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1.0 Executive Summary

Vinyl chloride is a short-chain halogenated hydrocarbon used
predominantly in the manufacture of polyvinyl chloride and various
packaging and construction products. Vinyl chloride has a very low
degree of acute toxicity, with two-hour inhalation LD5o values
ranging from 27,419 ppm in mice to 236,215 ppm in rabbits and
guinea pigs. Exposure to high concentrations can lead to narcosis,
cardiovascular and respiratory irregularity, comvulsions, cyanosis
and  death. Several human deaths have been attributed to
occupational exposure to very high levels of vinyl chlofidq.
Autopsies of these patients revealed congestion of the livar,
spleen and kidneys. Acute toxicity symptoms are thought to occur

above 100'ppn.

Chronic exposure of workers to vinyl chloride has been shown to
lead to "vinyl chloride disease”, characterized by occupational
acro-osteolysis, vasospasm of the hands similar to Raynaud’s
syndroms, dermatitis, circulatory and central nervous system
alterations, thrombocytopenia, splenomegaly and changes in liver
function. Eight symptoms commonly reported by workers exposed to
vinyl chloride (including dizziness, headaches and nausea) were

observed evean at dose levels belov 50 ppm.

Vinyl chloride has been shown to induce cancer in animals ip utero,

but has not been shown to cause any other reproductive or

1-1
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developmental effects in rats, mice and rabbits. Epidemiologic

studies of families of vinyl chloride workers or communities having
vinyl chloride processing facilities suggested the possibility of
an increased incidence of birth defects and spontaneous abortions
among people at risk; however, subsequent reviews of these studies
have concluded that chers {a {nadegquace evideuce to link
snviropmental  or . paternal  expogure  to vinyl chloride with birch
defects or spontaneous abortions in humans.

The noncarcinoganic effects occur at concentrations near or above
10 ppm, which is greater than four orders of magnituds ab ve
possible general ambient levels in California (0.5 ppb). _;hn
noncarcinogenic effects also occur at concentrations greater :h‘ﬁ 3
orders of magnitude above the highest conccncintions measured A;ar
landfills (10 ppb). Consequently, DHS_ ataff do not expect
nencarcinogenic adverse health effecta to ocgux from acute or
chronic exposurea o vinvl chloride in ambient air.

Repartnant of Health Services (CDHS) bave identified vinvl chloxide
smmgm_m_mxmm.smummmu Chronic
inhalation and oral exposures of rats, mice and hamsters t vinyl
chloride have been associated with an increased incidence of
malignant and benign tumors at several sites including the liver,

lung, wmammary gland and the nervous system. In humans,

1-2
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epidemiological studies of occupationally exposed workers have
linked vinyl chloride exposure to development of a rare cancer,
liver angiosarcoma, and have suggested a relationship between

exposure and lung and brain cancers.

Although pharmacokinetic studies in humans exposed to vinyl
chloride are rare, limited evidence indicates that, following
inhalation of low levels of vinyl chloride (3 co 24 ppm), up to 71%
(with a mean wvalue of 42%) of the given dose may be absorbed.
Vinyl chloride absorption appears to depend on its metabolism,
which is a dose-dependent, saturable process., Due to saturation.of
the enzyme systems responsible for the metabolism of vinyl chloride
(cytochrome P-.450 and alcohol dehydrogenass), exposur _to
concentrations above approximately 250 ppm will not necessarily
lead to an increasing incidence of tumor development. Metabolism
of vinyl chloride leads to formation of chloroethylene oxide and
chloroacetaldshyde, two reactive intermediates which wundergo
covalent binding to cellular macromolecules and are thought to be
responsible for the ctoxic effects of vinyl chlorida. Thess and

other metabolites may be further metabolized and excreted in the

urine. Ummetabolized vinyl chloride is eliminated primarily in
- axhaled air.

Vinyl chleride is mutagenic in both prokaryotic and eukaryotic test

systems, with significantly greater genotoxicity seen after
metabolic activation., DHS scaff have found no evidence of a
carcinogenic threshold level and because vinyl chloride ig

Cra 0103446
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Several animal carcinogenicity and human epidemiological studies of

occupationally exposed workers have been analyzed for risk
assessment purposas. Although actual exposure levals are not
known, exposurs estimaces have basan used to svaluate the Waxweiler
et al. (1976) study of vinyl chloride workers. Based on these
estimates, DHS staff has calculatad that a lifetime exposure to
0.485 ppb might result in an incremental individual cancer risk of
1 x 10'6(assuning liver, brain and lung cancer are all related to
vinyl chlorids exposura). This ylelds & risk estimate of 2.&::
10'6/ppb. In the case that only liver cancer is assumed to B;
linked to exposure, a lifetime exposurs to 1.0 ppb may be expectad
to result in a risk of 1.0 x 10°%. Dus to inadequate exposure
data, follow-up ¢time and other methodological problems, DHS staff
suggest that the human risk estimates bs used only for comparative
purposes. Evaluation of animal experiments by the linearized
multistage model yields a range of human risks spamning from 1.8 x
10'3/pph to 3.9 x 10'6/ppb. with most estimating a risk of between

-4 and 10-5/ppb. Evaluation of animsl tumorigenicicy data

10
indicates that vinyl chloride’s carcinogenic potency is dapendsnt
on sex, tumor site and age of exposure. Taking these factors into
account, DHS staff helieve that the human risk estimaces are
consistent with those obtained for laboratory animals. The scaff

of DHS recommends that the animal data be used to evaluate the

risks resulting from vinyl chloride exposure. Conseguently. the

1-4
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Vinyl chloride has not been daetected in the ambient air of
California (limit of detection = 0.5 ppb) except at certain "hot
spots". Alir Resources Board (ARB) staff has monitored vinyl
chloride emissions from the BKK hazardous waste site in West Covina
and the OII landfill in Monterey Park. Estimates of peak exposure
concentrations for maximally exposed receptors range from 2 to 10
ppb at the BKK landfill and from 0.6 to 9 ppb at the OII site. Air

Resources Board staff has estimated that between 17,000 and 131,000

individuals may be exposed to 1 ppb at the BKK site. A lifetime

exposure of 131,000 residents to 1 ppb would be associated with an
upper bound estimate of 0.5 to 236 excess cancer cases. The
calculations represent the upper range of plausible excess cancer
risk: the actual risk, which cannot be calculated, may be
insignificant. Based on the finding of vinyl chloride-induced

carcinogenicity and the results of the risk assessmenc, DHS staff

CMA 01034
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I. National and International Evaluation (Other Agencies’

Evaluation)

A. Interpatiounal Agency for Research on Cancer (JARC)

1. Short-Term Tests:

metabolic activation gvsctem.

2. Animal carcinogenicity bioassays:

ex iphalacion.

3. Human evidence: Thexe exists suyfficient evidepce of
carcinogenjcicy to humans, Occupational exposure to vinyl
chloride has been linked with development of angiosarcoma
of the liver, and has been associated with tumors of the
brain and lung and of the hematopoletic and lymphatic
systems. Vinyl chloride i3 grouped under IARC category 1.
maaning chat ic "is causally associated with cancer in
humans .

B. U5, Eavironmental Protection Agency (EPA)

1. Shorc-Term Tests: gufficieqt evidence of muctagenic




‘Ji\: i"'

metabolic activatjon system, for both DNA damage and

mutation,

2. Animal carcinogenicity bicassays: There exists sufficient

i
*

C. Conclusiong. Both EPA and IARC have concluded there is ample

evidence that vinyl chloride is genotoxic and is carcinogenic

in both animals and humans.

A. Alx lavels
1. Ambient levels ware monitored in the Los Angeles Basin
area in 1983 and 1984 by the South Coast Air Qualirty
Management District. All measurements were below their

limic of deteccion of 0.5 ppb.

. Ambient levels measured in "hot spots® by ARB staff:
Estimates for the maximally exposed receptors downwind
from and adjacent to hazardous waste sites ranged from O-

10 ppb.
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A. Range of Extrapolation: Animal to human exposures in air for

calculated lifetime daily exposure.

II1. Quantjctacive Risk Assessment

1. Experimental to ambient: Vinyl chloride has not been

detected in ambient air, except at "hot spots®.

. Experimental to "hot spots": The lowest doses in the
animal studies are approximately 10- to 20-fold higher

than the highest residential exposures.

B. Range of Rigks:

The human risks associated with a continuous, lifetime exposure
to vinyl chloride have bheen estimated using the linearized
mulcistage model from both animal carcinogenicity bioassays and
epidemiological studies of exposed workers. Unit risks for
humans estimated from animal data range from 1.8 x 10'3/ppb to
3.9 x 10'6/ppb, depending on sxperimental exposure lavals, tumeor

type obsarved, and sex, species, and age of animal evaluated. A

‘unit risk of 2.1 x 10'6/ppb for liver, lung, and brain cancer

was derived from epidemiological studies for comparative

purposas.
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2.9 METABCLISM AND P COKINETICS
2.1 summary

Experimental evidence has suggested that vinyl chloride musc
undergo transformation to a reactive metabolite(s) by the liver to
be toxic. Based on this information, the best dose-response data
would consider the amount of vinyl chloride actually absorbed and
metabolized rather than the reported exposure or administered dose
concentrations. Reports of the vinyl chloride metabolism in humans
ars sparse, but limited evidence indicatea that, after inhalation
exposure to low concentrations, up to 71% (average - 42%) of a
given dose was absorbed (Krajawski et al., 1980), Based on this
study it is assumed that 71% of an inhaled vinyl chloride exposure
may be absorbed by humans at ambient concentrations. Unmetabolized
vinyl chlorida i{s eliminated primarily via the lungs. Unlike in
other species, absorption of vinyl chloride at the doses tested was
not concentration-dependent in humans., Data from rodent studies
suggest that the absorption of vinyl chloride depends on its race
of metabolism and the extent of metabolic saturation. Studies in
rats and a single experiment in monkeys indicate that the metabolic
pachways of vinyl chloride become saturated at exposure

concantrations batwesn 100 and 300 ppm.
Metabolism of wvinyl chloride involves tha cytochrome P-450 mixed-

function oxidase system. The first step 1is thought to be

epoxidation of the double bond to form the reactive epoxide

2-1 ) CHMA 010354
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chlorcechylene oxide, which may undergoe a number of further
reactions, including binding <co cellular macromolecules,
Intramolecular rearrangement of the chlorine atom may also occur,
resulting in the formation of chloroacetaldehyde, another reactiva
intermediacte. In addition, alcohol dehydrogenase has a role in
vinyl chloride biotransformation, since inhibitors of this enzyme
can significancly reduce the amount of vinyl chloride metabolized.
Section 2.3 of this report provides a detailed discussion of vinyl

chloride metabolism.
2.2 Absorpcion, Discribution and Excretion

2.2.1 Inhalation

The pharmacokinetics of vinyl chloride following inhalation has
been studied in multiple species of experimental animals. The
uptake of vinyl chloride at higher doses appears to depend on its
metabolism. The metabolic breakdown of vinyl chloride in rats and
monkeys (and perhaps in other species) is a dose-dependent,
saturable process (Bucht.? et al., 1980, Filser and Bolt, 1979).
Substantial species differences have been observed in the rates of
éiflgl- chloride clearance, with first-order metabolic clearance
Mracos (in liters/hour/kg body weight) for the alimination of vinyl
chloride dacreasing in the order of mouse (253.6) > gerbil (12.3) >
Wistar rat (11.0) > Rhesus monkay (3.55) > rabbit (2.74) > human

(2.02) (Buchter et al., 1980).

2-2 : CMA 010355
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Resulecs from inhalation exposure studies in humang, monkeys, and
rats using direct and indirect test methods indicate thac vinyl
chloride is rapidly absorbed and mecabolized, quickly distributed
throughout the body, and excreted by the kidneys. Unmetabolized
vinyl chloride 1is expired by the lungs and, to a limited exctent,

expelled in the feces.

Several limited studies have been conducted in humans measuring
vinyl chloride absorption following inhalation exposure. Krajewski
et al. (1980) observed that five male volunteers exposed to 3, 6,
12, or 24 ppm vinyl chloride for six hours by a "face only" chambar
absorbed an average of 42% of the dose regardless of concentration.
Large interindividual variation in the degree of vinyl chlo;ide
retention was observed, with one individual retaining 71% of the
dose at the time exposure was taerminated; no other individual
retained greater than 45%. This indicates a possible large range
of interindividual variability. _Concentration of vinyl chloride in
expired air, measured for 90 minutes after cessation of exposure,

decreased to negligible amounts after only 30 wminutes posc-

exposure. The quantity of unmetabolized vinyl chloride exhaled was

considered negligible and constituted roughly 4% of the inhalation
.concentration of vinyl chloride to which subjects were exposed
(Rrajewski et al.,, 1980). Thus, humans metabolized up to 96% of

the absorbed vinyl chloride dose.

Buchter et al., (1978) reported that humans exposed to 2.5 ppm vinyl

chloride retained 26-28% of the adminiscered dose (Krajewski et

cMA 010336
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al., 1980). Substantial interindividual differences were reported
in this study. These differences appear due to differences in the
adipose tissue mass among individuals, although this hypothesis has

not been confirmed in follow-up studies (Buchter, 1979: Buchter et

al., 1978; Bolt et al., 1981).

Pulmonary absorption of vinyl chloride by rats occurs rapidly.
Blood levels of vinyl chloride increasea with the dosa. Blood
concentrations quickly decline after cessation of exposure:
unmetabolized vinyl chloride is exhaled (Withey, 1976: Hefner ;:

al., 1975a; 1975b; 1975¢). *

Y

Evidence from both whole animal and "nose-only" inhalation studies

in rats indicates cthat the rate of pulmonary uptake of vinyl
chloride in a closed system is partially dependent on the extent of
metabolisa (Bolt et al., 1977; Hefner et al., 1975a; 1975b; Withey,
1976). In che "nose-only” exposure system used by Hefnaer et al.
(1975a), pretreatment of rats with either pyrazole (a non-specific
inhibiter of alcohol dehydrogenase) or 95% ethanol significantly
reduced both the uptake (as calculated from the disappearance of
. vinyl chloride from the exposure chamber) and metabolism of vinyl
‘ ciloride. This held trus for both exposure levels. Pyrazole-
pretreated rats were exposed to either 63 or 1234 ppm, while

athanol-pretreated rats wers axposed to 356 or 1034 ppnm.

Several groups of investigators have presented additional data

concerning the uptake, metabolism and disposition of vinyl chloride

- CMA 010357
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following inhalation exposure (Bolt et al., 1976; 1977; Hefner er

al., 1975a; 1975b; Buchter et al., 1977). In an investigation intoe

che disposition of l‘c-vinyl chloride, Bolt and co-workers (1976)

exposed male Wistar rats to initial concentrations of "less than

100 ppm" vinyl chlorida (apparent range 1-50 ppm) in a closed

system for six hours. The half-1ife for winyl chloride

disappearance from the chamber was about 68 minutes. From this

study, the authors estimatsd that approximately 40% of the inspired

vinyl chloride was absorbed by the lungs (Bolt at al., 1976).

Pulmonary uptake of vinyl chloride by rats was completely blocked

following pretreatment with the cytochrome P-450 inhibitors 6-

nitro-1,2,3-benzothiadiazole or 3-bromophenyl-4(5)-imidazole (Belt

et al., 1976). Uptake of vinyl chloride appeared to be linkad.to
its metabolism, since 24 hours after pretreatment with the
relatively short-lived P-430 inhibitor 3-bromophenyl-4(5)-imidazole
the uptake of vinyl chloride had returned to control levels.
Following exposure, the liver and kidney contained the highest
levels of vinyl chloride metabolites (Bolt et al., 1976). In an
attempt to deteraine the exact minimal concentration of vinyl
chloride in air‘nacesslry.to achieve metabolic saturation, Bolr et
* ak. (1977) exposed groups of rats to a wide range of vinyl chloride
concentrations and showed that saturation occurred at 250 ppm.
First-order kinetics occurred at exposures less than 250 ppm, while

zero-order kinetics predominated at higher exposures.

Hefner and colleagues (1975a; 1975b) exposed male Spragua-Dawley

rats to initial vinyl chloride concentrations ranging from 50 to

CMA 010358
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1,167 ppm in a closed nose-only inhalation system. The rate of
uptake of vinyl chloride by tha animals (as calculated from rhe
rate of disappearance of vinyl chloride from the chamber
atmosphere) was approximately three timns greater for doses less
than 105 ppm (range 50 to 105 pps) than for doses greater than 220
ppm (range 220 to 1,167 ppm). After an initial equilibration
periocd and regardless of the adainistered concentracion, vinyl
chlorida disappearance from the chamber apparently followed first-
order kinetics. The half-life for atmospheric vinyl chloride at
concentrations below 100 ppm was 86 minutes compared with 261
minutes for concentrations greater than 220 ppm. Hefner st 21.
(1975b) concluded that the predominant pathway for mctabolisu%of
vinyl chloride by rats exposed to 100 ppm or less is saturabl , :nd
that this metabolism was due primarily to alcohol dehydrogenase

{based on the inhibitor studies with pyrazole and ethanol).

Studies in rats and monkeys suggesc that, after absorption, vinyl

chloride 1is rapidly distributed to all tissues reached by the

bloodstream (Duprat et al., 1977; Buchter et al., 1980). Lipids or
lipoproteins, rather than proteins, transport vinyl chloride in the
hlood (Bolt et al., 1977). Studies of the discribucion of !4C-

o
¥

"Xsbeled vinyl chlorida in rats indicated that, imsmediately after
;inhnlucion adainistration, the liver (pradominant site of
metabolisn) and the kidneys (site of excretion of p lar
metabolites) contained the highest concentrations of 14C activity,

followed by lungs, spleen, and small intestine (Watanabe et al.,

14
1976a; Bolt et al., 1976). However, C counts quickly decrsased

2-6
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after cessation of exposure. In one scudy, vinyl chloride
metabolite concentrations decreased significantly in these tissues
48 hours after a single inhalation exposure (50 ppm for five hours)

compared to measurements made immediately after exposure ended

(Bolt et al., 1976),

Watanabe and co-workers (1976a) also examined the fate of *C-vinyl
chloride following inhalation exposure in rats. Male Sprague-
Dawleay rats wexs exposed to 10 or 1,000 ppm vinyl chloride in
whole-body metabolism cages for six hours and were observed for an
addictional 72 houxs. After exposures to 10 ppm vinyl chloxide,
urinary radiocactivity accounted for 688, expired vinyl chlo:ia;lfor
2%, expired CO, for 128, feces for 4%, and carcass and tiasucs;for
148, respectively, of the recovered radioactivity. After exposure
to 1,000 ppm, urinary radicactivity accounted for 56%, expired
vinyl chloride for 124, expired 002 for 12%, feces for 4%, and
carcass and cissues for 158 of the recovered radiocactivity. The
pactarns of pulmonary elimination of unmetabolized vinyl chloride
following exposure to 10 or 1,000 ppa wars similar and could be
described by first-order kinetics, with half-lives of 20.4 and 22.4
ainutes, respectively. A corresponding biphasic eliminacion of
-. Wrinary radioactivity following inhalation exposure to 10 or 1,000
ppm  vinyl chloride was observed; the half-lives for the initial
phase were 276 and 246 minutes, respectively. The liver and skin
contained the highest concentrations of radiocactivity 72 hours
after exposure to either dose. The authors concluded that since

"the rate of slimination of vinyl chloride per se from the lungs or

2-7
CMA 010360




DRAFT

C activity in the urine was not different in rats exposed to 10
or 1000 ppm," the dose-dependent fate (the relative amount of vinyl
chloride excreted by the two different routes) was not attributable
to saturation of tha excretion pathways. The results are in
agreement with the hypothesis that the metabolism of vinyl chloride

becomes saturated at high exposure levels (Watanabe et al., 1976a).

The pharmacokinetics of inhaled vinyl chloride in a closed systam
has also baen examined in Rhesus monkeys (Buchter et al., 1980Q).
Uptake of vinyl chloride appeared to depend on its metabolism and
to be a dose-dependent, saturable process. When monkeys were
exposad to concentrations up to 200-300 ppm in a closed syltin.
vinyl chloride disappearance f£from the chamsber followed apparent
first-order kinetics. At higher exposurs levels (up to 800 pp;),
zero-order kinetics were observed, implying metabolic saturation.
The first-order clearance rate was 3.55 liters/hour/kg. The
clearance rate fell by 90% 'nftcr pretreacment with the alcohol
dehydrogenase inhibitor disulfiram (Buchter et al., 1980). Thus,
alcohol dehydrogenase appears to have a role in vinyl chloride

metabolism along with cytochrome P-450.

" Liver microsomal enzyme activities and macromolecular covalent
-btnding in racs following either single or repeaated exposures to
vinyl chloride were compared by Watanabe et al. (1978a). One group
of rats was exposed by inhalation to 5,000 ppm nonlabeled vinyl
chloride 6 hours/day, 5 days/week for 7 weeks, and then exposed to

1 14
‘C-vinyl chloride on the last day. The fate of the C-vinyl

2-8 CMA 01031
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chloride from these rats was compared with a separate group exposed
for a single 6 hour period to 5,000 ppm of 1‘C-viny1 chloride. The
activiries of aniline hydroxylase and p-nitroanisole O-demethylase
were the same in rats exposed once or repeatedly or in unexposed
control rats. Covalent binding to hepatic macromolecules was
greater in rats repeatedly exposed as compared to those given a
single exposure. Watanabe et al. (1978a) concluded that this
"increase in hepatic macromolecular binding indicates that repsated
exposure augments the reaction of electrophilic metabolites with
macromolecules, and this may be expected to enhance potential

toxicity, including carcinogenicity".

7

Chronic exposure (28,000 ppm, seven hours/day, five days/veek for

2, 4 or 6 weeks) was found to increass glutathione reductase
activity, glutathione-S-epoxide transferase activicy, glutathione-
S5-aralkyl ctransferase activities, and glutathione levels in rat
liver and to depress cytochrome P-450 levels (Du et al., 1982).
This suggests that a reactive metabolite of vinyl chloride can
destroy cytochrome P-450 and disrupt several enzymes that may

affect ics chronic toxicity.

Intragassric. Intraperitopeal. Intravenous, Derpal.
and Oral Adainiscration
Uptake and absorption of vinyl <chloride administered by

intragastric (1IG), intraperitonesal (IP) and intravenous (IV)

adminigtration follows the patterns observed in inhalation studies.
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It appears from these studies that the quantity of vinyl chloride
metabolized by these routes is dependent on the quancicy

administered.

Green and Hathway (1975) examined the excretion patrern of single
doses of 0.25 and 450 mg/kg of radiclabeled !*C-vinyl chloride
administered to rats by the IG, IP, and IV routes. More than 90%
of the administered dose was excrated within the first 24 hours.
Exhalacion of unmetabolized vinyl chloride is the predominant route
of excretion for each routs of exposure at the high dose and for
the low-dose intravenous exposure. After IG administration of the
high dose, more than 90% of the dose was exhaled as unmetabolized
vinyl chloride and less than 1% as coz. while 5% of Eho
administered radioactivity was found in the urine. At the low
dosa, urinary excretion accounted for 72% of the dose, unchanged
exhaled vinyl chlorids for 4% of the dose, and 002 for 13% of the
dose. About 100 times more vipyl chloride was metabolized at the
higher doss level than at the lower dose (an 1,800-fold difference
in dose). These observations suggest that the metabolism of vinyl
chloride {s saturable by administration of a single dose. In
another experiment, chronic IG dosing with unlabeled vinyl chloride
at 3, 30, or 300 mg/kg daily for 60 days did not affect the rate or
route of eliminaction of a single dose of radiolabeled vinyl
chloride from the body. Based on these results, the authors
suggested that vinyl chloride excretion data for a single dose may

also apply for chronic exposure to vinzl chlorida.

2-10
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Watanab and associates (1976b) examined the excrerion of l4C.
labeled vinyl chloride following single oral doses of vinyl
chloride in rats. Their results were similar to those of Grean and
Hathway (1975). After administration of a single oral doge of
0.05, 1, or 100 mg/kg of '*C-vinyl chloride to male rats, urinary
metabolites accountad for 68, 59, and ll%, respectively, of the
administered dose while the “COZ in expired air accounted for 9,
13, and 3%, respactively. Pulmonary elimination of unmetabolizad
vinyl chlorida represented only 1 to 3% at the lower dose levels,
but 67¢ at the higher dose level. Pulmonary clearance of the 0.05

and 1 mg/kg doses was monophasic, with half-lives of 53.3 and 57.8

minutes, respactively. Clearance of tha 100 mg/kg dose was

biphasic, with half-lives of 14.4 and 40.8 minutes for the fast and

slow phases, respactively,

Abgorption of wvinyl chloride after oral administration has been
mesasured in rats, both in diet studies (Feron et al., 1981) and
gavage studies (Withey, 1976; Watanabe, 1976b). In these reports,
almost 1008 of cthe administered doss was absorbed, suggesting
axtensive gastrointestinal uptaks of vinyl chloride. Maximum blood
concentrations of vinyl chl;tidn ware observed within 10-20 minutes
following dosing with aqueous or vegetable oil solutions (dose
range 12.5-28.2 mg per rat (Withey, 1976). Green and Hathway
(1975) observed absorption of 98.7% from the gastrointestinal tract

following an oral dose of 450 mg/kg.
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Limited percutaneous absorption (0.03% of dose) following whole
body exposure (excluding the head) to either 800 or 7000 ppm of
vinyl chloride has been demonstrated in monkeys (Hefner et al.,
1975¢). The wusefulneas of this study {3 limited, however, since
only one monkey was exposed at each dose level. Exposure times
were limited to 2.5 hours for the 800 ppm group and 2 hours for the
7000 ppm group. The majority of the absorbed vinyl chloride was

eliminated i{n the expired air (Hefner et al., 1975¢).

2.3 Metabolism

Two main routes have been proposed for the metabolism of vinyl
chloride. The first involves both microsomal and nonnicrosénnl
enzymes and results in the conversion of vinyl chloride to 2-
chlorosthanol and subsequent oxidation to 2-chlorocacetaldehyde and
monochloroacetic acid. This pathway is believed to oparate at low
doses (< 100 ppm) and is saturable. It leads to the production of

polar metabolites, which are predominancly excreted in the urine.

The initial studies of Hefner and colleagues (Hefner et al., 1975a;
1975b), discussed in Section 2.2, provide sevidence for the role of
_slechol dehydrogenase in the metabolism of vinyl chlorids.
Following exposure of Sprague-Davley rats to low concentrations
(< 200 ppm), vinyl chloride was metabolized to 2-chloroechanol,
chloroacetaldshyde, and monochlorcacetic acid by an alcohol
dehydrogenase (ADH)-mediated pathway. Pretreatment of rats with

pyrazole (an ADH inhibitor) or 95% ethamel significantly reduced

2-12
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both the uptake and metabolism of inhaled vinyl chloride (Hefner ec

al., 1975a).

The second proposed pathway involves only microsomal enzymes and is
believed to result in the formation of chloroethylene oxide, which
may then spontaneously rearrange to form 2-chloroacetaldehyde and,
subsequently, monochloroacetic acid (Kilbey, 1981). The epoxide,
chloroacetaldehyde, and monochloroacetic acid can then underge
conjugation with glutathione. Further metabolism of these
glutathione conjugates can produce a number of compounds, some of
which have been idantified in the urine of animals treated with
vinyl chloride (Figure 2.1). Specifically, monochloroacecic-aéid,
S-(carboxymethyl)cysteine, N-acetyl-S-(2-hydroxyethyl) cysteine, N-
acetyl-vinylcysteine, and thiodiglycolic acid have been found in
the urine of rats axposed to vinyl chloride by the inhalation and
oral routes (Green and Hathway, 1975; 1977; Watanabe et al,, 1976a;
1976b). Thiodiglycolic acid and chloroacetic acid have be n
detected in the urine of workers exposed to atmospheric vinyl
chloride (Muller et al., 1978; Heger et al., 1982), The generacion
of CO2 from vinyl chloride has been postulated to occur through the

txicarboxylic acid cycle or the one- or two-carbon pools, with

- ohloroacetic acid or chloroethylens glycol as the starting

intermsdiate (Woo et al., 1985).
Studies by Bolt and co-workers (1976) indicate that the cytochrome
P-450 system is involved in vinyl chloride metabolism. Their

results demonstrated that the uptake of 50 ppm vinyl chloride in a
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closea system was completely blocked by inhibitors of cyrochrome P.-
450, such as  3-bromophenyl-4(5)-imidazole or 6-nitro-1,2,3-
benzothiodiazole. Pretreatment with the insecticide
dichlorodiphenyl trichlorcethane (DDT), an inducer of cytochrome P-
450, was effective in enhancing uptake and absorption. However,
phenobarbital, another P-450 inducer, has shown no effect on vinyl
chloride metabolism (Guengerich and Watanabe, 1979), possibly dua
to selective induction of different cytochrome P-450 isozymes by

the two compounds.

Chronic ethanol ctreatment has beean shown to potentiate che

carcinogenic effect of vinyl chloride in male Sprague-Dawley rats

(Radike et al., 1981l). Animals were exposed by inhalation to 600

ppm  vinyl chloride four hours/day, five days/week, for one year.
Ingestion of 5% ethanol in watexr (volume/volume, v/v) ad libicug
was begun four weeks prior to vinyl chloride exposure and continued
for life or until cthe ctermination of the experimemt, 2.5 vears
after the first vinyl chloride exposurs and 1.5 years after vinyl
chloride exposure was cterminated. The incidence of 1liver
angiosarcoma in rats exposed to vinyl chloride and ethanol was 50%
(60/80) versus 23% (18/80) in rats exposed to vinyl chloride alone
amd O% (0/80) in animals treated only with ethanol. Radike and
associastes have suggested that this potentiation of tumor
formation may ba due to the effect of alcohol on vinyl chlorid

metabolism and a shared step in the oxidncion of ethanol and vinyl
chloride. The acetaldehyds product in ethanol metabolism may

compete with chlorocacetaldehyde for ADH. This would result in
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higher 1lavels of chloroacetaldehyde. However, this merabolire may
not bYe cthe ultimate carcinogen. Chloroacetaldehyde buildup may
result in a decrease in epoxide-to-aldehyde conversion, leading to
epoxida buildup and increased interaction with cellular

macromolecules,

Radiolabeled vinyl chloride has been shown to bind covalently to

cellular macromolecules ip vive and g vitro (Watanabe at al.,
1978b; Woo et al., 1985; International Agency for Research on
Cancer (IARC] 1979). Watanabe et al. (1978b) exposed rats to 1‘C-
vinyl chloride (range 1-5000 ppm) for six hours, and measured

covalent binding of radioactivity to hepatic macromolecules, RNA

and DNA, along with levels of hepatic glutathione. Binding of

vinyl chloride metabolites to liver macromolecules did not increase
proportionately with dose, but was instead related to the total
amount of vinyl chloride metabolized. Binding appeared to plateau
above 500 ppm, while below 100 ppm  binding was approximately
proportional to the increass in exposure. Depression of hepacic
glutathions occurred only at exposure levels of 100 ppm or higher.
Covalent binding to RNA or DNA vas not detected for any exposurs
gEoap (Vatanabe et al., 1978b). However, a subsequent study fouﬁd
;;ébvulonely bound vinyl chloride metabolites attached to proteins
and mucleic acids isolatad from the 1livers of rats exposed to
either 10 or 250 ppm vinyl chloride for two hours. (Guengerich and
_ Watanabe, 1979). Rat liver DNA isolated from the two groups of
exposed animals contained 0.04 and 0.9 pg of totral bound
metabolites per gram of wet liver, respectively. Pretreatment with
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phenobarbital had no apparent effect on mectabolism or DNA-binding
of metabolites. but did increase binding to protein and RNA at the
10-ppm dose level. Ig vitzo binding of !*C-vinyl chloride to
proteins and nucleic acids appeared to be dependent on the thiol
content of the proteins and the presence of reduced nicotinamide
adenine dinucleotide phosphate (NADPH), oxygen, and microsomal

enzymes (Guengerich and Watanabe, 1979).

Both chloroethylens oxide and chloroacetaldehyde have been studied
‘as possible reactive intermediates that could act as the "ultimate*
mutagen or carcinogen formed from vinyl chloride. The epoxidetis
considersd to be the most biologically active metabolite (Ba;éich
et al., 1975; Laib and Bolt, 1977). Other researchers h;vc
proposed that chloroacetaldehyde may be & more effective alkylating
agent (Woo et al., 1985). In vivo and ip vitro studies by
Guengerich and Watanabe (1979) suggest that cthe mechanism for
activation and binding of vinyl chloride involves the release of
the chloride atoms as chloride ions, either in che actual
activation mechanism or in rearrangment of the metabolite or
adduct. However, Guengerich and Strickland (1977) have demonstrated
that nsither chloroethylens oxide or 2-chloroacetaldehyde appear to
B the vinyl chloride metabolite responsible for destruction the
heme group of cytochrome P-450, and that other mechanisms (or

reactive metabolites) may account for this.
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AQUTE TOXICITY

The ctoxic effects of acute exposure to vinyl chloride have been
reported by several investigators (Selikoff and Hammond, 1975;
Torkelson and Rowe, 1981; EPA, 1984). Relevant findings are

summarized below.

3.1 Summary

The acute effacts of vinyl chloride are similar for humans and
animals: central nervous system depression (anesathesia) and
cardiac, circulaéory. and respiratory irregularities. Froséhit-
from contact of skin with liquid vinyl chloride has baen rqportéd.
Repeated inhalational exposure of humans to high concentrations of
vinyl chloride has been associated with narcosis, damage to the
liver, spleen, and circulatory system, and a complex of symptoms
identified as occupational acro-osteolysis. With the exception of
acro-ostsolysis, the occurrence of these toxiec symptoms has also
besn confirmed in experimemtal animals. The exact occupational
exposure levels associated with these symptoms are not known, but

are thought to be above 100 ppm.

3.2 acute Toxicity

The doses causing 50% lechilicy (LDSO) in groups of animals exposed

to vinyl chloride by inhalation for two hours has been reported to

3-1
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be 27,419 ppm in mice, 47,640 ppm in rats, 236,215 ppm in guinea
pigs, and 263,215 ppm in rabbits, indicating a very low order of
acute coxicicy. Toxie symptoms following exposure included
narcosis accompanied by respiratory and circulatory disturbances.
Death was caused by respiratory failure. Microscopic examination
of all animals indicated damage to the lungs, liver, and kidneys

(Prodan et al., 1975a).

Several human deaths following very high exposure (concentracions
hnroportad) to vinyl chloride have been reported. Autopsies
revealed congestion of cthe liver, spleen, and kidneys (Danziger,
1960, cited in Maltoni et al., 1984). Laster and co-workers (1933)
estimated that the short-term (five minutes) exposure limit (STEL)
of vinyl chloride to which a human could be exposed without
symptoms of acute toxicity was betwean 8,000 and 13,000 ppm. Suciu
et al. (1975) reported that workers exposad to vinyl chloride
(lavels not given) experienced esuphoria, intoxication, and
narcosis. They also reported generalized transient contact

dermatitis aftar dermal exposure.

3-2
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Several studies on the toxic effects resulting from subchronie and
chronic exposure to vinyl chloride have been published (Selikoff
and Hammond, 1975; Torkelson and Rowe, 1981; EPA, 1984). The

relevant findings are summarized below.
Humap

Reports on the adverse effects of repeated occupational exposure to

vinyl chloride are based mainly on the observations of workers who

have been the most heavily exposed. These individuals hwhro

involved in occupations such as cleaning autoclaves and
centrifuges, or engaged in drying and shifting processes. They
experienced a wide range of symptoms: a vasospastic disorder in
the hands similar to Raynaud’s syndrome; occupational acro-
osteolysis, which included clubbing-like swellings and loss of bone
from the terminal phalanges, scleroderma-like skin changes, and
dermatitis; acrocyanosis, consisting of vascular changes and
impaired thermoregulation; positive cold ctest reactions;
capillaroscopic alterations; paresthesias; and central nervous
‘$I§'tll" symptoms. These clinical symptoms (classified as "vinyl
chloride diseasze") were accompanied by circulatory disturbances,
thrombocytopenia, splenomegaly, and changes in the liver. The
period of exposure before the first sign of symptoms was as short
as one month to as long as three years. A year or two after

removal from exposure, most of the abnormalities disappeared
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(Veltman et al., 1973; Wilson et al., 1967; Harris and Adams, 1967

Lilis et al., 1975).

Several studies have reported hepatotoxicity and impaired liver
function in humans resulting from exposure to vinyl chloride at
concentrations ranging from 1 to 470 ppm (Marstellar and Lelbach,
1975; Lilis et al., 1975; Thomas and Popper, 1975; Suciu at al.,
1975).

Repsated occupational exposure to vinyl chloride has also been
noted to result in {impaired pulmonary function (Miller et al.,
1975; Gamble et al., 1976). Interstitial pulmonary fibrosis has
been reported, but these particular workars were also exp soé to
polyvinyl chloride dusc. It has been proposed, but .noc
sacisfactorily demonstrated, that intersctitial pulmonary fibrosis
may be caused by vinyl chlorida-altered immune status (Lilis ec
al., 19753; Ward et al., 1976). 1In a study of present and pasc
workers affected with vinyl chloride disease, Ward et al. (1976)
observed a range of symptoms assoclated with i{mmune system
dysfunction in 19 of the 28 affected workers.

*_gru- their study of occupationally exposed workers, Spirtas et al.

- (‘1975) concluded that a dose-response relationship existed between
exposure to vinyl chloride and certain acute (primarily
neurological) symptoms. The investigators examined the frequency

of eight symptoms indicative of central negxvous system disturbance,

peripheral neuromuscular and neurovascular disturbance, and locgl

cHA 010375
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irricacion.  Vinyl chloride doses were estimated from company data
describing probable exposure scenarios for different job
descriptions. Exposure concentrations appeared to range from 0 to
200 ppm. They observed a statistically significant dose
relationship in the occurrence of five of the eight symptoms
(dizziness, nausea, headache, tingling sensation in arms and legs,
and fatigue). These symptoms occurred after exposures to less than

50 ppm. These data support other observations in humans that

indicate vinyl chloride can produce advarse health effects even at

levals below 50 ppm (Spirtas et al., 1975).

