eontribution data are based on estimated incake 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. In 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 chloride of O ug/m3 based on air monitoring data. Assuming as air

V-8
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Table V-4 Estimated Intake of Vinyl Chloride from the Environment by
Adult Males in ug/kg/day (X from Drinking Water)

t

Loncentration 1n air
Rural/remote Urban/suburban Source dominated

‘Concentration in . ,
drinking water o Maximum
(ug/1) (0.0 ug/m°) (2,100 ug/m3)
0 0.0 (--) 690 (0%)
1.0% 0.028 (100%) 690 (<0.01%)
5.0° 0.14 (100%) 690 (0.02%)
10¢ 0.29 (100%) 690 (0.04%)
509 1.4 (100%) 690 (0.2%)
708 2.0 (100%) - 690 (0.3%)

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

dater: 1.0 ug/1: 0.028 ug/kg/day
£.0 ug/1: 0.14 ug/kg/day

10 wug/l: 0.29 ug/kg/aay

50 ug/l: 1.4 ug/kg/day

70  ug/l: 2.0 ug/kg/day
Air: 0.0 ug/m3: 0.0 ug/kg/day

2,100 ug/m°: 650 ug/kg/day
Food: Not included
21,522,000 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 popu1atipn using public water supplies).

118,000 individuals using public drinking water systems are estimated to be
exposed to levels > 10 ug/l {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 O ug/mJ. drinking water would be the predominant source of vinyl

chloride exposure at all drinking vater levels above 0 ug/L. An accurate

o J

assessment of the number of individuals for which drinking wacter 1s the

predominant source of exposure cannot be determined froc the data since

Lo

specific locations containing high concentracifons of vinyl chleoride in

-
drinking water and low concentrations of vinyl chloride in ambient air end }
food are unknown. -
!

1

-

i

i
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V1. HEALTH EFFECTS IN ANIMALS

A. Acute/Subchrornic/Chronic Zffects

Acute toxicity tests with vinyl chleride 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 withip 30 to 60 minutes. Inhalation of lower
concentrations resulted in ataxia and narcosis. Pathological findings at
necropsy were congestion and edeza of cthe lungs and hyperemia of the kidneys
and liver. A number of investigators have made similar observations when
examining the acute inhalation effects of vinyl chloride in mice, rats, guin‘a
pigs, rabbir, cats and dogs (Peoples and Leake 1933, Lester et al. 1963,
Mastromatteo et al. 196(C, EHaley 1975, Prodan et al. 1975). In animal studies,

LC.~'s at twvo hours ranged from 117,500 ppm for mice to 230,800 ppm for

50
rabbits,

Feron et al. (1975) reported a subchronic toxicity study inm which vinyl
chloride monomer (VM) dissolved in soybean o0il was administered by gavage to
male and female Wistar rats, initially weigbing 44 g, at doses of 0
(controls), 30, 100 and 300 mg/kg once daily, 6 days per veek for 13 weeks.
Several hcnitologicul. 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

at 30 mg/kg. However, they also estimated that the no-effect level may be

Viel
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higher since 1t was their opinion that the effects observed with the higher

doses were of doubtful toxicological significance.

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

Rats exposed to 100 ppm (two hours/day for six months) were judged normal on
the basis of appearance, mortality, growth, hematological examinatiom 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
increase in weight of the rat livers did nmot 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 bioelectrie activity of the
hyvpothalamus, hvperadrenalinemia, osteoporosis and resorption of beme tissue

were observed.

Jaeger (1975) conducted experiments with rats to determine the
interaction between vinylidene chloride (1,1,-DCE) and vinyl chloride. 1In
this study, hepatotoxicity was measured by the elevation of serum
alanine-g-ketoglutarate transaminase (AKT). When fasted rats vere exposed to
0.022 (V/¥), 1,1-DCE, serum AFT activity was elevated about 50-fold, two hours
after the termination of a four~hour inhalation exposure. No elevation vas

observed when 0.1% vinyl chloride was administered alone. When the two

Vi-2
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chemicals were administered simultanecusly at the levels indicated, ne
elevation of serum AKT occurved. Thus, the vinyl chloride was protective,
These two monomers are used together in the productien of viavl copolvmers,
and exposure to both agents in the workplace was reper:ted by Kramer and

Mutchler (1972).

B. Tervatogenicity

John et al. (1577) examined the efiects of vinvl chloride inhalation on
the feruses cf mice, Tats and radrits, The pregnan: animals were exposed
seven hours dzily to ceacentrations 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, and rabbits on days € to !8. No terazogenic effects were observed
at 2,500 pp= in rats and rabbits, excep: that a greater incidence of dilated
ureters were noted in rats. Indeed, viayl chloride exposure at this level
aczually decreased the incidence of certzin skeletal anomalies in rats
cozpared to controls (e.g., delaved ossification of the bones of the skull, and
unfused centers of ossification of the skull and sternebrae). Mice were the

most sensitive to vinvl chloride. No teratogenic effects were noted in the

f?tuncs 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 smong litters of mice exposed to 500 ppm compared to
unexposed controls. Embryotoxic effects were not generally noted, but soae
decrease in fetal body weight and crown-rump length was observed in rats and

mice.
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Radike (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 ppm vinyl chloride. A small increase in the
incidence of minor skeletal abnormalities, including wavy ribs, extra l4th
ribs and delayed caleification of small benes, 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

malformacions.

Croups of pregnant CF-l wmice, Sprezgue-Dawley rats and New Zealand wvhite
rabbits were exposed to doses of vinyl c¢hloride ranging from 50 to 2,500 ppm
by inhalation. Expesure to these concentrations of vinyl chloride did not
cause any significant embryonal or feral toxicicvy and was not teratogenic in

any of the three species tested (Johm et al. 1981).

c. Mutagenicity

Vinyl chloride is mutagenic in a number of biological systems. The
mutagenic action of vinyl chloride appears to be dependent upon its aetabolic
conversion to chamically reactive metabolites (i.e., chlorcethylene oxide,
2=chloroacetaldehyde). 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,

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

VI-4
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vhich the genetic indicator refers to histidine prototrophy by base-pair

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

K12 biocauxotrophic strain with back mutation system arginine + (Greim et al.
1975); (3) several species of yeast inducing forward mutations and gene

conversions at specific loci (Loprieno et al. 1976, 1977); (4) germ cells f

Drosophila (Verburgt and Vogel 1977) and (5) Chinese hamster V79 cells

(Huberman et al. 1975). The literature on the mutagenic effects of vinyl

chloride was reviewved 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 a2l. 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

was 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 were used as 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 vears implicating vinyl chleride
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 inm rats wvere published by Viola et al. in 1971,
Subsequently, preliminary results of an investigation concerned with the
oncogenic potential of vinyl chloride in experimental animals were reported
(Maltoni and Lefemine 1974). These initial reports spurred z series of
retrospective epidemiclogic investigations of workers in the vinvl chloride
industry and supportive experimental studies in animals. Several
comprehensive reviews and svmposium proceedings have been published on tha
subject (e.g., Selikoff and Eammond 1975, Proceedings of :the Roval Society of

Medicine 1976, USEPA 1975¢, Milby 1978).

Viocla et 2l. (1971) conducted animals studies and reported the carcinegenie

response of zale rats (AR/IRE Wistar strain) exposed to vinyl chloride by
inhalation (Table VI-1l)., Skina tumors were first noted at approximately ten

months; tumors in the lungs and bone were observed at about 11 months.

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

(Table VI~2). The data indicate that a dose response relationship exists

vi-6
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Table VI-]1 C(ucogenic Eifects

of Inhaled Vinyl Chloride

Lung
Cone. VC (ppm) sdenocarcinomas
4 hours/day Skin and Bones
5 days/week Kuzper epidermoid squamous cell Osteo-
12 months Tats carcinomas carcinomas chondronas
30,000 26 17 6 5
No treatment 25 - - -

[
uy
~1
[
~

Adapted frez Vicla er &l.
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Table VI-2 Incidence of Tumors in Rats and Rabbits Exposed to
Vinyl Chloride by Inhalation

(ppm) Skin squa-
4 hours/day Liver Lung mous cell
5 days/week Number of angicsarcomas adeno-alveolar carc¢inoma
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 - -- - -
treatment
Rabbits
10'000 ‘00 - 6 12 -
No 20 - - - -
treatment

Adapted from Caputo et al. (1974).
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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 fnhalation 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 low as 50 ppm (Lee et al, 1977, 1978). Liver angiosarc mas

as well as other forms of cancers ware found in both species.

An extensive examination of vinyl chloride in experimental animals was
conducted by Maltoni (1981). A summary of these results are presanted in
Tables VI-3 to VI-19, Vinyl chlorids caused tumors in all the animal speciaes
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 lov 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 vere
demonstrated. Table VI-20 indicates the tumor types that were correlated to

vinyl chloride exposure in experimental animals,

Maltont (1981) concluded that vinyl chloride may produce tumors of
different typas 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-] Eaperiment BTL®

( Animals with tumors, %
. Tumors/100
animals Fore- Mam-
Group and Heps- Nephro- Neuro- Zymbal Shin stomach mary
toncenlrstion MT BT LAS LA ELAS ELA temssa BL BL  GiCa EpT PabAc MT
] 8.7 23 113 - (Y] 50 )7 8 117 26.1 0 - 50
10,000 ppm 11560) 3600 (A60) (G (560 {1%0) (1660) (2/60) (360}
3 i ®oe 283 20 34 SI 68 17 85 61 W 34 11 -
,L $000 ppm (69 (2590 (S (139 {159 1559 (I59) (1459 (269  (US9)
o n £33 20 217 - 50 1y 11 00 §7 23 1.7 - a3
2500 ppm {1360) 60} 260 {26D) (&60) (460) (2/60) {1A6D) (2/60)
v [T 13.3 1+ X1 - 117 1.7 a8l 100 - 8.7 1.7 - 17
600 ppm {67600 (160 (L B0} (360 (660} - 460) (J/60) {1/60)
y 30.0 50 6.4 1.7 3 - 17 85 - - kR | - 34
250 ppm (3569} (1S9 1239 1159 1559) {269) 1259}
vl 180 36.7 [ ] - 17 3.2 - 1.7 - - L7 .7 33
! NJtpn {1460) (160}  (2%0) 11:60) {1/60) (i%60) (2/6D)
[}
Ne lreatment 133 4913 - - - ¥ - - - - 1.7 -~ -
{conlrol} (258 (1/58)

*Exposure by inhalslion Lo VC in air a1t 10.000, 6000, 2500, 500, 250, and 50 ppm: 4 hriday, b days'week, for 62 weehs.
Sprague-Dawley rats, M and F, 12 weeks old. Resuits sfer 135 weehs {end of expeniment).