Animals

Repeated inhalation exposurs to vinyl chloride has been reported to
result in osteoporosis and toxicity to the liver, kidney, splaen,
lung, and testes in certain animals. The results of some of these

studies are reported in Table 4.1.
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TABLE 4.1

SUSCHMRONIC AND CHROMIC TOXICITY OF VINYL CHLORIDE ADMiIMISTERED TO ANIMALS 8Y INWALATION

Duration
Soecies T - {months) — Qgervations = geference
Guinea Pig 100,000 ppm 3 Liver, kid\ey', spleen toxicity. Prodan et al., 1975b
2 hr/dey
Rat 200, 100, & Increase in liver weights; 100 ppm Torkeison et al., 1961
50 ppa HOAEL .
T briday
’ Rat 100 ppm [ Mo effects observed. Torkeison et al., 1961
2 hr/day
¥
~ Rat 20,000 ppm : 3 Increased mean liver and spleen Lester et al., 1963
8 hriday weight.
ftat 5,000 ppm 12 Grouth retardation; shortened blood- Feron et al., 1979a,b
T e fday clotting time; incressed kidney,
heart, spleen weight; incresased
mortality; degenerative and hyper-
plastic changes in tha liver.
Rat, 0.03-0.04 6 Cardiovascular disorders, changes Basataev et al., 1972
. rabbit ng/L in the bicelectric activity of the
& hr/day hypothalamus, hyperadrenalemia,

oSteoporosis.

-
2 O
: o =
& T
—




Table 4.1 continuted

Duration

%_ {months) Observations Refercnce

a,b," 10 Liver and testes kesions at Sokal et al., 1980
300, 58 ppm exposures of 50 and 500 ppm,

5 hr/dey respectivaly; depression of body
weight gain at dose levels.

10, 100, increased kidney, liver, spleen, Bi et al., 1985
3000 ppm and heart weight; decreased testis

6 hr/dey weight in all within & months;

60/ testis damage.

1,000, 250, Deaths at high dose caused by iee et al., 1977

50 ppm hepatitis; at 50 ppm, lethargy,
6 hr/day . weight loss, rough coat, hepatitis.

6,000, Proliferation and hypertrophy of Suzuki 1980, 1981
2,500 ppm - terminal bronchiclar cells at both
5 hr/day dose lLevels.
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The developmental and reproductive toxicity of vinyl chloride has
been investigated in several experimental and epidemiclogic studies
(Barlow and Sullivan, 1982; Bardin et al., 1982; Hemminki and
Vineis, 1985). Vinyl chloride crosses the placenta of experim ntal
animals. Some data indicates it may act as a transplacental
carcinogen. No teratogenic effects were observed when vinyl
chloride was administered by inhalation at maternally toxic doses.
A single unconfirmed report disclosed a teratogenic effect in rats
after vinyl chloride exposure as low as 2.5 ppm. Evidence that
vinyl chloride causes male reproductive damage has been presented
in one experimental study apd in a few human case studies.
Epidemiologic analysis of communities located close to polyvinyl
chloride plants have suggested an association between those

locations and an increased risk of birth dafects, but none of the

Lk

adequately controlled for all confounding variables,

ﬁ"n.3 positive correlation has been made conclusively linking

oy

'Ginyl chlorida exposure with harmful reproductive effacts.
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5.2.2  Iohalacion Studies

Rats: John et al. (1977) reported that no developmental toxicity
or defects occurred when pregnant Sprague-Dawley rats were exposed
to either 500 or 2500 ppm vinyl chloride for seven hours daily on
days 6 through 15 of gestation. These concentrations proved toxic
to the mothers, howaver. In a separate experiment, pregnant rats
exposed to 2500 ppm vinyl chloride by inhalation and 15% echanol in
drinking water experienced greater maternal and fetal toxicity shan
animals exposed only to vinyl chloride, but no teratogenic resp;iqa
was observed. However, fetal body measurements were lower m;:ng
those rats that received ethanol and vinyl chloride. These effects
on fetuses were similar to those reported following administration

of ethanol only (John et al., 1981).

Ungvary et al. (1978) exposed groups of three pregnant CFY rats to
1500 ppm vinyl chlorida continuously on days 1 through 9, 8 through
14, or 14 cthrough 21 of gestation. Aﬁ increased number of resorbed
fetuses was found in the group exposad to vinyl chloride during the
- st 9 days (p € 0.05), but no significant effects were observed

in rats exposed at othear stages of gestation.

In a recent study reported in abstract form, Radike et al. (1988)
reported that vinyl chloride was a transplacental carcinogen

capable of causing perinatal oncogenesis. An increase in the
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numbers of liver carcinomas and angiosarcomas in the offspring of
pregnant rats exposed to 600 ppm for four hours/day from day 9 to
day 21 of gestation was observed. Post-natal exposure of the pups
to 600 ppm increased the incidence of 1liver tumors. Co-
administration of 5% ethanol with vinyl chloride did not increase

the incidence of treatment-related malignancies.

A single Russian study has reported an association between vinyl
chloride exposures of as low as 2.5 ppm during pregnancy and embryo
iachalit:y, teratogenicity, and fetotoxicity in rats (Mirkova et

al., 1978, cited in Barlow and Sullivan, 1982). The study nnd*ica

- 3
results were reported only qualitatively and neo statistical gnca

wers published. Adverse aeffects reported included doubling of

embryo mortality, a high incidence of cerebral malformations, and

fatotoxicity.

Bi et al. (1985) examined the aeffects of vinyl chlorid on
tasticular seminifercus tubules  in rats. Croups of 75 rats were
exposed by inhalation. te. eithex. 0, 10, - 100 or 3000 ppm vinyl
qh].mtyn aix hounié‘;y,,,.m dagn/wash:for theee, six, nins or
: "";M‘ Eighy to thirty rata were sacrificed after ach
: qw_fi“;x"p‘iiod. vith remaining animals killed 18 months after the
ﬂﬂinitial exposurs (i.e., six moncths after terminating exposure).

Incidence of seminiferous tubule damage for the contrel, 10, 100

and 3000 ppm group werse 19, 30, 37 and 56%, raspactively. Changes

included cytoplasmic vacuolation, nuclear condensation, fusion of

spermatids and spermatocytes, and epithelial necrosis and
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dageneration. Seminiferous cubule damage in the two higher dose

groups was significantly greater than for the control group (Bi et

al., 1983).

Mice: Groups of 30 cto 40 pregnant CF-1 mice were exposed by
inhalation to either 350 or 500 ppm vinyl chloride for saven
hours/day on days 6-15 of gestacion. Exposure to 500 ppm caused
maternal toxicity while no maternally toxic affacts were observed
at 50 ppm. No developmental defects were raported in fetuses
exposed to either concentration. An increased numbar of
resorptions and decreases in litter size and fetal body weight ware
seen in mice exposed to 500 ppm, but these effects weres considc;ed
secondary to the toxic effects of vinyl chloride in the mother

(John et al., 1977; 1981).

Rabbjits: No teratogenic or embryotoxic effects were observed in
the offspring of pregnant rabbits (15 to 20 per group) exposed by
inhalation to eithar 500 or 2500 ppm vinyl chloride for seven hours
per day on days 6-18 of gestation. The incidence of resorptions
wvas significantly inctus,d in rabbits exposed to 2500 ppm vinyl
c!lortdn. a dose that produced other adverse effects in the dam
lé&iﬁn et al., 1977: 1981). Simultaneous administraction of 15%
ethanol in the drinking water and 500 ppm vinyl chloride in air
resulted in increased toxicity to the mother and produced defects
in the developing embryo not observed in animals exposed to vinyl

chloride alone.
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Several epidemiologic studies have been conducted to assass
potanctial reproductive and developmental effects in the families of
vinyl chloride workers (reviewed in Wagoner and Infanta, 1980;
Clemmesen, 1982). Infante (1976) analyzed birth certificace data
obtained from a group of Ohio communities, three of which contained
vinyl chloride polymerization plants. Although a statistically
significant increase (b < 0.01) in birth defects was observed in
the towns with vinyl chloride facilities (compared with the birth
defect rate for the entire State of Ohio), several other cities
without vinyl chloride factories exhibited rates equally higﬁ gnd
higher. Spontansous abortion rates ware also elavated in wivcs?of
vinyl chloride workers (Infante, 1976). Edmonds et al. (1975:
1978) conducted two case-controllad studies evaluating CNS
nalformations among offspring of vinyl chloride workers and
families 1living near pelyvinyl chloride facilities in Painesville,
IN and Kanawha County, WV. More cases than controls lived within
thres miles of the polyvinyl chlorides plants (p < 0.02). In
rGV1II1n[ :h.ac three leudill Hemminki and Vineis (1985) concluded
1;:1;‘; ChliiF‘Vll inadequate evidence linking envirommental or

sxposure to vinyl chloride with birth defecta in humans.

Therisult ec al. (1983) measured the incidence of birth defects in
infants born to residents of Shawinigan, Canada between 1966 and
1979. A vinyl chloride polymerization plant had been operating in

the town since 1943, Although the authors stated that some
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descriptive data suggesced an association becween ambient exposure

to vinyl chloride and birth defects in the exposed community, no
significant increases in either still births or birth defects were

observed (Theriaulc et al., 1983).
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The genotoxicity of wvinyl chloride has been reviewed by several
authors (IARGC, 1979; Duverger et al., 1981; Bartsch et al., 1975;
SRI Internatiomal, 1983; Fabricant and Lagactor, 1981). Vinyl
chloride causes genetic damags in many tast syscems, including
bacteria, fungl, higher plants, and ip vitro mammalian systems, as
well as jin yive in Drosophila (fruit fly), rodeants, and humans.
Previous reviaws have suggested that a metabolite of vinyl chlongde
is the major cause of the observed genatoxicity. Howaver, véiyl
chloride has been obsexved to be mutagenic in some ip vitro é;ac
systamsg without an exogenous activation system. This particular
effect may be the result of endogenous cellular metabolizing
enzymas, or the molecule itself may ba genotoxic. From experiments
in laboratory animals wvinyl chloride dass not appear to cause
genecic damsge to germ cells, but doms transform mammalian cells
and _enhapces . virally-induced. mammslian: cell transformaction ip
‘ m,ﬁ%ﬁ%m of the-gepatoxisiryef vinyl chloridse
- e R . its - reported carcimegenteity proceeds by genotoxic

e g EeA L

. anisms. Data that support this suggestion are summarized below.

Vinyl chloride is mutagenic in most major short-term tests. Its

activicy is enhanced in the prasence of exogenous or endogenous
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metabolic activation, suggesting that a metabolite may be more

mutagenic than the vinyl chloride molecule itself.

Bacrerial Assays

Several studies of vinyl chloride have been conducted using the

Ames’ Salmonella syehimurium (5. typhimurium) assay (McCann et al.,
1975; Bartsch and Montesano, 1975; Bartsch et al., 1975; Garro et

al., 1976). These studies indicate that vinyl chloride apparently

acts as a mutagen whose effect is significancly enhanced in the

presenca of liver microsomal enzyme preparations from mice, racs,
or humans, and NADPH. For example, Bartsch and Montesano (1;}5)
investigated the muctagenicity of vinyl chloride in nir: at
conceantrations of 0, 0.2, 2, or 20% i{n both the absence and the
presence of 5-9 fracrtion obtained from livers of uninduced or
phenobarbitone-induced rats, In the absence of metabolic
activation, a dose-related increasa of up to 15 times background
was observed {n §. gtyphimurium strains TA1535 and G46. In the

presence of S-9 from uninduced rats, the frequency of revertants

vas increassd up to 23 times above background in strain TA1530, and

up. to 16 and five times above background in straina TAL535 and G46,

raapectively. The frequancy of revertants increas d o
approximately 28 times above background in strain TA1530, and to 18
and six ctimes above background in strains TA1535 and G46,
respectively, when 35-9 from phencbarbitone-induced rats was used.
In the same study, chloroaca:aldnhfdn, a metabolite of vinyl

chloride, proved mutagenic (15 times above background) in strain

6-2
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Tals30 in the absence of exogenous mecabolic acctivation.
Chlorcethylene oxide was less toxic than chloroacetaldehyde, but
wvas also mutagenic (nine times above background) when tested
without exogenous metabolic activation. The authors proposed that
the incresase in revertants in the absence of an exogenous metabolic
activation system was either the result of nonenzymatic breakdown
products of vinyl chloride or a result of compounds formed by
bacterial enzymas., However, the answer to this question was not

effectively resolved by this study (Bartsch and Montesano, 1975).

Salmonella typhimurium scrains TA1536, TA1537, and TA1538, ch

are specifically reverted by frameshift mutagens, were unnffc!tcd
3

Ve

by concentrations of up to 20% vinyl chloride in air, even 1nfch.
presence of liver fractions from rats or mice (Bartsch et al.,
1975). Vinyl chloride in water or methanol was not mutagenic when
tested in 5. typhimurium sctrains TA100, TA1530, TAl535 or G46, even
with §-9 liver f£fractions from phencbarbital-induced nmice. The
authors hypothesized that the inactivity of vinyl chloride might

have been: caused by the rapid diffusiow of vinyl chloride from the

T

aslution ingo: the.stmcaphare (Agptach ot adn, 19753

e T

chloride in Salmonells. Vinyl chloride was mutagenic in 3.
tyohimuxium strain TA1530, both with and without activation, after
incubation in a vinyl chlorida/ethanol medium. The mutation rate
increased when cells wars incubated in the presence of ultraviolat

light and decreased when hydroquinone, a radical-trapping agent,
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was added ¢co the incubation medium. These results suggest that

radical metabolites may be important determinants of mutagenic
activity (Duverger-Van Bogaert at al., 1982). The results of other
studies support this hypothesis: for example, a free-radical
generacing system, riboflavin irradiated with ultraviolet light,
doubled the number of vinyl chloride-induced revertants in §.

Lyphimurium strain TA1530 (Garro et al., 1976).

In at least one study, the increases in vinyl chloride-induced
mutagenicicy in §. typhimurium strain TA1530 observed with the
addition of liver fractions obtained from untreated or PCB-induced
animals were similar, although PCB would be expected to inér;lsc
the mixed-function oxidase content of the liver and, consequently,
the potential number of mutants (Garre et al., 1976). Vinyl
chloride was mutagenic in strain TA1530 in the presence of rat or
mouse liver 5-9 fraction from Aroclor-induced animals.
Mucagenicity was observed even in che absence of an NADPH.
gensracing syscem. Heat-inactivation of the mixed-function oxidase
systam did not result in decressed mtagenicity of vinyl chlorids.
These results suggest that the mutagenic activity observed with
vinyl chlorids in the Ames’ Cest iIs not necessarily due to

sngymatic activarion by a mixed-function oxidase system.

Vinyl chloride induced forward and raverse mutations in Escherichia
¢oli (E. goll) scrain 343/113 (Mohn, 1981) and forward mutations in
E. g¢oli scrain K12 with, but required metabolic sctivation with

mouse liver microsomes (Creim et al., 1975, cited in IARC, 1979). .
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Chloroethylene oxide at concentrations of 2.5 mmol was more
cytotoxic and mutagenic than chloroacetaldehyde ar concentrations
of 100 mmol when tested in E. goli strain K12A (Perrard, 1985).
These results are consistent with those obtained in the Salmonella

typhimurium assay (Bartsch et al., 1975).
Eukaxvotic Systems

Vinyl chloride induced forward mutations in the yeast
Sghizogaccharomyces pombe following either a host-mediated assay in
mice or ip vitrxg after metabolic activation with mouse liver
microsomes (Loprieno et al., 1976; Bartach and Montesano, 1973).
Chloroethylene oxide was mutagenic without activartion in the same

system (Loprieno et al., 1976). In Saccharomvces cerevisiase strain

DA' vinyl chloride (in concentrations of either 16 or 48 mM)

induced gene conversion at the adenine-2 and tryptophan-5 loci only
in the pressnce of mouse liver microsomes (Loprieno et al., 1976).
Vinyl chloride, both as a gas and as an ethanol solurion, was
tested for pocincial mutagenicity in two strains of the fungus

Naurospora crassa. Therse was no detectable mutagenic effect,

“;tchnr with or without metabolic activation. The authors suggested

this was bacause vinyl chlorida could not penetrate the conidia

(spore) (Drozdowicz and Huang, 1977).
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Vinyl chloride was tested in the Chinese hamscer ovary/hypoxanthine

5.2.3 Cultured Magmalian Cell Assavs

guanine phosphoribosyl transferasa (CHO/HGPRT) system, an assay
designed to detect mutations in the gene coding for the HGERT
locus. Vinyl chloride (at concentrations of 108 in air) was
mutagenic only in the presence of complete S5-9 mixtures from
Aroclor-induced rat livers. When various cofactors used to
activate the liver enzymes (for example, NADPH) wers not included
in this test system, vinyl chloride was inactive even at higher
concentrations (Krahn, 1979).
Forward mutations ware induced in V79 Chinese hamster lung coll;-in
the presence of phenobarbital-pretreated rat liver supernatant
(15,000 x g) (Drevon et al., 1977, cited in IARC, 1979). Huberman
et al. (1975) reported that at concentrations of 6-13 um 1 the
vinyl chloride metabolites chlorocethylens oxide and 2-
chlorcacetaldshyde caused a dose-dependent induction of 8-
azaguanine (four to eight times above background) and ouabain-
resistant: (up to 23 times above background) mutants in Chinese
LDhemster VI9 cells jn yitxg. Both 2-chloroethanol and
ii;nnchlotoacotic acid (at concentrations of up to 2500 umol) were

found to be inactive (Hubsrman et al., 1975).

cH
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A significant increase in recessive lethal mutations in Drosophils
melanoggster was observed after exposure to 850 ppm vinyl chloride
for two days. Exposure to 30 ppm for 17 days also caused an
increase in recessive lethal mutations. Alchough vinyl chloride
was tested at concentrations ranging from 30 to 50,000 ppm, the
mutation frequency rate reached a plateau at 10,000 ppm, a finding
the authors attributed to saturation of metabolizing enzymes
‘(Vcrburgt and Vogel, 1977). However, vinyl chloride did not cause
any significanc increase in dominant lethal nutaciens,
translocarions, or entire or partial sex-chromosome loss folioging

exposure to 30,000 ppm for 2 days (Verburgt and Vogel, 1977). :

Chromoaomal Damage
Deminant Lathal Teacs

Vinyl chloride failed to produce dominant lethal mutations in
offspring of male CD-1 mice exposed by inhalation to concentrations
of 3,000, 10,000, or 30,000 ppm, six hours/day for five days, and
then mated with successive pairs of untreated females over an
eight-week period (Anderson et al., 1977). There was no evidences
that vinyl chloride had any mutagenic effect on any maturation
stage of spermatogenesis. In addition, no significant increase in

the number of post-implantation early fetal deaths, no evidence of
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preimplantation egg loss, and no raduction in farcility were

observed in this study (Anderson et al., 1977).

Male rats were exposed to 0, 50, 250, or 1000 ppm vinyl chloride by
inhalation for six hours/day, five days/weak for 11 waeks (Short et
al., 1977). During the eleventh week of exposure, the rats were
housed with two untreated females for seven evenings or until
matings occurred in both females. Although there was a significanc
reduction in the number of females who became pregnant when housed
with males exposed to 1000 ppm wvinyl chloride, there was no
significant effect on total implants/female or dead implants/female
in chose famales that became pregnanc (Short et al., 1977). i

No dominant lethal mutations were produced in Dposophila

melanogaster following exposures of up to 30,000 ppm for tw days

(Verburgt and Vogal, 1977).

6.3.2 Qhzmuu9n1Jnumxn;umﬁ511;gLJnnmnnEULxmnuuus_imuusa

6.3.2.1 Expsripental Studiss
e

<-$fater chromatid exchanges (SCE) and aberrant metaphases wvare

b

increased in chromosomes of bone marrow cells of Chinese hamsters
sxposed to either 1.25, 2.5 or 5% (v/v) vinyl chloride in air for
6, 12, or 24 hours. The greatest number of SCEs were se n after

exposure to 2.5% vinyl chloride for 24 hours. The greatest number
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of aberrant metaphases was observed after exposure to 5% vinyl

chloride for 24 hours (Basler and Rohrborn, 1980).

The mutagenic potential of vinyl chloride was evaluated in the
mammalian spot test, Female C57Bl/6J Han mice were mated to male
Han/T mice, then exposed to 4600 ppm vinyl chloride in air for five
hours on day 10 of gestation. No effect on litter size or coat

color was seen in Fy offspring (Peter and Ungvary, 1980).

No significant increase in any specific genetic effect was observed
in bone marrow cells obtained from male Wistar rats exposed to
vinyl chloride at 1500 ppm, six hours per day for five days. There
was a significant increass in total "abnormalities” (including
chromatid gaps, breaks, and fragments) following this exposure
scenario; no increases in any of these parameters (including total
"abnormalities™) were observed when vinyl chloride exposure was

extended to three months (Anderson and Richardsom, 1981).

6.3.2.2 Human Observations

. iﬁiuial studies of chromosomal abnormalities in the peripheral
i;Iphocycll of workers exposed to vinyl chloride wera reported in
the IARC monograph (1979). Aberrations most frequently reported
were fragments, dicentrics and rings, and breaks and gaps. These
earlier studies were of limited value, involving small groups of

workers with inadequate controls. For example, Leonard and
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associates (1977) examined lymphocytes from seven men working in a
vinyl chloride plant and 11 workers in a vinyl chloride
polymerization plant. The incidence of such chromosome aberrations
as chromatid breaks and gaps were comparable in all groups, but the
degree of severity of the abnormalities observed was more sevare in
ten of the 11 polymerization plant workers than in the seven
workears from the other vinyl chloride factory. The lack of
controlled conditions greatly reduces the usefulness of this scudy.
Vinyl chloride 1levels wers 1less than 10 ppm at the time of the
study, but were estimated to have been as high as 500 ppm in
earlier years. Also, several of the polymerizatcion plant workers
had been given X-ray tresatment on the hands, but no control:;had

been exposed to similar X-rays (Leonard et al., 1977),

Another study of 56 workers in the polyvinyl chloride industry
suggested that occupational exposure to vinyl chloride could have a
neasurable effect on the induction of chromosomal aberrations in
cultured lymphocytes obtained from these workers (Purchase et al.,
197%). Exposure levels were mnot measured. Vorkers from boch the
test and control groups whe had been exposed to X-rays or had had
~ prolonged drug treatment or recent viral infections ware excluded
'é?u- the study. Howaver, the results from this study and their
significance wers not discussed (Purchase et al., 1973). Kucerova
and colleagues (1979) found that the fraquency of SCE and oth r
chromosomal aberrations was significantly higher in workers exposed
to 20-150 ppm vinyl chloride in air than in unexposed controls

matched for sex and age. Chromatid and chromosome breaks were

6-10 CcMA 010395




DRAFT

detected in the greatest frequency; chromatid and chromosome

exchanges occurred only sporadically.

Some subsequent studies have verified these findings. The majority
suggest that the frequency of occurrance of abarrations decresased
with decreasing occupational exposure lavels. For example,
polyvinyl chloride workers (N = 52) exposed to mean concentrations
of 2.34 ppm vinyl chloride had significantly greater numbers of
chromosome breaks and chromosomal aberrations than did unexposed
controls (N = 74) (Suskov and Sazonova, 1982). Howaver, in anoth;r
study, workers exposad to low levels of vinyl chloride showed no
differences from controls in the number of SCE or cﬁromoi;nn
breaks. Significant differences had been seen in the Q;nn
population previously when occupational vinyl chloride exposures

had been higher (Hansteen et al., 1978).

A study of a large number of polyvinyl chloride workers suggescted
that vinyl chloride exposures below 15 ppm did not induce
chromosomal aberrations (Picciano et al., 1977). When lymphocyte
cultures from a group og 109 worksrs who had worked in the plant
&gupoluxc periods ranged from one to 332 months) were compared with
;;iturus from a control group of 295 pre-employment examinees, no
significant chromosomal differences were observed. The workers had
been exposed to levels of 15.2 ppm vinyl chloride before 1960, 11.4
ppm from 1960 to 1972, and 8.7 ppm between 1973 and 1974. The
subjects and controls were not matched for age or for exposure to

X-rays, however.

0s0%7 °
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Cytogenetic studies performed on lymphocyctes isolated from 39
workers from a polyvinyl chloride plant and 16 control males
demonsctrated a significant increase in chromosome-breakage
frequency for the exposed workers (3.41% versus 1,79s,
respectively). This study was repeated for 37 of the 39 workers
2-2.5 years later, during which time the workers had only a minimal

exposurs to vinyl chloridas. More appropriate in-plant matched

controls were selected vfor the follow-up study. In the repeat
study no difference was found in mean chromosome-breakage frequency

between the workers and their controls (Hanstean et al., 1978),

6.3.3 Micronuclous Teats

In CBA male mice exposed to 5% vinyl chloride in air, nearly a
four-fold increase in micromucleated cells was observed (Jenssen

and Ramel, 1980).

6.3.4 DNA Dapage/Unacheduled DNA Svntheais (UDS) Tests

Vinyl chloride has been reported to induce unscheduled DNA
_ synthesis in adult rat hepatocytes, but no experimantal details

- ware providad in the publication (Probst et al., 1981).

Differantial killing was induced in the repair-deficient E. coli

strain polA” 1in assays using the standard disc and 1liquid

suspension methods (Rosenkranz, 1981).

CMA 010397
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Vinyl chloride, 20 <to 50% in air, has been reported to transform
BHK <cells exposed (Styles, 1980). A clear positive transformation
response was obtained in BALB/c-3T3 mouse cells exposed to vinyl
chloride; in addition, vinyl chloride (chamber concentrations 0-
1024 ppm) caused a dose-dependent cytotoxicity (Tu at al., 1985).
An increased sensitivity to transformation by SA-7 virus was

observed in primary Syrian hamster embryo (SHE) fibroblasts exposed

to vinyl chloride concentrations up to 194 ug/cm3 (75,781 ppm)

(Hatch et al., 1981).

B3
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1.1 Sumpary

The evidence for the carcinogenicity of wvinyl chloride in
laboratory animals has bean reviewad by Kalmaz and Kalmaz, 1984,
IARC, 1979, SRI, 1983, Kuzmack and McGaughy, 1975, and Purchase et
al., 1987. Adequate experimental evidence exists to indicate that
vinyl chloride 1is carcinogenic in mice, rats, and hamsters when
given orally and by inhalation. Vinyl chloride has been foun; to
causs tumors in a dose-related manner at several sites, including
liver, 1lung and mammary gland. The oncogenic response appears to
ba a function of the site, vinyl chloride concentration, tumor

type, species of animal, and route of administration.

Although some avidance of vinyl chloride-induced carcinogenesis has
been observed by all routas of administration and in all spaecies
tested, tnportuht discrepancies in the protocols of many studies

has limited their usefulness in quantitative risk assessment.

These discrepancies include the lack of appropriate control groups,
insufficient exposure time, or incomplete histopathology of the
animals. Studies that have been used previously in risk assessment
include feading studies (Feron et al., 1981; Til et al., 1983) and
a saries of inhalation studies (Maltoni et al., 1984). In th

Feron studies, liver angiollrcomns and hepatocallular tumors (the
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primary site) were produced afrer chronic oral administration of
vinyl chloride. In the studies by Malctoni et al. (1984) a wider
variety of tumor tyvpes was observed. These studies and others are

revievad below.

7.1.2  locrapericoneal. Subcutancous, and Transplacencal
Administration

Vinyl chloride has been ctested in experimental animals by
intraperitoneal, subcutaneous, and transplacental administration,
buc for various reasons all of these studies were deemed 1nadaqu§:o
for cthe evaluation of the carcinogenic risk of vinyl chloriin.
These reports and the reasons for their inadequacy are dgscribcdfin

Appendix A.

7.1.3 Oral Adainigtration
7.1.3.1 gcudies by Maltoni and Asgociates

Rats: Liver angiosarcomas and morphelogic alterations of the liver
g:'lt induced in groups of 40 male and 40 female Sprague-Dawley rats
é!ﬁlr gastric {ntubation of O, 3.33, 16.65, or 50 mg/kg vinyl
chloride in olive oil five days/week for 52 weeks. These animals
were then obsexved for the remaindar of their lives (Experiment
BT1ll, Maltoni et al., 1984, 1ARC, 1979). Dose-related increases in

the incldence of several types of tumors were observad, including

liver angiomas and angiosarcomas, nephroblastomas, and mammary
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cumors. In a subsequent experiment, 0, 0.03, 0.3, or 1.0- mg/kg
was administered by the same protocol, except that the dose groups
contained 75 animals of each sex. Liver angiosarcomas were found
in one female in 0.3 mg/kg group and two females and one male in
the 1.0 mg/kg group. No such tumors were observed in controls
(Experiment BT27, Maltoni et al., 1984). No statistical analyses

were reported for any of these experiments.

7.1.3.2 Studies by Feron and Associatas

Vinyl chloride in soybean oil was administered by gaseric
intubation at a dose of 300 mg/kg once daily, five days/week for 83
weeks, to 60 male and 60 female Wistar rats; no vehicle controls
wers used. Of the 109 animals examined, 56 had angiosarcomas of
the liver and 32 had angiosarcomas of the lung (Feron et al.,
1981). Although vinyl chloride was clearly demonstrated to be
carcinogenic in this study, the data are not suitable for use in
quantitative risk assessment because of the lack of vehicle-treated

controls.

In conjunction with the above experiment, groups of 60-80 male and
60-80 female five-week old Wistar rats were fed polyvinyl chloride
powdar (108 of diet) with or without a high vinyl chloride monomer
content (0 to 4000 ppm) in the diet for their lifetimes (Feron et
al., 1981). The actual doses of vinyl chloride given to rats in
the feed were 0, 1.7, 5.0, and 14.1 mg/kg/day. Access to food for

controls and treated animals was limited to four hours per day; an
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additional control group was fed ad libjtum. Gross pathology was

pcrformea on all animals that died or were killed; complete
histopathology of all organs was performed on only 20 males and 20
females from the controls and 20 males and 20 females from sach of
the two highest dosage groups. The animals chosen for complete
histopathology were those that lived the longest before being
killed. Histopathology of all other rats was rescricted to the
liver, zymbal glands, lungs, kidneys, spleen, pituitary, thyroid,
adrenals, grossly visible tumors, and organs containing lesions
suspected of bearing tumors. Statistical significance of tumor

incidence was determined by the Chi-square tast. =

Vinyl chloride caused a dose-related increase in the death rate.in
the 5.0- and 14.1-mg/kg groups; all animals receiving the highest
dose were dead by waak 134, with females dying earlier than males
(Feron et al., 198l1). In the low-dose group the mortality of male
rats was comparable with that of controls; the death rate in female
rats was slightly higher than that in controls. Death of treated
animals was attributed to pulmonary or hepatic insufficiency due to

neoplastic or nonneoplastic lesions in these organs.

Ay

??i%or anglosarcomas were reported ia 27/59 (p < 0.001) and
hepatocellular carcinomas in 8/59 (p < 0.017 male rats receiving
14,1 mg/kg/day. Incidences of angiosarcomas and hepatocellular
carcinomas were 9/59 (p < 0.01) and 29/59 (p < 0.001),
respectively, in females receiving the highest dose (Table 7.1)

(Feron et al. 1981). Necrosis, centrilobular degeneracion and
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mitochondrial damage were also seen in the hepatic parenchyma of
rats administered vinyl chloride. The incidence of angiosarcoma of
the lung was also significantly increased in high-dose males
(19/59, p < 0.001) and females (5/57, p < 0.05) (Table 7.2). Low-
dose males and females showed necrotic damage of the liver and
26/58 low-dose females (p <« 0.0l) had neoplastic nodules of the
liver (Table 7.l1) (Feron et al., 1981). It is possible that
underreporting of Cumors at all sites occurred because of the
incomplete histopathology performed and the fact that only the
longest-surviving high-dose animals were chosen for complate

histopathology.

7.1.3.3 Sgudies by Til and Associates

As a follow-up to the study of Feron and co-workers (1981), groups
of 100 male and 100 female Wistar rats (except for the top-dose
group, which was composed of 50 animals of each sex) were fed
polyvinyl chloride (up to 1% of diet) with a high content of vinyl
chloride monomer for up to 149 weeks (Til et al., 1983). Levals of
vinyl chloride administered in the powder were 0, 0.017, 0.17, and
1,7 mg/kg/day for 149 weeks. Actual oral exposure to vinyl
chloride monomer '(calculated by measuring the evaporacive loss of
vinyl chloride during the four-hour feeding periods, the rate of
food intake, and the 1level of vinyl chlorida in the feces) was
estimated to be 0.0l4, 0.13, or 1.3 mg vinyl chloxide/kg/day for
the low, middle, and high dose groups, respectively. Access to

food was limited to four hours per day. An additional control
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TABLE 7.1

INCIDENCE OF LIVER TUMORS AND NEOPLASTIC NODULES IN

WISTAR RATS EXPOSED ORALLY TO VINYL CHLORIDE (Ferom et al., 1981)

Incidgnggl
————Vinyl Chloride (mg/kg/day)

——iumox Ivpesgex . Q20 A7 = 50 @ _is73
Liver Angiosarcoma 2

Male - 0/55 0/58 6/56% 27 /59 %% %

Female 0/57 0/58 2/59 9/57%*
Hepatocellular Carcinoma

Male 0/55 1/58 2/56 8/59%*

Female 0/57 4/58 19/59 %%+ 29/57 %k
Neoplastic Nodules

Male 0/55 1/58 7/56%* 23/59% 4w

Femala 2/57 26/58%% 39/59 %%+ 44 /57 R

"

k]

1Numbcr in denominator = number of animals necropsied.

2Valuos marked with asterisks differ significantly from controls according

to the Chi-.square test:

AAA
oSO o
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1
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TABLE 7.2

INCIDENCE OF LUNG ANGIOSARCOMAS. ABDOMINAL
MESOTHELIOMAS AND MAMMARY TUMORS IN WISTAR RATS
EXPOSED ORALLY TO VINYL CHLORIDE (Feron et al., 1981)

Inciggnggi
———thnyl Chlovide (mg/kg/dav)

—unox Tvpe/Sex Q. bz - L&l
Lung Angiosarcoma )

Mala 0/55 0/58 4/56% 19/59%%%

Female 0/57 0/58 1/59 5/57*
Abdominal Mesotheliomas

Male 3/55 1/58 7/56 8/59

Female 1/57 6/58% 3/59 3/57
Mammary Adenoma
or Adenocarcinoma
or Anaplastic¢ carcinoma

Female 3/57 2/58 5/59 9/57

1Number in denominator = number of animals necropsied.

2Va1ues marked with asterisks differ significantly from controls according
to the Chi-square test:
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group. comprised of 100 rats of each sex, rasceived food agd Libizum

and were housed in a separate room. Gross pathology was performed

on all animals and was restricted to the liver, all grossly visible

tumors or presumable tumors in the abdominal cavity, zymbal gland,

and mammary glands. No clinical signs of toxicity attribucable to

vinyl chlorids were observed. In the lowast- and mid-dose group,

body weight and survival of treated rats were not significantly

different from those of controls. In the high-dose group, mortality

was slightly increased,

The results of this study demonstrated significant increases in-the
incidences of hepatic foci of cellular alceration, neopll;cic
nodules, hepatocellular carcinomas, liver-cell polymorphism, and
cysts in the highest dose group. Two females and one male in this
group daveloped liver angiosarcomas. Females, but not males, of
the low- and mid-dose groups daveloped a higher incidence of
hepatic basophilic foeci of cellular alteration. No pathologic
effects in other organ systems were attributed to vinyl chloride

exposure (Table 7.3) (Til et al., 1983).

_Til and co-workers reported that a thrashold of 0.17 mg vinyl
éhlorid./kg/dny for the induction of tumors in rats was obs rved.
In fact, a threshold cannot be demonstratead. Vinyl chloride
induced hepatocellular alterations at all concentrations cescedf
Histopathology of all organs was not performed on all animals;

therefore, tumors not grossly observable or palpable could have

CMA 010407
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been missed. 3ecause of cthe shortcomings of the study, its utilicy

for the evaluation of carcinogeniec risk is limited.

- -+

Several researchers have investigated the potential carcinogenicity
of vinyl chloride administered by inhalation (Viola, 1977; Capuro
at al., 1974; Keplinger et al., 1975; Lee et al., 1977; Hong et
al., 1981; Suzuki, 1981; Groth et al., 1981; Drew et al., 1983;
Maltoni et al., 1984). All experiments confirm the carcinogenicity
of vinyl chloride, although only a few of the studies are adequate

for a quantitative evaluation of carcinogenic risk.

7.1.4.1 studies in Rats

The earliest information on the experimental carcinogenicity of
vinyl chloride administered by inhalation was reported by Viola
(1971). Wistar rats were exposed to 30,000 ppm by inhalation (four
hours/day, five days/week) for twelve months. At the end of the
treatment peried, the syrviving animals were killed at 20-day
intervals and "the most important tissues and organs examined
histologically by standard methods®. The primary tumors observed
were located in cthe zymbal gland (found oﬁly in rodents), with

metastases to the skin, bone, and lung.

Caputo and associates (1974) exposad Wistar rats to 50-20,000 ppm

vinyl chloride four hours/day, five days/waek for 12 months. Liver
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TABLE 7.3

LIVER TUMOR INCIDENCE IN MALE AND FEMALE

WISTAR RATS EXPOSED TO VINYL CHLORIDE BY ORAL
ADMINISTRATION FOR 149 WEEKS (Til et al., 1983)

— Tumor Type/Sex
Liver Angiosarcoma

Male
Female

Hepatocellular Carcinoma
Male
Female

Neoplastic Nodulas
Male
Female

Incidence®
L2 2.014 Q13 —td
0/99 0/99 0/99 1/49
0/98 0/99- 0/96 2/49
0/99 0/99 0/99 31/49
1/98 0/99 1/96 31/49
0/99 0/99 0/99 149 :
0/99 1/99 0799 9/649

lNumbcr in denominator = number of animals necropsied.

Vinyl chloride intake data was adjusted to compensate for loss of vinyl
chloride during the four-hour feeding periods. The initial levels of vinyl
chloride administered in the diat were 0, 0.017, 0.17, and 1.7 mg/kg/day.

T
1

e
5
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ingiosarcomas and skin carcinomas were observed in animals exposed
o 300 ppm or greater and lung adenomas in those exposed to 2,000

Or Mmore.