SL 067166
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Table V1-&
Experiment DT2.*
Animals waith tumors, &
Tumery/ 100 :
animals Fore- Mum-
Group and llepa- Nephro- Newro- Zymbal Skin  stomach mary
ﬂ concentralion [ 1) BT LAS LA ELAS ELA tomas BHL AL GiLCa EpT PFPabkAe MT
1
L ] %.0 ny 0o 1) o8 oa 25 58 - 1] 42 - 60
e 200 ppm (12/120) {(V120) (140200 (V1200 (1200 (V1200 (1200 (51200 {6112m
1] B %0 5.0 - - 08 - 32 - 1.4 34 1.7 50
160 ppm &119) vny HIHTL ] WIS (W19 (219 (6119)
n 21.7 16 0.3 08 - - - 23 ~ o8 [ X} 13 3
100 ppn {120 (17120) (1071207 120 (LII20) (W20} (V1200
¥
Ne treatment 167 216 - - 1.1 - - - - it 3l 1.6 1o
(conlrel) {2185} (Z1B5) {2185) (V1B5) (2/185)

*E xposure by Inhalation te VC in ais sl 200, 158, 100 ppm; 4 hrrday, 5 days'week, for 52 weeks. Sprague-Dawley rats, M and F, 17
weeks old. Results afler 143 weeks (end of expenment).

SL 067167

—— - —— - - e

Adapted from Maltoni, 1981
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Table VI-5
Experiment TE.*
Animals with tumory, %
Tumers/100
animals Fore- Mam-
Group and —— Hepa- Nephro- Neuro- Zymbal  Skin  stomach mary
concentration MT BT LAS 1A ELAS ELA tomas DL Bl. GLCa EpT PaskAe MNT
i 1006 500 00 [} 1.7 &0 7 - 1.7 582 1.7 8.3 33
30,000 ppen (I/60) (160} (60} (V60) (1%0) (160) (3560} (1/60) (iL%0) (2/60)

*E xposure by inhalstion to VC In air st 30,000 ppm; ¢ heidsy, 5 days'week, for 52 weehs. Sprague-Dawley rats, M and F, 17 weeks
___oid. Results afler 68 weeks (end of experiment).

SL 067168

Adapted from Halton!, 1981
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Table Vi-6
Experiment BTY.*
- Ansmals with tumors, %
Tumorv/100
animals Fore- Mam-
S Group and tiepa- Nephro- Nruro- Zymhsl Skin  slomach mary
f eanceniration MT BY LAS LA ELAS ELA toman Uik AL GICe EpT PakAc MT
—
W ] 4.3 4.7 4B 25 hN | ai - 0] - LR 1.0 04 211
url'n (42H) (B0 (9294 (I T9H) (11234 (07234) (U2} (/Z34) {62294)
Ks tresiment e 0 - - - - - - - - - 1.0 102
{contrel} (38) (3098)

[ spesure by inhalation to VC in air at 60 ppm; ¢ hriday, 5 daysweeh, for 52 weeks. Sprague-Dawley rats, M and F, 13 weeks old.
Results sher $4Z weeks (end of experiment). y wee

oy, 067367

Adapted from Maltoni, 1981




Table VI-7
Experiment BTI15.*

Animals wilh lumors, &

Fore- Mam-
Group and Heps- Nephro- Newro- Zymbal Shin stomach mary
conceniration LAS LA ELAS FLA tomas HL BL GICa EpT PabAc MNT

| R 42 o8 - 25 - 1% ] - 33 - - 15.0

-3 (51200 (11120) 120 (17120} 41203 (11120
ri'n 8.3 o8 - 1.1 25 - 1.7 - 176

10 ppn Ny 19 (3119 209 Qg
in . 656.0 - - - 04 o8 18.5

s ppm {1119} (119) {22/119)
v 4.2 0.8 0.8 12.1

L ppm . (11118} (1V118) {15/118)

v

Ne treatment X s 0.8 1.7 - 58

{conirol) (111200 {2120} (17120}

*Expesure by Inhalation Lo VC in air al 25, 10, 5, 1| ppm; ¢ hridsy, b days/week, for 62 weeks. Sprague-Dawley rats, M and F, 13
weehs old. Resubls afler 147 weeks {end of experiment).

Adapted from Maltoni, 198i



Tahle VI-B Experiment BT3.*

Animals with tumors, %

Fore- Mam-
Hepa: Nephro Keuro- Zymbal Skin slemach mary
BT ELAS ELA tomas Bl Bl GiCs EpT TIskAc MT

2.0 ~ 117 1.7 1.7 156 155 86 17 17
(58 (358)  (158) (3768 (W58 (558)  (1/58)  (1/08)
%o 3 L7 LY 200 150 83 33
(/601 (160} (160} (1260) (960) (560} (2%60)
B0 - a3l b | 83 17 33 -
260 (260) (5%0) (3/G0)
e 30 - - - L7 -
(1/60)
T Bo 17 -
(1759}
103 %0 X - 1.7
(1/58)

Ne trestment uwy 200 05 1.0 06
{conlrel) (1/190) Z1%) (11%) 5190

*Exprawre by inhalstien te VC in air at 10,000, 6000, 2500, 500, 250, and 50 ppm; 4 hriday, § days/weth, for 17 weeka.
Sprague-Duwley rats, M and F, 12 weeks old. Resulis afer 156 weeks {end of experiment).

Adapted from Haltoni, 1981
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Tsble VI-9

Eaperiment NTI0.®

Tumors/100 Arimals with lumors, % —
animals Foree Mum
Group and Heps. Nephro- Neuro- Zymbal Skin  stomach mary
concentration MNT BT LAS LA ELAS ELA tomas DL BL GIL.Ca EpT PakAc NT
| & .7 oR - - oRn oN - - 18 - 25 e
16,000 ppm ($E LT} (118 (11IW) #0118 I X,
Ik 30.0 4450 - 08 - 117 - oe o8 15 - 117 108
6000 ppm 120 {2120y A2 (11200 (9120} 20200 (i3,
i B B0 os 11 - o - - - 16 25 2h 134
10,000 ppm (9 @ny [[H1} (99 (% (VU) Us I
v 208 3 S 26 - 117 - - - - 42 R 1.7 L ¥ ]
m\r" V118 WHiB) 30110 (Ul (2B (M
4.7 6.0 0.8 1.7 - 08 - 08 0.8 6.7 (] ] 0B 1]
16,000 ppm (19 209 A ALS LS VIS 1109 (/119D €200y
Vi 13 50 8 op 11 os - i T on - 15 - o0 1)
6000 ppm (17/120) (2200 (111200 2420} (1120} (w20 (1200 (2'12%
vii
No Lrestment 16.6 410 - - - [ X ] - - - - 09 22 75
{contrel) {(2n (222N (2T (12

*Exposure by inhalation te VC in air st 10,600, 6000, ppm; 4 hriday, 5 daysweek, for § weeks igroups | and 11} or | hr day, |
daywweek, for 25 weeks (groups L1 snd 1V) or 4 hriday, once weekly, for 25 weeks {groups V snd V1100 hr). Sprague-Dawley sy

Adapted from Maltoni, 1961
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vi-10
Table Enperiment BTS *
Tumors/100 Ansmals with tlumnrs, ‘4 e
animais Fore  Mam
Croup and Hepa- Nephro Neurn Zymbal Shin stomach mary
concenirslion MNT BT LAS LA ELAS ELA tomas BL . GiCs EpT PakAce MT
] .1 MW7 - -~ - - - - - 13 - - -
3 10,000 pprm 11720)
.'_. 1] 6.7 223 - - - - - - - - - - -
~ 6000 rn
]| 26 22 - - - - - 59 - LR - 20 20
19,000 ppm (5 1550 (54 (s
v e 6.9 - - - l - - - 84 31 11 62
§009 ppm 12y 1332y (17320 (127 (217

*Exposure by inhalatlon te VC in air at 10,000, and 6000 ppm of breeders; 4 herday Tor | week from 12th (o 1Bth day o(pu-gn;n:;
Sprague-Dawley rats, M and F, 19 » ecka old (breeders). Breeders (groupa | and 1) and offspnings (groups Ll and 1V). Resuils aller
143 weeks (end of experiment).
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Table VI-11

F.apesiment BT14.*
Animals wilh tumors, %

Fore- Mam-
Group and Hepa- Nephro Neuro- Zymhal Skin  stomach mary

concentration A ELAS ELA tomas DL BL GLCa EpT PakAc MT
I

10,000 ppm
T} '

6000 ppm
11} '
19,000 ppm . 565 M1 68 45.4 2] 21

(newborn) {15M4) Y 2044 (i (i)
w

6000 ppm 1093 581 wh 24 24 24 1.6 48 18

24
(newborn) (1TM2) (142 1142)  (142)  120M42) (242}  (242)

(N

*Expoaure by lnhalation te VG in sir sl 10,000 and 6000 ppim, 4 hr.day, 5 days/week, for 5 weeks (from { day 105 weehs of agel