Bi et al. (1985) evaluated the ctumorigenic potential of vinyl
chloride in rats following inhalation exposure to 0, 10, 100 or
3000 ppm (six hours/day, six days/week). The incidence of liver
angiosarcomas was 0/19, 0/20, 7/19 and 17/19 for the four exposure
groups, and 0/1%, 0/20, 2/19 and 9/20 for lung angiosarcomas,

respectively. The authors failed to discuss the specific types of

tumors or their significance, focusing instead on the testicular

effects of vinyl chloride (discussed in Section 5 of'chis documant)

(BL et al., 1985).

Sgudies ip Mice

In a preliminary paper reviewed by IARC (1979), Keplinger and co-
workers (1975) reported results from ongoing tests on mice, rats,
and hamsters. Vinyl chloride was carcinogenic in all three
species; the fémalc mouse was tha most sensitive of the animals
tested. CDl Swiss mice were exposed to O, 50, 200, or 2,500 ppm
vinyl chloride seven hours/day, five days/week for nine months,
then observed for another nine months, Primary tumors found in
animals that died included liver angiosarcomas, lung adenomas, and
mammary  adenocarcinomas. At the time of the IARC report,
histological evaluation had been carried out only on grossly

vigible tumors, but no final report has been published.
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Zonsequently, we cannot accurately quantify cumor incidence in che

study.

Lee and co-workers (Lee et al., 1977; IARC, 1979) reported that
female mice were more responsive to vinyl chloride exposure than
rats. Two month-old male and female CD-1 mice were exposad by
inhalation te 0, 350, 250, or 1,000 ppm vinyl chloride for six
hours/day, five days/week for 52 weeks (end of experiment). Vinyl
chloride induced primary tumors in mice at multiple sites afcrer
exposure to 50 ppm or more. Liver cell angiosarcomas, bronchiol$~
alveolar adenomas, mammary ductular adenccarcinomas, and squampus
and anaplastic cell carcinomas (with metastases to the lung)_u;rn
observed in treated animals. Vinyl chloride induced tumors at gil
dose levels, with the incidence and severity of the tumors

increasing with dose. The ctotal ctumor incidence may have been

underestimated because of the short duration of the study,

Hong and colleagues (Hong et al., 1981), as a follow-up of the
studias of lee and associates (Lee et al., 1977), examined tha
davelepment and incid.nct of vinyl chloride-related carcinogenic
vh.ffccca during a post-exposure follow-up pariod. Groups of eight
-ﬂb» 28 c©wo month-old male and female CD-1 mice were exposed to O,
50, 250, or 1,000 ppm for one, three or six months and
subsaquently observed for 12 months before being sacrificed.
Although the. number of animals used in the experiment was
inadequate for risk assessment purposes, four of sixteen female

mice exposed to 50 ppm vinyl chloride for one month (and autopsied
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one vear later) exhibited mammary g¢land adenocarcinomas or
carcinomas. In mice, the combined (male and female) incidences of
hemangiosarcomas for the 250 and 1,000 ppm groups were
significantly higher than in controls (p = 0.05). Tumor incidence
wags related to dose and duration of exposure. Bronchiolo-alveolar
tumors were also significantly increased in the high-dose group

(p = 0.05), but no clear rtrend for the other dose levels was

observed (Hong et al., 1981).

In rats, tumor incidence rates following exposure for one or three
moniths did not differ significantly from control values. Af;ir a
six or tem month exposure, the combined (male and female)
cumulative incidencas of hemangiosarcomas, hepatocellular
carcinomas, and neoplastic liver nodules in rats exposed to 250 or
1,000 ppm differed significantly from those in combined male and
female control animals (statistics not reported) (Hong et al.,

1981).

Suzuki (198la) exposed male CD-1 mice (between 30 and 40 per group)

to 1, 10, 100, 300, or 600 ppm vinyl chloride six hours/day, five

days/veek for four weeks. The animals were then observed for up to
4k weeks aftar cessation of exposuras. One mouse in the 10 ppm
group had a subcutaneous hemangiosarcoma in the left ear 29 weaks
aftar exposure; one mouse in the 600 ppm group developed a hepatic
hemangiosarcoma 65 weeks after exposure. In a separate study,
Suzuki (1981b) exposed 27 mice to either 2500 or 6000 ppm vinyl

chloride for five or six months. Additional mice were exposed to
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2.1, 10 or 100 ppm for four weeks, and sacrificed forty weeks
after exposure. All animals were evaluated for pulmonary tumors.
Twency-six of the 27 high dose animals possessed "alveologenic"
cumors. Animals in the lower dose groups exhlbited a dose-related
trend for pulmonary tumor formation (Suzuki, 1981b). Although this
study cannot bae used to quantify risk dus to study design (for
example, inadequate number of test animals), it did demonscrace a
carcinogenic respomse to vinyl chloride after exposure to

relacively low concentrations for short durations.

7.1.4.3 gStgudies om the Potentigl Effects of Age at Time of
Exposuce *

powt

Groth at al. (198l) exposad groups of 110-128 male and female
Sprague-Dawley rats to 948 ppm vinyl chloride in air seven
hours/day, five days/week for 29 weeks, beginning at ages varying
from six weeks to 352 weeks. Animals were sacrificed after
terminaction of exposurs. On the basis of this tescing regime,
those researchers concluded that vinyl chloride-induced liver
angiosarcomas occurred w{th the greatest frequancy in rats whose
exposure period began at 52 weaks of age, with females mére
i susceptible than males. The data and study mathodology are
inadequate for making chis conclusion, however. If Lliver
anglosarcomas are expressed at a later age in rhe rat’s life cycle,
animals exposed at an early age and sacrificed early in their life

cycles would not have had time to express the same tumor incidence

as they would i{f they had lived their full lifetimes. The animals
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axposed later in their life cyeles would then seem -o have -ha

highest tumor incidence.

Drew ot al., (1983) looked at the effect of age and exposure
duration on vinyl chloride oncogenicity in females of severasl
different species of rodents. Groups of female CD-1 Swiss mice,
B6C3F1 mice, Fischer 344 rats, and Golden Syrian hamsters (N = 34
for mice, N = 56 for rats and hamsters) wers exposed to vinyl
chloride for six hours/day, five days/week for six, 12, 18, or 24
months, beginning at eight weeks of age, and observed for their
lifespans. Other groups were held until six or 12 months of age,

exposed for six or 12 months, and then observed for the remainder

of their lifespans. The exposures were conducted at a single dose

level for each species; mice, rats and hamsters were administered
50, 100, and 200 ppm, respectively. All animals exposed to vinyl
chloride at age eight weeks (the start of the experiment) exhibited
decreased survival relative to controls (Drew et al., 1983).
B6CIFL mice experienced the most significanc‘ life-shortening
regardless of the age at which exposure was begun. No significant
dacrease in survival was observed in rats, hamsters, or Swiss mice
initially exposaed after six months of age. Other clinical signs of
vinyl chloride toxicity were not evident and liver necrosis was not

observed.
In racs, axposure to vinyl chloride was associated with

hemangiosarcomas, mammary gland adenocarcinomas and adenomas, and

hepatocellular carcinomas (Table 7.4) (Drew et al., 1983). The
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incidence of hemangiosarcomas was a function of the durarion of
exposure: the longer the exposure period the greater the incidence
of hemangiosarcomas. A six-month exposure produced a low incidence
of hemangiosarcomas and hepatocellular carcinomas only if begun
early in life. One-year exposures produced a significant incidencae
of ctumors, espaecially if begun early in life. The incidence of
mammary gland adenocarcinomas and fibroadenomas was not always
related to exposura duration, but the incidence was higher in rats
whose exposure began at eight weeks of age. Hepatocellular
carcinomas were induced in a dosa-related manmer in rats when

exposures began at eight weeks.

In hamsters, hemangiosarcomas, mammary gland carcinomas, stoqnch
adenomas, and skin carcinomas were associated with vinyl chloride
axposure (Table 7.4) (Drew et al. 1983). The highest incidence of
hemanglosarcomas and stomach adenomas occurred in animals exposaed
early in life for only six months. The highest incidence of
masmary gland carcinomas was seen in animals expased at an early
age for up to twelve months. Exposure beginning at or after eight
months of age resulted in a markedly Ilower tumor incidence,
ﬂ!ﬂllibly because the lifespans of chronically exposed hamsters were
;;gilnificnncly raduced to the point that late-appearing tumors would

not be expressed.

Mica, especially the B6C3Fl strain, appeared to be the species most
sensitive to the carcinogenic effects of vinyl chloride (Table 7.4)

(Drew et al., 1983). Hemangiosarcomas and mammary gland carcinomas
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in doth strains and lung carcinemas in Swiss mice were associarad

with vinyl chloride exposure. In B6C3Fl mice, exposure to vinyl

chloride for six months resulted in 60-70% incidence of
hemangiosarcomas, regardless of the age at exposure initiation.
The incidence of mammary gland carcinomas in B6C3IFl mice was
greatest when the animals were exposed early in life. Lower
incidences of this tumor were seen when initial exposure occurred
at a later age. In Swiss mice, exposure to vinyl chloride at an
early age resulted in the highest incidence of hemangiosarcomas,
mammary gland carcinomas, and lung carcinomas, regardless of
duration of exposure. Lower incidences of all tumors were observed

£

in animals exposed later in life.

The patterns of tumorigenicity produced by vinyl chloride in the
study by Drew et al. (1983) are consistent with patterns reported
in other {inhalation studies. However, the results reported by
these investigators apparently contradict those of Groth et al.
(1981). This apparent contradiction can be explained by the fact
that Groth et al. reported only the incidence of hemangiosarcomas,
a tumor shown in the Drew study to be a relatively late-appearing
tumoxr that developed regardless of either the age at initial
exposurs or the duration of exposure. In the Groth et al. study,
animals exposed at a young ags were also sacrificed at a young age,
thereby decreasing cthe probability of hemangiosarcoma development

relative to the older exposed animals who were allowed to live.
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TUMOR INCIDENCE FOLLOWING VINYL CHLORIDE EXPOSURE IN

TABLE 7.4

FEMALE RATS, HAMSTERS AND MICE FROM THE STUDY OF DREW ET AL. (1983)

Length of Exposura Tumor Frequency

Tumor Type (Months) LDE (ppm)l (%)
Female Figher J44 Rat: Experimental Exposure 100 ppm
Liver control 0 0.9 (1/112)
Hemangiosarcomas 6 4.46 5.3 (4/76)
12 8.93 20.0 (11/5%)
18 13.40 23.6 (13/55)
24 17.86 34.7 (19/55)
Mammary Gland control 0 4.5 (5/112)
Adenocarcinoma 6 4.46 7.9 (6/76)
12 8.93 19.6 (11/56) -
18 13.40 16.4 (9/55)
24 17.86 9.1 (5/55)
Hepatocellular control 0 0.9 (1/112)
Carcinoma 6 4.46 4.0 (3/75)
12 8.93 7.1 (4/56)
18 13.40 14.8 (8/54)
29 17.86 16.4 (9/5%)

Female B6CIFl Mice: Experimental Exposura 50 ppma

Hemangiosarcoma control 0 5.8 (4/69)
(all sites) 6 2.23 68.7 (46/67)
12 4,46 76.7 (69/90)
18 .- --
Mammary Gland control 0 4.3 (3/69)
Carcinoms 6 . 2.23 43.2 (29/67)
12 4.46 41.1 (37/90)
18 .- -
7-18
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TABLE T.~ contiaued

Length of Exposure 1 Tumor Frequency
Tumor Twpe (Months) LDE (ppm) (%)

Female CD-1 Swiss Mice: Experimental Exposure 50 ppm

tdemangiosarcoma control 1.4 (L/7D)
(all sites) 6 .23 43.3 (29/67)
12 .46 63.8 (30/47)
18 .69 44.4 (20/45)

Mammary Gland control 2.8 (2/7D)
Carcinoma 6 .21 49.3 (33/67)
12 .46 46.8 (22/47)

18 .69 48.9 (22/45)

Lung Carcinoma control 12.7 (9/71)
6 .23 27.7 (18/65).
12 46 31.9 (15/47)
18 .69 24.4 (11/45)

Female Golden Syrian Hamster: Experimental Exposure 200 ppm

Hemangiosarcoma control 0 .0 (0/143)
(all sites) 6 8.93 14.8 (13/88)
12 17.86 7.7 (4/52)

18 26.79 1.9 (2/103)

Mammary Gland 0 0 0.0 (0/143)
Carcinoma 6 ' 8.93 32.2 (28/87)
12 17. 59.6 (31/52)
18 26, 46.1 (47/102)

Skin Carcinoma 0 0 0 (0/133)
6 8. 2.5 (2/80)
12 ) 17. 18.8 (9/47)
18 26. 3.3 (3/90)

1LDE = Lifetime Daily Exposure (in ppm)
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Maltoni and co-workers performed a series of chronic inhalation

Studies bv Maltoni and Assogiates

studies on rats, mice, and hamsters in the Bentivoglio Laboratories
(BT) or the Bologna Instituce of Oncology (Maltoni et al., 1984).
The investigators studiad the effects of exposure to 14
concentrations of vinyl chloride (1-30,000 ppm) in male and female
rats and six concentrations of vinyl chloride in male and female
mice and male hamsters. A summary of some of these axperiments are
included both in this seetion and in Appendix A. In each
experiment, animals were exposed to vinyl chloride for four hq?:s
daily, €£ive days per weak for various durations, and obscrvid;for
the rest of cheir lives. A number of the experimental proceduius
wers not described or wers inadequately described in the report by
Maltoni et al. (1984). A full necropsy was performed on each
animal and the following tissues reportedly were routinely excised
for histopathology: brain, zymbal glands, interscapular brown fat,
salivary glands, tongue, thymus, lungs, liver, kidneys, adrenal
gllnda, spleen, pancreas, esophagus, stomach, intestine, bladder,
uterus, gonads, and any organ in which pathologic lesions were

observed. Details of che experimental protocol for the BT

1"§.p.r1l.ncl are provided in Table 7.5 (Maltoni et al., 1984).

Data on noncarcinogenic toxic effects of wvinyl chloride were
sparsely reported in the Maltoni BT experiments. Vinyl chloride
appeared to bhe toxic at the higher concentrations, but reportedly

the high mortality at these dose levels was due to a high incidence
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of wvinyl chloride-induced tumors. The available information on

survival, ineluding Kaplan-Meier survival curves, indicates thac

~invl chloride decreased survival In a dose-dependent manner.

In the Maltoni experiments, exposure to vinyl chloride was
associated with an increased incidence of malignant tumors at a
variety of tissue sites in all of the species tested. A summary of
these tumor sites is provided in Table 7.6 (Maltoni et al., 1984).
A direct relationship betwesn exposure levels and tumor incidence
was apparently demonstrated, although no statistical tests for
trends were performed. Results of experiments on Sprague-Dawley
rats exposed to vinyl chloride for 52 weeks were statiscically
analyzed using the Fischer exact probability testc. Correspondence
analysis was also performed on the relationship of the incidence of
liver angiosarcomas, zymbal gland carcinomas, nephroblastomas, and
forestomach papillomas and acanthomas to vinyl chloride exposure
(Tassignon, 1980, ciced in Maltoni et al., 1984). The results of
this analysis were not discussed by Maltoni et al. (1984). A
summary of the lowast concentrations at which a statistically

significant excess of tumors was observed is given in Table 7.7.

Expariment BTl. Most pravious risk assessments have baen based on
the data from experiment BTl (Malroni et al., 1984). In this
study, 30 Sprague-Dawley rats of each sex were exposed to
concentrations of vinyl chloride ranging from 50 to 10,000 ppm for
four hours daily, five days per week for 52 weeks, beginning ac 13

weeks of age. A positive control group received 2,500 ppm of vinyl
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acetate. Afrer <creatmenc the animals were observed for their
lifespans up to 135 weeks. Survival of both males and females
decreased in a dose-related manner, especially at concentrations
above 500 ppm. Vinyl chloride appeared more toxic to females than
to males in this experiment. Vinyl chloride was associated with an
increased incidence of liver angiosarcomas in a dose-related
fashion. These results are presented in Table 7.8 (Maltoni et al.,
1984). In addiction to liver angiosarcomas, vinyl chloride (at
concentrations above 2500 oppm) caused an increased incidence of
zymbal gland carcinomas, nephroblastomas, hepatomas, and
neuroblastomas. The incidence of liver angiosarcomas was probably

underestimated at the higher exposure levels due to mortakity

resulting from tumors at other sites. £
Experiment BT1S. Groups of 60 male an& 60 female Sprague-Dawley
rats were exposed to 0, 1, 5, 10, or 25 ppm of vinyl chloride for
four hours daily, five days per waak for 52 weeks, beginning at 13
weeks of age (Maltoni et al., 1984). Following exp sure the
animals were observed for the remainder of their lives (up to 147
waaks) . Available data, including Kaplan-Meier survival curves,
indicated that vinyl chloride did not affect survival at the
foneontrlcions tested. No statistical analyses of mortality and
body weight data were reported. Mortality was greater in the mal
control group than in the treated groups: the time at which 30% of
the mals control group had died was week 72, compared with week 100
in the 25-ppm vinyl chloride group. No explanacion was given for

this decreasad survival.




Experiment

Number

BTl

BT2

BT6

BT9

BT15

BT3

BT1l4

BT4001

BT4006

BTS

BT?7

BT17

TABLE 7.

)

IXPERIMENTAL PROTOCOL FOR INHALATION STUDIES
MALTONI AND CO-WORKERS (1984)

Dose

— (opm)

0, 30, 250,
500, 2,500,
6,000, 10,000

i, 100, 150,
200

30,000

0, 50

0, 1, 5, 10,
25

0, 50, 250,
500, 2,500,
6,000, 10,000

6,000, 10,000

0, 2,500

0, 2,500

6,000, 10,000

0, 50, 230,
500, 2,500,
6,000, 10,000

0, 1

Exposure
Durationl

(weeks) _Strain  _(weeks)

52

52

52

52

32

17

76

69

15

52

52

7-23

Age at
Start of

Species/  Exposure

Rat/SD 13
Rat/SD 13
Rat/SD 17
Rat/SD 13
Rat/SD 13
Rat/SD 12
Rat/SD 21
(parents)
1 day
(offspring)
Rat/SD 13
1 day
Rat/SD 1 day
Rat/SD 19
(fatus)

Rat/Wistar 11

Rat/Wistar 13

DRAFT

Number of
Animals per
v

Dose Level

30M, 30F
(30 M, 30 F)

60 M, 60 F
(85 M, 100 F)

30M, 30F
(no controls)

150 M, 150 F
(50 M, 50 F)

60 M, 60 F _
(60 M, 60 F)

30M, 30F
(30M, 30F)

6 F

(no controls)
21-22 M, F
(no controls)

54 F

(60 F)

68 M, 64 F
(158 M, 149 F)

60 M, 60 F
(60 M, 60 F)

I0F
13-29 M, F
(no controls)

30 M
(40 M)

120 M
(130 M)

CHA 010425
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Table 7.5 continued

Age at
Exposure Start of Number of
Experiment Dose DuratioT Species/  Exposure Animals pep
BT4 0, 50, 250, 30 Mouse/Swiss 11 30M, 30F
500, 2,500, (80 M, 70 1)
6,000, 10,000
BTS8 0, 50, 250 30 Hamster/ 11 30 M
500, 2,000, Syrian golden (62 M)

6,000, 10,000

lExposures were for four-hours daily, five days per week.

9
“Number in parentheses = number of control animals for experiment.

a

A i
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TUMORS CORRELATED TO INHALATION EXPOSURE TO VINYL 1
CHLORIDE IN RATS, MICE, AND HAMSTERS IN THE BT EXPERIMENTS

TABLE 7.6

Tumorg Rag Mouge

* Liver angiosarcomas +
Hepatomas

Zncephalic neuroblastomas

Lung adenomas

Lymphomas/leukemias

Angiosarcomas at other sites

Zymbal gland epithelial ctumors

Nephroblastomas

Cutaneous epithelial tumors

Mammary adenocarcinomas

Forestomach papillomas, acanthomas

lData from Maltoni et al,, 1984

+ = Tumor incidence was statistically significant (p < 0.05) by the
Fisher axact test.

(+) = Association was not statistically significant, but was considered
blologically significanct.
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TABLE 7.7

LOWEST CONCENTRATION AT WHICH A SIGNIFICANT (p < 0.0%)
ZACESS OF TUMORS WAS REPORTED BY MALTONI AND ASSOCIATESl IN

INHALATION STUDIES AT SPECIFIC SITES IN SPRAGUE-DAWLEY RATSZ

Vinyl Chloride

Tumos —Soncencracion (pom)
Forestomach papilloma 30,000 (male, female)
Zymbal gland carcinoma 10,000 (male, female)
Neuroblastoma 10,000 (female)
Nephroblastoma 250 (female) -

100 (male)
Liver angiosarcoma 200 (male) -

25 (fema.le)2

Mammary adenocarcinoma 5 (female)

lData are from Maltoni et al., 1984.

2Significant at this dose lavel when specific corrected tumor incidence is

usad, p = 0.047. Analysis by Fisher exact probability test.

L]
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TABLE 7.8

INCIDENCE OF LIVER ANGIOSARCOMAS (1AS) IN MALE
AND FEMALE SPRAGUE-DAWLEY RATS EXPOSED FOR 52 WEEKS
TO VINYL CHLORIDE (Maltoni et al., 1984)

1 Corrected 2
Experimental L&S Incidence LAS Incidence”
Sgugy Rose Level (ppm) Male Eemale Male Female
BT1 0 0/30 0/30 0/22 0/29
50 0/30 1/30 0/26 1/29

250 1/30 2/30 1/28 2/26

500 0/30 6/30 0/22 6/28

2,500 6/30 7/30 6/26 7/24

6,000 3/30 10/30 3/17 10/25

10,000 3/30 4/30 3/21 4/25

BT2 0 0/85 0/100 0/61 0/68
100 0/60 1/60 0/37 1/43.

150 1/60 5/60 1/36 5/46

200 7/60 5/60 7742 5/44

BT6 30,000 5/30 13/30 5/22 13/24
BT9 0 0/50 0/50 0/29 0/38
50 17150  12/150 2/70 12/110

BT15 0 0/60 0/60 0/25 0/44
1 0/60 0/60 0/48 0/55

5 0/60 0/60 0/43 0/47

10 0/60 1/60 0/42 1/46

25 1/60 4/60 1/41 4740

LAS Incidence in Historical Controls:

171179  2/1202 1/364 2/561

1Number in denominator = number of animals necropsied.

2Number in denominator = number of animals alive when first liver
angiosarcoma was observed.
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The incidence of mammary gland carcinomas in created females was
nigher than in controls ar all concentrations of vinyl chlorida
exposure. However, cthe differences from control values were
statistically significant only at concentrations above 1 ppm. The
mammary gland adenocarcinoma incidance for  this and the other
relevant BT experiments are presented in Table 7.9 (Malconi et al.,

1984).

Experiment BT4. Thircy male and 30 female Swiss mice were exposed
to 0, 50, 250, 500, 2,500, 6,000, or 10,000 ppm of vinyl chloride
four hours daily, five days weekly for 30 weeks, beginning ag 11
weaks of age (Maltoni et al., 1984). The study was tcrminnéo;f81
weeks after the exposure period began. Vinyl chloride was highly
toxic to both males and famales, but males appeared more sensitive
than females to the toxic effacts of vinyl chloride. Survival

decreased in a dose-related manner, although statistical analysis

apparently was not performed on the data prasented.

A very high incidence of lung adenomas was observed in vinyl
chloride-treated male and female mice. A statistically significant
inerease in the incidence of liver angiosarcomas was seen in mal
and female oice exposed to vinyl chloride, but a dose response was
not sesen in the male animals. In addition, a high incidenc of
mammary gland adenocarcinomas occurred in treated female mice.
These results are presented in Table 7.10 (data from Maltoni et

-

al., 1984).
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INCIDENCE OF MAMMARY GLAND CARCINOMAS IN FEMALE
SPRAGUE-DAWLEY RATS AND SWISS MICE EXPOSED BY
INHALATION TO VINYL CHLORIDE (Maltoni et al., 1984)

Experimental 1 Corrected

Studv No, Dose Level (ppm) Tumor Incidence Iumnz_ln;iggnggz

BT1 0
(Rat) 50
250

500

2,500

6,000

10,000

0
100
150
200

30,000

1
2

0/30
2/30
2/30
1/30
2/30
0/30
3/30

2/60
4/60
6/60
5/60

2/30

9/50
59/150

6/60
14/60
22/60
21/60

0/29
2/30
2/27
1/28
2/25
0/28
3729

2/100
4/60
6/60
5/60

2/30

9/43
59/142

6/60
14/60
22/60
21/60

16/60 16/60

Tumor Incidence in Historical Controls 100/1202 100/1202

250
500
2,500
6,000
10,000

3

Tumor Incidence in Historical Controls 21/554 21/554

1Numbcr in denominator = number of animals examined.

2Number in denominator = number of animals alive when first malignant
mammary tumor was observed (type unspecified).

3Number in denominator = number of animals alive when firat mammary
tumor was observed (type unspecified),
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TABLE 7.0

INCIDENCE OF PULMONARY ADENOMAS, MAMMARY CARCIMOMAS, AND LIVER ANGIOSARCOMAS
IN MALE AND FEMALE SWISS NICE EXPOSED TO VINYL CMLORIDE BY IMMALATION (EXPERIMENT BT4)

Historical
Controls

Yerin

277533

- Nales o7 or2r 0729 1728 /3 0/24 0722 1521

Females 167 12730 13729 10728 9/30 /2 14728 227545

|Dltl from Maltoni at al., 1984.

d¥usber in denominator = rmber of animals alive when first pulmonary (lung) adenoma was observed (11 weeks).
3
Number in denominator » number of animals reportedly alive when firat liver angiosarcoma was observed (32 weeks).

& . ; .
Nusber in denominator = mmber of snimals reportedly alive when first lung sammary tumor {type unspecified) was
obeerved (16 weeks).
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ic Sffecets of Vipvl Chloride

In 1974, Creech and Johnson described three cases of angiosarcoma
of the liver (LAS) among workers at the B.F. Goodrich Tire and
Rubber Co. in Louisville, Kentucky. Because LAS is a very rare
cancer (20-25 cases per year in the United States), the clustering
of three cases in one vinyl chloride polymerization facility
indicated an abnormally high incidence of this cancer. Based on
this report, as well as data indicating that vinyl chloride is
carcinogenic in Llaboratory animals, multiple studies of work;rs
exposed to this agent were conducted. By 1985, at leasc 17
spidemiologic studies relating vinyl chloride exposure to the

incidence of various cancers had besn completed.

7.2.2 General Design of Epidemioclogic Scudies

Most of the epidemiologic studies have been retrospective cohort
designs. Groups of workers in the vinyl chloride industry were
selacted by reviewing employment records. Few baseline data other
than age, Job classification, and length of employment were
obtained. The concentrations of vinyl chloride to which these
workers were exposed wers generally not available, since ambient
levels of vinyl chloride were not routinely measured bafore 1975.

Almost all of the investigators estimated vinyl chloride exposure

CHA 010430
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based on some combination of job classification and lengch of

axposure.

Exposure information included measured levels of vinyl chloride in
only two studles (Ott et al., 1975; Buffler et al., 1979). 1In all
reports, workers were tracad to determine the number of deaths that
had occurred in the defined cohort. The cause of daath was based
on information available from death certificates. In the studies
from Swedan and Norway, national cancer registries also provided
data to assess incidence of cancer (Byren et al., 1976; Heldaas et
al., 1984). The expected numbers of deaths were estimated using
population-based mortality scatistics. Finslly, a standafdi;ed
mortality ratio (SMR) was calculated from the proportion. of
observed to expected deaths from each cause and the statistical

significance of these ratios tested.
Rifficulcies in Interprating the Epidemiologic Evidence

Thexs are several problems invelved in the interpretation of these

studies:

1. lIpadequate information on worker outcome. In several of the

studies reviewed, outcome data on approximately 10% of the
original worksrs were not obtained (Duck et al., 1979). Since
the tumor incidence in humans exposed to vinyl chloride is

relatively low, the loss of 10% of the data base could have a
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significant effect on the observed tumor rate, and possibly

allow for an underastimation of risk.

2. Ipadequate exposure datg. Specific exposure data did not exist
in any of the studies reviewad with the exception of Ott et al,
(1975) and Buffler et al. (1979). In some cases, no attempt
was made to evaluate exposure. In most studies, exposure was
estimated from odor 1levels, acute toxfcity lavels, job
classification, or length of exposure - methods all considered
unreliable for accurate exposure estimation. However, gross
differences in exposure lavels based on the type of job -and
length of exposure may have occurred, particularly bhefore inS,
when very high levels of vinyl chleride were common in the
industry (up to 500 ppm with rare excursions up to 4,000 ppm)
(ote et al. 1975). After 1975, ambient workplace levals were
drastically reduced to an average of about 1 ppm, so that
differences in dose estimated by Jjob classification became

small.

3. Inadequate follow-up time. In this review, "follow-up time" is

the time period between the onset of exposure and the poiﬁt at
wiiich evalustion is completed. The average latency period for
LAS among vinyl chloride workers worldwide was determined to be
22.1 years (Stafford, 1983). Several of the epidemiologic
studies either do not report length of follow-up or include a
large number of subjects who had recently become employed in

the vinyl chloride industry and who, therefore, had very short
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follow-up time periods. Inclusion of subjects with shorter

average follow-up time tends to obscure an exposure-response

relationship.

Use of deach certificates <to determine oytcome. Cancer is

often not listed as a cause of death on death certificates.
Evan when cancer is reported, the typs of cancer may not be

given and may not be verified.

Healthy worker effect. In raetrospective cohort studies of
mortality among occupational groups, the number of deaths ar

cospared to general population ratas. A disprOportibi;ce
numbar of newly hired smployees demonstrating self-sclccé;on
for good health, or selacted for batter general health thr;;gh
pre-employment examinations, skews the mortality exparience of
the worker population. Oott and co-workers (1975) have
estimated that the averags mortality rate for workers in the
plascics industry is about 80% of population-based rates,
Sinca observed deaths in tha study cohorts are compared to
astimates based on the incidenca of death in the general
population (not in ﬁcnlchy workars), the SMR baecomas an
underastimate of risk. Unfortunataly, only one of the
spidemiologic studies reviewad used a control group of workers
not exposed to vinyl chloride (Theriault and Allard, 1981).
The failure of more epidemiologic studies o use a proper
control cohort increases the difficulty in interpreting the

affeccs of vinyl chloride on the exposad worker.
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iy te statistica wer. The term “"statiscical power”

5.

represents the probability of detecrting an association or an
excess risk if that association really exists. For example, if
the power of a study to detect a specified change in risk is
80%, there is an 80% chance that the study will show an
increased risk if that risk really exists. Negative findings
may have two explanations: there may actually be no increased
risk, or the study may have had inadequate power to show a risk
that really exists. Power depends on the level of statistic..
significance used (usually p < 0.05), the number of outcomes
expacted (in these studies cause-specific deaths), and the
strength of the association being investigated (effect sii.ii

.

7.2.4 Morctality Sctudies

A summary of the important characteristics of {ndividual
epldemiologic studies is given in Tables 7-1l1 and 7-12. Each study

should be evaluated keeping in mind the difficulties noted above.

Soon after- the fnitinl case reports by Creech and Johnson (1974),
&Qillcrtﬁfhg_ the identification of liver angiosarcomas in viayl
i*ehlorid. worknrs,' Monson et al. (1974) published a proportionate

mortality analysis of the deaths of 161 vinyl chloride workers at

two plants in the United States. A statistically significanc 50%

excess mortality for all cancers and an 1ll-fold increase in

mortality from cancer of the digestive system, including five

angiosarcomas of the liver (LAS), were observed. In addition,
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TABLE 7-11

A SUMMARY OF EPIDEMIOLOGIC DATA FOR
OCCUPATIONALLY EXPOSED VINYL CHLORIDE WORKERS

s S
STUOY COHORT  FAMK)  DEATNS(X) EXKPOSURE(YRS) F/U TIMES(YRS) DOSE DEATH ALL SITES LIVER(LAS)  8RAIN LUNG  LYMPHOMA
[
1. Tabershaw & Gaffey' 8,386 1Z8(1SX)  352(4.7X) > >t EST 75 10 %36 155 12 106
USA (1974) 10.2%>20yrs 3
2. Ouck et al. 2,12 0.3  1527.2%) >0 2M19yrs EST 9 9% 9" (0) .- 103
u.X. (1975)
3. Micholson et al. a7 20.8%) 24(9.3%) >S5 >10 (111 126 231 - (3) --
usA (197) )
. 4. oOct et al. 594 0(0X) 79(13.3%) >0 >0 measured 89 81 - (0) - 77
USAC1975) . .
5. Byren et al. ™M 212.7%)  SB(TSX) >0 55% 10yrs EST 413°(2) 612 168
Sweden (1976) . . b a5
3 6. Maxweiler et al. 1,29% 13010 136(10.5%)  >5 >10 EST 108 *9 nss (1) 329 156 159
' USA (1976) >15 189 1606 498" 194" 176
o)} .
7. Fox and Coilier 777 393(5.1%)  409(5.3%) >0 >0 EST  75.4 90.7 140872} 54.6 89.8 90.9
UK Qem . 8%>20yrs
2. EEM 10,173 496(4.8%)  707(6.9%) » 32%20yrs EST 89 104 o) 203° 107 12
USA (1975) 19.3%20yrs
9. Buffler et al. 466 O(0X)  28(0%) >0 >0 measured 87 138 - (0) -- 208°
Tenss (1979)
10. Sertazzi et al. 4,777 659(13.8%) 62(1.3X) 0.5 >0.5 EST &4 97 800" (3) 125 a1 133
Italy (1979)
Q a
E}; 11. Masuda et al. 304 1(0.3%)  26(8.5%) >1 »1 EST -- 138 500 (0} -- 125 t‘j
& Japan (1979) “
el Wuis gty
g . /’U
bl ~'r--
¥
1.1 -
L N




TABLE 7-11 (con’t)

SMR -
STuoY CoxoRY FAKK) DEATHS(X) EXPOSURE(YRS) F/U TIMES(YRS) DOSE DEATH  ALL SITES LEVER(LAS) LUNG LYMPHOMA

i

Weber, Reinl, Greiser

Germary (1981) b
production 7,021 M‘.*) 414(5.9%) 1523.
processing 4,007 M 9%) ‘y..
unexposed 4,910 - 41N(8.5%) » 401

Cooper| 10,173 96(4.8K)y TO7(6.9%) 3
USA (1981)
Nakamurs 4,526 29(0.8%) 200(4.6%) mean

Japan (1983) 16.3yrs

Neldass et ai. 0(0X) ' 3A(11X)
Norway (1984)

Relative

Theriault & Allard
Canada (1981)

a
exposed 451 0(0%) 9(2.6%) B81X115yrs . 6.25 (10)
unexposed an 23 26.8X) --

studies of Cooper and EEH are reanglysss of the Tabershaw and Gaffey Cohort
subjects also in the Vsbershau and Gaffey Cohort

is for “dipestive system cancer®, not liver cancer

is for “other and unspecified cancer®, 40X of which were brain cancer

is for cancer of CNS, not Brain

/0 = Follow up time (years)
EST = Estimated dose

p < 0.05

p < 0.01
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A SUMMARY OF TUMOR LINCIDENCES AND STAMDARDLIZED MORTALITY RAJ10S (SMR)

TABLE 7-12

FOR OCCUPATIOMALLY EXPOSED VINYL CMLORIDE WORKERS

QEATY AL CANCER

1. Honson et »l. #51-161-100 41-27.9-150
2. Tabsrshauw &

Gaffey 2-467-75" 9-77--110
3. Duck et al. 136-142.2-96 35-36.4-96
4. Nicholson ot al. 24--19--126 9--3.9-----
5. Ote ot al. mM--0.1-9 13--16--81
6. Byrenaet ol. = -re-eeseee il
7. Maxueiler ot of. 136-126.3-108  35-23.5- 149

15 year !I-16.9-136b
8. Fon & Collier 393-521.2-75.4 115-126.8-90.7
9. EEM m-m--n" 139-141.4- 104
10. Buffler ot oi. 8--5.2--154
11. Bertazzi ot ol. 30-30.9-97
]2. Nasuda st al. 8--5.8--138
13. teber ot al.

Production A¥------ 95 9--nn-- 12

Processing 360------ s 62------ 85

Control A17------ Fi ] 83------ a3
1. Cooper 707-795-89" 139-141-104
15. Weldeas = ccseeenenns 2%-20.2-110
16. Therisult -ec-ceean.. 20-%6.4-122.2

ard Allerd
17. Makamura 128-147.6-87 37-26.85-138"

ap < 0.05

b

p < 0.01 0 = observed e = expected

LIVER CANCER
c _E 9w

8--0.7-1100

19-21.7-%
1-1.1-9

&-- . 97--413

T-O.b-ﬁSSb

7-0.4- I606b

1-.71-140.8

6 -2.54-236"

BRAJN CANCER

0_E s

53--1.2--420

17-11.78-155

3-0.9-329°

3-0.6-498"
2-3.66-54.6

12-5.9- 203"
1--0.1----

1-0.8-125
0--.15----

Snk.ndardixed mortatity ratio

G _E _S#

13-7.9--160

25-23.9-112
16-15.5-103

3--1.8-108

12-7.7-156

1-5.7- 19"
$6-51.2-90

45-44.3-107
5--1.7--289"

--1.7--Nn
1--.8--125

45-44.3-107
5--2.8--180

2--5.8--34.6

2-2.3-0.86

5--3.4--150
6--6.1-106
1 PR
4-2.5-159

3-1.7-176

9-9.0-99.9
1-10.4-112
0--0.5-----
4---3---133
0--.§---u-n
15----21®
2 34
6 ennne 7
1-10.4-112

19vy@
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increases in the proportionate mortality ratios (PMR) for brain
cancer, lung cancer, and lymphoma were noted. Proportionace
mortality ratios do not represent a specific measure of risk, but
the consistent PMR excesses for neoplasms found in this study
suggests that vinyl chloride may operate as a multisystem

carcinogen.

Tabershaw and Gaffey (1974) published a large cohort study of 8,384
vinyl chloride workers at 33 plants in the United States, which
demonstrated a statistically significant increase in angiosqrébna
of the liver and a nonsignificant positive trend correlating vinyl
chloride exposure with lymphoma and cancers of the buccal cavity
and pharynx, CNS (primarily brain), and lung. The SMRs for all
these tumor types were greater In the high exposure groups after
the cohort was stratified by high and low exposure indices
(estimates based on job classification and length of exposure), but
the differsnces in SMRs for che high- and low-exposure groups
were not statistically significant. Follow-up in cthis study was
only 85¢ complete. The workers for whom fdllow;up was incomplate
T are n;ltly older workers, and Tabershaw and Gaffey (1974)
suggested that these workers, who experienced a long latent period
after exposure, might show a somewhat differ;n: mortality pattern
from workers who were followsd up. Another significant problem is
that the authors reported only digestive system cancer and did not
discinguish cancer of the Lliver from other cancers in rhis

classification. Information on this cohort has been updated and
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reanalyzed by Cooper [1981). The final report ineluded 10.173 '
vinyl chloride workers from 37 plants in the United States (Cooper,
1981). Follow-up had increased to 95.1l% of the cohort and extended
more than 20 years for 33.4% of the cohort. Scatistically
significant excess mortality was shown for LAS and for CNS cancers
(primarily brain). Again, SMRs for lung cancer and lymphoma were

elevated but not statistically significanc.

Duck and co-workers published an analysis of 2,122 vinyl chloride
workers in Great Britain (1975). 1In this study, no excess of total
or cause-specific mortality occurred. Thera were no cases of LAS,
although one was recorded in the cohort after the study poéiod
ended. Only 16% of the cohort in this scudy was followed more éhan
15 years from the time of inicial exposure, which undarmines the

reliability of the negative results of this study.

Nicholson and colleagues reported on 257 workers in th United
States who were exposed to vinyl chloride for at least five years
and vhose initial exposure occurred mors then ten years before the
end of the study (1975). These inclusion criteria are important
‘hbocxus. this is the first study that attempted to limit the cohort
!reo- vorkers vho had significant vinyl chloride exposure and follow-
up time. Three cases of LAS were observed and the SMRs for all
deaths and deaths dus to cancer were elevated. Because LAS is
otherwise exceedingly rare, the increased incidence of this tumor
was statistically significant, but the study lacked power to detect

significant increases in octher classifications of malignancy.

CHMA 010439
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A larger cohort based on similar criteria was assembled 5v
waxweiler et al. (1976) for the National Institute for Occupacional
Safety and Health (NIOSH). This study followed an adequate number
of workers (1,294) for more than 10 years, with all having had more
than five years of exposure. Separate analyses were also performed
for those workers with more than 15 years of follow-up time.
Significant excesses in the SMR of exposed workers were found for
all deaths due to cancer, liver cancer (1l cases of LAS), and CNS
cancers. Standard mortality ratios for lung cancer and lymphoma
were elevated, but were not significant at the p < 0.05 level.
Workers with more than 15 years of follow-up time showed higher
mortality rates compared to those with ten years of follow-up tina.
The SMR for 1lung cancer reached statistical significance in-the
group with a 15-year follow-up. This cohort provides the strongeast
evidence for the association between length of time since exposure
to vinyl chloride and the subseaquent development of cancers of the

liver, CN$, and lung (Waxweiler et al., 1976).

Ott. and associates completed a study of 594 Dow Chemical workers in
Michigan (1975)., Many of these workers were also included in the
#+ stwdy bf' Tabershaw and Gaffey (1974). The best available vinyl
‘z:;haorid- exposure - data are included in this study. Automated
sampling of air levels hegan in one plant as early as 1959.
Unfortunately, a large number of workers had less than one year of
vinyl chlorids exposure at the time of this report. Stratifying the

cohort inco low, medium, and high exposure groups resulted in less

than 200 subjects per group, with only 20, 18, and 22 deaths per
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group. respectively. “o cases of LAS and no significant increase

in mortality from any cause for cthe encire cohort were nocted.
However, ctotal deachs and deaths due to cancer were significantly
higher in the high vinyl chloride exposure group compared to all
other dose groups. These data are insufficient to develop any

huzan dose-response relationship,

The only other study providing quantified human exposure data is by
Buffler and co-workers (1979), Area sampling began after 1971 for
464 Dow Chemical vinyl chloride workers in Texas, but data ;n
exposure levels were not available for those workers (the majoricy)
exposed befors monitoring baegan. No cases of LAS wera obs;:igd
among thase subjects. There was a statistically significant exc;aa
only for lung cancer in exposed workers. The number of deaths
(N = 28) in this cohort was very small, making it impossible to
perform statistical assessment of many of the causes of death.
Buffler and associates have published the only information on the
smoking habits of vinyl chloride workers. Even after adjustment
for. smoking habits, the aexcess of lung cancers in this group

remained significanc,

Byren et al. (1976) and Heldaas et al. (1984) reported on Svadish
and Norwegian vinyl chloride workers, respactively. Although these
studies included all vinyl chloride workars in the respective
countries and had the advantage of access to excellent cancer
registries, the total number of workers in both studies was still
quite small. Nevertheless, both studies show a significanc excess

41
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ef LAS in exposed workers. The Swedish sctudy indicatss ;
significantly increased mortality £for CNS cancers. Both reports

also demonstrate a ctrend toward increased mortality due to lung

cancer.

Fox and Collier (1977) studied all 7,717 workers in Britain who may
have been occupationally exposed to vinyl chloride between 1940 and
1974, Four cases of liver cancer were found; two of these were
angiosarcomas. No ocher tumor type showed a significant increase
'(stacistical mechods not reported). Because workers were addad to

this cohort as they entered the industry, the study included a

i

large proportion of workers with brief exposure and short folioihup

time. Approximately 735% of the subjects had been employed 1n?:h¢
vinyl chloride industry for less than ten years and only 8% of the
workers had been employsd for mors than 20 years. Inadequate
length of exposure and follow-up maks this study’s negative results

of quastionable validity.

Bertazzi et al. (1979) examined the mortality rates among 5,441
Italian - vinyl chloride workers. This study showed a significant

. insrsase inm mortality among exposed workers only for liver cancer

L

}%(llxul cases of LAS). Follow-up vas leas than optimal (14% of the

total remainad untraced), and person-years at risk were calculated

as if the workers unavailable to follow-up ware all alive and well,

which contributad to the very low SMR for all causes of death.
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Xasuda and co-workers studied 304 Japanese vinyl chloride workers
(1979)Y. This cohort was too small co determine statistical

significance for any cause of death.

Weber, Reinl, and Greiser (1981) raeported on mortality information
from three cohorts of German chemical induscry workers: 7,021
vinyl chloride and polyvinyl chloride production workers (usually
considerad a  high exposure area), 4,007 polyvinyl chloride
processing workers (a lower exposure area), and 4,910 chemical
workers not exposed to vinyl chloride (1981). The SMRs w re
decermined for causes of death in each of the three groups but ne
statistical comparisons were made. A significant increasa in
wortality from liver cancer was observed in all three of the groups
evaluated, most notably for the vinyl chloride processing workers
(SMR - 1523). A significant increase in malignancies of the
lymphatic and hematopoistic tissuses was noted among the production
workers, while a significant increass in brain tumors was observed

among the processing parsonnel.

Analysis of the mortality experience of 4,324 Japanes vinyl

chlorida workers by Nakasmura (1983) revealed a significant increase
‘1ﬂi' ths mortality ratio for death from all cancers and from liver
cancer alone (three cases of LAS). Cancer of the lung was not
elevated; cancers of the CNS and lymphoma wers not reported in this

study.

CMA 010443
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Theriauit and Allard (198l) scudied Canadian vinyl chloride workers
in the only cohort to employ an occupational control group for
evaluation of relative risk in workers exposed to vinyl chloride.
The control cohort consisted of 870 chemical workers not exposed to
vinyl chloride, while the study group comprised 585 vinyl chloride-
exposed workers, with 454 of these workers exposed for more than
five years. Exposure levels were not quantified. Very few deaths
(39 cases) occurred in the exposed group, compared with 233 in the
control group. The only significantly increased relative risk was
for liver cancer (eight cases of LAS). The SMR for digestive
cancer (which includes liver cancer) among workers expoacd;for
greater than five years was 259, significantly greater (p < O%bl)
than for the general population. The authdérs suggestced :h;tfthc
small size of the study reduced the power of the study with respect
to finding an excess of CNS cancer or lymphoma that may have been
present. Theriaulc (1983) published an extended follow-up on this
same cohort in 1983 with no significant changes in the initial

findings.

Heldass and co-workers reported a study of cancer incidence and
gzuattnlity in a cohort of 454 male workers ciposcd to vinyl chloride
';”Ill polyvinyl chlgrida betwesn 1930 and 1969 (Heldaas et al. 1984).
| This cohort was divided into three axposure groups, as aestimated

from job classification, and the study population followed for 27

years. The investigation demonstrated an increased incidence of

malignant melanoma, and cancer of the lung, colon, and thyroid

7-45
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in <the eoxposed cohorc. This study reported cancer incidence. as

wall as mortality, unlike most other studies.

The observation of an increased incidence of malignant melanoma is
the first reported in humans (Heldaas et al., 1984), Four
malignant melanomas of the skin were identified in the study
population where only 0.8 were expected. Three of four casesg of
malignant melanomas occurred in tha high exposure group, where 0.5
cases wvere expeacted, The fourth case was in the medium exposure
group with 0.18 cases expected. After the observation period, one
morsa case was diagnosed in the medium exposure group. The auchgrs
noted one additional case of incipient malignant melanoma in the
medium exposure lavel gfoup that was diagnosed in 1977 but not

included in the study (Heldaas et al. 1984).

Dahar et al. (1988) recently published an update to the vinyl
chloride mortality study of Ott et al. (1975). There was no
statistically significant excess for any neoplasm or disease of
incarest among the exposed cohort, Rinsky et al. (1988) evaluated
the mortality rate and cause of death for a cohort of chemical
wvorkers in WVest Virginia.. A stn:ilﬁically significant increase in
) liver cancer and lympho- and reticulo-sarcoma was seen among the
workers. The mortality rate of the 29,319 male workers studied was
similar to cthat of the U.S. white male population (Rinsky et al.,
1988). Smulevich et al. (1988) reported that mortality resulting
from tumors of the digestive organs, respiratory system, bone and

connective tissues, brain and skin was higher in workers exposed to
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vinyl chloride than for the general population (USSR). Yo cases of
liver angiosarcoma were reported in the study conort during the

follow-up period (Smulevich et al.,, 1988).

Livexr Cancer

Between 1961 and 1977, 23 cases of LAS were reported among
approximately 20,000 vinyl chloride workers in the United Statas

(Lelbach and Marsteller, 1981; Spirtas and Kaminski, 1978). 2The

expacted incidence of LAS is 0.0l4 cases par 100,000 per yeai in

the general population in the United States (Heath et al,., 19f5).
Based on analysis of these data, the relative risk for developing
LAS following vinyl chloride exposure among this country’s vinyl

chloride workars is 483,

The epidemioclogic studies also demonstrate a strong and consistent
association between vinyl chloride exposure and primary cancer of
the liver. All eight of the studies that assessed risk for primary
liver <cancer note a statistically significant increase in
. standardized mortality ratios (SMR). The average relative risk for
liver cancer among vinyl chloride workers is five to six times
greater than the incidence of that seen in the general population.
Strong evidence suggests that exposure to vinyl chloride can cause
liver cancer. All reports published to date indicate that the

standardized mortality ratios of exposed workers are elevated, and
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A SUMMARY OF EFIDEMIOLOGIC STUDIES WHICH EXAMINED

POSSTBLE CORRELATIONS BETWEEN OCCUPATIONAL

TABLE 7-13

DRAF

VINYL CHLORIDE EXPOSURE AND PRIMARY CANCERS OF THE LIVER

STUDY MR

Byren et al. 4134
Waxweiler et al. 1155b
Fox & Collier 1612
Bertazzi et al. 800*
Masuda 500%
Weber et al. 1523°
Theriault & Allard®  6.25°
Nakamura 236

1 - Does risk increase with higher estimated dose?

RESULT

Significant
Significant
Significant
Significant
Significant
Significant
Significant

Significant

2 - F/U time = Follow-up time (years)
Does risk increase with longer latency?

3 - Relative risk, not SMR

2, < 0.05

bp < 0.01

7-48

INCREASING

DOSE

INCREASING

E/U_TIME

Yes

Yes

Yes
No

Yes
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A SUMMARY OF EPIDEMIOLOGIC STUDIES WHICH EXAMINED
POSSIBLE CORRELATIONS BETWEEN OQCCUPATIONAL

VINYL CHLORIDE EXPOSURE AND BRAIN CANCER

INCREASING INCREASING
1
SMR DOSE 2

Byren et al. 612° Significane
Waxweiler et al. 329* Significant
Fox & Collier 35 -
Bertazzi et al. 125 +
Weber et al. 5352 Significant

Cooper:3 203° Significant

1 - Does risk increase with higher estimated dose?

2 - F/U Tima = Follow up time (years)
Does risk increase with longer latency?

3 - Cooper’s data are used in the most recent reevaluation
of the Tabershaw, Gaffey and EEH cohort.

& .
SE® 0,08

’!;-t non-significant positive trend for increased risk (p < 0.05)
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risk of liver cancer was seen to increase with both increased dose

and a longer follow-up time (Table 7-13),

Qshey Cancexs

The association between vinyl chloride exposure and increased risk

for other cancers s not as clear ag that for liver cancer. Some
evidence associates exposure to vinyl chloride with increased
mortality ratios for brain cancer, lung cancer, and lymphona.
Since these cancers appear more commonly in the general populatien
than LAS and primary Lliver cancar, it becomes more difficulct to

show increased risk.

7.2.3.2.1 Brain Cancex

Workers exposed to vinyl chloride appear to be at greater risk
for brain cancer than do non-exposed populations. OFf the six
studies that assessed the risk of brain cancer, five showed a
positive trend for 1ncr’n-¢d risk of this cancer type following
exposure to vinyl chloride, with four demonstrating statistical
significance (p < 0.05) (Table 7-14). Cancer risk increased an
average of four cimes ;bove that expected in the general
population in those studies that exhibited a significantly
increased risk. Of the two studies not showing a significant
increase in risk for brain cancer, statistical power in the

Bertazzi and associates study was only about 35% (Bertazzi et

- CMA 010449




al., 1979). while chat of TFox and Collier (1977) -was
approximately 80% (Beaumont and Breslow, 1981l). In the Fox and
Collier study, the number of deaths overall was low and, most
importantly, a large percentage of workers in the cohort was very
recently employed in the vinyl chloride industry and thus had a
short follow-up time. These factors may partially explain why
this study failed to detect an association between vinyl chloride

exposure and brain cancer.

7.2.5.2.2 Lung Cancer

The evidence linking vinyl chloride exposure with lung cagcer
remains inconclusive. Analyses of SMRs for cancer of the iung
were performed in 12 studies (Table 7-15)., Of these, saven
studies showed an increased risk for lung cancer, but only one
was statistically significant at the 5% level (Buffler et al.,
1979). This increased risk persisted after adjusting for
personal smoking habics (for this particular cohort). Howaver,
thigs cohort was small and the study was unable to demonstrate an
increased risk for any other cancer. The Waxweiler et al. cohort
(which had a follow-up period greater than 15 years) also used a
small group (1976). Of all the studies that examined the risk
for lung cancer, only those of Fox and Collier (1977) and Cooper
(1981) have greater than 80% power to detect increased relative
risks (of 1.5 or 2) for lung cancer following exposure to vinyl
chloride. Both of these studies found no statiscically

significant increased risk for lung cancer,

CMA 010450
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An agsocjation between vinyl chloride exposure and lymphoma has
not been established, Five studies evaluated che risk of
lymphoma development among workers occupationally exposed to
vinyl chloride (Table 7-18). Four of the studies showed a
positive trend for lymphoma among vinyl chloride workers, but

statistical significance was noted only by Weber et al. (1981).

However, the statistical power in all of thase studies was less
than 80% to demonstrate a relative risk of two, and less than

40% to show a relative risk of 1.5.

7.2.6 Exposure Informacion

Most of the published epidemiologic studies did not presenc
quantified exposure data. Leavels of exposure were estimated by job
classification and length of employment, Only the studies by Ott
and co-workers (1975) and Buffler and associates (1979) contain
measursd industrial Thygiene data. After the workers were
classified according to exposurs levels, the cohorts were tToo small
te yield any statistically significant correlations. A dose-
rasponse rolutionship cannot be constructed based on these kinds of

human data. This conclusion was also reached by the United States

Environmental Protaction Agency (1986).

CMA 010451
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TiBLE 7-15 {

A SUMMARY OF EPIDEMIOQLOGIC STUDIES WHICH EXAMINED
POSSIBLE CORRELATIONS BETWEEN OCCUPATIONAL

VINYL CHLORIDE EXPOSURE AND LUNG CANCER

INCREASING INCREASING

STUDY SR RESULT pose’ EALTIME’
Duck et al. 103 + ~.- No
ott et al. 77 - “-- --- )
Byren et al. 168 + .- P i
Waxwailer et al. 156 + e Yes :
Fox & Collier 90 - No .- ‘
Buffler et al. 268" Significant vee .e-
Bertazzi et al, 91 - “-- -
Masuda et al. 125 . + .- —--
Cooper3 107 + Yes No
Heldass et al. 180 + .-- .-
Theriault & Allard* .36 . - .-
Nakamura 86 . - ..

ERS

1 - Does risk increase with higher astimated dose?

2 - F/U tine = Follow-up time (years)
Doas risk increass with longer latency?

3 - Cooper’s data is used in the most recent revaluation
of the Tabershaw, Gaffey and EEH cohorts.

4 - Relative risk, not SMR
+ = non-significant positive trend for increased risk (p < 0.05)

3 < 0.05

' c
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TABLE 7-16
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A SUMMARY OF EPIDEMIOLOGIC STUDIES WHICH EXAMINED

Waxweller et al.

Fox & Collier
Bertazzi et al.
Weber et al.

Cooper3

POSSIBLE CORRELATIONS BETWEEN OCCUPATIONAL

VINYL CHLORIDE EXPOSURE AND LYMPHOMA

159
100
133
214

112

Significant

RESULT

+*

+

INCREASING

DOSE

+

1 - Does risk increass with higher estimatad dose?

2 - F/U time = Follow-up time (years)

Does risk increass with longer latency?

3 - Cooper’s data are used in the most recent revaluation
of the Tabarshaw, Gaffey and EEH cohorts.

% < 0.08

1

INCREASING

E/U_TIME®

Yes

+ = non-significant positive tyxend for increased risk (p < 0.05)
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Epidemiologic studies of workers exposed to high levels of vinyl
chloride indicate that this chemical is a human carcinogen.
Strong evidence suggests that vinyl chloride causes an increased
risk for angiosarcoma of the liver. Vinyl chloride appears to he
agssociated with a moderately increased risk for brain cancer, but
current epidemiologic evidence does not demonstrate a significant
correlation between vinyl chloride exposure and subsequent
development of lung cancer or lymphoma. Exposure data in humnﬁs

are inadequate to construct a dose-response curve for any of.the

cancers studlied. However, exposure levels can be estimacad,?and

F

appendices B and C discuss the potential human health risk:for
vinyl chloride using exposure estimactes for the Waxweiler at al,

(1976) study of occupationally-exposed workers.
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Vinyl chloride has been demonstrated to be a carcinogen in multiple
species of laboratory animals, including rats, mice and hamsters.
Inhalation exposure of rats to low doses of vinyl chloride (<250 ppm)
led predominantly to formation of hepatocellular carcinomas,
neoplastic nodules of the liver, mammary tumors and nephroblastomas,
while higher exposures were associated wich Lliver and lung
angiosarcomas, neurcblastomas, and zymbal gland carcinomas. Foﬁding
studies have confirmed these results. Vinyl chloride has alaa;been
identified as a human carcinogen by IARC (1979), the EPA (1984b); and
the State of California (CDHS, 1983). Epidemiologic evidence has
linked occupational exposure to vinyl chloride with the development

of liver angiosarcomas in chronically exposed workers,

Several aspects of vinyl chloride metabolism (reviewad in Saction 2
of this document) are relevant to its carcinogenicity. First, the
oncoganicity of vinyl chloride appears to be duas to one or more
reactive metabolites, rather than the parent molecule; and secondly,
‘the metabolism of vinyl chloride is a saturable, dose-dependent
process. The rate of formation of the carcinogenic matabolites is
limited by the metabolism of the parent compound, and once the enzyme
systems responsible (alcohol dehydrogenase and cytochrome P-450)
become saturated, administering a larger dose of vinyl chloride may

not necessarily result in a significantly greater tumor incidence.

CMA 0104356
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Ixposure concentrations above 250 ppm may exceed <che metabolic
capacity of these  aenzvmes, and  thus  exposures to higher

conicentrations have to be evaluated with this caveat in mind.

There are many inherent difficulties and uncertainties inveolved in
using animal data to determine human rigk. Because of this, risk
astimactes have heen calculated from different species, sexas,
experiments and tumor types. Several adjustments need to be made to
the experimental exposure data to calculate the lifetime daily

exposure (LDE) levels.

>

Thus, for inhalation exposures, the reported dose must be multt%lied

by:

R/24: vhere H {8 the hours of exposura per day.
This converts tha exposure period to a time
wveighted average for 24 hours daily continuous
axposure.

D/7: where D is the number of days exposed per
week. This converts the dosing schedule to a time-
waighted average for a seven day/wesak continuous
exposure.

Le/L: where Ls is the length of the experiment and
L is cthe lifespan of the animal (the longer of Le
or 24 months). This converts the axperimental
protocol to a continuous lifstime exposurs.

The staff of DHS has used the linearized multistage computer program
GLOBAL86 to calculate potential risks associated with vinyl chloride

exposure. The multistage model may be expressed as:

2 K
] | 4 qud
Py =1 - ¢ (g ¥ 9d Gpd” + oo+ qd)

8-2 457
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where ©P(d) is the lifetime probabilicy of cancer for a given dose d
of carcinogen, 9, is a constant that accouncs for the background
incidence of cancer occurring in the absence of carcinogen, and q4q.
Ay <. q are coefficients that allow the data to be expressed to
various powers of the dose of carcinogen to obtain the best fit of

the model to the data.

Analvsis of Data from Maltoni et 3l.

The most sensitive site, sex and species in which a significant
increase in tumor formation was observed following exposure to vinyl
chloride appear to be the mammary gland in female Sprague-Dawléy%rats
from the Maltoni{ et al. BT15 experiment (Table 7-8). A scatistiéally
- significant increase in malignant mammary gland tumors was observed
following a one year exposure to levels as low as 5 ppm. This
expariment (BT15) has several potential problems associated with it:
1) the observed mammary tumor incidence in both treated and control
animalg was elevated compared to the results obtained from other
Maltoni et al. vinyl chloride experiments (Table 7.8); and 2) there
is no observable dosc-rﬁsponsc trend over the entire dose range of

_the cxpcrznlnc (0-25 ppm): tumor incidence at the 5 ppm dose level

‘*&3; greater than at the 25 ppm lavel, Risk astimates can be

calculated by the linearized multistage model for both the entire
dose range as well as for the first three doses (0, 1, and 5 ppm)
where the tumor incidence increases with the dose. The 95% upper
confidence interval of the cancer potency slope for mammary tumors

for the entire exposure protocol in BT15 suggests a lifetime risk of

CMA 010458
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2.4 % .0 7/ppb: analyzing just the 0., 1, and 5 ppm dose levels yields

a risk estimate of 1.9 x 10'3/ppb. Howaver, there do not appear to
oe any scientifically justifiable reasons for dropping the two upper
doses from che analysis; DHS staff therefore recommends that the
value of 2.4 x 10'4/ppb derived from the incidence of mammary gland
carcinomas in female rats for cthe antire exposure range from the BT1S
experiment bhe used as an estimate of risk from vinyl chloride
exposure. Risk estimates for mammary gland carcinomas for ocher
Maltoni et al. experiments which demonstrated a significant increase
in tumor formation are lower than that derived from the BT15 data

(Table 8.1).

Maltoni et al. also observed significant increases in the induetion
of liver angiosarcomas (LAS) following & one-year exposure of ra;s to
vinyl chloride (Table 7.7). Although there is substancial
variability in the different data sets, all experiments show a claar
trend towards an increased incidence of LAS, a relatively rare tumor
response in laboratory animals. The incidence of LAS in control
groups of the experiments evaluated herein is consistent with the low
historical control valus of 2/541 claimed by Maltoni et al. (1984).
These tumors were ob..vah in female rats at experimental exp sures
as low as 10 ppm (1/46). Female rats wers more sensitive than males
to the oncogenic effects of vinyl chloride in all Maltoni et al.
axperiments (Table 7.7). This increased sensitivicy is reflected in
the risk estimates (Table 8.1). Risk values for LAS range from 9.0
x 10"7/ppb for male rats in the BT experimenc to 7.4 x 10™°/ppb for
female rats from the BT1l5 experiment.

CMA 010459
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Yor some of cthe inhalation experiments, exposures greatly exceeded
the metabolic capability of the enzyme systems involved. Based on
the studies of Bolt et al. (1977) and Hefner et al. (1975b), ic
appears that metabolic saturation is reached at vinyl chloride
concentrations of approximately 250 ppm. Maltoni et al. exposed
animals to doses as high as 30,000 ppm. Exposure levels in the Bi et
al. study reached 3,000 ppa. Tumor incidence and risk estimates
derived from the groups exposed to concentrations greater than 250
ppm may not accurately reflect the oncogenic potential of vinyl
chloride. Thus, although risk estimates for the entire range of
axposures from the Maltoni et al. BTl experiment and the B{ et al.
study have been calculated, DHS staff recommends that only ch;;risk
estimates based on exposures of less than 250 ppm be considered wvalid
estimates of cancer risk. This choice preempts the need to adjust
for saturation in the risk calculations since many experimental
results using animals exposed fo concentrations below 250 ppm are
available. Table 8.1 gives risk estimates calculated by the
linearizead multistage model for LAS and other tumor types from both
male and female rats for inhalation sexperiments done by Maltoni et

al., Bf et al., and Drew et al. for the entire exposure range, as

well as for exposures of less than 250 ppa.

8.3 Analysis of Data from Bi et al.

Bi et al. (1985) measured liver and lung angiosarcomas in rats
following an 18-month exposure to either 0, 10, 100, or 3000 ppm

vinyl chloride. A significant increase in tumor induction at both

8-5 . CMA 010440
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chloride concencration in the high-dose group would almost certainly
have saturated the metabolizing enzymes involved. Since lung cancers
have beean linked to vinyl chloride in occupationally exposed workers,
risk estimaces for lung angiosarcomas have been estimated using the
data of Bi et al. (1985). Risk estimates for liver and lung
angiosarcomas for exposure scenarios of O to 100 ppm and 0 to 3000
ppm have been calculated, and are included in Table 8.1. Risks based
on the 0 to 100 ppm exposure range are substantially greater. The
risk for Lliver angiosarcomas calculated from the 0 to 100 ppm data
was 3.6 x lo's/ppb. while the risk for lung angiosarcoma for the same

group was 1.6 x IO'S/ppb.

Co ey

»

Analysis of Daca from Drew et al.

Drew et al. evaluated the effects of age and length of exposure on
vinyl chloride-induced carcinogenicity in female racs, mice and
hamsters (Drew et al., 1983). Female Golden Syrian hamsters, F-344
rats, CD-1 Swiss mice, and B6C3Fl mice were exposed to 200, 100, 50
and 50 ppm vinyl chloride, respectively, six hours/day, five

days/week for 6, 12 and 18 months. Thess doses are established

- -segeinogenic levels of vinyl chloride for each species. The rats and

hamsters also underwent exposure periods of up to 24 months. The
risk assessments were bagsed on those exposure durations demonstrating
the greatest tumorigenic response in each species. Because exposure
scenarios were limited to a single concentration per species,

lifetime daily exposurs equivalents were calculated using 'the

8-6 )
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different exposure lengths as the primary variable (instead of the

dose, as is more customarv).

Hemangiosarcoma was the most sensitive tumor type, and the most
sensitive sex and species were female B6C3Fl mice. Except for female
F-344  rats, the authors made no distinction between liver
hemangiosarcomas and hemangiosarcomas found at other sites.
Hemangiosarcomas in B6C3Fl mice yielded a risk estimate of 4.2 x
10-A/ppb. The 95% wupper confidence interval for mammary gland
carcinomas in female CD-1 Swiss mice suggest a risk of 6.1 x
10'A/ppb. The most sensitive tumor site in female F-344 rats was

the liver hemangiosarcoma, with an estimated risk valua of 3.7 x

10'5/ppb; for female Syrian golden hamsters, mammary gland carcinoma

was the most sensitive site, with a risk value of 5.3 x
10'5/ppb. The risk estimates for these and the remainder of the Draw

et al. study are found in Table 8.1,

Hupan Scudies

The prior reviev of the egidnuiologicnl studies (Section 7.2 of this
2bcun-nt) strongly suggests a causal association bhetween vinyl
i;hlorid. and sev;rnl different types of cancer, including liver,
lung, and brain. Although exposure data from the occupational
cohort studies were inadequate to derive a dose-response curve, other
historical industrial hygiene data can be used to raconstruct a range
of 1likely exposures from which risk estimates c;n be derived

(Appendix B)., Using this approach the exposure level associated wich

CMA 010462
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= one In a million risk for cthese carcinogenic andpoincs ~a

estimated as 0.485 ppb and the eostimated risk per ppb as 2.1 X
lO'G/ppb (Appendix B, Table D). If the assumption is made that justc
liver cancer (the tumor type for which the epidemiologic evidence is
strongest) is assoclated with vinyl chloride exposure, the risk per
ppb ;s estimated to be 1.0 X 10'6/ppb. In a more recent study of
vinyl chloride workers, Heldaas et al. (1984) linked vinyl chloride
exposure with malignant melanomas of the skin, lung cancer, colon
cancer, and thyroid cancer, strengthening the association batween

vinyl chloride exposure and the development of human cancers.
Choice of Appropriate Risk Escimaces :

Table 8.1 has identified a range of human and animal cancer potency
values (q{) from vinyl chloride inhalation carcinogenicity studies in
laboratory animals. These potency values can be convertad to risk

estimates by the equation: dose x potency = risk. Therefore,

1 ppb x [3.9 x 1078 (ppb)'l] - a risk of 3.9 x 10°%

_for a lifetims exposure to 1 ppb vinyl chloride. Human risk was

estimated from rodent data as follows:

2/3 2737+
Estimated Human Risk = Rodent Risk [(IR/IH) x (Wﬁ) /(WR) ]

CHA 010463
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where I and I are cthe 1inhalation rates of rodents and humans.

R H
respectively, and WR and WH are the body weights of rodents and
humans, respectively. Humans are assumed to weigh 70 kg and inhale
20 m3/day. The inhalation rates (I) for mice and rats were estimated

using the following formulas (EPA, 1985):

]2/3

For mice: I = 0.0345 [wt (kg)/0.025 (kg) a3 /day

2/3 3
] o~ /day

For rats: I = 0.0105 [wt (kg)/0.113 (kg)

The inhalation rate for hamsters was assumed to be 0.086-u%/day
(Blology Data Book, 1974). Rodent bodyweight values for the stﬁﬁies
of Maltoni et al. (1984) and Bi et al. (1985) were derived froﬁ.data
providad in the respective publications. Rodent bodyweights were not
given for the Drew et al. (1983) study, and were estimared to ba 300

g for rats, 30 g for mice, and 92 g for hamsters.

Human risks associated with vinyl chleride exposure as estimated from
the animal data range from 2.4 x 10°%/ppb to 5.0 x 10">/ppb, as shown
in Table 8.2. Due to reasons previously discussed (which include

f;!ntabolic saturation and experimental variability), the staff of DHS

i b;liov.s that a more appropriate range of risks lies between 3.9 x
1078 /ppb and 1.8 x 10" 3/ppb (Table 8.3). Using dats from Maltoni and
Lefemine (1975), the EPA (1984) calculated a unit risk of 6.8 x 1.0-6
(ppb)'l. This was converted to a human qf of 2.5 x 1072

(mg/kg/day)'l, equivalent to a qf of 1.8 x 1077 (ppb)'l. The human

qf 's from the analysis herein range from 3.9 x 10°° (ppb)'l to 1.8 x

8-9 i . CMA 010444
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0 (ppb)'l, a range which includes the EPA's potency value of 1.8 x

1072 ({ppb) "+

Appendices B and C detail the calculation of human risk from
estimates of occupational vinyl chloride exposure, determined to be
2.1 x 10'6/ppb. Considering the potential differences in exposure
duration, oncogenic sensictivicy of different species, age of
exposure, sex, and levels of exposure, the estimated unit risk values
for the human epidemiologic data and those calculated from animal
data are consistent with one another. Since many of the tumors
associated with vinyl chloride exposure (particularly LAS) exhibit a
1ohg latency period, exposure at an early age would produce a gr;acer
risk. The average latency period for che devalopment of Lés in
occupationally exposed vinyl chloride workers was detarmined to be
22.1 years (Stafford, 1983). Drew et al. (1983) demonstrated that in
rats, mice and hamsters, the highest incidence of neoplasms was
observed when vinyl chloride exposure was started early in life.
Exposures early in life may produce up to a 10-fold greater incidence
in tumors cowpared to sxposures late in life. The BT15 experiment by
Maltoni et al. (1984) suggests that mammary gland carcinoma may be a
moxre sensitive indicator of vinyl chloride exposure than LAS, with
‘ lé;k estinates of 6.3 x 10°%/ppb and 1.9 x 10™%/ppb for the tv tumor
types, Tespectivaly. Also, examination of the Drew et al. data
(Table 8.3) indicates that the mammary gland is a more sensitive
endpoint than LAS. Thus, it is possible that an epidemiologic study
of adult males measuring the incidence of LAS may underestimate the

actual risk associated with vinyl chloride exposure. Although there

8-10
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are significant difficulties associated witch extrapolating ss:tween

animals and humans, cthe animal studies have the benefit of examining

both sexes for a greater proportion of their lifetimes. The human
epidemiology studies have been conducted primarily in adult male
vinyl chloride workers, which may not adequately estimave risks for

the general population.

tﬂ‘!‘h Rk, wh
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TABLE 8.1.

RANGE OF CANCER POTENCY VALUES FOR
VINYL CHLORIDE CALCULATED FROM ANIMAL CARCINOGENICITY STUDIES

Experimental

Exposures LDE 1 q; auima!2
Experiment Spgqias and Sex Tumor Type (ppm) {ppm) (ppb)
Maltoni et al. N 3 -7
BT1 rat, male LAS 0-10,000 0-595 9.0 x 20_6
rat, female LAS 0-10,000 0-595 2.7 x 10_6
rat, female LAS 0-250 0-14.9 1.5 x 1()_5
BT2 rat, female LAS 0-200 0-11.9 1.5 x 10_5
rat, female mammary gland 0-200 0-11.9 1.3 x 10 ¢
BTY9 rat, male LAS 0-50 0-3 2.6 x 10_5
rat, female LAS 0-50 0-3 6.0 x 10-4
rat, female aamaary gland 0-50 0-3 1.6 x 10_5
BT15 rat, male LAS 0-25 0-1.5 2.9 x 10_5
rat, female LAS 0-25 0-1.5 7.4 x 10_4
rat, female mammary gland 0-25 0-1.5 2.4 x 10_3
rat, female mammary gland 0-5 0-0.3 1.9 x 10
B et al. rac, male LAS 0-3000 0-482.1 8.1x10°¢
rat, male LAS 0-100 0-16.1 3.6 x 10_6
rat, male lung angiosarcoma 0-3000 0-482.1 2.3 x 10_5
rat, male lung angiosarcoma 0-100 0-16.1 1.6 x 10
Drew et al. rat, female LAS 0-100 0-17.9 3.7 x 107,
rat, female mammary gland 0-100 0-8.9 3.1 x 10
rat, female hepatocellular 5
carcinoma 0-100 0-17.9 1.7 x 10:5
B6CIF1 mouse, female hemangiosarcoma 0-50 0-4.5 4.2 x 10_5
B6C3Fl mouse, female mamnary gland 0-50 0-2.2 2.5 x 10_4
CD-1 Swiss mouse, female hemangiosarcoma 0-50 0-4.5 1.5 x 10-4
CD-1 Swiss mouse, female mammary gland 0-50 0-2.2 6.1 x 10_4
CD-1 Swiss mouse, female 1lung carcinoma 0-50 0-4.5 1.2 x 10_5
hamster, female hemangiosarcoma 0-200 0-2.2 2.5 x 10_5
hamster, f male skin carcinoma . 0:20Q 0-17.9 2.0 x 10_5
hamaster, female mammary gland 0-200 0-17.9 5.3 x 10

1

LDE = Lifetime Daily Exposure (in ppm) 295.:er Confid nce Interval

3

LAS = Liver Angiosarcoma




TABLE 8.2. RANGE OF HUMAN RISKS FOR VINYL CIILORIDE
EXPOSURE ESTIMATED FROM ANIMAL CARCINOGENICITY STUDIES

Estimated
Estimated Inhalatjon Estimated
Experiment Spaﬁtg; and Sex Weight (kg) Rate (m”/day) Human Risk/ppb
s_’-l- A

Maltoni et al. 6
BT1 rat, male .425 .254 10:6
rat, female .275 .190 10_6
rat, female .275 .190 10_5
BT2 rat, female .275 .190 10_5
rat, female .275 .190 10_5
BT9 rat, male . 600 . 320 4
rat, female .400 L2464 10
rat, female 400 L244
BT1S rat, male .600 .320
rat, female .400 L2464
rat, female .400 L 244

107>
rat, female 400 .244

10:2
10,
10 .
10

WA ON = o P O W W N
(=2 RV - O - AT R =R
oMo oM MMM KM E RN

rat, male . 300 .201
rat, male .300 .201
rat, male .300 .201
rat, male .300 .201

L]

Drew et al. rat, female .300 .201
rat, female .300 .201
rat, female .300 .201

£ 0
[ N
L

B6CIF1 mouse, female .30 .039
B6CIF]1 mouse, female .030 .039
CD-1 Swiss mouse, female .030 .039
CD-1 Swiss mouse, female .030 .039
CD-1 Swiss mouse, female .030 .039
hamster, female .092 .086
hamster, female .092 Q88 |,

hamster, female .092 ".086

89¥0T0 VKD
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Se text for discussion of estimating the inhalation rat and human risk.
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TABLE 8.3. SELECTED HUMAN RISK ESTIMATES

FOR LIFETIME EXPOSURE TO 1 PPB VINYL CHLORIDEl

95% Upper
Most Sensitive Confidence
Experiment Species and Sex Tumor Site Interval

(risk/ppb)

Maltoni et al.
BT1 rat, female
BT2 rat, female
BT9 rat, female
rat, male
BT1S rat, female
rat, female

Bi et al. rat, male
rat, male lung angiosarcoma

Drew et al. rat, female ‘
B6C3IFl mouse, female hemangiosarcoma
CD-1 Swiss mouse, female mammary gland
hamster, female mammary gland

Appendices B
and C human, male liver
human, male liver, lung and brain

lEstimlC.l were selected on the basis of the most sensitive specias,
tumor site for experimental exposure scenarios of lass than 250 ppm

ZLAS = Liver Angiosarcoma

CMA 010449
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Vinyl chloride has a relatively low degree of acute toxicity in
experimental animals; ctwo-hour inhalation LD50 values are greater
than 200,000 ppa in several species. Exposure to high
concentrations can lead to narcosis, cardiovascular and respiratory
irregularity, convulsions, cyanosis and death. Several human
‘deachs have besn attributed to occupational exposurs to very high
levels of vinyl chloride. Autopsies of these patients reveajed

congestion of the liver, spleen and kidneys.