Sprague-Dawley rate, M and F, 21 weeks old (Lreeders) (groups | and 11) and newborn (groups 111 and 1V). Results after 124 weeks
{end of experiment).
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Table V1-12

o ——

. Experiment AT?.*

Tumore/100 Arimals with Lumors, N
animals Fore
Group and Hepa. Nephro- Neuro Zymbal Bhin  stomach
concentration BT BT LAS LA ELAS ELA tomas DL Dl. GiCs EpT PabAc
1 1] o e - - - - At 111 74 - -
10,800 ppm W25 025 QI @22n
i 8.3 w0 L1 11 kR ] I 117 1.7 kN ) 1.1 - -
€000 ppm (26 (2260 1026 (326 H2776) {2261 (1261 (2726)
< i %17 131 120 - (] - 0 - 40 - 40 -
i 2500 ppm Qa2 (125} (125) (1725 1725)
- v 0.0 v 0?7 36 - - - 71 - - - -
e $00 ppra Q24 (1728) @2y
v 13 I67 EE; - 37 31 - - - - 21 -
250 ppm 1IN (.20 a2n {2n
vi .7 L ) - - - - - ah - - - -
% ppm {072R}
vit
Ne treatment 150 150 - - 76 - - - - - - -
(comirol) (138

*Exporure by indalation to VC in air sl 1000, 6IKN0. 2500. 500, 250. and 50 ppm, 4 heiday, S dayaiweek, for 52 weeks. Winlar rata, M,
11 neche old. Results alter 165 neeks iend of expeniment)

Adapted from Maltoni, 1981




Table VI-1]

Experiment BT17.*

Tumers/100 Ansmals with tunors, %
animsh Fore

Growp snd Hepa- Nephro- Neuro- Zymhal  Shin  stomsch
TORCEMEIon MT BT LAS LA ELAS ELA tlomas Bl. Bl GLCs EpT PakAc
1 242 22 - [J) Jo 5.0 1.0 - - 20 - -
? | ppm () 399 () (199) {299}
1]
3 Ne tresiment 2.0 185 - - - - - -~ - a2 - 1.1
{contrel) (3M) (14
Exposuss by inhalation te VC in nir st | ppm; 4 hriday, b daysmeek, for 52 weeks. Wislar rats, M, 13 weehs old. Results sfter 134
“wrehs tend of eaperiment).
- _ SL 067 18?

Adapted from Maltoni, 19B)
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Table VI-14&
Faperiment 1IT4.*
A is with lumors, 2 .
Tumors/100 animals Fore-
Group and _—— Mammary  Skin slomach )
conceniration MT BT L.AS LA FLAS ELA Lang T Ca EpT 1'ak Ac
1 e .3 178 03 TR &1 212 71 8
19,000 ppre {10°50} XS] (106) (4".4) {46°5h0) (356 {4756) {1156)
] 8.7 190.0 211 nt 1.7 50 . TAY 13 17 117
ﬁ 6000 ppm (1V60) (160} LED] (300) {47740} {RG0) (160) {140) l
1 11 ) 90.0 21 AS 115 1.7 618 135 68 LY '
.l:’. 2500 ppes (165 (b5 {R/HY) {1159 (4059 [0 (4759) (1759) ]
w #.3 103.3 213 82 11 50 L ] 132 33 - ]
560 ppm Qa6 5450} {1460 1310) 0001 (R60) (260) !
v 3.3 8.3 0.0 1IR3 [ 3] 50 6R1 200 LT 1.7 s
250 ppm (18/60) (11/60) 13460} {3940) 143/6D) 1120600 (lfﬁm 1360}
Vi 3 2.3 [} 1.7 1.1 Ml 100 200 1.1
0 ppra 1160} {1%0) (1160} 15%0) {660} (12260} - {1%Mm
vii
Ko trestment 14.7 [T &) - - 01 o1 o 01 1.3 -
(contrel) 1715m !Ill:'ﬂ) {15150 (1150 (2150

°E xporure by inhalation te VC in air at 30,000, GOUB, 2740, 500, 230, and 50 ppm; & hriday, S dsysimeck, lol‘ll)nrelu Swiss mice, M
lni f II lmh cld Results sfier 81 weeks (end of experiment).
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Table VI-15 Experiment BTA.*

. Twness/100 Animals with tumors, %
- animals Acoustie Fore.
Grovp and Hepa- Cholan- Cholan-  Duct Shin Mela- stomach Lewks .

concentrstion MT BT LAS LA ELA toman po-Ca giomaa EpT  EpT  nomas PebAc mia'

! 1 00 13 - 11 63 - 637 133 33 233 33 23 161
: 10,000 ppm a3m 2 @230 UM (180 {190 {130) (1030) (M .
] " ®e 3 33 33 - 33 s1 T &1 33 &1 I W
: 6000 ppms (130 (190} 4300 1230 (5300 (230 (IA0) (230} (3000) (63
T Q3 3 - &1 - - -~ 21 233 100 233 861 09
3 2500 ppm 230) 8000 (180) (3I0) (130) (1130} (aam
o v 83 3 67 - 33 - - o WO 233 - W0 16
~ $00 ppm (27301 (0 3m K3 QB0 (130 - (330 (3m
v 20 QI - - a3 - - 200 - 100 33 133
250 ppme (1301 (6:30) Qa0 (190) (A0 (60
vl 08 0o - - - - - 13 - 0 33 100 e
“v'ﬁn (130) (9300 (130} 330 (W
Mo trestment 200 46.7 - - - - - 67 - 5.0 - 50 13
{control) (2260 (2/60) @ (den

SExposure by inhalalion to VC in sir at 10,000, 6000, 2500. 500, 250, and 50 ppm; & haiday, 5 daystweeh, for 30 weeks Golder
hamaters, M, )1 weeks oid. Results after 109 weeks (end of experunent)

MLatency time in weeks: Group I, 16 7; Group 11, 27.2; Group H1. 10 . Group IV. 19 0; Group V, 22.5; Group VI, 25.3, Group Vil
%.5.
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Table VI-l6 Experiment BTN *
Tumors/100 Ammals with tumory, % .
animals Fore- Mam
GCroup and liepa- Nephre Neurp- Zymbal Skin  stomach man
. concentration MT BT LAS LA FLAS ELA tomas UL Bl GICa EpT PakAc MT
: 1 M1 30 202 31 25 25 - T 12 12 25 50 )
q $0.00 mg/kg (I/80) (VB0) (2/B0) (2RO (2 (1/B0} (IR0} (2P0} (4M)
3 " 00 116 125 - - - - a7 - 25 - 2 7S
16.65 mgig (10/80) (180) (2P0} (1/70) (60}
3 1] 08 250 - - zs 12 - - - - - - a7
\ 3.5 mghg (280) (30} 1380}
3 v
Olive oll 117 25 - - - - - - - 1.2 1.2 - 50
(contrel) {1780)  (1/80) 14/80)

*Exposure by ingestion (stomach Lube) of VC in olive oil st 50 00, 16.65 and 3.13 mye/kg bty weight . once daily, 4-6 daysiweek, fos 52
weeka. Sprague-Oawley rats, M and F, 13 weeks old. Revulis sler 136 weeks (end of eapersment).

Adapted from Maltoni, 1981




Table vVIi-1? Enperiment BT27.*

) 1100 Animals with tumors, B
snimals

1] Nephro- N Zymh —h
epa- Nephro- Neuro- Zymbal  Skin  stomach
MT BT LAS LA ELAS ELA tomas Hl.  Bl. GiCa EpT PabAc MT

U7 B) 20 - 01 - o7 - - a3 - 20 ae
{1149} (11149} {11349 {5149) 3/149) (121149
133 280 0.7 0.7 ~ 07 - o7 ‘ 13 4 2;.1' '
(1/148) (1/148) {1144) (L/148) (2148) (V140
- - - - 0.7 07 LR
(1450} (4/150) (L1150

160 28.7 0.7 - 1.3 41
{17150} 2150} (1150)

*Exposure by ingestlon (slomach tube) of VC in chve oil st } 0,0 3, 0.03 mg/kg body w eight, once daily, 4.6 d k, for T
Bprague-Dasley rais, M and F, 10 weeks old. lleaulis after 136 weeha (end of experiment). r ayv/eeck, for 69 wee

SL 067191
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Table VI-18 Eaperiment BTi2.*
Tumors’100 Ayunats wah tumars, 9 :
animals Fore: Mam
. Group and Heps: Nephen Neuro Zvmbal  Skin atomach mary
H dose MT BT LAS LA FELAS ELA tomar BL Bl. GiCa FEpT PsbAe MT .
% 1 138 e - - - - - - - - - 1.8 18
) 15 mgnd (186} (1%56)
1] 167 ) - - s - - - - - - 19 19
3 425 mgx3 Ty 483 (sl
o ] ny mwa - - Lh - - - - - 18 - 6.2
W 1B mgxt (56 (1/56) {3756)
v 200 Bo - - - IR - - - LA - a6 as
18 mgnl (1455 155 (235 (2765
v
Olive ol 83 a7 - - - - - - - - - 36 -
feontsol) (2/55)

*Eaposure by intraperitoneal injection of V(, 4.25 my in olive ot (1 mh). 4. 3, 2 times, sl twp month intervals ot once only.
Sprague-Daniley rate, M and F, 17 weeks old. Hesulis afier 144 weehs fend of experumeni ).
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Table VI-19 Eaperiment NT13.*

v Twners/100 Animals with tumars, %
' animals Fore-" Mam.
{ Greup and Hepa- Nephro- Newro- Zymbal Skin  stomach mary .
h dese NT BT LAS LA ELAS ELA tomas Dl DL GICa EpT PabAe MT
1
1 ke 13 - - - - T T
3 45 mg (1175) Qam)
¥ u
o> Olive ol) 133 2631 - - - 13 - - - 13 - - 12
conteol} 11115) 015 11735y