Subchronic and Chronic Toxicity

Chronic exposure of workers to vinyl chloride has been shown to
lead to “"vinyl chloride disease”, characterized by occupational
acro-osteolysis, vasospasm of the hands similar to Raynaud’'s
syndrome, dermatitis, circulateory and central nervous system
alterations, thrombocytopenia, splenomegaly and changes in liver
function (Veltman et al., 1975). Spirtas et al. (1973) measured
~the frequency of eight symptoms commonly reported by workers
exposed to vinyl chloride (inecluding dizziness, headaches and
nausea) and observed a dose-response relationship using exposure
levels estimated from job classifications. These symptoms were

observed even at dose levels below 50 ppm.

CMA 010470




Approximately 42% (but up to 71%) of an inhaled dose of vinyl
chloride was absorbed by both man and rats. Oral exposure results
in mors complete absorption. Radiolabeled vinyl chloride
metabolites have been detected in a range of tissues, suggesting
thorough distribution. Most of the metabolized vinyl chloride is
excreted by the kidney, often as glutathione conjugates.
Unmetabolized vinyl chloride is eliminated primarily by pulmonary

excreation.

Both alcohol dehydrogenase and cytochroms P-450 ars involved in lLo
k4

metabolism of vinyl chloride. The evidence suggests that

reactive metabolites may be responsible for the toxic effects of

vinyl chlorida, with the most 1likely candidaces thought to be

chloroethylens oxide and chloroacetaldehyda.

The metaboligsm of vinyl chloride appears to be dose-dependent and
saturable, with higher doses incompletaly metabolizad. It has been
suggested that saturacion of the metabolizing enzymes occurs at
sxposure scenarios between 100 and 300 ppm, with 250 ppm chosen
Werein as the ‘concentration necessary to achieve metabolic

saturation.

CMA 010471
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No teratogenic or embryotoxic effects were observed in mice, rats
or rabbits exposed to vinyl chloride at maternally toxic doses
during gestation. A recent study has suggested that vinyl chlorida
can cross the placental barrier of exposed pregnant female rats and
cause liver cancer and angiosarcoma in the offspring. Epidemiologic
studies have suggested a possible increased rate of fatal deaths in
women whose husbands wers occupationally exposed to vinyl chlorida.
However, additional studies have concluded that there was no
association between vinyl chloride exposure and fetal deaths or

3
birth defects.

Mutagenicity

Vinyl chloride has been identified as a mutagen in bacteria, yeast
and animal systems, both with and without addition of an exogenous
metabolic activation system. Chloroacetaldehyde and chloroethylene
oxide, the putative toxic metabolites of vinyl chloride, were also

mutagenic. Lavels of chromosomal aberrations and sistar chromatid

. axchangas were higher in vorkers exposed to vinyl chloride (20 to

ﬁ11§o ppm) than fbt unexposed control groups. Workers exposed to
r
less than 15 ppm showed no differences in chromosoms braaks or

aberrations from controls.
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Both experimental animal studies and epidemiological studies of
worker populations have demonstrated that vinyl chloride is
carcinogenic. The International Agency for Research on Cancer
(IARC) reviewed the literature on vinyl chloride mutagenicity and
carcinogenicity and concluded that vinyl chloridae is a provan human
carcinogen (IARC, 1979) and placed vinyl chloride in its
carcinogenicity group 1. Substances assigned to this category have
demonstrated sufficient evidence to support a causal association

batween exposure and cancer in humans.

ERTAREE Y

IARC also noted cthat, "...several independent but mutunily
confirmatory studies have shown cthat axposurs to vinyl chloride
results in an increased carcinogenic risk in humans, involving the
liver, brain, lung and hemolymphopoietic systems in man.” They
also noted in "two proportionate mortality studies ... chere
appeared ta be an increased proportion of cancer of the digestive
system in both sexas and possibly of the urinary system and of the
breast in wvoman,” and “"there is no evidence that there is an
.owposure lewel below which no increased risk of cancer would occur
i lnmans® (IARC, 1979).

The Environmental Protection Agency (EPA, 1984b) has likawise
reviewed the data and also concluded that vinyl chloride is a
proven human carcinogen. The EPA placed vinyl chloride in its

group A as a proven human carcinogen.
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Although both EPA and che National Academy of Science have

concluded that there were insufficient data to base a quantitative
carcinogenic risk assessment from epidemiological studies, DHS
staff have included a human risk assessment using an estimation of
exposure made by Barnes (1976) and Paddle (1986) (see Appendices B
and C). The estimated incremental lifetime risk of liver, lung,
and brain tumors as a result of vinyl chloride exposure is 2.1 x
10'6/ppb. This risk is several orders of magnitude lower than that
calculated from data for female mouse liver angiosarcomas or
pammary gland carcinomas (Drew et al., 1983), '

The animal studies demonstrated a relationship between tumor
formation and the sex and age of the animal at firac exposuéc.
Fetuses, nevwborns, younger animals, and females exhibited the
highest carcinogenic sensitivity (Drew et al., 1983). In the
epidemiological studies of vinyl chloride workers, who were
predominantly male, the average age at first exposure was 29.7
years. Thus, to protect all meambers of the general population, it
is more appropriate to base risk assessment calculations on the
animal inhalation studies, which were based on a more
represaencative portion of the population actually at risk.

The staff of the Department of Health Services conclude that:

1. Yinyl chloride  is mutagenic and a proven animal and human
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. Since vinyl chloride is genotoxic and i
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vi 5 b4 a i ix
should npot be considered to have ope. Animal evidence has
demonstrated cthat vinyl chloride is carcinogenic at a lifetime
daily exposure of 0.06 ppm. Potential human residential
exposures may be only from six to 60-fold lower than those in

the animal studies.

lupgcumora. brain  ctumors. and other types of capcers. Visyl

chlorida has been shown to cause liver angiosarcoma in humsns
and epidemiological evidence suggests that vinyl chloride may
induce lung, breast, and brain tumors. Vinyl chloride has been
demonstrated to be multisite carcinogen, and the risk analysis

performed by the staff of DHS reflects this finding.

to_be 2.1 x 10°%/ppb (Appendices B and C). Thus, alth ugh the
human risk estimate is based on a historical reconstruction
of occupational exposures, it is close to the range estimated

from animal studies. Vinyl chloride has not been detected in

9-6
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the ambient air of California (limit of detection = 0.5 ppb).
The California Air Resources Board has monitored vinyl chloride
emissions from the BKK 1landfill iIn West Covina and the OII
landfill in Monterey Park. Estimates of peak exposure
concentrations for maximally exposed receptors range from 2 to
10 ppb at the BKK landfill and 0.6 to 9 ppb at the OII site.
The Air Resources Board has estimated that between 17,000 and
131,000 individuals may be exposed to 1 ppb at the BKK site. A
lifetime exposure of 131,000 residents to 1 ppb would be
associated with an upper bound estimate of 0.5 to 236 excass

cancer cases,. These calculations represent an upper range of

plausible excess cancer risk: the actual risgk, which cannot ba

calculated, may be insignificant.
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Anderson D, Hodge MCE and Purchase IFH (1977) Dominant lethal studies with
the halogenated olefins vinyl chloride and vinylidene dichloride in male
CD-1 mice. Environ Health Perspect 21:77-78.
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Ragg: Gpoups of 30 male and 30 female 13-week-old Sprague-Dawley rats

Int {coneal idmini .

received an intraperitonsal injection of 4.25 mg vinyl chloride in oliv oil

on 1, 2, 3, or 4 occasions over a two-month period and observed for the

. duration of their 1lives (145 weeks). One nephroblastoma and ona
subcutaneous anglosarcoma were found. No difference in survival or body
weight was observed batween test animsls snd contrels. This experiment was
considered inadequate for the determination of the carcinogenic potential of
vinyl chloride because of cho unconventional dosing protocel used

(Experiment BT12, Maltoni et al., 1984).

subcutansoua Adminiscraciop . . . .

Racs: In a separate study, a group of 75 male and female Sprague-Dawley
rats was adainistered a single subcutansous injection of 4.5 mg vinyl
chloride in 1 al olive oil at 21 weeks of age and okserved for cha‘rcnindcr
of their lifetime (143 weeks aﬂ:.r' injection). Body weight and survival
were not signiffcantly different hetwsen controls apik treated animals. One
nephroblastome {n a treated mals vas cbserved (Wﬂ: BT13, Malt ni et

ficient protocosl prevents any assessment f the

chloride from this experiment.

Rats: Groups of pregnant female Sprague-Dawley rats were exposed from day

12 to day 18 of gestation to 6,000 or 10,000 ppm vinyl chloride. The




females and offspring were observed for their lifetimes (143 weeks after

start of experiment). Survival of the offspring was poor after week 95 of
Y
the experimenc. Several animals from both groups exposed in utero had

mammary tumors, zymbal gland carcinoma, leukemias and nephroblastomas: no

hepatic angiosa::coms or hepatomas were reporced No results from control
animals were reported, ‘thus statistical ovnlunr.ion of l:han results is not

.- %
1M --.-4 S s v . 25,

pouibla. Only a few tumors vnro found i.n- the fculo bruders (Experiment
SIS SRR
BT5, Maltoni ot l].. 1984; IARC, 1979)

I;ana2lnssnsal;lnhnlnsigﬁ_iznniu:l

~d T

Rats: Groupl of 12- wuk-old prcgmm: Spta;uo Dnvhy Jrnt:‘l vare cxpo,

e

either 0 or .2 500 ppm vinyl chlori.do four houn/day, (ﬂvn days/wask for
seven weeks, thon seven hourl/day for 69 weeks, after vhich time all animals

died. Ome group of offlpri.ng vas ﬁ.rlc lxpoud :rﬁsplucntally from day 12

roLtaw 3T QAT arhe
of ylcnciou. t:h.u cxpolcd by Lﬂuln!:ion aftar birth using the same

i Tpr un Dl L IBEIWm.T TOT wEGLTHL-, L LTINS0RL TREAYT IS S Y0 1o
pro\:ocol A uuud gtuup of o!flpﬂ.n‘ was also exposed crmplncontally

a3 R e L3I ETa: Latees_2: w0 Lo Teidsg.daes
fron day 12 of ‘oscation bne was sxpossd by {nhalation four hours/day, five

Zemats L acaeeloal come o Al ap.:aidwngv lo sewak¥e -1zor o
days/wesk for sevemn weeks, than seven s/day, five days/wesk for aight

- LS

Lo B 2 5ib zieww T .o} sbivolds [endiv .0 T cogus o)
veeks. inyl “chlosids vas toxic gt all conecentrations tested: all minls
- 2. . Tmet Llwasamurt snd BliR ovon viymallt.
floride for 76 weeks died by that time, wl'm:ou the
- 3 oaassw 2. Tt sdtvalr

vcd for up to 150 weeks. The poor survivnl of treated

’7; wm R AT e R N .

i cﬁuinly diminished the mumber of observed tumors,
especially t:u-ou with iong latency pdriodl. such as l:l.vor angiosarcomas.
An increased incidence of zymbal gland tumors (8/54), liver angiosarcomas

(27/54), hepatomas (5/54), and neuroblastomas (32/54) were reported for the

CHA 010492
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breeding Zemaies exposed to vinyl chloride, compared to 1/60, 0,60, 0/60.
1/60, resp.cth’ely, in the concrols.
In the MI].I offspring exposed to vinyl chloride for 76 weeks, 9/63 had

zy-nbal glmd carcinonn, 36/63 had liver nn;i.outcom 27/63 had hcpa:om

LY fu e - R . Y .
and 31/63 hld muroblutom, colpu‘od t:o 2/158 0/158 1/158, and 0/158,
. R - Y . Tk A & B4 AR
rnp-ctivoly. in cthe com::oh. In tlu hnh offaprin; nxpoud to vinyl
1 Crrtasun e 30 L ores) aTer ave mpd wsd s

chloride for 76 waaks, 6/64, 28/66 38/63 and 28/66 \uu r.portod for these
above tumors respectively compared to zero tumeor imidcnc. in the controls.
The incidence of these same tunors !.n cho male offspring exposed t wvinyl

- Ui e SR BT L
chloride for only 15 weeks was 7/39, 24/%9, 42/3%9, nnd 7/59 for the same

tumors rupocci.voly. cmarod ’to 2/138, 0/15.. 1/158 aﬂ‘ 04

L2 . A LI LT LN *
rupuct:iv-ly. i.n th. c.om:roh In £m1| ot!tgtin. npond fog oni
- B ¥s QL e i s i
wukn chc i.mid-nca vas 2/60, 28/60 h3/60 and 11/60 for th- same tumors,

a2 iaew -

rupoctivoly. coqurod to a zerg Iincidence of t:huo tumors in ¢ ntrols.
a. T3IR_TT.-Ye BosogE® TeIrY gaw jorrgmdio o qroel, s

These ll:udiu (BT400%, BATA00E) wvere cited by Maltoni uui co].lol;\ul (1984)
et PR it arls aoudadsdei  vd SooogEe e
as an ou-pln of transplacentall: indmod-cunﬂuanh but’ wn. in effece,
L19s8 CETHTS SHEZOQNS 8L e w}%m‘ Bebree A ool ..T.

an investigatiom of the incressed miﬁtﬁ of young uncrinncal animals
‘3 v .atvod ‘.’l;&m WWw:gn A o

to the toxic eff .o vf.nyt clﬂoﬂh. The tumor incidence in breeders and
L. v 121 eew\rymly M -dNIY  n#tes  TCT  Hsew vy
offspring

axposed to- viwyl chloride !ot 76 waehs dfd not lppolr to. differ
STI8 e . elesd el eneaaos | LI =a ~twoy stm sdd-weldy Iexiv

incrsased’ tumer incidence in offapring oxpoud to
apew &7 od whetoisn vare €3 Gad

B3 veeks appear to differ substantially from the tumor

PR Tt ) ] ¥ T oL LAKLE

$Preaders. Hmm. mo explicit statistical compsrisen
3 | 23 PETE e LS

of “i:hclcuma. ’vu sade in chn report (Maltoni et al., 1984;

L

Experiments BTM)OI 516006)
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Bgn;;;xi: Groups of 30 male Syrian golden hamsters were exposed to 0, 50,
250, 500, 2,500, 6,000, or 10,000 ppm vinyl chloride, four hours daily, five
days weekly for 30 waeks, beginning at 11 weeks of age. The hamsters wers
then observed for their lifespan (109 weeks). Two liver angilosarcomas wers
observed in ctha group exposed to 500 ppm vinyl ch;orida and one liver

angiosarcoaa was observed in the group exposed to 6,000 ppm. The increased

incidence of forestomach epithelial tumors in hamsters exposed to 500 ppm or

more of vinyl chloride appeared to be bilologically lignificaqt but ng .

statistics were reported (Experiment BTS, Maltoni et al., 1984), =

CMA 010494




R N
P

c 2 A GRS

i,

e cantil

leny
Y - of B

SAETARE

e

AR rme )

b

CMA 010495




P x FARP PR 1Y I IY . T
Cancer Risk Assessment for Vinyl-GChloride-"

‘Based On Human Data

Pl B Ll ST UALITEAITG THERAYIAC.
Do T R LT D FTEA0GB -8 S0 duaId 8T Tadd B
TR TLATIED o e o Jo oEELC DR SG3 |, TaWLWLH

' "R P RS L ¥ 3 et/ 1 " gt}

R, & 3.1

CMA 010494




introducsion

The mairrﬁ’;;rcbhn with using epidemiclogical data for health risk ass ssment
is cthe frequent lack of suitable quanticative exposure data. Exposure data
from animal bioassays are, by comparison, markedly more accurate. However,
a major source of potential error in using animal datsa for human health risk
assessment is ths animal-to-husan extrapolation of risk. It follows that
the dacision to use epidemiological data {n health-based risk assessmencs
should not bes based solaly on contrasting the quality of exposure dat

available for humans with that for animal studies, but should also take into

latency period of the. tumors-wndsx. studyy .. 7

.. oo et

Ao,

account other important variables such as the observed tumor type and r

In faect, the decision concerning use of human versus animal data in a
health-based risk assessment should take into sccount the main source of
error from each approsch: the exposure data for human studies and the
animal-to-human extrapolation fer animsl studies. In the latter cas , one
would hope that tha erroxr iu extrapelasion te humans vas within one order of
magnitude. Howswver, the adjustments made to corrwect for bedy surface area
sxtyapolacing frem animel biocassays to humans) can in

§ of magnitude difference in estimates when compared to

*a simple dose per body weight extrapolation. Since

ofic. error exist, the uncertainty of animal-to-human

extrapolation probably lies within one or two orders of magnitude, except in
the case whers there may be no effect in an animal model but an effect in

humans (or vice vaersa). In this case, the error would be infinite.

CHA 010497




When human scudies show a clear relationship between an outcome and an
2Xposure. the question concerning their use in risgk assessment should
therefor;”l ba whether or not one can estimate exposure within one to two
orders of magnitude. If sound human studies that enable exposure estimation
within one 'to twe orders of magnitude are available, then these studies
should ba utilized iIn addition to animal studies in evaluating the human

- Sl RMIND.. PLiB:lolANe

health risk.

In the case of vinyl chloride, there are unequivocal epidemiological data

- -
L

that identify vinyl chloride a‘s'--ﬂa hu:un ciféinogon. Although detailed
exposure data for the relevant time periods are lacking, estimatés cagbe
made  that ‘should be ‘well within one ordar of "mmfcudo oé “error. ﬂhih

methods for 3-1&1&1&{:& pnc "uxi;os\ifg“i;rs )érﬁc,‘ ‘the true 'ﬁdxﬁo:uro ‘rates ares

considered uniikely to be more than five times higher or lower than

estimated.” It follows ‘that “the husan data uybo a:i)p-ropriato for vinyl

LE e el Lo Be o oLy sh e HERTR IR T S R 1
chIoridd cancer ?hk assessmenc. h ' i
i .!ﬁﬁt.:s
e crooam AT813 L3 I TeSeNEAl 0. 54 kiAW g ol
Assssamant .
srall L0291 tead svald IaEmAs Ade: FOY  mdefr efl IZsileve  22asmeLo -

. mfmxn‘:t nﬁ‘l};:ol,l‘wl;;ill: iﬁﬁfar-’:éion regarding
Baed by exposure to vinyl chlorida. The results of this
% in Tables B-1 and B-2, suggest K€ thé cohort study
reported by Waxweiler and co-workers contains the most thoroughly documented
information for risk assessment purposes (Waxweiler et al., 1976). Eleven

cases of anéiosarcm of the liver were identified among the 1,294 exposed

workers. Three additional cases of biliary cancer were seen. Significant

cHA 010498




pe-

axcesses of "oth brain cancer and lung cancer were also observed. The

Waxweiler report gives SMRs for liver cancer, brain cancer, and lung cancer.
It is ;‘pyn:em: from Table B-2 that the SMRs from Waxweiler et al. are
consistent with some of the other studies. The cumulative risk of liver,
lung and brain cancer following yinxl chloride exposure is greacest in the
Vaxweiler et ,'1' (17976) .“p_‘;".;. 'nma cancer r!.sh : to \Ii.nyl chloride workers

are unlikely to be substantially underestimated by a rigk assessmentc based
on this study.

- - - N

+

The results reported for the Waxweiler cohort q{ polyvinyl chloride (PVC)

workers involved a subset who had worked for at least five yun»bo

e

1942 and 1973 md vho had co-uncod vork At lmt ten years b befors f 11X

s RV -+ ¢

vas completed. Follow-up for mrqlgtx Jwas co che b%!gf 1973. Thts . '
of the cohort vas comprised of 1294 vorhqts. ‘nur_c_ yare 136 deaths during

the follow-up pcri.od og vhich 35 pare du. to canger., The SMR for biliary

e ST

and liver cancer was 1155, for braim cancer, 329, and for lung cancer, 156.

AL RLIT IWTRI

m.,_ rmindar of this w&: risk of Liver, lun . and brain

; ﬁ-_‘...qn.-.‘o

' cancer for the worksrs in a!u Vaxwailer st ak. (1876) eoln;& In additi n,

th--

sssessments mlunr.in‘ the risks for eath casser have bean recalculated,

a uthn:im n&m*m‘cgim harain.

e L A0 RFTSEATL U

-0 D s - A

As in many retrospective cohorts, individual exposure data wers not
available (Waxweiler et al., 1976). However, awgr:}. reports have atctempted

to reconstruct the magnitude of exposure among vq%gyl. chloride workers since

B-4 chA 010499




the 1940's (Ott et al., 1976; Jones, 1974; Paddle, 1986).

summarizes proposed estimates of exposure for several countries.

Most of the data available for specific United States sxposurs levels
utilize measurements determined at a single plant operated by Dow Chemical
Company (Jones, - 1374). Although.some job class exposucss wers quite high,
mOSt - eaXposures .., wers, less .than. pgoposed: iptesmational - levels during
commensurate time pexiods. However, Dow Chemical Company responded to early
raports of vinyl chloride toxicity im animal studies.dy areating an in-house
standard of 50 ppm (Ott et al., 1974; Paddle; 1986). .This.was well below
the acceptable limit during the 1960's and eawly 1978's mod ,prohh_bl.y
not represent the average exposure at other vinyl chloride polyutiz':;
plants. Dow Chemical Company had not: reperted.any easeg ef-angiesarc
the liver to 1985 (Forman at al., 1983).
. A A AT R T 24 J S

Otheg . exposurs eszimatss, -such-as theees.presented.by-Barnas and sumsarized
.in Tables B-3.snd Ne3-of shis appendin.. sy bestewv.daseribe-swerage exposure
for..the. Vaxweile®yseSiyah. - collnry - (Begnesyoifiif)yailegsowere: not given by
-Barnes; 5o s NTINSASES BES:9EPISHTe. ssiinateg;  bugp yathew berqualifies his
escinmates: . by; -#90NE: * *thit SONT NI COMONEINL< S spiniMssShroughout che

ab | ht. sverags:.atmospheris enpggeure- £a5 polymerization

ol 1970 might have.Yeen.af.tha fohlowing order* (Table

250
W XS&T- The Barnes-estimates spproach-the existing standards

during these time. periods.. Addicionglly. the exposurs axperience among
cohorts with angiosarcoms of the liver should be higher when compared to
exposure levels in cohorts reparting no anglosaxcomas. Consequently,

exposure estimates provided by Barnes are used to quantify cumulative vinyl

- CHMA 010500
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chloride axposure for the risk assessment since the gzroup sctudied by

Waxweiler et al. (1976) was presumably one of the most heavily exposed

-

cohorts and therefore, unlikely to involve exposures lower than th sa given
by Barmes.
s ST . P N - 3

The  employment datss of the Wixweflevr ét+al. coMert span 1942-1973, Thus,
* some vork - Nistortdd: @1l -Bélow-tHe Beundafyv of - -the first time period

provided by Bavries: (January 1, 1949, . Thése pareicular Mistories were

counted separately and asiigned an- éxposurd- -Ievel of 1000 ppm. This

practice assumes exposuré during esrly proces#s days (pre-1945) ¢ be the

same ss that during the 1945-1935-expisure -périéer- - L
. : ‘ - 1G> . L gela S

PO $ R N

Data for individual sxposure estimates for the Waxwesiler st al. occcupational

cohort: 4o net -exthe?: - -Riwaved; Appénlitix. € ofF thes ddeumiit gived-a meth d
" foriinesrperastAgtaverige dnpostriCents 1S acrish Mbesshent inalysis used
. 4n- che~ -fo}1sding: shfider?* " Polkthi- MIF to- ingidSarédhe*e2*the’1iver occurred
- Batwedn " 1908 SRR 19PN SPEIY s 6t P Per tll MR- vHip) chlotdacexp sure
NIF S 1 angA d0itSonlli" 48  SNGFATher Fanjed Trom five ¢
?.d£43l1%;“-19!09#*"ln!i!fie.iily;'Stifford (1983) has
:‘for!od‘ toi-“sngiesureomn of the" liver among vinyl

B .
v+ @6rldwide  to be-22.1 years., The work Ristories for the

cohort were analyzed to idemrify-the person-time in each calendar year for
the subset who had at least five years of employment and who began work (and
thus viny} chloride exposure) prior to 1964, These restrictions were

incorporated to correspond to the same restrictions used by Waxweiler and

B-6 CMA 010501
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co-workers (1976) in generating cheir SMR values. Thus, the SMR values
correspond to those workers with at least five years of exposure and at

2

least a ten-year latency period from first exposure.

The analysis herein “assumes that the average worktime cohort exposure for
the period 1942 to 1964 was a tim-ﬁlihnd average of 647 ppm of vinyl

oy A i 3. g . s et )
chloride. The'plant had Begun operations in 1942. The year 1964 was chosen

as an endpoint since 1969 was the midpoint of diagﬁbais of liver

angiosarcoma cases and since exposures in the last five years preceding
diagnosis ware probably not relevant to ‘iéiolg?(é;iéh ot al., 1980) It
is assumad that this oxpoluﬂ rate vas lxporicmca tor cight: hours per fay,
five days pet week, 46 wasks per year, ‘and’chat® outsids these ;i;Q;,

sxposure &4 viny];.. : chidtiﬁn" vas the lll.-:ﬁ‘ !o%ath;.é;mrul populacion.
Thus, the ~aVerage excess exposure per day is the hw;;in;o 'worktime exposure
multiplied by (173" % (8/7) "x’ 1467323 which equils 0.211. The average

34 M0 TR Ty _. i oabia

overall’ exposurs Tatd * above ackground ‘}ot vi.nyl chlorid. vorkers was
estinsted to b 0.911 % 647 ppir ot"l.w W5 o o BRS PP

vy ldanudltIa L romeY davie L Aaly  wmlosll, -

2i.slE & 23 397 3 m SEuRD S4EOW ALPaE Lioky

relata’ :v%s.:: Vor I.:gz; :x;lzﬁuru oécurring over a

1od of time. The SMR for liver cancer was 1155. The

oft- iwtoyunt for* th1¥ cohort between 19427 and 1964 vas

11.6 years and the average age at first exposurs was 29.7 yesars. DBased on
the assumptions stated in Appendix C, the adjustment used to extrapolate to

lifetime exposure is duration of employment/(age + duratfon of employment),

CMA 010502
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or 11.5/(29.7 + 11.6). Thererore, the average lifetime exposure estimaced

to resulk in a liver cancer SMR of 1155 is [(136 ppm)(0.281)] or 38.3 ppm.

Batween 1960 and 1979, 67,782 deaths from liver cancer occurred among white
males in the United Sta;oq; (Im,:ogr_z"l‘:iongl._cyuligj.gaci.on of Diseases (ICD)

codes ]”?5'156; m toul. m-bu' of duch. among the same group was

e 3&E%

_ approximactely ]‘.3.292._3?7:\ usy Jo0e | in mm:ﬂy 270 deaths was from
liver cancer. | = . enc mm SaDr wig s
v N M b 7 S

Since the vorkers under discussion in the Waxweiler et al. cohort had sn SMR

©of 1133, chetr lifecine risk of (vis, fyom liyer cqacer would increass <

the background rate of one im 270,  An SR of 1133 ta equivalemt’
relacive ‘rhlg_*otwlvlzsg (Symons and Taulbep, 1981), The lifeciss r

dying from H.vpr_ cancer cnlculm:od houi.n !or wothn exposed to vinyl

\

_nchl‘.orid-_" u: . chygﬁ glq:g iwro}_ag:!.yp r%sk nlgip!,hd‘.hy\_ thy background lifetime

risk or 11 55 x. 1/270 Mmﬁg«m risk would be m excess relative

L3 2o ¥ » ]

risk cimes. the b.cw gfﬁotéq‘#'fff 10,33 % 1279 =~ 1/25.6. Thus,
the added lifetims risk of livex cancer srrributable to an exposure rate

1‘! 5 eI m.oTamisEw  wvode

279 A - - g % ~3m¥E

The same approach can be adopted for brain cancer and lung cancer. Evidence

for their relacionship to vinyl chloride exposure is discussed in th next

10503
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sections. Iin the absence of evidence to the contrary, it is assumed that
the latency period is the same as for angiosarcoma of the liver. The number
of deaths from brain cancer (ICD codes 191 & 192) between 1960 and 1979 in
the United States was 79,847 (1/229 of deaths), and for lung cancer (ICD
codes 160-163, 165) 978,50& (1/18.7 of deaths). Applying the same procedurs
indicated above, the added brain cancer lifetfWe rfsk was-one in 100 and,
for lung cancer, vas oné {n°3% 4, sssdling Ne ’lﬂd’rﬁﬂ e¥posire rate of 38.3

ALY I T

Ppm. ’ PR P

While it is clear that exposure to vinyl chldfde "Causes ‘angiossrcoma o
liver, the causal relationship to brain and lung cancer is no;n
defined. One review suggested that thefe was & ¢énsiseere reltationship with
brain cancer in occupationsl studises, but not with lung cancer (Beaumont and
Breslow, 1981). Howevér; it wéald ‘dedm appropiiaté :éa"coﬁfﬁ%*fﬁg cancer

in the risk* asséwsiedt’ ildag -wPcK TLVEP"RRdYPain Chrlcd?, sivice this is
constdtent willio"s’  donfertatIoi o iprasit "m‘“m retictonsftp with lung

. “dincer’ canfiot- B RETENtEd oGP ELRIRY NS 18 87083 PepdFt Fetirericed above

' -mu.deuukuﬁﬁ! pﬁ!“im 8L i’ difgres*"of” ‘exposure
: | 1das**cdhditi *ravived”’ THF-Pung Cdhicer findings

it ‘when ‘considéred”in confunction with the liver cancer
sach coliore. 9inee excesses of liver cancer can be
used as a surrogats indicator of exposure, this suggests that some studies
not finding an excess of lung cancer may have been a result of relacively

low exposures.

B-9
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dowever. a more recent large study presencs evidence against a relationship
between lung cancer and vinyl chloride exposure (EHA, 1985). This study
considered deaths between 1942 and 1982 inclusive for a cohort of 10,173 men
who had worked for at least one year in jobs involving exposure to vinyl
chloride. The SMR for liver cancer was 641, for brain cancer was 180, dut
for lung cancer was enly 35.8. Moat eof the liver and brain cancer excess
vay in twe of the 37 plants forming the cohext. Unfortunstely, lung cancer
SMRs ware not presented for these twe plants. In spite of this, the srudy
provides evidence against a vinyl chloride-lung cancer association.
However, without lung cancer data for_ the- two glgg;q vith the highest liver
‘and brain cancer excasses, it would seem inadvisable to coumplecsly exc

lung cancer from the risk assessment. Coal s v .

- L3
f

o o -t

..~ Coufidanca . limits . fox, the riak estimates.ars calculatad by comhining the

risks  for tumox, deyelogment fou.sach site (W ohgerved snd expected
.. .values £ox aaqh shte) mpd than selculating the 95v:copfidense linita of chac
s HIRGAN: ROLDE (JELIinace aasuning 8. Redasgp. diassibuticn. . The :93% cepfidence
Lnn:v-ll,,gg t:hg,um CARPAE - ia*“q 2404) ... . To_ estimate; che upper 95%
- b . the. excess. thk,.gﬁ‘sto“ the.uppay limit £ excess
0A) ia sultiplied by.che-lifecime.riskyfox-the average

liver cancex (1/270). Thexefers, the upper 95%
confidance 1limit fox the added risk dua te vinyl chlorids expesura is 23.04
x 17270 = 0.08% ox 1/11.7.

B-10 CMA 010505
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The same calculation is used to estimate the upper 95% confidence limit
based on liver cancer and brain cancer combined. In this case, the combined
observed and expected values for 1liver and brain cancer (7+3)/(0.6+0.9)
results in 95% confidence interval for the SMR.of (319 - 1226). Thus, the
upper 95% confidence limit for the axcess risk  escimate is (12.26-
1)(1/270+1/229), or 1/11.0,
B TAH SR 1 - S S

For 1liver cancer, brain cancer, and lung cancer combined, the observed to
expected ratio is 22/9.2 and the 95% confidence ingerval foy the SMR is (149
- 362). Using the same strategy, the upper 33y, comfidence limir for the

aestimate of addad risk is (3.62 - 1)(1/27Q0-+:34229-%-k/1847), or 1/6.20. 4

IV T

Extrapelation of Riak to Low Dose Exposure.
| Thers are many modals for extrapolating risks to low dose exposure. The
. mathod.of analysis employed hexe gives gnly omg.expesure:.peing and therefors
limics che .wedals;thap-may be useds ;fdelivper.excrapelasion.of excess risk
was chosen as the most appropriate for this analysis. This approach is very
close.-to  gu,onmebit -aadel.: exsrapplationesoc Ing Susy ;. tbe  one-bit model
cxtr;polggpp, 4&!9’!’1‘ closa. 59 -,nlummhum withclinearizacion
S U.8. Egwizoomental Pressction-Agengy:(EPA):Carcinogen
uss with. animal -daty, - Thwse-. 8: simple linear

- ’mmprmu similar results to. che morxe complex multiscage

model approach that could have besn used with more extensive data.

As 1indicatad in the above section entitled "Lifetime Expesure Estimations

and Risk of Liver Cancer", lifetime exposure to 38.3 ppm of vinyl chloride

B-11
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39,062 im a millionm. The corresponding unit risk estimats for one in a
aillion " added risk is 0.98 ppb. Table B-4 gives corresponding results for
the addition of brain cancer and lung cancer and the 95% confidence limits

on unit risk exposures.

Assuaptions and Uncertaincies
3 e tmAn Nma . . B SR LA
The conffdence ~“limits chdt wird caldilated for: the risk estimates measure
only the uncercainey relatéd to the SMR:secatistics-for workers and do not
measure the uncertainty of the risk asséssment’process overall. 'This gisk
assessmant {3 based on specific assumptions which, if incorrece, dfoé
assessment by either ovetiviting or undegicatidg.-the trus risk. THes
ass@cim are listed below.
e Ce e samge 4 zanv s
T 1. Assumpetans: Are MaGNC comternings tA exposire agtinited® This can affact
> eher st e e ady oY the? YEad edtiniit® 18 efthiv diretetem. »

i .aee=ngh T elezvisas ST 101 s3B4TITYHGE M T . 2T

Tt 2d-The  reletAMISPY! betweh' S SSUbIN T reliNtVe i and Tifetime average

T

2w TeiRASLEN I SN 10 BeP 1want: - TIPSR telltionskip 1s better
il Baeprilinetr™ carvel - D3 11ASBE™ i@dumption will

s Conversbly; 12 thd-relationship 1is Better described

%, ‘then’a linedr-assusptionwill overstate the risk.

3, It was assumed that cancer risks were dependent on cumulative exp sure

and not orl exposure ratse. A given cumulative exposure achieved as an

B-12 cuh 0
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is caleulated :co increase lifetime liver cancer risk by one in 25.6, or




adult is assumed to carry the cancer risk equal to the same cumulacive

exposure starting at birch.

4. It was assumed that relative risk was dependent only on cumulative

exposure and not on age.
5. Based” on the pattern of excess expoiurs Tor’ this: cohort (Smith et al.,
1980)" " it was assumed that the dosa sccumulated fIva years prior to death

was not relevant to causation of cancer.

6. The SMRs used were calculated using United States general populacfen
cancer rates. If national cancer rates were higher than local n '
the valus of the SMR is underestimated, and vice versa. | .

7. It is assumed that lung cancer and brain cancer are causally associated
vith vinyl chloride exposure and that the dose accumulated in the five
years immediataly priow to death vas mot relevant to causation of cancer.
If these caocexs ars m assoclatsd with exposure to vinyl chloride, then
the true risk is overstated Hy including them in the snalysis.

4 the effect of a given cumulative exposure is th same

This risk assessment analysis suggests that an average exposure to 38.3 ppa

of vinyl chloride may result in an added lifetime cancer risk of 1/25.6 for

A 010508
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liver cancer, 1/100 for brain cancer, and 1/33.4 for lung cancer, assuming

each cancer is related to vinyl chloride exposurs.

If one adopts a linear extrapolation approach, ona would conclude that am
exposure to 0.485 ppb for a lifetime nmighc result iq:g capcer risk of one in
a million, if all these cancers are related to exposure. In the most likely
case that only livc; and. b;&w‘ CAPCAL, ARS8 }1.9..,&&' to, 8XpOSULE, an exposure

to 0.781 ppb might result in s one in a lill}.@%ﬂ!.ﬂtﬁ:igx cancer risk.

ST IR3URd T tegpvwmigy o
Tl WI.AT azsw begn  ank
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Author

Byren et al., 1976

Cooper, 1981ee

Duck ot al., 1975

Fox et al., W77

TABLE B-1

CONORT C!AIICIEIISNCS OF SELECTED VINYL CMLORIDE STUDIES

uaber of
134

Ninimg asigm
- ,t i

132 > 10 yre

Range of Expesurs Durstion

I

Length of l.ou!ut Fullow-u
—Y

Notea on

Plece of

Company
Involved

1940°s - 1’?4

Follow-up
¥} 4

Sweden

> iy

S———

23 yrp

T
194049 - 1"72

37 Plants n
Unised Stutes

>0 yr

-

> 15 yeo

IW-“*'IQ??

.

South Wales

i547%)
i ! .

M yr

> 10 yre, 83 > 20 yre

1%0 < 97y

2

Great Britain

Weldaas ot ol., 1904

18 Gyl

S e -y .-

>y
3 yre

T
1953 - 19W

) g

Honson ot al., 1975+

LOEY 08t )
- 41

- e

i

196 - 0%

Wicholson et ol., 1975

3

w‘u‘ " ",—-—-—-—-

.

T

AT 4 "‘T

Louisviile,
Kentucky

New York

Tebershau ot al., 1974+e

R

l;é

2 30 rre

W - ,+72 :

33 Plants 1n
United Statos

Takamure, 1983

{8 1ggtn

T A m——. .

'I ’l;

—————

> 13 yra:?

T
1950 - W

Japan

Therisylt ot al., 1984

fe i o g !

m‘wrnnﬂp}‘

)

>3 yr8
. !55'-‘1 “add
A I Y

-
‘mr”’ﬁ, i

B8IX > 15 yre,
232 > 29 yco

Canada

Waxweller ot al., 1978«

e~ -
< A

"'y lis‘lr]

e mef,-:m,

9.5%

& Planls 1n
Unlited States

Weber ot al., 1981

Lag - ——

k)

T10%s - 19744

0%

west Germany

Nong et al., 1986+

10173

1

2 - 1982

unjred Stane.

DHAF |

‘Proportional mortality study
+Overlapping cohorts of Goodrich company workers
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. TABLE 3-2

4 - .-

TALLYY RATIOS (AND 9QK COMFIDEWCE FNIERVALS)
SELECTED VHIVL CHLORIDE SILDIES

¢ STANDARD

< e s

u - t
_ P&:rcf Liver 90X C.1- - Brain gcaui 90 c.1.
Author Ang . £ . i b I
> ¢ *i. (45.5,:435.8) &,:2  0.33 412 (104.4, 1904.5) |
Byren et al., 1978 - - - JI
T N [c»lntot S -
Cooper, 1981* 3 Wy ’ “2%.9 {07 (22.7, e 1) 12 5.9 302 (1.3, 129.5)
i .‘,_ e e - .
> 1 ' . ol - - te - -
duck et at., 1975 ||V ) Bs.s, ﬂl.n e 16 153 | 103 (64.7, 156.8) :

4 "31.2) 99.0 (69.2, 114.0) T 368 34 (9.4, 171.0)

t ™

5 2.8 |80 (6.2, 370.8) - - - - -

Fou et al., 1977 &

Heldaas et al., 1984 L |

biliary sad liwer ;
Hongan ¢t al., 1975# a 80 }ios

=

A}

3 7.9 60 (97.3, 260.6)] $ 1.2 420 (i61.8, 875.6)

¢ 11 |e o kb ea poso 0.5, 4728.0)

esslestory '
23 33:;: iz (2.6t - - - - -

#icholson et al., 1979

Tabershaw at al., 1WN*

(1) ;l,“ "

H = . ‘. - - . - - -
Tokamurs, 1983 L] 3._&! 9 2 l » L li? W1
) N - gigeptivel’ ) wplnto o
Therisult et aL., 1981 ]| 14 5.0 3% . 3.9 <6 ( 6.0,x108.791:. 0 0.6 O
' iiiany & Miwet ‘h’ I’ "”l;““z ' 9, 252 3 } 0.9 ‘JZ’ g
- A Iy + . - . -
Vaxeiter et al., 19768 7 - 0.8 uss 1504::!0:5] M.:uet 1 % (9.9, ) E / (%0.0, 260.6)
Weber ot al., 1981 127 0.79% 1533 (826.), 2480.7) 4 - - - - 2 1.2) 182 (28.3, 511.0)
liver and billiary — . T
wong et al., 1984° M S.I7 $AL.T (A78.2, BALG) 115) 1SN .2 (80.3, 110) | 23 12.76 180 (i23.2, 255.4)
*Overiapping cohorts of Goodrich company workers. ’ y -
onfirmed cases, irrespective of meating the fiva-year exposurs snd ten- Latoncy criterie of this cohort study
90. . - 90X confidencs interval .‘ . i I
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TABLE B-3

NISTORIC EXPOSURE LEVELS (ppm):

VINYL CHLORIDE

Swe -
R Mua- den
i _ Ror gary $yven
Locegien - usa usa Usa ussR Lot~ menia Anghel- .
v.X. Authop 3 Basszeta Keomer & Cosk Flistovs & swie Suclu eucn Creoce  bule-
Stendasde | Ssines Yaar ot al Mutchlsr ut 8 Gronsbery st _al ef a1 ot 3l Giltsios burg
dvg WA (a
1000 1958 M 1A 1950=133 ppn
1958 . N
.J " L i .
. 1933 > i ‘ (Pub.1937) i
300 ppes 1954 i s Jobs resctor area avgi ,
1953 mabe = MIA-TE 00 pow TVA sangs fos 38-310 ppue o
19% 1990-)963; songe: ) ppur-
lﬁ-ﬁ. 197 ons job 19-308 ppo 16,000 ppe {lok=poak)
1958 alass » ) ip. & centyifuges
i - ez
Svansi
191 A - - s
1943 =340 ppe
o
WOGIN = * dvg. WA in 19431
0 ppus “ 1943 highest asssura = 300 ppm
1966 315 ppm and 758 8 scrmp-
1987 StAsNTeS vein ) poga’ (Ppb. {Pub.
[} "] (b .1549) MAC ot 1] ppe 19%7) %9}
:m W seage: {Pub. 1920) "igve 43-21)
> |} el
A 1 b Ttit ven -
- 1973 poghs > sod (rub. trub.
s ::;: 1908 ppn r:s 0o~ ::’ ) 1974)
- [ ] pesk range
. 2 ) 4] @ aczepers’ e valuae 1 ¢
hande 1.2 10,000 resc-
. [ ”we tos
i . ' ates
MC = ihxioun Allowsble Conseatration o
MG = Assricss Ceafereneg of Gevernmaat ladustrial Nyglenists .
OSUA = Occupationsl Safety sed Nealth Adninistzatise : bpa
TWA = tins weighted svatage (in pps) bassd sa ascight-hour day ‘:::’
ppa = pert par aillion
range TUA = higheet and Jowssi TMA reperied
avg THA = avarage TVA for shet pericd ::x:,
peske = highset contentration sepettad (ppu). There is lictle documentscion segerding frequency of duratios of pesks
resttor sfes = work sres apound asd withia the vesssl where pelymscisation took place L T
scrapar' hands = sfter polymerization; workers sntersd vessel to scrape say buildup of polpm”nctor vessel walls; ’,'.."'

mcasurements representced this exposure
precipitor, centrifuge and drying avens = post polymsrizstion wark aress
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TABLE B-4

EXPOSURE LEVELS ASSOCIATED WITH

ONE IN A MILLION LIFETIME CANCER RISKS

Upper 95%

Y . - Meax Likely
NI .
0.981 ppb 2.82 ppb
= -
0.751 pgb 2.17 ppb
. e
0.485 ppb % .1.27 ppb
i "
- Y4
+ ¥
‘;:'.2:-‘-1
:' x:‘ '
* a;‘ﬂ _," i - -
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Lowor 95%
—~himit

0.448 ppb
0.421 ppb

0.238 ppb




TABLE B-5

BARNES' EXPOSURE ESTIMATESl

Iime Period = Expoaure Estimate (ppm)
1945-1955 . 1000

1955-1960 . 400- 500
1960-1970 - . 300-400
Mid 1973 ) 150
1975 s

1Barn|s, 1976.
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TABLE B-6: HISTORICAL EVOLUTION OF OCCUPATIONAL EXPOSURE LIMITSL' 2

Vinyl Chloride

Year Authoricy Lipic (ppm)

1954 wac > 500

1962 ACGIH® 500

1971 0sHA® - - s00

1972 7 OSHA TUTER 900

1974 ’ OSHA 5¢7% tamporary emergency
standard over an eight hour
period

Late 1974 ' OSHA Proposed non-detectable
limit

L -
April 1975 OSHA 1 - averaged over eight I
v period with a £

five for 13 minutas

. lkrom Paddle Correspondence (1986)

2As a point of interest, Table F presents a summary of historical
occupational standards for vinyl chloride.

ag - Maxisum Allowvable Concentratiom;

ACGIH - American Conference of Governmeat Industrial Hygieniscts;
OSHA - Occupatiomal Safety and Health Administration

CMA 010515
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Barnes AW (1976) Vinyl chloride and the production of PVC. Proc Roy Soc
Med 63:278.281.
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Individual exposure data that could be used for health risk assessment are

Intzoduction

frequently not recorded in occupational health cohort studies. However, a
reasonable estimate of health risk may be found in the average exposure that
the cohort aexperienced in certain time periods. This appendix presents a
method for using such data for risk assessment by employing certain

assumptions.

Qbjectives in Risk Assessment

e v ot
The primary objective behind health risk assessment is to contributs tg i
managsment dacision-making, . : imgluding- -regglating permissible exposur
lavels. VWorkplace expesuves  amk-:gemesal envirormental exposures are two

major areas considared.

In che case of general envirenmental exposurss; the underlying goal is to
astablish levels of exposure, viich; if experienced over a lifetime, would
i result in levels of risk acceptable for the public.

-

d thus i{nvelve lifetime exposurs ameasurements at a
exposure, the establishment of a dose-rasp nse
lﬂ' the extrapolation of the data to low levels of exposurs.
Such human studies for vinyl chloride are not available. Animal studies of
this agent may produce relevant information, but the extrapolation t humans
may include large potential erroxs., The purpose of this paper is t present

one approach to establishing exposure levels by using relevant human

c-2 _ CMA 010519
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information which, in the case of chemical exposures, usually involves

occupaticmal settings.

IThe Model

Consider a cohort d¥f & number (N¥ bf individuals who are exposed at constant
rates to & particular chemifal. ' The rates of ¥xposure differ among the

individuals, buc each individual Ras a constant*1ifetiine rate of exposure,

ey .

The model assumes a linear relationship batween excess relative rigk and the

" X B R PR B 4
exposure rata: e Rl

vhere RR refers to relative risk, b is a constant] and”E is an exposure rate

. et

(lifetine).

Strictly speaking, K 1is the difference 1in expasts” betweeri the study

population andé the comparison population used in calculating relative risk.
: % o TR * T S P EP G 1AW Bl IR 13" usa 1y negligible
t of the axposed study populatiom. Tﬁg*;xpou_d study
i ly experiences the background population exposure. In

e -
% off occcupational exposures, estimation of workplace exposures
affectively gives an estimate of the dJdifference in the worker cohort

sxposure and that of the comparisom population.
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The model assumes cthat a constant rate of exposure to the chemical over a
lifetime results in a relative risk for a particular diseass outcome that
does mnot vary by age. This implies that exposure would have a
multiplicative effect on background incidevce rates.. Such an assuaption
would follow frow .4 omultistage mode] situatien. in which the exposure of

concern affected _ particular stages . while the background aexposures

pradominantly affectad other stages.
Yariacion in Exposure Rates

The modal considars a cohort with a variety of exposure rates, but in

all individuals are of the same age. It includes a subcohort "i® within it

. . ,,Ehf.}?ﬂ',"l'““““? sxposure rate !1, .composed of individuals of the same age.
For this subcohort: '

:5‘&:»& b"l.d:rcv Ai eumetaxilin scx b A Iinme ..

v wrrseiar riteisplss ml Sewv aotloisgeq cositadgmos ot baa

o i0s qs&ﬂk%%rmm%ﬂ*m s che

I! one uses
ra -..4;4-4

whaere o; is the observed number of cases with the dissase in the subcohort

and e i is the expected number of cases based on some external "standard*

e CMA 010521




" population., Hence,

Ei - 1 = bE

: i
i

Now for any one particular age group,

whare e is the expected number of deaths per person in tlie sebeohort and n,

is the number of persons in subcohort i. Hence,

o, = nin(l + bll)'

i

Summing overall exposure levels,

To, = 2“1‘(1 + bE s o 27edPrae s s

i Y

MG 28 ARLGLIAD.

I -number~sin. 2t Zecheet  SVPIACREE piveicalar

T AZ4TETR 0T R FL el

v - v vy
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Howaver,

Hence,
Zo, = Ne + obNE

= Ne(l + bk)

n esainanvesninstessf:d as:shewn fn the previous

average exposurs rate. If one expands the summation

® got the familiar standardized mortality ratio.

SMR =
Assuming that the SMR is not age dependant, then the following equati n,

A (SMR-1)
b E

CMA 0103523
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will provide an estimate of b, where E is now the average exposure rate for

everyon&#iu the cohort.

This estimate is based on the assumption that each individual experiences a
. JIAT  omanme o) ’ '
constant exposurs rate. It also implies chat the constant exposure._rate has
“ . : P - K.'_ -
been experienced for a Llifetime, since no distinction has been made
. . C yTLeed goosimeT IO b CTRZAAO. S
according to age.

- BTl i L) ] 8 R
PP P & . oel3toaTes

Variation in Exposure Races. Duration. and Age at Exposuce

Most cheaical risk assessments are based on occupational studies in

workers experience . variation in exposure rates, variable expo

duration, and different ages at exposure. In the case of cancer, the risk

assessmant is also complicated by cancer latency.

To deal with the variable sxposure rate, it will be assumed that the effect
of exposure is related te. the awverage exposure rata during relevant
etiologic time periods. (This assumption {s anslogous to ths assumption
that risk is- related te cumulative exposurs indepemdant of tha pattern f

I8 the peaka or gfroughs ef the exposure rate.)

the asssessment of exposure rate will focus on
in relation to datss of diagnosis. For example, the
assessment of average exposure rate could be assessed up to a point in time

5 years before the mid-year of diagnosis of the cases,

CMA 010324
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Finally, =o deal wich lifetime exposure risks, an adjustment will be made .

for che age ac first exposure. A linear relationship will be assumed

between risk and duration of exposure. If the average duration of exp sure

up to 5 years befors the mid-year of diagnosis is d, and if the average age

54

at first exposurs is a, then the calcuhcnd av.ragu rate of exposure will bs
corracted by ml:iplyin; by d/(d-n) (It should b. noted that most
csyia 2mive..” & 9} Ps .

circinogen “anfmal ‘bloassays do not commence dosing unttl the animals arse

fully grown, so this correction is & consarvative olmm: in using human

data).
: L A -
T Cosw k4R 4RET K b -
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Part A of this report is an.evaluation of vipyl chloride's
uses, emission sources, ambient and indoor air_concenirations, and
population, exposure in California. Also included are ‘discussions of
physical properties. and atmospheric porsistonco of viayl chloride.
California Health and Safety Code Section 39658 states that substance
listed by the U.S. Environmental Protection Agency (EPA) as hazardous °
air pollutants (Section 112 of the Clean Air Act) shall be identifiad as
toxic air contaminants (TACS). by the Air Resources Board (ARB).
Therafore, because the EFA has )isted viny) chioride as a hazardous air
pollutant, the ARB is directed by statute to idnntify \quyl chloride as
a TAC, .

ok

SEARE Lo

¢ TACE i,'h h%ilﬁp - kj'bl%fbr the {dontification
0 i nen- cidat, ia Health and Safety
Code Si’tt"l"% ﬂ‘m{ ‘as ""ur air’ pallutant which may causa or

contribute to an incruu in mtality or an increase in serious
illness, or which may pose a present or potential hazard to human
health.” The findings of the Part A report are considered with the
health offccts findings (Part B report) of the Dapartment of Health
3 determine if & compound should be identified as a

3 -1V 'hu ARB adopted an ambient air quality standard for
. g lor of 10 ppb for a 24-hour average. The standard
apted: Bhé Timit of detection for vinyl chloride at the time it was

Vinyl chloride is an extremely volatile compound that is
primarily used for the production of polyvinyl chloride (PVC). PVC is
fabricated for use in several products of which many are used by the

CMA 010533




construction industry. In California, the identified sources of vinyl
chloride emissions are landfills, PVC production and fabrication
facilities, and sewage treatment plants.

Available information indicates that landfills are the largest
source category of vinyl chloride emissions in California. Vinyl
c¢hloride has been measured in the ambient air near hazardous waste and
municipal waste landfills. Numerous studies have documented the
presence of vinyl chloride in the landfill gas of these and other
landfills, and have shown that vinyl chleride can be formed in landfills
where chlorinated arganic compounds have bean disposad. Therefore,
because disposal of such chiorinated compounds is prevalent, the staff
recommends that all landfills (hazardous and municipal) in the state .
be regarded as potential vinyl chloride emission sources.

In this report; - amiitent llnitoring data and notooroloqical data
are used with an atmospheric dispersion model to estimate population
exposure to vinyl chloride near two California landfills. The modeling
results show that people 1iving near these Jlndfigls are exposed to
elevated levels of vinyl chioride.. The rcsu1;s s ;o u%ag that psople
residing near other landfills in the state‘ia to elevated-
levels-of vinyl éhloride. In addition ta est nnti smbient air -

¥ exposure, this rcport also ovaluatcs inﬂoor“a%r oxgoaur’ to. vinyt
‘ chloride. -

= - W

Based on Hnﬂw mitoﬂu data. inﬂw ajr exposure to vinyl

chloride i3 prodabty not sigpiftcant fdr: t e‘:§¥ of the population.
' ' However, for peocple resi dYua?ﬁipr Ylndfiirﬁu on of indeor air
may represent th¢ most significant” source’ of vinyT chioride exposure.
This is because vinyl chlorido can migrate underground from landfills

and accunulatg$in,no.h}__ oturss,, 0 ations of vinylt .
' % TSCarE basn. reported to
\ o TAL S m Sp¥icantrations.

' chioride’ measurdy e Nt
C b!“sonftl ;ﬂngﬁﬁa';l- »

N ' ML Ak U R R > il s2samsnr 8 o3 -ludraln:
N ,.' uicade [ M08 w2 MM 2200 YO ADSfe T L0 0

. S “nghi2mpa 878 Inoae A IR A1 Yo doveniY eRT sl
s oasmsosqel en) o (Svavey 8 2UE0) cpn oMY 210atte 7o
crunwwey s H S S I S P
B S
oty 3 iatis aRe e o
,oa TL
U I 34 ‘ YA
A-2
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A. AMBIENT MONITORING IN CALIFORNIA

¥inyl chloride is frequently detected in . the ambient air of .
Caltifornia. However, detectable levels are limitad to-locations near
identified emission sources. Previous monttoring throughout the South
Coast Air Basin (SCAB). as part of the ARB's ambient monitoring networ
has failed to detect vinyl chloride above the ARB's limit of detection -
(LOD) of 0.5 ppb. In recent years, the only known emission sources in
Catifornia near which vinyl chloride has been frequently detected in the
ambient air are twa landfills in the SCAB: BKK and Operating Industries
Inc., (QIF). For both of thase landfills. tha South Coast Air Quality
Management District (SCAQMD) has frequently measured ambient viny)
chloride concantrations above the SCAQMD's LOD of. 2 pphy, The analysis
in this report estimates ambient concentrations and population exposure
to vinyl chloride neap BKK.and OIL becauss.-they ara the omly landfills
in the .state whare vianl ﬁ‘ﬂ%j“ has been roukinely mmtorad. on a
Tong-term basite ;. . = 7 R o

In response to the lack of 1m::m'mg datahfor o’thcr landfﬂls.
Health Sah ode Saction 4 equires hazardous and municipal
m\df _, ’ct the state ta cnnduit monitoning for, several

e nclude vinyl chloride. As. these monitoring resuits

I will ba l\olpful in identifying which landfills could

R h»ﬁtt ‘vinyl chlaride and warrant. further manitoring

- witigat fon measures. A more detailed description of the
s of Health and Safety Code Saction 41808.5 is provided on

The SCAQMD's monitoring program for vinyl chloride at BKK and OII
has consisted of six monitoring stations. Three stations have been
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located on the southern borders of each landfill. Previous monitoring
around both landfills has indicated that the southern borders are
gener&lly where the highest concentrations are detected. All samples
are collected in Tedlar bags over 24-hour periods and subsequently
analyzed by qas chromatography employing a flame ionization detector.

Details of the SCAQMD's sampling and analysis procedures are provided in
Appendix I.

Topographical maps of the BKK and OII landfills are provided
respectively in Figures II-1 and I1-2. These figures show the
approximate perimeter of the landfills, tha approximate locations of the
monitoring sites, and proximity of strests to the landfills. As
indicatad by the maps, the southern borders of BKK and OII are adjacent
to a network of streets. However, the maps do not show that the area
served by these strests consisty off sifiifh-family residential housing.

Ambient air samples used to estimate population exposure near BKK
and OIT were collected from January through December 1987 and January
through December 1986, respectively. When the e¥pédite anslysis was
performed, these sampling periods represented the most recent calendar
years of monitoring data tha¥ wer¥ svieiTable s> Fuor BN, 337 to M. .
“samples were taken at sach of the munitoiting sitesy of those sftes, a
rangs of 88 to 90 percent of the samples ar'v Below the'N00 of 2 ppb. F

o 0IT, 128 to 264 samples wer¥ taken st duch of the mowftorfng sites; o
thou sitn. 32 to 100 percent of‘ tm !wlu ﬁ botow*tm LW. :

m mmbient vimyF cmm mmrmq dlll f# m ‘and OH are
sunmarized in Tubbles* II-1 #nd TI-2, rnmﬁvﬂy Each &qﬂ. provides
the number of sample¥ taken s¥"Weack'si¥e, pireo‘nt of sqhs below
the LOD, @ ortimetV¥ for Uhe Values fiadtéd mean

‘ cuncontntm, and the merimit 2-hdiv Wmm!'m measured.
ERANES £ el b YR LEAS RS- 1S 5 B ‘rm :mm TAISMI AW JONsT L

s mcmm W*&Wumu by
the '&’M&u ions belaw
the Loo must be somshow incmm in the caleulattda ‘FNEASIN “CReir exact

valu knawn
” lr”nogn $189 oATYG] T e Yo 5 M’ a3 uwuﬂ ni

; : leulate

the et SRR A R y fons is

7127 PR " w. % gmd not to
e i > Hity.

' Ofey ‘were
fltf. mﬂl‘.it"ﬁ' ethod !IS’ m".d tg the -

% datd. The calcuTated mwans wers thén transformed

buﬂ’tc tllroﬁgiml units.

Gleft s method accounts for:tMF concentrations befow the LOD by
setting them equal to the “below-LOD mean,“ the mean of the portion of

A-4
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FIGURE II-1
BKK. LANDFILL AND THE SURROUNDING AREA
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FIGURE II-2
OIT LANDFILL AND THE SURROUNDING AREA
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concentrations to their average value seems intuitively reasonable, and
the simulations reported in Gleit's paper show that his method is more
accurate than other commoniy used approximations. A detailed
description of the method used to sestimate the concentration of data
below the LOD is provided on Appendix II.

The estimated values for sampley below the LOD range from 1.0 ppb
to 1.1 ppb for BKK and from 1.0t ppb te 1.2 ppb: for O11. As. previously
indicatad, the spucific value for: esely statiow is shewn in Table II-]
for BKK and II-2 for OIT. Betausk &1 samples for site 1 of DII are
below the LOD, Gleit*s methow coutd not be usad to estimate their
concentration. Therefore, a valus of one-half the LOD (1.0 ppb) is
assumed for these samples.

- TABLE H-!

BEERTS HER RS

SUMMARY S'I‘A‘I'ISTICS“ FO& ‘THE JANUARY 1987 THROUGH )
DECEMBER 1987 MONITORING DATA FOR VINYL CHLORIDE '
NEAR BKK LANDFILL
(Com:lntratinns reported in parts per billion (ppb)}

Numwber of Samples®’’ TooL w0 233 337 345
Percent of Samplés Below the LOD®* - ... 2%.s - 9. 55
t‘:.: _utﬁ‘ “'ﬂ""« coer -S'
Estimated Concentration for® _ 1.0 1.0 1.1
Samples Balow thé LOD ‘*w e
Estimated Mean °. , 1.7 1.2 2.6
Conesntration- 3 AGT IE . g TELD WmAead n 0
entration” - 7 T 'Mﬁ - 15

o oamgy o cews’ | Cont
e o ot el AW 300l

Hmt of detection (LOD) for vinyl ehloride is 2 ppb.

d wvas used to estimate the-concanmtration of samples below

¢ % rmmu*‘s Ambient Air Quality Standard for vinyl chloride is 10 ppb
for & 24-hour averaging period.
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The estimated mean vinyl chloride concentrations, as provided in Tables
I1-1 age II-2 range from 1.2 ppb to 2.6 ppb for the monitoring stations at
BKK, 1.0 ppb to 2.0 ppb for the monitoring stations at OII. For all
stations, except station 3. of BKK, the estimated annual mean concentration is
equal to or less than the SCAQMD's LOD for- vinyl chiloride.

Tables I1-1 and II-2 alse list the maximum 24-hour concentration of
vinyl chloride. for- sach monitoring station at BKX and OII, respectively. For
BKK. the maximum 24~-hour concentration is 15 ppb (measured at station 3); for
ML the: manimum concentrat tern in3. & ppb (messured at statton 3). These

- comcentratdons can be compared ta AMB's amhient xir quakity standard for vinyl

dﬂormw w :pph: !nr a Meﬂ' nlﬂt‘lni wiad:. The aumm was

.02 oo T TR YRY P -
"X

TABLE II-2

SUMMARY STATISTICS FOR THE JANUARY 1986 THROUGH
DECEMBER 1986 MONITORING DATA FOR VINYL CHLORIDE
NEAR OII LANDFILL
(CMquns ropnrtﬂ'm partsnpar billion (ppb))-

o ERG T VTN . sty A--mM3IL3T
Nusber: of. Samples . . . 264 220 128 .
Percamt of Sampies£Beiow tha LO0* ~ 7T 10&si ss. s oAb 32
Esttomted Concentration for®  oo. .ii cio@Uh Ll t: s sbob 1.2

Samples Below the ;.00

B e d*g? aﬂsxs1snaana; galsrrien
Estimated Mean S.Gnt «oiak 5 2.0 2.0
Concentration 4 )

) . e paz¥ onjamr ozl
Maximm 24-Mewr. Concentration d naise o Bl 9.8

*Vap reeteogancl cLn%-T0 naA

» Emit of detechion (LO0) for winyl chlaride is 2 ppb.
& o A uud f.c -stiuto thc concentration of samples below
Vs Ak i m.. s
& icnt Afr Qulity snuuu thnyl chloride is 10 ppb
' NN average.
d @8 are below the LOB =

A-8
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adopted in 1978 in response to information which associated vinyl
chloride with the development of cancer in humans. However, the
standard is not necessarily health protective; it simply represented the
LOD at the time it was adopted. For the monitoring periods presented in
this report, BKK exceseded the state standard for vinyl chloride 11 times
(all exceedances occurred at site 3) while OII did not exceed the
standard. Based on previous years of monitoring data, the number of
exceedances at BKK and OIT has decreased substantiatly. In fact, due to
the lack of exceadances of the standard, the SCAQMY discontinued
monitoring for vinyl chloride at QLI in early 1987. " The reduction in
ambient concentrations of viny} chlaride near BKK and 0I1 hKas been
attributed to the installation of ‘gas colléction and flare systems.

In an effort to represent the uncertaintiés afsociated with the
estimated mean concentrations of vinyl chioride, the staff developed a
statistical treatmant for calculating upper and lowsr bound estimates of
the mean concentration at each monitoring statiod. . This method takes
into account factors such as sample size, variance of tRe data, and an
estimate of the uncertainty associated with the sampling and analysis
method. Table II-3 shows the estimated mean concentration as well as
the upper and lower bound estimate of the mean concentration for each

: monitoring station at BKK and OIl. . '

The following text discusses the statistical troatmont that is

used:

2) After reviewing the ambient vinyl chloride monitoring data for
BKK and OII, the staff observed that the data appear to be
lognormally distributed:. Because available software anaiyze
data that are only normally distributed, viny} chloride
monitoring data were first converted from a 1
distribution to a normal distribution. This was done by using
the logaritims of the data forr'the analysis. The statistical
analysis systom (SAS, 1982) was used to calculate.the standard
error about the mean. The standard erraor calculatéd from the
logarithms of the data is then .converted back into
concentration units by taking the antilogarithms.

4 I‘,Mm and lower bound estimates reported- for the mean
present two standard errors., For the error associated with
Iluﬁ,lnd analysis, ARB stlff used an overall uncertainty
w of + 20 percent to calculate the upper and lower bound
”olttlltlm of the mean. This s in agresment with the actual
errvor witich is estimated to be = 1 ppb in the range of 1 ppb to
50 ppb. The lower bound estimate represents two standard
errors for the data with each sample concentration reduced by
20 percent. The upper bound estimate represents two standard
errors for the data with each sample concentration increased by
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20 percent. Upper and lower bound astimates for each station

are shown in Table II-3. Because all values for station 1 of

0Il are below the LOD, the upper and lower hound estimates
represent & 20 percent of one-haif the LOD,

B. ESTIMATING AMBIENT COMCENTRATIONS

Annual avorlgc ‘vinyl chloride canceatratfons were estimated for a
41 x 41 grid of one square kilomater q.us urroynding each landfill

with the uga of the Industriatl ,Xaurc tex Shért Tqm (IscsT)
Gausstan model. Ig order to ' _concentration
of vinyl chleetde tn each of :Ba %f el1s; the ISCST
mode} required the emission rates for esch- s input. Emission
rates were estimated for BKK and Ol.sﬂising the ?Q of estimated annual
mean concentrations at each of tﬁo fgaﬁnq stl dns.

The estimated emission rates were derived ‘by ratioing estimated
annual mean concentrations over mur« conccntn;fons for each station.

.. R RIEE PRIV T
e

UPPER AND LOWER BOUND ESTIMATES OF THE' ARNUAL MEAN
COMCENTRATIONS OF VINYL CHLORIDE AT BXK AMD OIT LANDFILLS

N Lower tnmm‘l“’H P Annual Mean _ Upper Bound
e e e Estiwate "7 Congsnfratfon ©  Estimate .
‘ ‘J:ei‘;;' ';:;k_ I e iz g -
w I 4:: “*"mm Sa7FY 3ue CIEL ity vadiowe
%h,ﬂga g' . (?\{zam w‘Jigtz%:;:;‘;u 151 :*m: :m“ 2.1
«WWﬁmumwwﬂmﬂw T
Statton’ sﬁfﬁ”ﬁf‘;’:ﬂg bt iato X RSO X
et t2e wudec tawel ded 0 14 s 3
BT T, T 1.2
i SO S X 2.8
1.4 R N I h 2.6
- A1l sampies are below the L0 of 2 ppb;
A-10
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The modeled concentrations were determined by assuming a 1andf11i
emissiog rate of 1 gram per square meter per second (gram meter”

second ") in conjunction with historical metsorological data. Each
landfill was represented as an area source. Based on review of
topographical maps as: well as information concerning the landfills
disposal history, BKK was assuged to emit vinyl chloride from an area of
approximately 1,700,000 meters™ while OLI was assumedzto emit vinyl
chloride from an area of approximately 330,000 meters These assumed
areas approximate the area where wastes have been d1sposed.
Meteoroiogical data for 1981 at .the SCAQMD's Walnut and Upland stations
were used for BKK and OII, respectively. Meteorological data from these
stations were used for this “study becauss WaTnu¥ waw. considered the most
representative station for BKK whers processad dﬁ" 4 were available while
Upland was considered the-most representative station for 0II where
processed data were available. These data were entered into the ISCST
model to calculate the annual average modeled concantration at each
monitoring station. Because one year of meteorological data is used, )
one modeled concentration is obtained for sach menitoring station at BKK
and 0I1. For each site at BKX and OIl the modeled concentration was
divided into the estimated mean concentration (from Table II-3) of its
respective monitoring station. The resulting factorsy or rl&ios wers,
then multiplied by the assumed emission rate (1 gram meter™ " second™ )
to estimate a landfill emission rate for each monitoring station that
will result in an exact match between estimated and modeled
concentrations. Equation (1) illustrates the procedure that was used: .

Estimated Assumed Estimated Mode led
EmissTon RITE = Emission Ratex (Concontnfféu“l toncontration) (1)

b R L A T . - R T TN

Ty,

The ‘est fi m {51 for sach mepitoring station
at BRK ard 0 aﬁl’ o?-"‘t.%ﬁ NPL givod from

the estimated m concontuuon for each mitorfng station and the
emission rates derivad from the upper and lower boumt w3itthates of the
mean concentratiom for each mitoring station are listed. The greatest

rango_gf .ostimted qgg&s is from .18 micrograms -2
meter~*. secodg " .(f¢ 2. meter”
cc

second. . (UngliRel “? K ’ enission
i ‘ ft Ltaui: baund at

'batq[d, at station

G . ranql dltssfon rato ostinntbs (0.78 to 3.32
’Il second” for BKK and 0.31 to 4.42 micrograms meter”
second " for 0!!). a range of estilated annual average vinyl chloride

concentrations was derived for the 41 by 41 grid of one square kilometer

-2
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TABLE II-4

ESTIMATED EMISSION RATES OF VINYL CHLORIDE

FROM B AND mzLMFlLl.f
(Mcrogrm untm socoM

- -~ : T g J;: . T,
. S '-°"" '“'“". ' ' ‘ -{..mu&”h.“ Upper Bound®
TOBKLRAENY o i T sam v
, e ; N So@ni ot g ]\;q SN yrita 13 agr i
N e , T Fher o A I2WIDTANL L 2ooe
Statton 1 : 1.36 e POy 25 2.30
R IERCFSY WERPES Y R T P
Station 2 T 0.7% - s 08P 1.20
' o L Tramansy 9o~ )
- Station 3 1.88 WL 2,588 3.32
h ! .. B ool I8 R LD uw
- O Landfsir w3z gnrostinem ae e

2 e L oeal yd pedsardiom v ow S

L -~ a7 " . PR ‘= 3

Statton 1 o":um ARSI M. ANLEERL L EE 0.46
H P FIPE- T SEE- IR B A 2 S+ EEAE SRAE SRR § B P

Statfon 2 °  0.52- O ORTI4 TR Los -

Station 3 o 2.69 ' 3. 46 . 4.42

[
-

;i LMERE Ju. ™3 - ,*n—'h .
a - These uission rates wars derived from the lower-bound annual maan

concentration
. b - These emisgion ,,"lt“ were g @ lllun concentration
s S = Thexs Fatas wer I8-5duid aanual mean
51T DG VT TET ‘adians I3se oi wuﬂ:mnea 'uu THIRME D 3 a0
A T YT TR vt ons ey adl meTY nawiish 82 o oe
IEPFRTEIAE A mn T o¥m R leda ‘MW?M um 103 m:ﬂzm«ﬁ,, 5 om
. colTE. - ‘e Tadr{1! w u.._ B XY 414 was
U7 represdntid ks * ‘ “assuged to
gAY A‘ﬂ;“.“ é‘ i Baters
e s F‘;S G Mg Ldé fram an .avee
R D0 meters”. areas approxiutc ‘the area where

"djsposed at each landfill. However, because subsurface
e MH gases has bemn-abserved at BKK .and QII, it is

EIA Uil ‘efssions of vingl chloride accur over. an arsa
substluthllg rutu‘ than where wastes have actually. been “disposed.

The ISCST model used the rangs of estimated emission rates assuming no
plume rise in conjunction with historical meteorological data to predict

A-12
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a rangm of annual average concentrations for each of the 1681 one square
kilometer cells. The annual average concentrations of vinyl chloride
predicted for the one square kilometer cells within the grid centered on

BKK, range from less than 0.1 ppb to approximately 22 ppb. For 0II, the
range is from less than 0.1 ppb to approximataly 3.8 ppb.

In order to obtain these modeling results, several assumptions are
made. These assumptions may act to elevate or reduce the estimated
annuxl average concantrations. of vinyl chlaride predicted for the cells
surrounding BKK and O0II. The primary assumptions are as follows:

1) Vinyl chlomidei is sssumed to b2 emitted from an area of 2
approximately 1,700,000 meters® for BKK and 330,000 meters
for OIL. - ATthough these areas approximate the area where
wastes heve beewr disposed, data are not available to
demonstrate that these areas actually represent where vinyl
chloride emissions occur. Emissions of vinyl chloride may
occur over an area which is either larger or smaller thanm that
assumect. . . e e s e -

Emissions of vinyl chloride are assumed to occur continugust

and uyniformly over a given area of each landfill. In realit

vinyl chloride is not likely to emanate uniformly over the '
surface of the landfills. However, the data required by the
mode]l to take this into consideration are not available, If
emissions of vinyl chloride vary over the surface of the
landfi11s, the annual concentrations estimated for some cells
would be sxpacted to be underestimated while others would be
ovonstimtod.

This study does not use meteorology for the same year as the

vinyl chlaride msasurements. Because there is nat a great

deal of variation in mateorological data from year to year,
the-degre& of error from using a meteorological year different
than tha vinyl chloride measurement year is osthutod to be
less than.50 percent.

Because tha emission rates were derived by model calibrastion to
knowe. winghe e concentrations, the uncaertainty is at a minimum
R sites. Alternatively, as the distance from each
W increases, the uncertainty associated with the
stion increases.