*Expesure by subcutaneous Injection of VC, 4.25 mg, in olive oil {1 mi), single dose. Sprague-Dawley rats, M and F, 21 weehs old
Resulis alter 45 weeks (end of experiment)

SL 067193
Adapted from Haltoni, 1981
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Table VI-20 Tumors Presently Correlated to VC Exposure (by Inhalatiou} on Experimental Rodents

Angio- Seha- {Nher *
BAFCOMAN erous nna- Foresio-
and an- cuta- neous mach pa-
Angioc Tumors Tumers Lympho gmomas  Nephre-  neous  epth-  Mam-  pillomas
. sercomas of of was and  Hepa-  of other carcy- chal  mary car- and acan-  Mela-
Species  of liver  brain lung leukemias lomss sites nomas  lumors  cinomas Lthomas  nomas
| I + + + + U 1) + +
Meowse + + + + (+)
Homter 4 (+) (+) 1+) + (+)
SL 067194
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A recently completed study by Feron et al. (198l) examined the oral
toxicity of vinyl chloride in Wiatar 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 (;CM) in the diet, or using gastric
intubation of a 107 VCM in soybean oil. The VCM doses (actual 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
angiosarcomas, and at the higher levels, a fev primary extrahepatic abdominal

angiosarcomas. At the lowest exposure level of 1.7 mg vinyl chloride

monomer /kg bw/day, liver-cell tumors and an increased incidence of foci of

cellular alteration vere 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 anglosarcomas at very high levels to the exclusive
induetion of hepatocellular tumors at low levels of exposure. Feron et al.
have also initiated a similar lifespan oral carcinogenicity study with vinyl
chloride in rats, using three different dose levels (0,017, 0,17 and 1,7 mg

VCM/kg bw day) and two conmtrol groups.

Til et al. (1983) examined the oral carcinogenicity of VCM in a lifespan
study (149 weeks) with five groups of Wistar rats, each consisting of 100
males and 100 females, except for the top-dose group wvhich comprised 50 males
and 50 famales. 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
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Table VI-21 Type snd Incidence of Treatment-Related Histopathologicnl Changes in the
Liver of Rats Exposed Orally to VCM

Incidence of change

Males Femles

Type of Troatmont ~
changet (ngmm... 0 1.7 50 141 300 0 1.7 50 141 300

Animais killed after 26 wk

Clear-cel) foci . 0 -— — 1 1 0 -— - 500 2

9 Animals killed -after 52 wk

1

8 No. of rats examined... 9 - - 10 9 9 — — 10 (]
Clear~cell focl | | — —_— e** 0 o — -— gere 0
Basgphilic focl o —_— - 0 0 0 - — 4 1
Eosinophilic focl 0 — — 2 0 o - -— Sae
Neoplastic nodule 0 — — 1 0o 0 — -_— 2 0
Hepatooel lular carcinom (1] — _— 1 0 0 — —_— 1 (1]
Cystic prollferation of bile ducts o _— - o 0 o — — 4* o

' Animals found dead or killed in extremis or terminally
No. of rates examined...55 58 56 59 55 57 sa 59 57 54

Clear-cell foci 0 L LA [ L UL A ) LLL B 4 2400 22%%¢ 3%** 10
Basophilic foci 0 18 21¢ 22%¢ ]2 0 k k Lo bd 17 2 * 319
Eocsinophilic focl 3 23%e 27446 338t ]) e 506 20* 9% ¢
Necplastic nodule 0 1 Foe 23040 3 2 260 J9ted gqees )
Hepatocellular carcinom 0 1 2 8o 1 o 4 19¢* 29*¢ ¢
Arngliosarcawa 0 0 6* 27004 27 0 0 2 gee 2
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Table VI-21 - continued

Prollferation of atyplcal

simisoidal cells only 2 0 4 7 6 4 6 3 4 7
Extermive nacrosis 4 4 8 23%* 2] 5 6 1908 77eee 24
Cyats 2 k| 4 1680 ) 9 Joree 4100 490 & 3
Liver-cell polyworphieom 4 16 2D%8% 42%0¢ 36 34 S51¢ 3 41 41
Cemtrilobular degeneration 0 0 o 1 1 1 2 3 1 18
Focal haemmtopolesis 0 1 0 10*¢ e 1 k | 1 6 12

1€-1a

Specific hepatocellular lesions were classified according to Squire & Levitt {1975).
fl‘h: ﬂglr.‘:: this group were not evaluated statistically beosuss no corresponding comtrol graup was included
n the study.
§Not examined.
The initial nwber of anbmls was 60/sex/group. A mmber of rate could not be examined becauss of camnibaliem
advanced autolysis.

Values marked with asteriks differ significantly from those of the controls according to the chi-sqmre tests
*p<0.0%; **P<0.015 ***P<0.001.

.

Adapted from Faron et al. 1981.
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Teble VI-22 Site, Type and Incidence of Tumors in Organs Other than the Liver in Rats
Exposed Orally to VCH for Over 2 to 5 Years

— Incldence of tumours
Bite anmd . Treatsent group Males Powmles

type of tmour _ {mg VOA/kg/day)... 5.0 14.1 300y 0 1. . .1

‘!M!ﬂ no. Ox mu-ot 5’ 5‘
No. of rats with prisary tuwours... 57 47

ol
™~
-3

56 59 55
49 52 44
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Thorax
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TARLE VI-22 (continued)

Incldence of Tunours
Site and Males ~ Femles
of

type Treptaant group
{mg VO4/kq/day) 0 1.7 5.0 14.1 300t 0 1.7 5.0 14.1 300!

tmsour
Mirenals
Cortical sdentea 18 25 1
PhasodhwosoCytoma 11 21 )
Plitultary
Aeanowm 12 2504
Carcinowm 1 0
Blood
Leukewda 1
Heart
Endocardial dlgsase’

Haesmangiocendothel iosarcom
Kidneys

Nephroblastoma

Clear-cell timmour

Lipomtous tusour

Unclassified epithelial tumour
Thymue

ribrosaroom

Reticuluw-cell sarcom
Mesenteric lysph nodes

fReticulumcell sarcom
Skin

Squasous~cell carcinom
Buhcutis

Fibroma

17 14
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TAHLE VI-22 (continued)

Incldence of Tuwoars

Bite amd Males Pamles
type of Treatmant group
tumour (mg voqgg@.y) 0 1.7 50 141 30! o 1.7 s.0 14.1 ot
Bkull i
Osteom | o 0 1] 0 0 0 0 0 0
Mesenchyml timouwr (1] 0 0 0 0 0 1 0 0 0
Ear region
Adsnoosrcinome of wknown ocrigin O o 1 0 0 0 L] 0 ] 0
Urinary bladder
Unclassified epithelial tiwour O 0 1 o 0 0 o 0 o o
Preputial glands
Squaous-cell carcinoms o 0 1 0 0 0 o o 0 ) ]
Mowary glands
Aenoma 0 0 0 0 0 0 o 0 2 0
- ribroadanom 0 0 0 0 0 21 25 120¢ qee 7
N Adenooarcinowa 0 1 o 2 o 3 2 7 7
& Anaplastic carcinom 0 0 0 0 0 0 0 1 0 0
Testes
‘Interstitial-cell tuwour k) 0 0 1 1
Uterus
Adenocarcinam 6 k) 1 1 0
Malignamt fibroadencmatous tuwour 0 1 0 1] 0
Lelowyom o 0 1 0 o
Cervix
Mesenchywal type af tuwwour 2 0 1 0 0o
Adsnocarcinowe 0 1 0 0 0
Ovaries
Theca-cell tumour o 1 0 0
“$A small ramber of primary llver tisours unrelated to treatment mm?ﬁmﬂ In several groups. These tLours we
one Kupffer-cell sarcom, three reticulum-cell sarcoms, two fibrosarcomas, one hasmangloendotheliom and ame
mesenciymal tismur.
yThe figures for this graup were not evaluated statistically, becsuse no corresponding control group wes included
in the study.
$in ssvoral mesr the neplastio dharacter of the lesion was doubt ful,
Values marked with asterike AAEf r significantl those of the controls according to the chi-square test:
~r NA7201 *Pen 05; 4RO, N 204040008,
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consecutive hours, and food was withdravn during the other 20 hours., Oral VM
exposure levels were 0 (comtrol), 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 rats, each receiving the same
treatment as the main groups, were used for determinations of glutathione
levels in the liver after 9 and 18 months. Observations were made of general
appearance, mortality, growth, food intake, thromboecyte count, prothrombin
time, glutathione levels {n the liver, gross pathology and microscopic
pathology of the liver and of all grossly visible tumers 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 respiratory
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

was 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 cysts, foci of cellular alteration,
neoplastic nodules and hepatocellular carcinemas in the top-—dose group as
compared to the control group. (me mid-dose female had a hepatocellular
carcinoma and neoplastic nodules vere found in one low-dose female and in one
mid-dose fermale. A control female wes diagnosed with hepatocellular
carcinoma. A hepatic angiosazcema was found in one male and two females of
the top-dose group, but rno such tumers 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 addicion, in females but not in
males, the incidence of basophilic foci of cellular alteration in the liver
was statistically significantly higher in both the low- and the mid-dose group
than in the contrel group. Details of the histopathological examinacion 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 lncidence of llistopathological Changes in the Liver

Type of (,.n.tll, Inclidence of changes
Males Fenalen
mg VON/Ng b vw./dey ng YON/hg b.v./day
0 G017 0.7 1.7 i 0 0.017 0.17 1.7 0
Number of anieals exanined ” 99 » iy oo 9 100 %% Th ay