The population exposure to vinyl chlot;tdt near BKK and OII was
estimated. by using the grid cell concentrations estimated from the ISCST
model in conjunction with 1985 updated census data. Estimates of the
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cumu lstive population exposed to various concentration levels of vinyl
chlor fd# near BKK and 0II landfills are shown in Tables II-% and II-6.
The 1988 residential population estimates were determined for each 1
kilometer grid cell with the concentration determined at: the center of
each cell by the ISCST modet.: The 3,681 grid tells, with their.
associated populations, wers sorted from high to low by concentration.
The gris coH populations werv thew summed to determims the cumulative
popuistion sxpused to & certainm level of vinyb shiomide.: For Tables II-

% ang TI-63. ¥ Tower bound’ off exposire v sxtimaiwt. Mranqo of
wir 2} 23 &g 2mn oAy - AT pdT 1D e AR gnro

vrr ot gemd atiema G gr et YABRE BDB s s

30077 oo M e e 09,008 'm0 iaas
S st o RANGE OF CUNIUMTTWE PORRATION EXPOSED
Yt T8 VNG CHLORTDE m e =
L - T - - R R PYLh S PR AT Y
Viny? Chlorids ey ERRTERL R X E AN IR b
Concentration: " R Ttw 39 P YEVE Cyloo
(pob)

-~ T S S i Wru Tl[pp.:-BaunQ
o . PTLoAme % o4 try 208
ST . T I I - BT i I+ R R 4
- G»Ob'e Tt T armee 2 ma.m.mwa-m 154,000 .
' Donea g o A F L A P %}
. o o‘;“-- PEEEY ~ c oy B Y, 12 .v_o‘?nmfu ml 5703000

3 oeatmm 3 ot FAstewamed Tewensd Wl BT TEas-
- OB o o3 w v Sesminn sd a2 BedRR00d w.:-1,431,000

. pOERe fzy ave
1.0 17,006 - 131,000

© s Wby 362 313 6% wolovatwm utv foF a0t (Pus AT *

a0, R3Bn r0 avedt 3zusIed xiswbwayee so: $nc Tyaty 54,000

“rey i WeY m? 215k [satyaiowell M Al Ssdvev Y3 (s8b
Tt M fevigofo~coiem & Jot e dﬁmﬂ.ﬁm: - 28,000

an 33 s amic2e 2} NN tmmmm 3 tyaty sl nsdd
4 0 . -iigndas. azat 20,000

ER Qiﬂw fadom (d bavisab yvew a0 sebsame-anS 22082v4,000
. oy 311 2ot tevsemoner oblolds fenry Twona
Ve . viovitsneifh | iel. QPN TIMEON &7 0BT
pIntstagsny 4T pecee v JOEIRIR DA Uy LT
1259730t 10 @4 naces N 2 80§

TRIS. vy e

-~ Tﬁ’t o%uﬂ uti,atn 1* blsod on a vinyl chlorido mission rate of 0.75
micrograms mater ° sec.

b - The exposure estimste fg m«l =™ & vfnyl chl’oﬂdt msﬁon rate of 3.32
micrograms mater “ sec.
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TABLE II-6

RANGE OF CUMULATIVE POPULATION EXPOSED
TO VINYL CHLORIDE NEAR OII

Vinyl Chloride
Concentration
{oph)

3 R YT [P
oo {‘umg,-\ B2 P T

Lmr-Bo‘&d Uppgr-BoUnd
umm. Estimate”

. (TP &
0.01 | - - 20067 - 3,111,000

-

0.08 e 0 38, oao 1,073,000

o e .
0.10 12000 - 448,000
1.0 - L see0 22,000 -
1.8 o 6,000 12,000 -

2o T 6,000

3.0 COGEe s E AR TR . "’ 6,000

a - The ox!osurolostiutl i bated in/ @i ik sTWE P &F 9931 micrograms

meter "~ sec
_-- The npur,_ mm.mh mMannwbm 42 micrograms

rulip WAR 1% 2R WMAY WAL, 8 4B N43
ino sldE WUBNI A EHGI A VIPMSARD R -% R
‘. “iet wrtes! oY 28T v bedvomous i AMRIL ..
umum nmuuts. the range smhepper bauivi: off> cbumtnucus.
protnctwfw uduﬁ the enn-beuareitdomalior’ cadSswey - Fhivie I1-6 shows
\ 732,000 tas 11904, 600 pasple, sree exposed: to an annual
-mu Tatvks 0s 08f pphc of wingd chlorider from the
i inately 17,000 tor 331,000z of~these people are
F aversge concentratiors of” at: Tnast: 1.0 ppb from this
Y- .hﬂﬂﬁ-& shows. that approximately: 334000~ te- 1,073,000
ot ¥Fe exposed te ar annual average concentration of at least 0.05
pplr of vinyl chloride from the OII landfill. Additiomally, Table II-6
shows that a range from 0 to 12,700 people ars exposed to an annual
average concentration of at least 1.0 ppk vinyl chloride near OII.
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In addition to estimating the cumulative population exposure to
vinyl ehloride for people living near BKK and OII, the population-
weightdd- exposure results were calculated. The population-waighted
exposure is calculated by multiplying the estimated annual average
concentration for each cell by the population represented by the cell.
The exnosure results for the 1681 cells are subsequently summed and
divided by the total population represented by the 1681 cells. For BKK,
the population-weighted exposure results show that 2,154,000 peoplie are
exposed to an annual average vinyl chloride concmtrltion ranging from

. 0.08 t0.0.34 011 population-weighted exposyre results
7 show” ﬁt mﬁ?& m:-rtrnrm average viny?
chloride concontration ranging from 0.004 ppb to 0.06 ppb.

- The model was also used to estimate the anmual average
concentrations for the maximum exposed individual at each landfill. For
BKK, the maximum exposed individual is estimated to be exposed to an
annua! average concentration ranging from 2.3 ppb to 10.3 ppb. For 0II,
the maximum exposed individual is estimated to be exposed te an annual
average concentration ranging from 0.6 to 8.7 ppb.

The population exposure results for BKK and 0II suggest that other
landfills in California that emit vinyl chloride may expose the nearby
population to elevated concentrations. However, because monitoring dat@’
for other landfills is limited, wo are unable to estimate pepulation
exposure near other landfills in the State. Chapter III of this report
discusses other vinyl chloride monitoring data that are available as
well as existing programs intended to provide more information
concerning vinyl chioride emissions and exposure resulting from other

_ landfills in California.

J——— —— e —

cenn g B INDOSE mmm uumnm* o

oo M Ahes encapidoncs fx gong &, indeor
concentrations of vinyl eMorNt we M ﬂlmmully
greater than cutdeor concentrations. ad, the
above statmt fa supperted by the felfwfu facts: 1} few indoor

mm W“a.ﬂ‘ﬁuﬂﬂ'mﬁu that
aly inyE ok leslide Ttk to

WEt1ag: in: indessr concantrat fone that. may be several
SR quneradl owtdesr conceatrations.. Lw some houses

’ P He,. vinyl- chloridt hnr bnn dnnetmt at
conuutuf m il;tl 100 ppbr. :

Ve ntillth thwt paople living near Tlndﬂ'llt say be inhaling up to
2600 micrograms of vinyl chloride a day (see Appendix for III
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assumptions). For these individuals, inhalation of vinyl chloride
indoors- is expected to represent the most significant source of
exposure. A more detailed discussion of indoor exposure to air
contaminants is presented in Appendix III.

1. Potential Sources of Indaqr Vimyl Chloride

Thers are several potential sources that cam contribute to
slevated indoer comcentratioms of viayl chlaride. These sources include
landfills, polyvinyl chloride (PYC) products containing residues of
vinyl chioride,.water that comtaiag cesidues of ;viay} chloride and
cigarette smoke. Far mast homes, Yhess . ln ret expacted to
result in substantially elevated. indéer lewgls of .winyl ghloride.
Howaver, for soms homes located near: landfills..staff.balieve that
landfills may represent the most stﬂt&tunamibuﬂm to indeor
levels of vmyl chlorido.: Y e T N 3«5 A~

mu..mmzm_l.muu_m _There ars at. least two ways
that vinyl chloride smissions from-landfills may conteibute to indoor
concentrations-ef vinyl chloride in neacby residences: 1) homes that ar
located downwind from landfills can receive vinyl chloride through
direct outdeor atr influx into indoor environments: and 2) landfiltv
gases coataining:vinyl chloride. can migrate.undesground and enter homes
through substructures. The rate.ef.accumulation.of winyl chloride
indoors depends-on several factors including soil permeability, source -
strength, air sgchange. rate, and structure.of the home. In addition,
higher indoor cencentratiens may o¢cur becamse vinyl.chloride is more
rapidly destroyed: in. eutdeor air thaa, indoos.air. becayse -of direct
exposure Lo SuBdighS. - -.em. L.io: v v L ugs o themes - oo

oy ¥y v ¥y
vcﬂmn,ntn:inlal chill Consumar Products. Plastic products
made of PVC and other viny sz Mﬁ. lo% in most
homes. Because vinyl chleride X s resin for
an extended. rise of unumtnmmm ingoegsydayl chloride
emiss tong. mpys copw: TEam thengoipgsaiof yaropaied- mvmhmm monomer
frem, thege, ; PrOYUSAS ¢ culypwtiusi se vé bed- 13 pr lmema’en
R i WPt rtradi Y Saamiros AT 2 wem T oohewipr oe 0
:mmmd lllnntcd vMﬂwm»hm
19 INpreyengetsy mswmw
m;nantbnlwm!iuhchlum
B ¥ 0804 88~ the-3jme: of shipment, . vaner.as high as
. PYC resins contain about 10+ppmnresidual vinyl
g of shipment and may lose vinyl chloride at a rate
R NCAPRt pox meath' duringnstarage. In-addition, most of the
feiirtds wilP vaporize and escipe duriu;, the- high temperature
pror.u:u fn whith PVYE resins are melted and made into final products.
Thus, consumer products mads of -PVC resins ne longer contain elevated




~of vinyl ‘chl_qrido.

URAN

. Because activities such as
using water for cooking, heating.and showering can promote rapid
vaporization of viny} chloride from wateérr contaminsted surface or
ground water may mrust indoor vinyl clﬁrul»-hvﬂt

In canfornh. surfiei ww fe Mﬂl!y ﬂ'u'n vinyl chloride
(Strarry; 1997) 2" In assessing ground vatde quafitys the California
Départment of Nealth Services reperted; Based: of: a-1imit of detection of
0.5 micrograms/liter, tHat one-dut ef the 2{84F weils for large public
water systams that were sampled had detectiBle*levels of .vinyl chloride
(DHS, 1986). The maximum concentration féund<in-that well was 23
micrograms/liter with a medtan value of 20 micrograms/liter. Vinyl
chloride has not been detected in-wells used fan-small public water
systems (DHS, 1987). Therefore, viny? chloride<ii-the water supply is
noi‘: betieved te sfgnfﬂcant!y inplct fndm Mr‘“:untntions of viny
ch oridl' AN T

we f Ty voloLL tor

residual levels of vinyl chloride monomer and, therefore, are not
expectead to be an important contributor of indoor levels of viny?
chloride.

Cloarstte Smoke. A minute amount of vinyl chleride has bee
‘ident#fied in the smoke of cigarettes (1.3 te-18-nanegrams/cigarette) §
and of 11ttTé cigars (14 to 27 nanograms/cigar) (IARC, 1988; Hoffmann, -
Patrianakos “and Brunnemann, 1976). The viny¥ chléride level in the
mainstremy smoke may be estimated by the totaltwrganic chloride
content-of the-tobacco. However, the contribution: frem: tobacco smoke
does not appear to have a significant impact enithe: indéor concentration

e TV T O TNV S 1. S S T
i S o A R e 2 hrﬁ AT N
Co TSN Ses T ww N 8o o A Vit L swedl b
w0 TheodPoie mmMmeuMoim porsonaltt it simpling or

gy 1 90d48 1895 41~ 24 TS, T TA: parsond- sRp 1m the sl ing

squipment is carried Dy an individual aAd:wide sabnpldes ar¥ tiaken wherever
the individual may be. In contrast, fixed-site air sampliing refers to
air sﬁ#WiMi“ﬂHﬂ“ PEPOMRT &ir- tampi g data
PIrROre: FUAT1STI b Limatly SP It vidUet- dipobure.
 spond” 005ty ‘percent” of < thater t im {re hdvor
al ate sqnnfdurv.»itnwmmw by indoor

2% 7

S
. . Bitewon limited personal sampling

: that indoor air expoture te-vinyl chleride is
appurmty low. In menitoring nine subjects in New Jersey and three
from North Carelina for several days ea three separate occasions, all of
the 138 air samples taken were below the LOD (Wallace et al., 1984).

The LOD was roporsu to range from 0.25 ppb to 1.11 ppb (0. 63 to 2.84
micrograms meter”
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Eixad-Site Sampling Data. For a study conducted in
California, fixed-site monitoring stations were installed to monitor
indoor and outdoor air concentrations of vinyl chloride.- Based on the
analysis of 32 indoor sampies taken in eight homes during summer ssason
for two twelve-hour sampling periods (daytime and nighttime),
concentrations of vinyl chloride are all below the LOD. The samples
were analyzed by two analytical methods with LODs _janging: from about
0.21 ppb to 55 ppb (0.55 and 140 micrograms meter” ?9!* lizzari, 1989).

A similar study was conducted in Baltimore where indoor air
concentrations of vinyl chloride in about 160 homes were monitored by
fixed-site sampling stations.  Bused ow partially analyzed results,
vinyl chloride wes not detected in indoor air environments. The LOD was

rcport,d to range from 10.2 ppth. tE IS Z:ppls: (20700 A wicrograms
meter ) (Pellizzari, 1987).

Soacial Situation Alr Monitoring. In 1981, the SCAQMD
collected 24~hour bag samples in the vicinity of BKK landfill. Over 500
air samples were taken at two outdoor sites and at four indoor siteas
downwind of the landfill (SCAQMD, 1982). A1l of the samples
(approximately 120 samples) that equaled or oxcugod the state vinyl .
chloride standard of 10 ppb (26 micrograms meter ° ) werw taken insidc
the residences. The highest recorded indoor vig 1 chloride
concentration was 50 ppb (130 llicrg ams/mater” { Hye L0 was roporto j
to be 2 ppb (5.2 micrograms meter ?' .

In 1988, the SCAQMD collected gub-saplu immm residences
adjacent to 0II. The sampling study was prompted by the SCAQMD's
finding ofu-alevated levels of vinyl chloride in saveralhwater meter
boxes in homes adjacent to OII. Indoor sampling results shew vinyl
chlorigo concentrations ranging from 8 te 100 ppb (20.9-260 mcrograms
meter (SCAQMD, 1985). Presently. indeor concentrat
chlorido in thess residences are believed to be substantially lowcr
because routine monitoring of water meter boxes has.Aack
significant lewmls of landfil} gases. Thisdus bens m to
improvements in. the 0II landfil} gas collection system (Coy, 1987).

O . niomizn o0l
M OTHER ‘ROUTES ‘ gs evae
. R ob ject ive of this report is to estimate exposure
jasure to vinyT chioride may aTso occur from the
il watar that contain remidues ofeinyh chloride.
) "0y Code specifies that the ARE shak), identify the
rflutton to total exposure to the contaminant from indoor
com:mﬂmﬂ‘m. taking into account both ambient and indoor environments
(Califernia Health and Safety Code, 1989). The inclusion of thesa data

provide a useful perspective of the overall exposure to vinyl chloride
through envirormental media. The estimated daily dose of vinyl chloride
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from different environmental media are presented in Table 1I-7. From
the taple, exposure to vinyl chloride from the indoor air of homes not
locateit near landfills, food, and water appears to be minor. However,
for people living in houses located near landfills, indoor exposure to
vinyl chloride may represent the major. sourcs of total vinyl chioride
exposure. The. need fore total exposure assessment and some of the issues
and concepts nvoived Ly tobal mom mm« ar& discussed n
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L. Mater Ingestion

The major source of drinking water for California is surface water
which, because of vinyl chloride's high volatility, is not
expected to have detectable levels of vinyl chloride. Ground water used
for public water systems is also relativoly_{roo of vinyl chloride with
concentrations typically below 0.5 ug liter * (DHS, 1987, 1986). Based
on this information, staff believe that exposure to vinyl chloride
through drinking water is not important under ordinary situations.

2. Food Ingestion

Vinyl chloride is not routinely monitored for in U.S. food
products. However, before 1973, vinyl chloride was found in food and
beverages packaged in vinyl chloride polymer materials (IARC, 1979).
kg™ * (ppm) of vinyl chloride monomer were present in alcoholic beverages
packaged in this material. Vinyl chloride was also found in edible .
°1l§' butter and margarine at concentrations ranging from 0.05-14.8 mg
kg °. When cleaner PYC resins became available after 1975, vinyi
chloride polymer containers typically contained less than 10 ppb of
residual vinyl chloride monomer. In its recent rule-making propesal,
the Food and Drug Administration (FDA) estimated 1ifetime-averaged
individual exposure.to vinyl chloride from food and beverages packaged
with vinyl chloride polymer materials would not exceed 25 nanograms p
day.

CMA 010553
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PRODUCTION, USES AND FMISSIONS

Although vinyl chloride is not produced in California, several
thousand tons are used each year in the State for the production of
polyvinyl chloride (PVC). The PVC which is produced is primarily used
by fabricators for the production of materials used by the constructio
packaging, electrical, and transportation industries.

Based on the emission estimates for two landfills in California
(BKK and OII), landfills are the largest identified source cateqory of
vinyl chioride emissions in the state. The information necessary to
estimate vinyl chloride emissions for the hundreds of other landfills in
Californta is not available. However, without monitaring data which
shows otherwise, all of the state’'s landfills should be regarded as
potential vinyl chloride emission soufces. Othdw' knewn emission sources
of vinyl chloride in the state include PYC production and fabrication
facilities, and~sowage- truntl-nt pllnll SRR

-
A . +
a. 3 ..

A. nmm& S v"““aﬂ‘v‘ T
A e L J,w’,,, ,""'A_ ..
CaunlroQIT‘production ofsvinpd-chléride iuftho»Unith States began
in 193637 Dcﬂmthr first year: of”preductien; twe-theusand tons were
). With e-regbrtes annual 8. -production of 3.8
- chloride ranked 21st on a: 11st. of-the most produced
ING Umtited States in 1984 (CEN; 1988s): Figure III-1 shows
fum, imports, exports, and use of vinyl chioride from 1974
F-1994 (CEN, 1998a; US DOC, 1985a; and US DOC, 1985b). ODuring
4 Uiy0|r period, vinyY chloride production increased at an average
annual rate of 3% (CEM, 1988a). More recent estimates for U.S. vinyl
chloride production are 4.7 million tons and 4.2 million tons for 1985
and 1986, respectively (CEN, 1987).
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FIGURE III-1

NATIONAL VINYL CHLORIDE PRODUCTION, IMPORTS, EXPORTS, AND USE
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Twe factlittes in Califorsia curreatly use vinyl chloride te
praduce PYG. Twm.ather facilities in the State- that were. producing PVC
ceassd productions one in 1942 and the ethee - in. umermml
Comuntntinn. 1988s, - mu 1988e; and: Zviaeh.r ctu&u 1!03)

3 cnl 7 LEIAt e S R ‘a C e
mmmmmmm cs2ztam ebryel iy It Aty fs
Al lnupeng R sou. e, 3332 el = ol 'f\ﬂ 43 iy

About "96 percant of theyinyl~chles idesproducad: iniihe: Ux.S.. is used
to manufacture PVC. The remminder ts sither exported or used to
manufacturs 1,1,1-trichlorcethane (methy! chloroformidIPidan LS, 1978;
and McPhersen, ., 1979). Sixty percast af the PYC is used for

+- fabeicad 'Vlnjﬂll ﬂan!c:ugnﬂaﬂ usud b the! copsdrusiion industry.
- .Specifically A rastion: ipdualeg: f orepdpe:
: +Naiee Aage PYESSS SIS usadihy-the
’ wlﬂﬂh resrsatipn,. apparel,
oo M3 o .‘u wi 3B
rresyca O appmr el R S
) vim emmlvindustry irﬂmiy tied to PYC
- dita for Califoraia show the number of .housing units in
nstro try increased from approximately- 1.0 million units
in 19.1 to 1.8 million units in 1m (U.S.,MC." 19‘1)—. If this growth
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in the construction industry continues, the PYC use by this industry is
also expected to increases. Data are not available to forecast the use
of PYC in other sectors. However, the tatal United States demand for
PYC has been forecasted to increase by approximately 3 to 5 percent
annually from 1985 ta 1990 (CMR, 1989).

C. LANDFILLS: A MAJOR EMISSION SOURCE

A e EHL

Landfills are ostbu& 19 be the w'ggat saurca category of vinyl
chloride emissions in Califormia. Howgvér, because landfills vary in
the amourt drd composition. AT " uu;,,u, the waste
dispasal methods “used,’ C lod ¢ emissians for the

. state's “hundreds of Ta ! “' efter. understand why
all landfi11d are pd‘tu{ : goyreas, this
sect fan presents infarmat on oa t hf ez of Tandfills in
California, the disposal methods w!o cﬂsq& of vinyl chloride
emissions from landfills, vinyl chloride emission estimates for

landfills, and some methads used to. °°"$LAM H Essions
[ 2 2

1. Im:_nLLm.im oy azumzal  Shsoazrh v e «

There are three typeés ‘ot Taadtflfs fq,tall“qg;n{a. Class 1 sﬂl@
(e.g., BKK, Tocaad-.in West Cavina) whigh accept 31{ typas of wastes
inclddinq hazacdeus mategials; Class 11 sites (e.g.,.Onarating - =
Industries Inc. (OII). located in. oy Rark) which aermally m:opt
only "non-hazardous" wastes But can accept certain types of hazardous
wastes (ARB, 1942b); M Clags.-1]Ra( ingl or saajkary landfills)
sites which can a 1y, AGUEERS| TRy Tasnia, there are
--foyrteen Cless é tﬁ r 5~V 0N80 M4 x | facilities),
210 Class II sy ng"m ,“ % oA (Alll. 1982b;
chs- 19'1}, ‘“}m* ”ﬁ’* ?-ag, m ”‘, D‘il
R T 3 Jpo ow Sl entlio e c.i iwtE z0m 23
Apiwmiac "o

l! uﬂ:i
practt
thrlQ Lty

e 98

el MARGEOVEF X m on used

gy afF s Tk, TE oy
& 13 thes e.q(i( i
It fvat ing process ¢a
. wastes (Thidadeaux & g .

WMty ofCes Called evaporatiqn go gaons., are used. to
dnmo cf cnrtlfn ‘types of liquid wastas. Aa ‘the neme (mplies, surface
impoundments allow the wastes to be evaporafed inta tle atmosphere.
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Landcovering is most often used at Class III sites or municipal
landfills. In landcovering, wastes are spread over the land. At the
end of" sach day, the wastes are covered with approximately six inches to
12 inches of cover. Ultimately, the wastes are covered with a layer of
cover material that is at least four feet deep.

- B . AL Y -
3. Landfil] Emissions v

Emfsstons of ‘vinyt chlgride from-TandffITs méinly occur by two

méchanisme: - 1} dfrect ‘ving{ chioride ‘emifyions ffom ditposed wastes
' o8 gt yinyl chloride

which contaiff ving¥“chlortdws and T} gtion

from the bicdagfadation of chior fetéd niretutons. -Tther minor
mechanisms by which viny? chlqride ari stdug &Qﬁﬁif"“' de chemical
reactions such u_'ﬁy!‘ﬁlyﬁt.‘surﬂéf’pa«, $YY, and" id;:ef sis of
trichlorcethylens and other chlarinuggg‘uydrugrun;; nd off-gassing of
PVC (Molton et at., 1987). e JAR T ResRID B

Diract Emissions. Oirect emis¥fons dF viny? chioride can only
occur at landfi1) sites where vinyl chloride containing vastes wers.
previously disposed. Because vinyl chlémidé"@8nteinifig 'vastes cannot
legally disposed in Class II or Class III landfills, Class I landfills

, {e.g., BKX) at which viny! chloride has Heen dfsgoséd®are probably the

2 largest source of direct emiSsions of vifigl chidride. "However, Becaus
vinyP chNT8rfde containing vastes may have béén11Yeégatty 'disposed, Clas
IT and Ctiss IIT landfills may also emit vinyl chioride directly, )

m_gf_n.gmm ' Bdesuse viny) chiToride can be

. formed from the biodegradition of chfosidated vastes, emissions of vinyl

chloridé mmy ocedt frﬂrqg" Tandf 11t g {te i!’ll‘.‘fudtlm‘éhu' I1. and Class
‘M

+* I1F sites where na’édiny or 148"hdiy Dedn"disposed’ 0f tfie three
landfil1 disposal methods, it appears that landcovering and tandfarming

are mast likely to produce the cm“ﬁ:“ﬁa:ﬁﬂ,“.ﬁ!rf?uﬁht,f ormation of
vinyl chloride. = i

K ? | ) Mtion of
¥a | g s ", d g T ' 1% ‘ : :"’f‘
“j 'fndﬁfgm A T9eracarbes roe y 3--Similar
27 ey FEP e "oifa filed W oie THeuBatdg with,
- o PRI sridns. ™ T 30 the Bletad _machanism
T h ' $ifient Ty “utider
s , rher imantation with
- Haroetlignes and ¢ 4 'yfalded carbon-13
o~ Fids ag 'wil1 ag other kfadegradation products. These
r A d Fadinent with other studfes witich evaluated the
L " ehlorinated hydrocarbors to prdduce vinyl chloride

(Kleopfer, 1986; Beeman, et al., 1978; Wood et al., 1980; and Parsons et
al., 1984). Figure IIT-Z {1lustrates the pathways by which vinyl
chloride is formed from the dehalogenation (chlorine removal) of
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- FIGURE 11I-2
"ANAEROBIC BREAKDOWN SEQUENCE VIA REDUCTIVE DEHALOGENATION
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RN Tlll halogenated vestey are colposed of meny of
rate emunds vhich cin lead ¥o the fobmatfow of vinyl
chloridl., Howaver, the amount of halo atod wastas previously disposed
in these facifities s unknown. Therefdre, without monitoring data that
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shows otherwise, all Class [ and Class II facilities (this includes open
and clgsed facilities) should be regarded as potential vinyl chloride
emiss.ing Sources.

Industrially generated halogenated wastes were never permitted to
be disposed in Class [IIl facilities. However, many of the chlorinated
compounds which can lead to the formation of vinyl chloride are used
extensively in consumer products, which after use typicaily end up in
Class III landfills.. The amount of chlorinated compounds remaining in
consumer products and disposed in lagdfills is not known. However,
because of the widespread use of th codipounds in consumer products,

~ alTTTass IIT Tandfills (this {METudd® open ahd clos¥d Tacilities)
.. Should be regarded as potential vinyl chloride emission sources.

Methods of Estimating Landfi1] Emissions. Several models have
been developed to estimate volatile organic gaseous emissions from
hazardous waste landfills (Thidobeaux, 1981; Hwang, 1982; Shen, 1981;
and Hartley, 1969). The models usually apply to specific landfill .
operations such as landfarming, surface impoundments, etc. However,
these models are difficult to use because they require a number of inpu
parameters such as waste composition, wind speed, and ambient conditf
which are not commonly known. These models involve the use of Fick's
law (Fick's Law describes the diffugion of a spectes through a layer of
fluid) and may be appropriate for estimating dirwct emisgions of ~ -
volatile compounds such as vinyl chloride. However, because the models -
do not consider factors such as formation. they may not be appropriate
for estimating vinyl! chloride emissions where Tormation is occurring.

A method to estimate vinyl chloride emissions where formidtion may
be occurring is to establish monitoring stations around Tan¥fY11 sites
to measure the ambient concentrations, wgrtm £ompounds, of~ interest. The
ambient concentrations along with meteoroTogical data can
then be used in dumsion lodcls tc back-catculate tha emi33{0i rate

0k asr s ta utimatu

B %43 SEEKI

mm% 2 gﬁ"
. gix. k tfarnia is
' nyt chloride emidsion estimates for
As indicated in the table, vinyl cMoridc
imatad. fon BKK and 011 landfills,. . Although other
» 13, and the the state may emit vinyl
fon necassary to es fq?& emissions is not
xinyl chloride emissions frm.randﬁns may be

than utinful in this report,

The viny! chloride onfision ostimtu for BKX and OII make several
assumptions. These assumptions are: 1) vinyl chloride is emitted from

CMA 01 0562.




TABLE III-1
VINYL CHLORIOE LANDFILL ENLSSION ESTIMATES

.. sewes Mifaiox | Jyentary
Sourca T . I!hx,.ﬁ:§=§§§§§§§iq;‘3 " Year Raf.

BKK, West Covina T U AM<19F- 1987 ARB, 1988b
Othll' S‘|tl8 N v m"—.:.:;"t-—' B .

IR R PR

OII, Los AngeTes v 4-8F - 14986 ARB, 1988b-
Other Sites - . w WA T

* - These smission ostiut“”usm that the vinﬂ chloride emission rates
are unifor@ throughout OR"Yesr over ‘the srea of the Tandftll that is
estigated €4 emtt vinxr gmoﬂu -

NA-- Not Avaf cﬂi fu e T

S S L TR
Bl 2 SN 2 TV S R T N ) gM-*e»-gg,g:-
S mn#t 09 v PRIIIRD 3FT THE, L. &
. amivn ‘f s m“urm\n am"qu* um Y BPLE. G

an area 6#% \ mwm DO fig ' 13O0 meters’
fér OFF; ﬁ{ﬁv ri A a!-ﬂ ¥ chlorfde from BKK

~ gnd OF1° R ihges ¢ u ; -8 nfssions
& Hord TN TAT 1) that

1s st idde 3N il ;" wdvumi féns add
i S ﬁi‘ m Ml’!iﬁf believe.

Al tnfié~tﬁtt tindfif?s répFesent the  Targust
T '_ Mw“viﬁlaﬂhﬁﬂ"nﬁsim’ tn California.

! mnitoring data for BKK, ARB staff ostﬂutc a_yinyl

118 eafssfon rate ranqins from 0.7% to 3.32 micrograms meter”
second ° (see Table II-4) or BKE-Tandff?1, this transiates to
estimated vinyl chloride emissions ranging from 44 and 197 tons per
year. Over BKK's history it is net Knoewn how much vinyl chloride
containing-or halogenated wastes were disposed at the lamdfill., -
However, in 1984, BKK received approximately 136,000 tons of volatile or
toxic wastes. An unknown portion of these wastes were halogenated
solvents (ARB, 1982b). For OII, ARB staff estimated a vigyl chlorido
emission rate ranging from 0.31 to 4.42 micrograms meter ~ second
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(Table [I-4). For the OII landfill, this translates to estimated viny!l
chloride emissions ranging from 4 and 51 tons per year. The amount of
halogenated wastes disposed at OII over its history is unknown.
Howaver, in 1982, OII received 9,200 tons of volatile or toxic wastes.
As with BKK, an unknown portion of these wastes were halogenated
solvents (ARB, 1982a).

PR . e

Other than for BKX and OIf, vinyT chloride emissions have not been
estimated for any of the state's landfill sites. However, based on tast
results from several Clags IT and Clas€ III landfills, it is axpected
that many other landff1T3 in Cxlifcrnta are viayl chloride emfssion
sources. TN e e e

Monitoring results available for several ofNer tTdMEritis are as
follows: Flux measurements on the susface of the Schall Canyon sanitary
landfil1l (a former Class II landfill located in Glendale, California)
showed vinyl chloride concentrations ranging from.nen-detectible to 180
ppbv (parts per billion by volume) at various lacattigng (Todd and
Propper, 1985). In addition, tests conducted by t’l'i:' SCAQMD at several
other Class II landfi11 sites from 1981 to 1988 confirmed the presence.
of vinyl chloride in landfil] surface gas or gas ¢allection system (Ca

¥ 1985). SR e N ¢

To partially address the Tack of monitoring data from other
landfills throughout in the state, Heglth and Safety Code Section
41808.5 (AR 3828 and subsequent amendments by AB 1374) requires the
| development and 1ulmnuti?g_, , ;’f%:dﬁ'l l_no,itcu_'in guidalines and the
reporting of monitoring resuits. requ iggﬁ . :l”s,fa establish
guidelines to monitor gas migration, gas constifuency, a he ambient
air at many of the hazardeus and mmicipal waste landfiils in Califernia
(ARB, 1986; ARB, 1907). The testing guidelines identIFy VTAYT ¢Rloride
as one of the campounds requiring monitoring. Lamdfill operators were
Y - '&ﬁmﬂs. $;for an
saseqtly, cesylts for 386
}¢pd:by the ARB.
xing,with vinyl

Ragiong: of,vinyl
i poq frgm- S low
,qgﬁgv yated, they

: e gxpected to emit
udies or mitigation

Fer many landfills emissions are required to be controlled to
reduce odors as well as emissions of methans and toxigapts. However,
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gas control systems have been installed at some landfills as a resource
recovery and/or energy conservation measure. For axample, BKX transmits
collected landfill gases to either one of two flare stations and/or to a
five megawatt gas turbine for use as a fuel in generating electricity.
Both well (vertical piping) and trench systems (horizontal piping) are
used to collact landfill gases. In 1983, BKK installed a number of
wells and gas collection lines to help control gaseous emissions.
Although there ars stiT1 potentfal sources of gaseous emissions such as
cracks at the landfill surface, pipa connections and valves, and burner
exhaust, ambient concentrations of vinyl chlorfds near BKK have been
daclining. Since installing their gas cqll?ééton_sxstln. BKKX has
continuad to expand the systes by adding waT1S and trefiches. Since
installing a gas collection system at OIL, amifqM¢ concentrations at the
perimeter of the facility have continued to decliNe. Oue to the lack of
violations of the state standard for vin I“Eh1§§:di (10 ppb), ambient
monitoring at the perimeter of 0II was discontinmued by the SCAQMD in
early 1987. N .

A wall systom consists of a network of wells drilled vertically
into the refuse to colliect the generated gases. These wells are
connectad to collection pipelines whére gases are withdrawn from the
buried layers of waste. In general, a vertical gas well is construct
by drilling a 30-inch diameter hole 50 to 100 feet deep into the wastsf.
Perforated PYC pipes are then placed inside the hale. The space bet
the pipe and the hole is backfilled with uncrushed gravel (Sanitation -
Districts of Los Angeles County, 1984). A typical gas control system
showing both well and trench systems is shown in Figure III-3.
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FIGURE III-3
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In. the trench system, a network of perforated pipelines is laid in
trenchigs within the waste at approximately 200-foat intervals
horizoktalty and 80-foot intervals vertically. To support the pipes and
to allow the migration of the generated gases, approximately 2 feet of
uncrushed gravel are packed around the pipslinex. These pipetines are
than connected tq a main collection Ripe where glnr are withdrawn
(Sanjtation Dlatﬂct& of Los Anquls: Eauntx. 1964')'
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JRAFT
1. Polyvinyl Chlarida (PYC) Production

Three PVC producers reported emitting a cumulative total of 3 tons
of vinyl chloride in 1984 (Personal Communication, 1986a, 1985b, and
1985¢). In 1982, viny! chloride emissions from these producers were
estimated to be 1.4 tons (Zwiacher, W. et al., 1983). A1l three
producers reported that they ware in compliance with South Coast Air
Quality Managment District's (SCAQMD's) Rule 1163. This rule requires
that viny! chloride emissions from desfgnated plants not cause ambient
vinyl chloride levels to exceed 10 ppby {parte per FfTtion by volume)
during any 24-hour peridd when measured beysrd TN&-P¥ént's property line
(Personal Communication, 1985a, 1988b, 1988c; and ARB, 1980). Rule 1163
was adopted by SCAQMD as part.-of their nm&wwm vinyl chloride
enissions to 10 ppbv.

In 1984, the P¥C producers onntfnq 'M’thd“&hto reported using
closed systems, incinsration, routine leak ‘survéys; arv maintenance
programs as control technologies to comply with exf¥ting standards for
vinyl chloride emissions (Personal Commmficatiow, 198%a, 1985b, and
1985¢). The primary contro} method used By thd two RVU 'producers
currently operating in Caltfornia is ineineratieW’? One facility
(facility A% uses an aftarburner with an operat iy temperature ofl
approximately 2000 F while the other facility (facility 8) usas
catalytic type incinerator. Both facilitfed have & monitoring systn
that continuously measures the viny) chleride concentration within
various areas of the plant. Portable Wydrocarbon (HC) detectors are
used to pinpetnt leaks detected by the ares menitoring system. These
plants are also: inspected 2t least ence & yeuar-By the SCAQMD Enforcement
Oivision to ensure complfance with dfﬂi”lu Qursdnﬂ
Comniution. 19!“) frarar o B : ‘” .

. D Ry Ihw D 3 i
Lok m wwmmrywwﬁ%m Mﬂzoﬂﬂg for vinyl
chlor fdesneas-the tws PYC {«nm:'u JQanrreenta. *“in addftion to the
_SCAQMD ¥ M‘Wiw tred -dle of"the- PYC
47 producers (fwmw 0! mnwtwm mmwmy! ehloride at
" thevpes ‘&u piBadAsiis ThE ‘other PVC
producer (fhﬂny l} 5P inge 4§ condiiet ongoing
ofﬂit‘ wmbitet r v iggs. Tts. is because:
1).histy R ) i EAient Air Quality
N - Icﬂdl;ulll Z) thm that is used to
1316n8713 not enpueted’tdtrusutt-in vinyl chioride
“these associated with tAe=othér facility which
"Generally, 24-hour average concentrations near
. 4% are below the-10: ppdb standard. However, in October of
el £ \mhportod concentrations as high-as 28-ppb for facility
(lbﬂh.* 1989). As a resuit, the SCAQMD plans te conduct ambient
monitoring mere frequently at this facility- to easure compliance with
the ambient air quality standard for viny! chloride. The SCAQMD's
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monitoring results indicate that this PVC producer may contribute to the
publie’s exposure to vinyl chloride. Therefore, this facility should be
investigated in more detail when considering control measures to reduce
the public's exposurs to vinyl chloride.

Table II1-2 1ists the cumulative vinyl chloride missions
estimates from the twa PVC producers in Califoenia at _less than 0.5 tons
for 1987. This estimate is substantially lowee.than the 1984 estimate

of 3 tons when three PVC producers oparating, in Califarnia
(Mrsonalr Cwnicatmh WM c, w:‘:m IS

édrﬂmu
-2. Wﬂ* % "’4" L3 ee L
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Polyvinyl chloride (PYC) can be fabricated inte several products
such as PVC pipes, pipe fittings, plastics, etc...Sope major fabrication
processes are estrusion (to shape by foreing through-a die),
calendering, molding, and bonding. . BVE containg -tha viayl chloride. :
_monomer as a residual from the PVC production processes, Residual vinyl
chlorida (RYC) in PYC ranges from G.002 ppmn -(paxks-pen-million by -
waight) to 10 ppmw (U.S. EPA, 1982). \When PVLM,,(qwtcltﬂ tnuﬂua
products, viayl dﬂnﬂu is ulittod.u_ D .,, q o .

Tha SCAQMD mnt.mu kk W lnndlm m ﬁmimm ncumu
undec its jurisdiction with an estimated usage.of 78,000 :tens of-PVC in.
1982. The SCAQME staff assumed that all-viayl-chleride-is emitted from
the fabrication progesses. Using this.assumphion-and-a maximum: RVC of
10 ppant in PYG, the-SCAQMD oshimated that_these handling- and.fabeication
facilities amitted approximgtely: 0,78-%en of yisyd:ablovtide in.1982
(Iwiacher, 1983). This estimate represents an:zueper:beudd:sendition
because the maximum RYC was used to utinu emissions, and because all
RVC from. khacinesmingsP¥G.vae- i $0- 0. amittaninicomekbe Tabrication
processas, yinyd vehlor tde niguaftim: ‘
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3391 *¢ ﬁ . 1:: RN, | ?xm:u:n.m &7
R By RRRE: < 3at vt u#m*dz B
cE5 sek ey TvAs sy oY I-Se0E.
trestmest verks: (Mhﬂuwmsunmnt
e by pubdic:eakili9Senand,vaishy consist of.
Lt Ton-systems, vastowaton.and sludge freatment.