1. Focl of cellular alterstion

o, clear cell foci

I one or a few 1? ] a Lans b & b] ] L18as 1
11 several 0 0 [¢] " n 0 1] L fhase 1]
b, basophilic focl
:i 1 one or o fev ] ? 3} as n 9 108 o se |98na 4
d) 11 several g o o 0 0 0 1 0 ? 0
~ c. wined cell focl
I one or a few o 1 7 ? n ] [ 4 As 0
4. eosinophilic focl )
[ one o1 a few 1 i 1 1 0 0 o I 1nsas ?
Al type of focl: = = e et e e
Total 17 12 15 0 ] 3] L} 34 AL} ?
Nuaber of foct-
bearing sninale 16 12 15 1)ass b LI | J 1 i PR 12saa Toa
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Table V1-2) - continued

Incldence of changes

Type of chanpes

Halen Femalen
ng VCH/Wg b.w, /day ng VOU/kg b.v, /lday
0 0.¢117 0.1? 1.7 g o 0,047 0.17 1.} o
1. Neoplastic nodules N
a8, one 0 0 0 ] 1] ] ] 1 Qeas 1)
b, 8 lfew o o - /] 1 1} ] o 0 ] 0
3, Nepatocellular caccinoms 0 0 o }s 0 i 0 ] ) 0
4. Anglossrcoms o o o i o 0 o L] H o
5. Liver-cell polymorphise
a. aligh 1 b | 1 9 12¢% 46 &1 (1) n "
3 b. soderate N ‘ ! TR BT 1 s 15 i3
:g c. severe 1 1 1 ) 0 2 1 4 qaas )
6. Pronlnent sinusoidsl cells
a. slight 1 1 1 4] L v ) 1 [ ]
b. scderste/narhed [ ? 1 1. 0 3 [ b} 2
7. Cysts
s, nne ] 0 1 L] n 3 1 [} 1 1
b. & lew 4 | i LY [} ! 1o
c. asny 0 0 1] 1] 0 1 & L) Jhans 1
8. Bile duct proliferation ,
s. slight 1 26 » [T TLL I 3 n 3 10 U z
b. moderate 9 9 ] }oare 3 10 2 3 )
C. severse 2 0 0 0 i ] i [ 4




Tahle VI-23 ~ cont inued

Incidence of changen

Type of changes

Hales Fruales
ng VON/hg b.v./day ng V(M/hg b.v./day
0 0,017 0.17 1.7 o 0 0,017 0.17 1.7 ¢

%. Cholempiofibrosis )

s. slight »n 194 20* 1 Fa 1] 1] §? i e

b. moderate 2 6 a 2 1 L3 ? ) 0 o
10. Periportsl flhresis

s. slight i 3 b] 0

b. moderate ? 0 0 0 ? 0 0

Ei 11, Pertportei/centrolobular
3 tafilirstes of sononuclear

cells

s. alight 14 10 (] 3 ? ) : 1 2

b. sodetate 1 1 1 0

C. severe 0 1 1 0 )] 0
12. Foc) of AES-celln

occanionsily sccompanied

by & fev necrotic

hepatocytes

a, one or & lev 18 13 n 5 ) )9 m 42 12 13

. seversi 5 ] b | 0 1 [ | b 0 )
17, Slipght haematopoletic

activity 7 0 L3 0 ] 1 L] b 4] [

SL 067206
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Table VI-2) - continued

tncldence of changes

Tvpe of changes

Hales Fesalesn
ag YVOU/hg b.v./day mg YOU/hg b.u. /day
0 0,07 0,17 1.7 0 0 0.0)! 0.1? 1.2 0
14, Single cell secrosisn )
s, slight 2 L 0 4 2 3 [)as 5 9
%. moderste/nevere 2 } 0 o 0 i 3 4 H b4
15. Focal necrosis
&, elight I 3 [} 1 4 4 4 ] L} )
b, soderate ! 2 o b )
€. savers i 0 0 ? )} 0 ] 1
; I6. Centrolobular liver-cell
S degrneration H } ) 1 0 ) ? ? n 0
i7. One of a fev foct of
degenerated hepatocyles 1 0 1a 3 0 | L] 0 1]
18. Haesocrhagic avess 1 0 1 (4] 0 0 0 1 o o
19. Pelloale-1like chanpen 0 1 0 2 1] 1 1 (1] n 0
10, Saall granulowms 1] 0 o 0 0 2 0 o n o
. 11, Vacuolization of
hepatocyltes malnly
a. periportal
1 slight ) [} ¥ L ) 4 1 12 9 [y (XY
1} modrrair 0 1 5 0 )] ! n |
111 severs ] 1 1 1] D] L] o n n
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Table VI-23 - continued

Type of chenges . incldence of changen
Msleso Femsies

sy YOU/hg b.w./day wg VOH/hg b.w./dsy

O 0,017 0.1} ).} 1] 0 0,017 0.)? I.L 0
b, diffuse

1 elight 1 0 1 0 0 0 0 o 0 0
11 moderste 1 0 2 0 o ? 0 0 0 1

11 eevere 0 ? 0 0 0 1 0 0 0

c. centrolebular
1 slight 0 1 4] 0 0 /] L] 1] 0 0

N Specific hepstocellular leatons werre cloasilied according to Squire and Levitt (1%73).

s P C0,05; P C001; *** P 0,001, according to the Flahera’ exact teat {ane talled).

Adapted from Til et al. 1981,
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Table Vi-24 Type and Incidence of Tumors of the Mammary Glands and Incidences

Site and type of tusoure

of Ahdominal Merothelfoman

Incldence of tusoure

Halee - Females
ug YOU/kg b.w./dey ng YOU/kg b.v, fdsy
o 0.017 0.17 V.7 o 0 0.017 0.1} 1.7 0

Nuaber of animnsle ensmined 9 99 9 49 100 b L) 100 %% (1 ‘on
Hasasry glends
= No of tussur-besring

anlosie 3 L] ) 0 b ] Tiash 8% 21 psas
1. Menosa

s. single [ & 2 3 1

b, tun i 1 0 o
1. latreductsl papillons 0 0 0 o [l 0
). Fibrosdenons

a. single 0 L} 2% (L d )] T 130

b. twe 0 o L 2 B 2 1 4

c. sultiple 0 0 0 0 ) i I i I
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Table VI-24 - continued

Site and Lype of tumours Incidence of tusours
Hales Femslea
ng VCH/hg b.w, /day . wg VCH/bg b.v./day
0 0.017 0.17 1.7 o o o.mn7 0.17
&, Filbrows
a. single ) 6 2 b} 5
b. twvo 0 0 0 0 1]
0 [+] 0 0 o ] [t]

c. multiple

5. Adenccarcinoms

n. single 0 1 b}
b. two 1 0 1] H
Abdomer.
1. Neaothelioms o 1 2 0 0 b H ?

P CO003; 4% P CO.01; *** P C 0.001, according to the Fiahern' exact test (one tslled)

Adapted from Til et al. 1983,
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VIl. HUMAN HEALTH EFFECTS

A. Non-Carcinogenic Effects

Vinyl chloride can produce a number of patholeogical ccnsequences in
humans in addition to its carcinogenic effect. These effects can be caused by
acute or chronic exposyre to vinyl chloride. Unfortunately, data regarding
dose-regsponse relationships in humans are very scarce because fev air
measurements of vinvl chloride in the work environmental of vinyl chloride
wmanufacturing and polymerization plants wvere made before 13975 (Mancuso 1975).

According to OSHA (39 Federal Register 12342, April 5, 1974), several

facilities revealed vinyl chloride concentrations for some job classifications
as high as 22% 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 aleme. Nicholsen et al. (1975) reported tha: vinvl
chloride in polymerization reactors may often have exceesdad 1,000 ppem and
occasionally may have approached 10,000 ppm before OSHA standards were
instituted. Ar these levels, workers experienced dizziness, headaches and/or

euphoria during work periods.

Several instances of acute exposure have occurred in vinyl chloride
plants. Deaths of two Canadian wvorkers folloving acute exposures to vinyl
chloride gas were reported by Danziger in 1960. At autopsy, there vas
congestion of the liver, spleen and kidnevs. In a~2ther study reported by

Suciu et al., (1975), exposure of workers to high ..acentrations 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

' J
of "occupational disease” from air concentrations ranging from 2,25f mg/m

(about 900 ppm) to about 100 mg/m'J (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 wvhich
inforzation was sought con the frequency of eight sveptoms, including

izziness, loss of consciousness, neadaches, etc. The vinvl chloride wvorkers
vere categorie¢ into low anc high exposure groups. Because the exposure limits
had been markedly decreased a short timp before the survey, the high exposure
group consisted of workers who were exposed to vinyl chloride concentrations
of over 200 ppm before the standard, and 20 to 30 ppz subsequently., The low
exposure group censisted of workers who were exposed to O to 50 ppr before che
standard and 0 to 10 ppt subsequent to it. Examination of the differences
among the three groups indicated a statistically sigrnificant dose-resporse
relationship for five of the eight symptoms (i.e., frequency of symptoms in
the high exposure group > low exposure group > rubber workers), and a2 similar
but non~-significant trend in twvo of the remaining sy=ptom categories. Thus,
there appears to be a dose-response relationship berween certain acute
symptoms (predominantly neurological) and level of vinyl chloride exposure,
The data also suggest that vinyl chloride levels belovw 50 ppm can produce

health effects.

The earliest reports of hepatotoxicity in vinyl chleride workers were

noted by Tribukh et al. (1949); however, the effects vere attributed to

VII=-2
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plasticizers added in the manufacturing process., The observed concentrations

of vinyl chloride ranged from 1 te 470 ppm. Since that time, impaired liver

function has been noted by other investigators (Marstellar et al, 1675, Lilis

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

Another effect from chroeric vinyl chloride exposure is a condition knowt
as acroosteolysis, which inveolves 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, pseudocluybbing of fingers, and numerous
other symptoms. Many cases of acroosteolvsis have been reported and character-~
ized and most involve autoclave weorkers 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
znd several gastrointestinal symptoms (Miller et al. 19735, Suciu et al. 1973).
Tnese and other vinyl chloride-induced health effects are revieved 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 scudy by
lnfante (Infante 1976, Infante et al. 1976a), the incidence of birth defects
for three small communities in Ohio in which vinyl chloride polymerization
plants are located was significantly higher (P<0.001) than that in either the
counties in which these communicies are located or the State of Ohio.

Significant excesses were observed for clubfoor and defects of the central

SL 067213




nervous system, upper alimentary tract and genital organs. A f{ollow-up study
by Edmonds et al. (1975) identified a moderate increase in central nervous
system malformations, but no associaticn could be found with vinyl chloride
exposure, In another epidemiologic study by Infante et al. (1976b), there was
a2 significant excess ferel less (P<0.C5) in wives whose husbands were vinyl
chloride peolymerization workers compared to controls (wives of polyvinyl
chloride fabrication and rubber workers)., The Infante studies suggest am
association betrween vinyl chloride and birth defects/fetal loss, but they are
not vat suppested by animal dzta. Fatch er al. (1981) examined the
statistical analveis (chi~square) used in the Infante (1976a, 1976b) work and
concluded that che difference in fetal loss reported as statistically
significant by Infante (1976a, 1976b) was not statistically significnn:;

Hatch et al. (198l) also concluded that the statistical test used was of
rather low power, and that a negative finding with this analysis does not rule

out a possible moderate effect.

Cycogenic studies have also been conducted. Picciano et al. (1977
reported no statistically significant differences in chromatid and chromoscme
aberrations or proportion of abnecrmal cells, in a group of 209 vinyl chloride
exposed vorkers. These workers were exposed for pericds ranging from 1 to 332
months to time-weighted average (TWA) levels of vinyl chloride ranging from
0.13 to 15.2 ppm. Killian et al. (1975) also reported a lack of evidence f 7
excess chromosome breakage in a population of vinyl chloride exposed workers.
In contrast, Ducatman et al. (1975) and Purchase et al, (1$975) reported an

increased incidence of chromosome breakage among vinyl chloride exposed

workers.

VII-4
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Hansteen et al. (1978) and Anderscn et al, (1981, 1980) showed that
chromosome aberration frequencies in cultured lvmphocytes from workers exposed
to vinyl chloride returned to levels in the normal contrel range after a
period without exposure to vinyl chloride or after a reduction in vinyl

chloride exposure levels.

Heath et al. (1977) examined cvtogenic effects in three groups of
industrial weorkers: PVC polvmerization workers (presumed high exposure), PVC
processing workers (presumed low exposure) and rubber and tire manufactuyre
workers (presumed negligible exposure). Actual vinyl chloride levels were not
peasured. Chromosome breakage in all cthree groups was significantly greater
than in non-industrial controls, and overall breakage levels were similar in
all three grcups, The authers concluded that other agents in addicien to
vinyl chloride mayv cause cytcgenic damage in wvorkers employved 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 wvhich occurs infrequently

VII-5
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in the general population, about 25-30 cases per vear in the United States
(Heath et al. 1975%). Because of its rare occurrence, it is possible te infer
a causal relationship between exposure tc vinyl chloride and the developrent
of this tumer., The epidemiologic evidence linking vinvl chloride to other

tvpes of cancers is more tenuous.

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

The remaining pertion of this section describes scre of the epidemiologic

studies linking vinyl chloride with angiosarcoma ané other types of cancer.

Tabershaw and GaZfev (1974) conducted a mortality study of vinyl chloride
vorkers. Mortality calculations included only those workers who could be
traced, i.e., 7,128 of 8,384 workers. These individuals were from 33
difference facilizies and all had been exposed te vinyl chloride for at least
one year. The mezh emplovment duration for the group of werkers under study
was 80 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 wvas found to be
lower, 1.05} 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

Vii-6
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expected in & comparable population) for malignant neoplasms increased with
increasing exposure level and/or longer duration. In the group identified ag
the high exposure group, there were increases in liver cancer (primarily

anglosarcoma), respiratory system cancer and brain cancer. These differences

were not statistically sigrnificant. -

Dow Chemical Co. (Holder 1974) conducted & mortality study of 594 workers
exposed to vinyl chloride in a single plant Setween 1942 and 1960. Workers
wvere assigned to exposure grcups based on the highest level of exposure for at —
least one month (low group - TWA less than 25 ppm vinyl chloride, intermediate -
= 25 to 200 ppm TWA, high - 200 te 300 ppm TWA). Alse included in the high
group were workers normally exposed to 25 te 200 PP TUA who were also
frequently exposed to excursions c¢f 1,000 ppm. Total mortality was 9. percent

of expected among the vinyl chloride exposed workers. XNo deaths due to liver

cancer were reported, and only 13 cases of neoplasms vere reported as opposed
to 15.4 expected, Nine of these malignancies occurred in the high exposure

group, as compared to 5.1 expected (the author stated that due to the small

t.-]

number of deaths, this difference wvas not tested for significance). Eight of

Lo

these malignancies vere in workers with 15 or mere years of exposure.

Monson et al. (1975) conducted a proportional mortality study of workers
from two vinyl chloride plants vho died between 1947 and 1973. Death
ctertificates were obtained for 142 of 161 wvorkers (882%) vho died within chis ;
time period. Deaths atcributable to cancer were 50 percent higher than

expected (a statistically significant difference). A 900 percent increase in




Y

—

-

cancers of the liver anc biliary tract was noted (five angiosaTrcomas).
Excluding angiosarcoma, a 275 percent excess in the number of cancers was
observed. Twe brain tumors (320 percent excess) and 13 lung cancers (6C
percent excess) were observed. In addition, the overall cancer death rate

increased during the period,

Nicholson et al. (1975) studied a group of 257 workers (of whom 255 were
traced) expcsed to vinyl chloride for ar least five vears subsequent to 194¢€.
Their morzeliry status was evaluatec beginning ten vears after the start of
erplovment until 1974, Exposures were estimated to often exceed 10,000 ppr.
Areng the 24 deaths were three cases of angiosarcoma of the liver. Prelici-
nary findings indicated a 25 percent increase in deaths over the expected
number and a 13! percent increase in all cancer deaths, although neither of

these increases was statistically significant,

The National Institute for Occupaticnal Safecy and Health (NIOSH) conducted
a study which involved 1,294 individuals who were exposed to vinyl chloride
for at least five years, and for whonm at least ten years had elapsed since
initial employment. A total of 136 deaths was 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 biliary and liver cancer (Waxweiler et al. 1976).

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

Tabershav 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 urchanged;
no increase over expected in malignant neoplasms was found in the low exposure -
group (TWA from 10 to 100 ppm) and an increase in deaths due to malignant ’
—
neoplasmes was observed in the high exposure group (TWA of greater than 200 ppr). §
Chiazze et al. (1577) reported a cross-sectional mortality study of 4,341 i
employees from 17 PVC plants who died between 1964 and 1973. The exposed 7
J

employee population was cormpared with the entire U.S, population, specific fer

color and sex and adjusted for age, No angiosarcoma deaths were identified.

‘L.'—CHJ

'Total cancer deaths increased in whice employvees (especially due to cancer of

| WU |

the digestive svscem). In vhite worern employees, deaths from cancer of the

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

-

control analvsis of breast cancer deaths among FPVC fabricators, as an extension
of their 1977 study, Chiazze et al. (198Q) found no statistically significant
relative risks for breast cancer in PVC fabricators and concluded that very

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

In contrast, in a mortality study of 7,000 British workers exposed 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 vere diagnosed, and two of these were confirmed
as angiosarcoma. Both cases vers in men exposed to high levels of vinyl

chloride (Fox and Collier 1977).

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

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

VIiIi-9
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liver tumors was found, and tuo cases were dilagnosed as angiosarcoma. The

numbers of other tumors did not deviate significantly from expected.

Ter cases of hepatic angiocsarcoma were found among the relativeiy small
work feorce exmpleved at a vinyl chleride pelvmerizatiorn plant ir Quebec. This
is the largest number of cases tc be diagnosed in a single plant (Makk et al,
1976). As a result, Delcrme and Theriault (1978) retrieved more detailed
infqrration on these ecplovees. The authors suggest that the cases of hepatic
angiosarcomz appear tc be associated with high vinyl chloride exposure levels
and overtime work hours. No correlation was found between occurrence cf this

tuzor and alcohel consurption eor cigarette smoking.

In werkers engaged in the polivmerizazion of vinvl chloride who were
studied by Popper and Thomas (1975), the characteristic hepatic fibrosis was
present ir all cases of angiosarcoma. Although the relation of fibretic
lesions to the development of angicssrcoma requires fyrther study, a
transition from the fibrotic stage te angiosarcoma is suggested by the focal
proliferation of the sinusoidal lining cells and of the hepatocytes that are
seen in the fibrotic stage, but which becomes even more pronmounced in the
initial stages of angiosarcoma development. These findings suggest that the
fibrotic lesioms without angiosarcomas, frequently observed in wvorkers to
exposed to vinyl chloride (Lilis et al. 1975), might be the prestage of
developing neoplastic lesioms. The diagnosis of the fibrotic lesions in these
workers may imply a longer latency period for tumor initiarion based on a

lover exposure level, The series of changes observed in the liver appear to

VIi-10

SL 067220




represent a multi-centric development of angiosarcoma and are similar to the

changes induced by Thorotrast and inorganic arsenicals (Berk et al. 1976).

In the most recent update of the NIOSH register (Spirtas and Ramirzski
1978) a total of 64 cases of hepatic angiosarcoma have been identrified
worldwide aceng vinyl chloride-exposed industrial workers. A listing of all
documented cases by countrv is presented in Table VII«1l. The number of cases
per vear is depicted in Figure VII-]. Of the 64 cases, 23 have been reporced
in the United States. The authors reported that beoth the age at diagrosis and
the latency period for cancer induction appear to be increasing. They
suggested three explanztions for these phenomena: (1) early cases may have
heavier exposures, (Z) the inicial cases represented more biologically
susceptible individuals and (3) randem fluctuation, If the trend of increased
age at diagnosis and the longer latent period for hepatic angiosarcoza
induction are indeed related to lower levels of occupatrional 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 ezany

vears befcre 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 viecinity 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 New York
(excluding New York City). Exposures to arsenic, vinyl chleride or thorium

dioxide wvere suggested as significant factors in the etiology of these tumors.




Table VII-1 Anglosarcoma of the Liver in Vinyl Chiaride/PVC Horker

Years from  Total Date
1st Exposure Ysars of of
to Disgosis  Exposure Death

lat W
Birth of PWVC
Date ERposurs

Case Diagnosis of Mje at

Anglosarcarm  Diagnosis

SL 067222

q

gt.edmlo‘mkh
lonkia
Ped Rep Gorwany
Pod Rep Gorwany
Fod Rep Garwery
Feld Rep Garmany

Yed Rep Ganary

Fed Rep Qaspmary
Fed Rep Garmany
Fed Rep Gerwary
Fed Rep Germany
France

France

France

Franoe

France

¥France

France

France

Great Britain
Great Britain

00-00-00
12~15-1)
03-06~-14
08~26~-19
04-05-19

" 00-00-00

00-00-44

. 00-00-43

05-07-11

12-1%-19

11-09-19 -
05-13-20 :

07-19-21 °

05-16-15
00-00-28
00-00-26
06-04-30
07-26-31
09-04-30
01-01-32
09-29-26

- 10=19-17

12-13-34

07-25-29
. 01-02-61

12-29-36
04-15-24
06-03-11
00-00-19
01-27-27
01-29-38
04-14-34
00-00-27
04-01-34
04-20-01
06-02-137

, 00-00-44

Ly

- 02-00~-66

. 00-00-53
00-00-57
00-00-51
10-01-56
10-14-57
04-16-57
12-16-62
G4-15-54

« 04-19-54

.. 12-02-59

10-10-55

. 01-00-46
. 07-06-59%
00-00-46
10-19-49
00-00-65

" 00~00-58

07-01-50
05-23-57

00-00-00
00-00-55
00-00-57
00-00-62
00-00-67
00~-00-60
00-00-71
00-00-72
00-00-73
00-00-74
00-00-76
00-00-73
00-00-56
09-19-60
09-25-70
00-00-74
00-00-75
00-00-15
00-00-75
06-16~76
06~28-77
00-00-77
02-18-67
01-08-75
01-00-75
01-04-76
04-00-76
09-00-76
07-00-76
12-03-76
12-00-72
12-00-74

00
Al
43
12
48
57
51
53
53
53
61
46
40
39
K
44
4]
493
58
42
47
41
43
6)
55
49
K i)
42
49
42
7
kY

1.

r- 00

L]

1

e

14

,.-'.21'

22
24
24
2%
12
20
2]
16

- 15

12

13

17
13
il
22
17
22
16
21
15
29
26
1l
18
26
19
0
09

00
11
14
2
22
05
2
s
o5
26
14
16
15
12
12
17
12
12
21
15
22
10
19
12
29
26
10
17
2]
19
22
o4

06~29-76
09-02-35
12-21-%5%
03-22-62
01-21-60
07-05-68
04-10-71
12-24~72
06-12-71
09-04~74
04-00-T7
00-00-74
00~-00~65
01-2%-69
i2-14-71
11-25-~74
o1-09%-7%
11-13-715
12-2%-7%
Alive

06-28~-717
03-07-T7
02-19-47
01-24~7%
06~29-73
01-04~-76
05-1)-76
09-12-76
07-02-76
01-30-77

12-00-72

12-24-74




Table VI-1 - cont i nued

Yeaurs from Total Dats

llt v h@
‘ 1st Exposure Years of of

Case Birth of PV Diagnosis of at

£1-I1A

Country No. Date Exposure Anglosarcam Diagnosie to Diagnoeis Exposura Death
Italy 02* 11-13-29 00-00-57 12-13-72 43 13 06 12-00-72
Italy 03* 03-14-20 00-00-53 07-10-75 55 22 21 07-10-75
Jepan oL 08-01-22 04-00-53 08-21-74 52 22 22 10-24-73
Norwey ol* 12-23-15 03-00-50 '12-20-N 56 22 21 01-04-T2
Sweden 0l* 06-23-27 00-14-51.  08-00-74 4 19 18 10-20-70
Sweden 03* 06-10-10 05-00-47 03-19-76 65 .. 1 21 03~19-76
Sweden 04* 11-16-14 00-00-46 05-12-77 62 3l n 05-12~77
U.8.A. 0l* 10-17-23 12-09-48 03-03-73 49 24 21 03-03-73
U.5.A. 02* 08-19-33 11-15-55 05-00-70 37 14 13 09-28-71
U.S.A. 03* 05-25~13 11-28-45 12-19-73 58 -2 2 12-19-73
U.8.A. 04* OL-15-24 07-06-52 06-19-67 43 15 15 01-07-68
U.8.A. 05 01-25-12 06-19-44 04-09-64 52 20 20 04-09%-64
U.B.A. 06* 11-23-28 01-17-62 02-00-74 46 12 12 07-24-73
U.8.A. 07* 050322 08-27-44 00-00-68 45 24 17 - 03-23-68
U.S.A. 08* 05-06-20 10-07-46 08-00-61 41 _18 15 00~29-61
U.8.A. 09*  11-08-31 05-28-45 03-01-74 4) 2 24 03~00-73
U.B.A. 10 08-16-13 06-12-51 05-00-68 55 17 17 05-10-68
U.S.A. 11*  05-27-09 10-14-46 03-00-70 61 23 2 03~-16-70
U.S.A. 12 11-17-18 09-13-49 05-02-69 50 20 19 ' 05-02-69
U.B.A. 13*  12-01-21 12-11-42 05-00-74 52 32 26 07-04-74
U.S.A. 16* 11-04~27 05-08-50 00-00-69 41 19 04 03-27-69
U.5.A. 17*  05-06-31 06-23-55 10-11-74 43 19 19 Alive
U.B.A.° 18* 04-22-28 09-15-54 00-00-75 46 21 11 11-02+7%
U.S.A. 19*  00-00-1% 00-00-43 06-19-75 60 2 22 04-06-2%
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 30 2 01-02-T7
U.8.A. 22¢ 10-02~23 07-11-47 01-00-76 52 2 2 12-04~-76
U.B.A. 23* 00-00-23 09-00-58 04-06-73 50 15 14 04-~06-73
U.8.A, 24* 05-07-17 00-00-39 05-27-77 60 k ;) 26 05-27-77
U.8.A. 25* 08-07-10 02-00-47 03-10-77 67 30 20 03-10-77
Yugoslavis 01* 04-05-14 00-00-53 04-08-73 59 20 20 04-08-7
Yugoslavia 02* 11-15-31 00-00-50 07-12-73 42 px) 18 07-12-73
Total Reported

Canes 64
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VIl~-1 Number of Cases of Vinyl Chloride/PVC Relsred Anglosarcomas Reported °
Figore NIOSH by Year of Diagnosis (Representing only 63_of‘:h¢ 64 Caseé Knowr
to N10SH Since Information cn Diagnosis is Missing for One Case

3T
MUNMBEN (F MINYSARCOMAS

Adapted from Spirtas and Kaminski 1978,
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Direct exposure to these agents could not be demonstrated in 19 of the 26
study cases. Five of the ]9 patients lived closer to vinyl chloride plancs
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 eticlogv of this discrder™ (Brady et al., 197]).

Falk et al. (1981) described a nationwide survey of hepatic angiosarcoca
in the United States from 1964 to 1974 which identified 168 cases. O0f these,
42 cases wvere associsted with known etiologic factors including exposure to
vinyl chloride, use of thorotrast, exposure to inorganic arsenic ané treatment
wvith androgenic-anabolic steriods. The recmaining cases were of uncertain
etiology. The authors concluded that hepatic angilosarcoma most often affects
males, peaks in the sixth and seventh decades of life, and appears to occur
pore often in industrial areas of the Norcheast and Midwest. These authors

also noted a high relarive risk for PVC polymerization workers.

T1ARC (1679) examined the available data on huzans and concluded that
exposure to vinyl chloride results in an increased carcinogenic risk to
humans. The organ systems most likely to be affected vere the liver, brairn,

lung and hemato~ and lymphopoietic systems.

VII=-13
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VIII. MECHANISMS OF TOXICITY

The mechanisms by which vinvi chleoride cavses non~carcinogenic injury are
unknown. It is theorized that the toxicity of this corpound is attributable
to its enmzymati:c exidation to reactive polar metabolites, possible

chloroethyvlene oxide or chleroacetaldehyde (see Pharmacokinetics section).

Vard et al. (1976) hvpothesized thazt an immunclogical mechenism is
responsible for the non-carcinogenic pathological effects of vinyl chleride
expesure, According to this model, z metabelite of vinyl chloride binds to
plasma protein, producing an antitocdy response. The antigen and resulting
immunoglobulin interzct to produce a soluble complex which causes vascular
occlusion, plateler aggregaticn an¢ other adverse effects wvhich explain the
observed svmptoms o¢f the disease. An investigation of workers with "vinyl
chloride disezse" showed the preserce of circulating immune complexes in 1% of
28 patients. Abnormalizies were alsc detected in some wcrkers exposed te

vinyl chleride 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 mutation theory
of carcinogenicity suggests that for a carcinogenic response to occur, an
irreversible change must occur in the cell vhich 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

VIill-l
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othervise alter the DNA to initiate the change. 1In recent years, however,
some substances hagve been shown to be carcinogenic, but by mechanisms with no
apparent direct interaction with or alteration of the DNA of the cell by the
substance. Presumably, these compounds are not capable of inftiating the
alteration of a normal cell to & neoplastic one, but can facilitate expression
of neoplastic response in latent cells. Carcinogens now are often classified

into two brcad categories: genotoxic and epigenetic or nongenotoxie,.

The wmechanism by which a compecund causes its carcincogenic effect can rarelv

be determined by the chronic testing of whole animals, as in the NTP bioassay.

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 vitro resting systems measure mutational events, and many carcinogens are

mutagens, it is suggested that positive results in certain of these test
svstems indicate genotoxicity. The decision as to whether a substance is 7

genotoxic may be made qualitatively on the basis of several criteria: (1) a

| SL

reliable, positive demomstration of genotoxicity in appropriate prokaryotic

and eukaryotic systems in vitro, (2) studies on binding to DNA and (3)

.‘Hﬁ" v F1

evidence of biochemical or biologic consequences of DNA damage (Weisburger and

Williams 1981).

No single test system appears capable of identifying all carcinogens that -
are genotoxic. Thersfore, a number of scientists have proposed testing 3
I

batteries such that the results from each test within the battery, when

evaluated in conjunction with the others, will enable researchers to determine

ViIl-2
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the mechanism of carcinogenicity of & particular compound. Vinyl chloride has
not been systematically studied in any specific battery of tests, but has been
evaluated in a number of test svscems tha: have been prcoposed for inclusion in
one or more batteries. Table VIII-! summarizes some of the mutsgenicity
studies on vinyl chloride which have cemonstrated the chemical's genotoxic
potenzial. The studies have been divided according to the three criteria for

genotoxicity (Weisburger and Williams [981) outlined above.

Considering all of the data ¢n vinyl chleride, it is probable that vinvl

chloride exerts its carcincgenicisy through genotoxic mechanisms.

VIII-3
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Table V11I-1 Results of Vinyl Chloride Mutagenicicy Scudies

In Vitro proaryotic and edaryotic system-
Metabalically activeted -’ + mnu., 1975

nl"um

Escherichia coli K12 + Greim et al., 1975
Moauxotrophic sttain . _
Yeast - IR \ Lepries &t al, 1976, 1977
Garm cells of Droecchilia + Verburgt and Vogel, 1977
Chinese harster V79 calls + Bubermn et al., 1975
B. INA Rinding Stixdies
Mouse tissues (bxadn, ' + Bergman, 1982
lver, xidney, spleen, (Irrevarsible
parcreas ardl testas) in Hnding o R
vitro and INA)
Rat liver microscrmes, + Guerperich et al., 1981
recenstivrtad cytochrare (Irreversible
P=450 systams and isclated HHrding o
hepatocytas 4 oeain and IMA)
Rat liver micrescmes with * Laid and Bolt, 1977

of RQ)
C. Riochemioal or biclogic conseguences of NA dammos
Bons marzow cells of + Ardiersan ard Richardson,
rats (in vivo) (Cromreces 1976

darmce )
Bone mrrow cells of + Basler anxd Rohrbarn, 1960
Chinese hamters (in vivo) (Cromecms

aberTaticons and

sister-chromtid-

excranges)
Cultured peripheral lynpho- +
cytes in humns (viwl (Crromecml Purchase et al., 1978
chleride exprsed warkers) abrorralities) Purchase et al., 1975

Dxcacmn et al., 1975
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The datz used tc estimarte z unwt Tvisk for oral expesure to vinyl chlcride

-

are based crn the Tercn et al. (1881) studv., The statistically significant
inereases rTepcrred feor liver and lung tumors were comsicdered tiologically

fcr che liver tumers, necrlastic nedules were cornsidered :z

L]
H
)
m
LAl
m
h
n
1
0
3 ]
Lad

cwerd hepatocellular carcinomas, and these are incluied in the
2-les . and I. Ixtrzpclatiens using the linearized multistage

nodel show values of qI for the individual tumors ranging from 8.8 x 10-2 to

1 A-2 = -
frr the males zrd froz 5.8 x 1< to 1.3 fer the females, The

1

1.3 x 167

-] -
value of 3 based on males was 3.C » 10 ° for liver cumors and 2.9 x 10
based or all tumors combined. For the fecales the value of q? based c¢n liver

: tumors was 1.% and for 2ll tumors ccmbined was 2.3. All units of g% are per
-

=g/kg/day.

Before proceeding with the unit risk estimates an explanation of the

L

total tumor counts in Tables ! and 2 is necessary. For the liver all animals
. with hepatocellular carcinomas vere assumed to also have the neoplastic
i nodules. Thus, only the neoplastic nodules and liver angiosarcomas were added
- to derive the total liver tumors. Otherwise, the totals would have exceeded
t‘ 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

Al-l
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Table 1 Type and Incidence of Statistically Significant Treatment-Releated
Changes in the Liver and Lung of Male Wistar Rats Exposed to VCM in
the Diet. Values of q% and Concentration from Multistage
Extrapoiation Model Included

Treatment group a 95X lower-limit concentratio
(mg/kg/day) qa} associated with risk (ug/L)
0 1.7 5.0 14.1 (mg/kg/day) ™" w10 10t
Number of rats examined® 55 58 56 59
Liver
Neoplastic nodules 0 i 7 23 2.1 x 107} 16.7
'Hepatocellular carcinomas 0 | 2 8 8.8 x I0—2 39.8
Anglosarcomas 0 0 6 27 1.3 x 107} 27.0
Total liver tumors® 6 2 13 50 1.0 x 107" 1.7
Lung
Anglosarcomas 0 0 4 19 1.1 x l()-l 31.8
Total animal with tumors® o 2 17 58 2.9 x 107! (2.1
;Hu-an equivalent q? - q? (a) (M /W )113 in (mglkglday)-l.
Concentration in ug/L = (-35,008/¢%) In(1-R).
:round dead or killed in extremis o& terminally, SL
Sum of neoplastic nodules and liver anglosarcomas. 067231

eTotal must be at least leas than total examine
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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 qf and Concentration from Multistage Extrapolation Model Included

Treatment group 95% lower-limit concentratio

(mg/kg/day) qTa y aasocl?;ed vitfsrlsk (EE/L)
0 t.7 5.0 14,1 (mg/kg/day) n 10 10
Number of rats examined® 57 58 59 57
Liver
Neoplastic nodules ? 26 39 44 1.3] 2.7 0.3 0.01
Hepatocellular carcinomas 0 4 19 29 5.0 x !ﬂ-’ 70.0 0.7 n.07
Angliosarcomas 0 0 2 9 8.8 x 10~2 9.8 4.0 0.4
Total liver tumors’ 2 26 41 5) 1.9 1.8 0.2 0.02
Lung
Anglosarcomas 0 0 1 5 5.8 x 1072 60.3 6.0 0.6
Total animal with tumors® 2 26 42 56 2.3 1.5 0.2 0.02
a, « . 1/3 -1
pHuman equivalent q* =~ at (a) (W IH ) in (mg/kg/day) .
cConcentrution in pg/L = ( 35, ﬂﬂblq YIn(1-R).
dl'ound dead or killed in extremis or terminally.
eSu- 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 q} 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 (Hh/w.)ljs. The human weight
(Hh) wvas assumed to be 70 kg; the male rats were estimated to weighe 350 g and
the female rats wvere estimated to wveigh 200 g (Figure 1). Thus, the corres-

ponding human equivalent dosages were 0, 0.29, 0.85, and 2.41 mg/kg/day based

on the male ratg, and 0, 0.24, 0,71 and 2 mg/kg/day based on the female 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:

qi = 2,3 (u:tg/kg/day)_I
To derive an estimate of the 952 lower level of concentratiom, d,
corresponding to a 95% upper level of risk, R, the following equation is used:

-q *d

R= lee 1

where d is the lower 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

Al=-4
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Mean body waight, g

[ ] I H

1 ! 1 J
230 40 &0 MG 10C 120 14D 18D

Duration of experiment, wk

8 The weight curves of the rats receiving 0, 1.7, 5.0 or 14,1 mg
VCM/kg body weight/day from the 10% PVC diets fed for four hours

each day all lie within the shaded area,

Adapted from Feron et al. 1981.

Figure 1 Average Body Weights of the Extra Controls Fed the
102-PVC Diet Ad Libitum (-) and of the Rats Given
300 mg VCM/kg Body Weight in 0il by Gavage

Al-5
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If ve set R = 10> then
d = (-35,000/q%) In (1-107°) (ug/L).

For the highest value of qf = 2.3 (mg/kg/day)-l (Table 2), setting R = 1073
yields a value of d = 0,15 ug/L. Setting R = 107% or 1078 yields values of d

= 1.5 ug/L and 4 = 0.015 ug/L, respectively.

For comparison purposes only we compare the potency of vinyl chloride by
the diet versus the inhalation routes., A previous memo we sent you astimated
the 952 upper limit of potency for VCM as q? = 1.7 x 10-2 (mg/kg/c!ny)-1 based
on an inhalation study showing angiosarcomas and other tumors in rats. That
potency estimate wvas 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.
Wwithout that adjustment for route differences, a direct transformation based
on a 70 kg human breathing 20 mB/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, still 44 times

less than the estimate from the diet study.

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

95% lower limit concentration

Route Potency associated with risk (ug/L)
4t (ug/kg/day) ™ 107 107° 1078
Oral
Based on
{ dier study 2.3 1.5 0.15 0.015
Based on 2
' inhalation study 1,7 = 10 ZQO 20.0 2.0
|
1 Inhalation
- — Based omn -2
) inhalation study 5.2 x 10 67.3 6.7 0.7
~
|
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|
L
N
L
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