- i : duunt and. sludge.dispesal systems;- Users that
discharghwidtovator into POTWs are normelly classified sa_commercial,
industrial, and residential. The twe peimary.-mechanisms.that result in
omissions af organic gases are volatilization and hiedegradation:
Because POTWs treat wastewater which can coatain. vinyl chleride and
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halogensted compounds from industries, vinyl chloride cam be volatilizad
during.the treatment processes. In addition, chlorinated hydrocarbons

such & trichlorcethylene and 1,2-dichloroethane could be -biodeqraded to
vinyl chlioride.

Ha'logenated hydrocarbons including vinyl chloride have neen
measured at wastewater treatment piamts throughout: the nation, including
Califormia-(U.3. EPA, 1980)- A:preliminecy study of-twe wastewater
treatment plants, ene in Los.Angelds -and-anctimee: in the Sacramento
Valley, -iandicated that. vinpl.chlomtda t¥ preseil (in the Enawrobic
digaater-tanks. ;sCaoncentrations.af upme 2 dugpav:-igve bdery messyred
(ARB, L998)..  These digestercianks-are s4uipped with Teessure/vacuum
(PAY) valvessts squiitbrate the.insideimditeide prasture of the
tanks. These:PiV valves are potential -sousces ‘of vinyl chioride-
emissions along. with fugitive .emisviongsassoctasted with :gipe Tittings
and valves.

BT 15X DU St 8 ]

In a study parfomod by the Univcrsity of California at Da\nwl
(UCD), researchers used a masy balance .apprasch.-tesstimates that .. o
approximately 3.7 toms of viayh chioridei warxe: emikted by FOTWsving, F
Califarnia in 1988 (Chang .ot ab., 1987).- :Spmcifdca by, the dif Hed
hetween the concentration of vinyl chionide imthePOBE nfluent Eadse
efflusat. was assumad to be emitted to thesatmosphere. Ihis
be useful in - assassing wiich POTHe conat fute & thresd: to pubiic healtif
However, because this approach doas. net tahe imko: scosunt the formation
or degradation of vinyl chloride withtin PQTHs, the resulting emission
estimates should only be considered rough approximations. In response
to the nesd for more information concerning emissions of toxicants from
POTWs, ARB is currently funding a research contract. When the research
is complete, the resulting report will contain the mest recent
information conceraing the estimetiom of emissions of toxicants from
POTHs and POTW collection 1inwk, The report will ziso address the
efficacy of POTW odor contral ;ystnt on reducing emissions of toxic
compounds .

E.  OTNER POTRNTIAL DNESSION SOMMCES . .

%4 m t‘hm trlr several .
: E entssiong in Californis.

i nstwatur trestment plants, fofmpration of PVC
ortation of vinyd chloride.

i

\ wienksd in the discussion on POTWs, wastewater treatment
facilities are sources of vinyl chloride emissions. At several
industrial facilities such as o0il refineries, chemical manufacturers,
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etc., industrial wastewater is normally treated before being discharged.
These wastewater treatment plants are also potential sources of vinyl
chioride emissions.

2. Waste Incinerators

Vinyl chloride has been identifted as a combustion product in the
fiue gas of an incinerater burning plastfcs (Bosttnem et al., 1973). It
has also beenn hypothssized to.form upes the combusttea of PVC materials
(Ahlting ot al., 197822 PVC materials are used evtensively in
autamobile' s upholstery, bumper parts ind floor mats; when these
malemialy are incimerated, vinyl chloride . is-a likély podtutant in the
inctnerator exhaust. Hospital waste: inctmerators are.smother potential
source of vinyl chloride emissions since much of the-hospital waste such
as syringes and plastic bags ars R¥C.containing materials. .

3Iun:nnntaﬂnunuﬁmmn_$nnlm

.~ Another potential source of emissions+is the sceiduntal spillage
and/or leakage of winyl cifloride that is beimwg transported either by
ratt car, tank car, or marine vassel. "Viwyl chléridd is transported b
rait cars to the two: PYC prodiucers currestlyoperating inm CaTifornia.
As far back as records are available, there -have-been no reported
accidents invalving winy? cloride in the Stats (GFfice Of Emergency
Services, 1988; California Wighway Patrok, 199§,
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A. PHYSICAL PROPERTIES

The chemical structure of vinyl chloride (chlorocethene.
chlorosthylene) is CH,=CHC1., Vinyl chloride is & sweet smalling,
colorless gas at ambiznt temperature and pressurs. It polymerizes in
light or: n the presence of a catalyst. Vinyhchloride is readily
flammable and forms explosive mixtures in air. Upon combustion, it is
degradad mainly to hydrogen chloride gas, carbon monozide, carhon
dioxide and traces of phosgene. Vinyl chloride is expected to
Malatilkime raptdly from water systams. Experimental data indicate that
for an initial concentration of 1 ppm at & solution depth of 6.5 cm and

-8 shirring rate of 200 rpm, the avarage wwosltm hadf~life of vinyl
chloride at a temperature of approximatsly 25 C is 27.6 minutes
(Di11ting, 1977). Another study detarmined that distilled water spiked
with 16 ppm v;nyl chloride lost 98 percent of the vinyl chloride within
twe hours (U.S. . 1974).  Alt it is seluble in ethanol,

T industrial solvan s, and a mnbormc':,norqmic Tiqufds, vinyl chloride is

Setuble in water. Vinyl chloride's physical propertiss
B4 o0 TN _

BIEE cb: - 0o fegiv Aded Yo i dRenncs
0347 GOT IgEN #8510 InanhaGHS. €7 119
h-hydeaxyl ra 415 vis Ahe, deniemt mechenivs removing
M. the tropespbore -( F98G: -Atkinson, 198Ga). Estimates
. trepespheric.lifetine range from-&.8ta-5.9 days.
2sgns provided later in this section, ARB staff believe
WWR lifetime ranging from 1.6 to 3.9 days is
represaniative of typical atmospheric conditions. The rate at which
this reaction proceeds depends on the temperature and the tropespheric
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TABLE 1IV-1

PHYSICAL PROPERTIES OF VINYL CHLORIDE

— Properties Yalue Rafarence
Boiling point, 1 Atm -13.37 % Merck Index, 1983
Molecular weight ) 62.5 Merck Index, 1983
Vapor Pressure, 20 °C 2530 mmHg Merck Index, 1983
Sol. in water, 25 °C 0.11g/100g H20 Kirk-Othmer, 1980
Partition Coeff.H,0/air 10°C  0.02 . MeConnell,G., et al.,§975
Octanollﬁzo Partition Coeff. 20.7 i Withey, 1976 o
Specific gravity, 20/4 % 0.912 * ™ kqrk-Othmer, 1980
Flash pt. open tup -17.8% Kirk-Othmer, 1980
Lig. Dens. -~u,1rtf¢,1/f¢:nv1 ©.99 "t KAW-OtMer, 1980
Heat mccwy, zﬂ: C18als : CRC Handbook, 1985
S ate RN S , -
o \9![?%5 LR B TP LT 1_!:» PRI ST kY a
P URCTL AR *.5 S 5B ] SR B R S o
R e Rl L e N A T D T R e -
N I TR R T Y veooov e
s s3tagng s o ovaf¥ saten 17 o W e opo
[ S " SR S

h vinyl chloride akd Rydrodyd Fadfca¥dd The

ce of the reaction rate is incorporated in the rate
tion of viayb-chieride with hydresy) -radicals. The
3 ke constant and both species concentrations gives the
itk vfﬂyt“chtorido fs being degraded (Fintayson-Pitts and

The tropospheric lifetime of a compound is an estimate of the time
required for a given amount of the compound to decrease to 1/e (0.368)
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of its original concentration (at time zero). The tropospheric lifetime
() of vinyl chloride is related to the rate constant (k) and the
hydroxyl ragical concentration ([.OH]) by the equation (1):

r = (K[.OH]) "} (1)

In deriving the above equation, it is assumed that hydroxy! radicals
are at a constant or steady state concentration in the troposphere.

Estimates have beeri made for the rate constant result i)
chloride's reaction with hydroxyl radicals. Perry at al
estimateg the ab olgtc rate constants over the temperaty
Kalyin (7K) to 4%6, The .limiting high pres rats
temperatury of ‘299K, is estimated to be §.60 AjKWEx 170
molecule second . Howard determined rate constants for the
react fow-of vinyl chioride with hydresyl radicals- at- 296°K over a range
of pressure whare the hi t. pressure employed had not reached the
1imiting high presiure regime (Howard et al., 1976J.° However, when data
obtainad by Howard are exirapolated to?gpo h!ggﬁgiogsyro limit, gae
resultigq rate constant is approximately'7 x 1

¢m” molecules
second . (Perry.et al., -1976). This is in good agreement with the value
raported by Perry et al. Table IV-2 summarizes the rate constant
estimates, atmospheric lifetime estimates, average tmmparature assumed,
and the method used to estimate the rate constant for the reaction of
vinyl chloride with hydroxyl radicals and ozone (03).
The 24-hour average hydroxyl radical concentragion in the5
troposphere bss been estimated to rango from 3 x 107 to 3 x 10
molecuies cm - {Hewitt & Harrison, 1985). Because hydroxyl radicals are
only present during daylight, the actual range for daytime
concentrations is twice the 24-hour averages given above while nighttime
concentritions are essentially zero. Daytime hydroxyl radical
concentrations vary depending on many factors including photolytic
activity and the concentration of ozone as well as other pollutants in
the troposphers.

Using the rate constant delermined by Perry et al. for an average
tropospheric temperature of 299 gnd 2 ranqesof hydroxyl rggical
concentrations ranging from 3 x 10” to 3 x 10° molecules c¢cm ; the
estimated tropospherfc lifetime for vinyl chloride ranges from:

R 0.6 days for [.OH] = 3 x 10* motecules cn™3

to

5.8 days for [.OH] = 3 x 105 molecules cm™>
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TABLE IV-2

ATMOSPHERIC LIFETIME AND REACTION
RATE CONSTANT ESTIMATES FOR VINYL CHLORIDE

]

’*nm‘* Tunpdutun

FRTaN b"'
Leactant * "Longtapt mmm_ Mithod
(\‘h H"'gﬂg_;* I R w@iﬁ’n Ll Y

o T WY

Gﬁ%m ¥&-12 a&zwnéaa“ﬁniﬁ_ j* awff,%y ot al., 1977
g mwﬂ“" %s:ﬁ:finw,;;ﬁ”‘f‘;g"w ot al., 1983

. R ' | LA Tmon nfglt i . "
03 zsx 1 _‘,E’_,,_,a Lol st o8 Gayet ., 197
631 le wE . Z“f?' ; S-g_'!“ 4.9 yaurs L;‘r":faﬂ'm.m_zé'et: al. 1976

L N

a - Rate constant units are ca’ molecule™ . second™’.
b - The atmospheric 1ffetime s defined as the time requir.d for a given amount of the
- compound Yo decreasy ta 1/e (0.36§) of its orfginal concentration (at time zero).

-

¢ - FP-RF = Flash photdlysis, resonarice flouresience.

d - Assumg a 24-hour avgﬁa hydroxyl radical concentration ranging from 0.5 x 105 to
1x10 mlmﬂﬁ rwﬂ:t. 1980). \

S-FTIR = S%jﬁftﬁtﬂ. Fourur transform infrared absorption spoctroscopy

12
f - Assumes & 24-% average cencantration of 1 x 10°° moleculas cm™ (quh et
al., 1974}, %

S-UV = Static system, ultraviolet absorption.

g
NR- Not Reported ~
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As previously indicated, the concentration of hydroxyl radicals in the
troposphere can vary considerably. However, several researchers
recommend 24~hnu5 average hygroxyl radical_soncentrations which are
between 0.5 x 50" and 1 x 10 molecules ¢m - (Prinn et al., 1987; Winer,
1987; Singh et al., 1983; Cupitt, 1980; Cox et al., 1976; Davis et al.,
1976). By using this ragge of 24~hogr averags hydggxyl radical
concentrations (0.5 x 107 to 1 x 10" molecules em ~) in conjunction
with the rate constants determined from Perry's rata constant at 293%,
the resulting range in atmospheric lifetimes is from-1.6 to 3.9 days.
Using Howard's adjusted rate constant derived by sxtripoTatiu
high pressure |imit, andsthoJSano rgngs af hydrex ik
concentrations (0.5 x.10" to 1 x 10" molacules
lifetime estimateg for viayl chloride canges .fr

s I : .
The initial step in the roabtial of vinyl cATYSIE with hydroxyl
radicals proceeds by the addition of hydroxyl radical to the carbon-
carbon deuble howd. Althayg ,gghsqqgngﬁmstqn;,;?: +edgtion mechanism
are unknown, .reaction products have.heen idant if (Atkinson, 1986b).
The major product. resulting from Ay Fadicad stiagk on vinyl .
chioride is.formyl chioride. A0 <3P 5 rdemonstrated. that
the yield.of Yoemyl chloride:from.the earetion. of hydragyl radicats with
vinyl éhloride is unity (one molecule :?.fcruy¥ chloride for each
molecule of vinyl chloride) within the experimental error of the study
(Pitts et al., 1984)...The observed unit yiqld af formyl -chloride
implies a corresponding-ugit yield of formaldehyde and shows that tne
reaction of vinyl chleride with .aydroxyl radicals procesds by
essentially 100 percent cleavage of the double bond. .Equatioas (2)
through (6) sunmarize the overall.reaction scheme which seems most
likaly (Pitts ot al., 1984).

(OH + CH,=CHC] --,f.>'uocuzcuc1 (2)
4
K - e GZ : =0 .
necuzcnc?' --------- > HOCHZ HC1 (3)
ﬂ*2~o. o g. _
HOCHZ HC!Et NG -mooooocee > HDCHz HC1 « uoz . (4)
v deb :’-)-M A " “ N
©oma ﬂpﬁﬂz. jememmmewmnd CHOH ..+ _ HCOCK (8).
< rmme AR L . fm%;*forlngchlorid.) .
L Tl T W N R i
.CHZOH * 02 -------- > HCHG .HOZ (6)
(formaldehyde)
A-46
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Under atmospheric conditions, the reaction of vinyl chioride with
ozone is not expected to be important compared to its reaction with
hydroxyl radicals (Atkinson, 1986a; Atkinson and Carter, 1984). Several
rate constant estimates have been made for the reaction of vinyl
chloride with ozone. Based on these rate constants, atmospheric
lifetime estimates range from about 47 days to approximately 5 years
(Zhang et al., 1983; Sanhueza et al., 1976). Tabte IV-2 summarizes the
atmospheric lifetime and rate constant estimates azlong with other
pertinent information for vinyl chloride's reaction with ozags
the variability smwong the estimated rate constants, a reviedll
made no recommendations as ts the rate constant £ar th

viny! chloride with ozone *(Atkinson and Carter, i .i‘ jrmore,
because the reactfon of‘o‘"viﬂﬂ vingl chioride yiikibe cd \ y
secondary reactions, the Fate cosstants provid ¥ 1¥-2 should be
considered té 8§ dppeér bcu;l HOURAE

B A N xavd "o hcvﬁ:“ . 3»50& W

“in-the abseriCe of '§é§ TEhTér Y6 dMd fofmic acid {Zhang
et. al., 190%).: OEﬂtPJpr frad®the-rilict ioh .of ozone
Wit v Ing P ER18PYde PNCTudd “Cartfon Monortde; cardél BHoxide,
‘formaldehydé, iﬁd hydrerPaF1eﬂ¢c1! gﬁlf at li.. T’?G !hlﬂg ot al.

" Prodwetsy ‘resgitf frai %ﬂﬂ‘ouﬂﬂh“ﬂny? chloride

1993). @ .
: .79 877 “'n” i T

As . stat‘!”—thi'ﬂbf! important “Itadspheric removal mechanism for
vinyl chleride:is tt!”dlytﬁnn feaction with hydroxyl radicals. VYinyl
chloride dues riot aksée¥ in the‘actinic uitraviolet region, hence
photé!ysis need not be énsidered. Reactfon with nitrate radicals
(.NO.,) muy participlits -in the stmospheric removal of vinyl chloride.
Hovcaor. no kinetic data for .NO., are available, and studies of NO3
reactions are not yet sufficicnt?y advanced that lifetime estimates”can
be made (Finlayson-Pitts -ind Pitts, 1986). - -

Little 1s known ashout the formation of vinyl chloride in the
atmosphere. However, -under experimental conditioms, vinyl chloride has
besn shown to be a photodissociation product of 1,2-dichloroethane (Yano
and Tschulkaw-Roux, 1980). In the study, l1,2-dichloroethans
photodissociated when jrradiated with ultraviolet 1ight at 147
nanometers (mm) under pressure and in the presence of NO and CF
additives. Although it was not the purpose of the study to 1deﬁtify
vinyl chioride formation pathways, vinyl chloride was one of the
photodissociation produets. - Since wavelengths of ultraviolet light
below 290 mw do not rsach the troposphere, this formation pathway is not
important for vinyl chloride in the atmosphers.

Yy L
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APPENDIX I

SCAQMD‘S ANALYTICAL METHOD FOR SAMPLING AND AMALYSIS
OF ATMOSPHERIC VINYL GCHLORIDE
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MBIEN’I‘ AIR .SAMPLES AT IANDFILL PARIME‘I’ER

(REQUIRED BY S'UBPARAGRAPH (c)(4) (D) O'P"RULE ...150.1) X

SAMPLING FREQUENCY

Once per month or at less froqunm: intey

the Executlvc C)rrz.ccr. The landtill owncr/mrator must file a

o : ,m’_w‘ s «—l& o L M ks
written request with thcg Exacutive Off.iclr. if he wants to sample

T T -
RN, X TR BIo0. 0 o

,...-...4... vy

at intcrvals 1ess frequcnt than ncntiﬁy. Such a r"é“quut must be

L " ——y Y T=—
-.&,_,,m__':_“mu T d ..ﬂwm,v _;_;,’_'"_u‘.

supportnd with provious :ampli.ng r.dults and other ™’

P‘m

documentation. In dctemininq it the rcq‘ueﬂ:aﬂ sampfing_

frequency is appropriate, the ‘Executive officer will ‘consider

previous ambient air samplinﬁ regults, landfill suyrface sampl ing
T u

results, landfill gas composition and ot_:hcfr‘fc'rtiner:t data. The

Executive Officer will notify the landfill owner/operator of his

decision in writing_,y

NUMBER 0? SM!PLEFS

_ ECTRE.
‘W‘*Hn --mwm“v-w,w n«" -

“ow -

- ::--..a;‘-.nfw

The number of ambient air- sgp_u rcqulrnﬂ '!‘iiI!"dcpnnd
- "'"a-!- e":,. "-,‘ s ok -‘-m-ﬂ"r — ‘R‘L:[Yr;‘k"" ;:'-'l it ‘;:_‘!‘{,“ -
topography and the. sizn vr the Tan@eiTils 't {3,

--—...‘-1‘_,_“- .._..'

. %_ S ':& -
will be sited to prav;de good meteomlagiml, qamm t'.o

-9""‘"*- ~'|.

e TR
L N _"__-&__,._-.s,, A S

predominant offshore (dx.-amage 1and breeze)-_-anﬂ {sen -

. oat e’ -- ‘u_cm-._

breeze) wind flow pa‘:.térns- .In areaa wi*.:h -sig'n:iﬁcan... s.lopas

PR L e -
- -

4"l1

!I--"$
'|



local nightly drainage patterns will also be sampled. hif

sampling locations must be apprcved by the Executive Officer

prior to sanmpling.

SAMPLING CONDITIONS

-,

-
".,‘:"5*3‘- —

Anbfhnt aiy aiﬁpIIthwill”bc cbnductod'on Jiys when stable

L gl

(offsﬁoﬁi“df“iﬁqgtT‘!nﬂ unstabitﬁjon;%orcmn-a-hro.g;l

BRI S e | i T

e mctnaroioﬁical ccndtticnl nrt rtpr tntitiv-wfor the season.

e

Preferable samgg;ngfconditions are chtrnbecﬁiéod bg,tbc

tollowinq,moteornlgg}cal conditfonss - &

1. Clear cool nIghts with wind-spéeds two (2) miles per

"~ hour or less.

2. onshore sea breezes with wind speeds 10 miles per hour

or lésk:
No sampling will be conducted if the following adverse

metsorological conditions exist:

-%. Rain

2. Average wind speeds jreater than 1% niles per hour

for angfzo minute period.

3. Instantxneous wind specds greatcr than 25 miles per

- oo

hour.

continuously recorded on site wind speed and direction

measurements will characterize the micrometecrplogy of the site

and serve to verify that the metecrological criteria have bean

~-33- cMA 010588




met during sampling.

EQUIPMENT DESCRIPTION

An ambient air sampling unit consists of a
(Dupont trade nane fof polyvinyl flu ilé@)ﬁ

pump, stainless steel capillary tub

wET ey

rate to the baq, a bypass vach to to&ﬂfdetﬁ& sample flow rate

> Y OLBL VM CIeN g

(and m.mimizev back pressurt { ‘S the PiwpP’ & rotameter for flow

indication £6 aid in ‘setting tifé Mow, & ‘2¢<dour clock timer to
shut off the sampler at the ‘énid &F the 2€nour sanpling period,
and associated tﬁbiﬁg and conné¢tions (madé of stainless steel,

teflon, or borosilicate glass to minimize contanination and

reactivity). The physical layout of the saﬁpllr'is shown in

Figure 5 (see Aﬁpcndix X).

EQUIPMENT SPECIFICATIONS

-&h ﬂ_u

Powver -- bnc 12 V" Bc harine blttury
The ma:inc‘battiry ptovides 12V DC te the pump and the clock.

Pump -- cne ‘12v be punp )
The diaphragn is made of non-lubricatad Viton (Dupont trade

name for co-polymer of hexafluoropropylene and vinylidene

fluoride)ﬁrubber. The maximum pump unloaded flow rate is

ChA 010589




o gt 3% Eem
R

4.5 liters per minute. D R’B FT
AR o'

C. Bag -=- one l0-liter Tedlar bag with a valve
TEDLAR BAG 1S ENCLOSED IN A LIGHT-SEALED CARDBOARD BOX TO
PREVENT PHOTOCHEEMICAL REACTIONS FROM OCCURING DURikG SAMPLING
AND TRANSPORTATION. The valve is a PM‘hfpgllw? De
of aluminum and stainless steel, _wi—%;& ‘ " x:inq seal.

D. Rotameter T oal s s
T L s o Boetapetes,.is xade q: borouilicata qlus and has a flow range

pod adgr o 2

-3- 0% $3-ta 50 cubig ﬁ%-qt?ixgrctgbx_'% “Ecr minute. The scale is in

it avimom o o~

s .r v mildimehers vith W"B Fg;gd&q:agioqws _(labclnd) cvnry S mm and

3 f‘lj - :~A

-ahney-geaduations every 1 mm. "

E. Adr-flowontrel erifice -- B;GASE;inlgss steel capillary
-gubing -

- F. Bypaas valvae , )

& ' 6. Frittings, tubing, and connectors -- 316 stainless steael or

teflon

H. Clock timer
Accuraéy should be better than 1%.

I. Wind speed and direction monitor with continuocus recorder

ff‘ ‘I. Wwind speed. ~-_ ”gym%?spcmbly, ffn?¢‘9 - 50 niles per
- rhour with a threshold of 0.75 mile ;.r hour or less.
2. Wind direction -— Vane, ringcﬂoﬂ- 540 degrees with a-

e : threshold of 0.75 aile pcf hour or less.

EMA 010590
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SAMPLING PROCEDURES

Ambient air samples will be collected at the perimeter of the’-‘.-:'

landfill over a 24-hour pericd beginning between 10 A.M. and

11 A.M. using the above described sclf-cmtnirnd portable

sampling units. The samplers will ba ’1' -

locations as descr;__ bed previously.

dz;oct;ig_ monitors with continuous re will be installed

' TR A Iastenos

and operated in areas approvcd by the Executive Officer to
PRALT L gawde s tE

neasure wind speod and direction throughout the entire sampling
- reig “ “ ”.}!"vw . eﬂf

period.  The wind dircc:t:.on t*ansuittor mxst be oriented to true

~ e 2, \‘_“ L)

north using a cqmpass.

QUALITY CONTROL PROCEDURE

The tollowing qual:x.ty control procedure is required for the

-

ambunt air sampllng operation: =

A. }.laign an idnntiﬁ.cation number to each sampling bag.

R Tea o H

B. C;oazrly Mrk smpling looations en a landfill topographic
CTOogmgm v . E R TUE R ,

. map whioh is dzawn to scalo.

Docunent the date and time that thc bag was put into
operation, the sampling 1ocation, and the date and tinme
that it was pulled fron servics.

Check the clock timer. The cleck tirne and the actual tine

should agree within + 2 nminutes.




F. Check the rotameter reading. The flcat (measured at the
middle) should be within +3 and ~6 minor graduations of
the marked setting for 6.0 cubic centimeters per minute.

If the rotameter setting exceeds the above limits adjust

oo

™ that “the flcw" has S‘E!b‘i‘liztd fa
. _ L. e Eﬁax,na” Bl i e, ) e
C _ constant £16w S“TIhél mlrrw“bt t-wlaﬂim between the

- r M
- -

LLTn 'mﬂv-ﬂ-‘--.a"{ anT \Lc‘ TR W™ - & ;
adjustmc*’ﬁ Q"E”Hﬁl‘r“ﬂwww R S
L S AR PPN AR S« v S rall: BRI
G. Check wﬁc&hnmtwmm .cpen pékition. If
* Il @O %pliin var TR e s

the valve is in the closcd posft:[on cpen the valve and
and record the time on the qual"ity control sheet.
H. Remove the bag for analyses at the end of the 24-hour

period. KEEP THE BAG IN A LIGHT-SEALED CONTAINER AT ALL

TIMES.

. R e
Data for each sample collected must be entered on a guality

control sheet as shown fn Figure 3 (see Appendix A).. Prior to

—memes ‘-\F..:- ﬂ{!"_‘;l_‘ --mn N
use,. t.ho Tcdlnr bags should be evacuated and filled with
R 35 Dol S Tl
purified nitrogun three tlmes to flush out the old sample.
¥ LR D s
Bafore sm;d:.ng tho baqs .mto thc fJ.eld thcy should be chacked

—4...._.,

tp makc sure that thc vacuum nas been mzintainéd. Remove from

-

service any bal that has experlenced any leakage.

«37-
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saseTIons roczooRs R 1FT >

Bag samples covllected nmust be analyzed within 72 hours of

FQl}e?§£QE;m9£"§@?EEEE_Eff%Pd if notified by the Executive

Officer, for total organic compounds and toxic air-&ontaminants

using analytical methods identifjed in Tahle 1 (see Appendix A)

or equivalent methods approved by the Executivid
1.?,, R “ﬁ-l‘
THAT ALL BAG SAMPLES MUST BE KEPT INjﬂ

AVOID PHOTOCHEMICAL REACTIONS.

REPORTING OF THE RESULTS

The followxng data nmust be submitted to the Director of

Engineering within 45 days after the end of the guarterly

reporting period for the-landfill or 45 days after the

analytical -esults are availatle whichever is socner. A

different submittal time may be implemented upon approval of the

Executive Cfficer.

A. Volume concentration of total organic compounds (reported
as methane and total non-methane hydrocs: —bons).

B. Volume concentration of toxic air contariinants identified
in these guidelines. .

C. Barometric sea level pressure (inches ¢f mercury) on the 4

the samples were collected. If a barometer is not availad

at the landfill site, use the Natiooal Weather Service dat

at the nearest station.

-28- CHA 010593




wind speed and direction data. R A

A drawn to scale landfilI?topograéhic map with sampling

ljocations clearly marked and numberad.

[ 1)

Quility control data sheets.

ool Rl e -,

LABFUED Tle snwn.
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Instrument: Hewlett Packard 5700A Gas Chromatograph

Detector: ¥Flame Ionizatign

i . -
Ty -

———_
Injection System:. a'wo Carie val

&hd-a 4-port,

-

¢

pluhcdwcwﬁuinudml, 1/4" stainles
!

tsttol smplc loop with pre-column, back-flus
Qand pressure baslance. See Pigure D for
L

- ‘'valve plumbing.

t

GC Conditions: .

. o Detector Temp. -~  200°C e
. oven.Tamp. - ~'609¢C
) ﬁ Anﬁlyt';.\éal‘_,c\oliﬁm‘”-- 6'.% 1/4" ss, Chromosil 310, 60/80 mesh
E .—Ccﬁltmn;»-"‘“w T .8' x 1/8%:ss, Burapack n-octane/Porasil
| 100/120 Eesh..
'; Carrier Gas - 80/100 m.l/nin' nitrogen
= o B o

Data Gatt:’h;yw ﬂwlmt,;fpackarw.u% flgp.qntor is used to
/ Wtwconcw'tiuﬁ”by peak area comparis:

L tn an’ ' axternat- ‘standard. -

- valve Timing: Timing and switching events are performed by th
: integrator. 1.4 cinutes after injection both v

are switched to the back~flush or initial posit
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Standard: Approximately 1 ppm vinyl chloride is Prepared by Scot-

Environmental Techrology and certified to *2% analysis.

Range: 2 ppb to 1% vinyl chloride

Accuracy: ¢ 1 ppd in the rangs 2 -

FPD £o 1N

IR
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DESCRIPTION OF GLEIT'S METHOD
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APPENDIX I ‘

DESCRIPTION OF GLEIT'S MZTHOD

N T

N
R TN e

Bt Y. ata skl BN CTNVSFIPRITE SR KR i T S
mumnmuﬂ'_f Kl-whad i F((Lwio)}d = (B

e (A4 D SEARCe B il mBTL Y L 5 T - z

“n equ@ﬁqn gi) ?ﬂ;’%ﬁwammw wohabw demﬂv ﬁ:rmon

; and”cumulafu disi functign of the stancard normal distribution. The

atadt:p ati Symples Balow the-LOL' reparted in Table 112
e tho below-LOB means of the assumed lognormal distrbutions of e
concentrations. These below-LOD means are computed frem equation (2) in
terms of pagameters of the mem FatODL, the
mean concedtrilian ﬁm abie 2, pnd mmmmmmum
(which is not tabulatecd).

TEMRE e ey T2
exp (u+0.5" 02)" F(Iio%e) / Filowey -~ (g

We now describe how Gleit's method estimates the mean andvariznce of the
assumed normal distribution. The mean and varianca cannct be ‘@stimated by
merely substituting into standard fcrmulas, if below-LOD concentrations are
to be setto th below-LOD mean. On the one hand, the mean and varance must
be known in order to calculate the below-LOD mean from (1); on the oth r hand,

CMA 0104601
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the below-LOD mean must be known if it is to be used in the calculatish &f tha

mean and variance. Statistical theory, by asserting that a "best -fitting *
mean and variance for the distribution exist, provides a way out of this
dilemma. Gleit uses a simple iterative procedure to compute these best-
fitting parameters. Since his procedure can be simply described in
words, a written description is given, supplemented where necessary by
equations written in a notation more convenient than Gleit's.

Starting with nitial guesses u(0) and a2(0) for the fieg
proceduré repeatsedly generates new gstimates of the

thetwo—stapcompmaﬁnndescﬁbadbéibwunﬁfs coass ofn

* filean and'varidrice cdrverge suﬂl’cﬁintym» K-th paxr of astimates are

g R Y

danotudbvuﬂ(‘)’and%) T'hitwostopsan e e

L N sy g in U
" The ket beloneLOD oA IELODIY -is compted by
substituting () and o{(K) (the square root of-g2(K)) ints equation (1).

(b) The K+1-st estimate of the mean, p(K+1), is computed in the .
usual way with ugy op(K+1) substituted for the sample values below

computed in the usual way, with an analogous substitutian for
sample vatues below the:LOD: the squared deviations from the: mean
of concentrations beldw the LOD are sat equal to the avarage
" squared devigtion from the mean of the below-LOD portion of the
istribution. - . -~ "

'! the LOD. The K+1-st estimate of the variance, o2(K+1), is alsa -

=i e R fee e TR

Let the N sampi¥ tams bEX{TY,...X({N), and let p be the number of sample
items below SWLOD. w{K#1} ¢ computed by: -

DT

p{K+1) = (1/N) Z Y(J), where Y(J) = X(J) if X(J) 2 L
and Y(J) = ugi op(K+1) otherwise.

o2(K+1) is computed by :

a2(K+1)= (1/N) Z D2(J), where D2(J) = (X(J) - p(K+1 ))2 \?
if X(J) 2 L, and D2(J) = o2g op(K+1) otherwise.

CMA 010602
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The quantity °ZBLOD(K"'1)' the average squared deviation of the below-1.OD
portion of the distribution, is computed from the following equation:

o2gLop(K+1) = o(K)'[1 - Z(K)* (H(Z(K)) / F(Z(K» ) 1.
where Z(K) = ( (L (K)) / o(K) ). v

Gleit's mathed nearly always converges.in a few
few distingt vaiyes éilove the detection ik, in w
very siowty, Gisits mathod and closely relatad melfids Mioliar
bestavaslabtoedeofﬂn mean when the sampie ixiikies vaiues below
the LOD, as is demonstrated by the simulations reported in Gleit's paper.

! m‘
H
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APPENDIX III

ESTIMATE OF TOTAL EXPOSURE TO VINYL CHLORIDE FROM INDOOR AIR
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INDGOR AIR EXPOSURE/OTHER ROUTES OF EXPOSURE ASSESSMENT
FOR VINYL CHLORIDE

I.  BACKGROUND

Health and Safety Code Section 39660.5 directs the Board, in its toxic
air contaminants identification process, to assass exposures to toxic air
contaminants in indoor as well as outdoor envircnments. Indoor exposure
assessment has- beceme 1ncru31nq]¥ important as an integral part of air
exposure assessment because (ARS-1887, 1989):- "~ A

I

i. people spend a predominant proportion ef their ¢ ime indoors; and

W

2. personal and indoor air monitoring data indicate that some p llutant
concentrations are regularly higher indoors tham outdoors.

Indoor air exposure data, combined with outdoor air sxposures data, can
provide a realistic estimate of personal exposurs through the air enviro t.
A more detailed discussion of indoor air exposury is cegfained in Appendi§f A.

Indoor air data can be obtained etther by personal afe sampling or.
fixad~stte air sampling. In personal sampling, the samplinig equipmant i
carrted by an individual and air samples are taken vherever the individual may
be. In contrast, fixed-site air samplings refer to air samples taken at a
fixed location. Personal air sampling data generally provide a more realistic
estimate of individual exposure. Since most people ;bspfﬂﬂ'em of their time
in indoor environments, personal” air sampling data are L steongly weighted by
indoor air exposure data. " o T

WhiTe the main oBjective. of ths report is-8. sxpoaire through the
air, tNis repoft’ilio gru nts persena sgfosugo dgfa thtqugh ather media.

The inctusion of* thesi i g“wi]j‘}gggﬂ?“a ‘il t$p3Etive, of ‘the overall
exposures tor tm:mt}ﬁt-ua’ T $h gﬁg " | !‘ Qimagts] didid. The ne d for
total exposure aisassment and some of ¢t is #nd ‘toncepts {nvolved in
total exposure estimates are discyssed. jn-Appandix %y, . ) -

-

EES-TNRS (TLEGE 113 )
TRt ahe i TUwde b e
AT B LATVEY e

s Ting data for most organic compound§ come from th
Egpiite Assessmont Mathodology (TEAM] studies camducted by the
Environmental Protection Agency (EPA) during 1980-85 (Wallace, 1987; USEPA
1987a,b; Wallace & Clayton, 1987; Wallace af al., 1986; Pellizzari et al.,
1986). Although vinyl chloride was included in the initial pilot study (Phasa
I) of the TEAM project, vinyl chloride was deleted from the subsequent main
studies (Phase II and III). The deletion of vinyl chloride was due to two
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factors (Pellizzari, 1987). First, Tenax, the most cost-effective sampling
medium which could collect a number of compounds of concern, was not suitable
for vinyl chloride collection. In addition, the alternative sampling method
used to collect vinyl chloride in the pitot study did not provide the required
reliability for detecting low vinyl chloride concentrations.

Consequently, the pilot study. provides the only available pmrsonal air
sampling data for vinyl chloride. Based onsthis limited information, indoor
air exposure te ving] chloride is apparestiy low. .Ir menitoring nine subjects
in New Jarssy and.three from.North.Carodine for. several days on three separata
visits over a 6-month period,.#dl of-ANexid® air samples taken ware below the

l1imit of detection (Wallacy of al. 1984). The range of the limit of detection
was from 0.63 to.2.84 ug/m”, .. e .

7oz e

B. FIXED-SITE AIR SAMPLING . g
As part of a recant follow-up TEAM study In California, fired-site

monitoring stations were installed to monitor. indcor and outdoor air

concentratfons of a number of organic.compounds. (Pellizzari, at al.. 1989).
Specfally designed stainless stesl canisters wgge used for callecting vi
choridé afr samplas from homes in the Los Angeles area for two seasons:
homes were sampled in the Winter season and eight, of the orjginal home -
sampled in the. Summer season. .Canister air samples ware.collected indoo
outdoors at, each home during two, 12-hour perjods. Siamples obtained in t

Winter season did not provide reliable data due to technical problems. All

outdoor or indyer samples, a total of 32 samples, obtained in the Summar

season indftatéd that vinyl chloride. air concantrations were below th 1imit

of defection.. Thé samples were. agﬂ‘ 2e¢. by  twd analytical methods with limits
ug/W”, respectively.. .. . .

of "detéct fol 4t about 0 58 and 14

cofcerftratTons of v
site Sim T 3L

quotad by

Taihe \ nRE 2
c. seecia sthukbion®

e SATY MT TR ACYY O FrR eyt

Coast WMVW%&&::‘@:&JWF& x
pies in the vicinity gf.the, . a Class

A total of mors th&n‘goa’(ﬁr”s‘ag%":”:.n taken at two

Tour sites inside downwind. resjdences (SCAQMD, 1582).

4% . of the total smglod].tba equaleqd or exceeded th state

‘ r'quality standard of 10 ppd (26 ug/m”) were taken inside the

residences. INhe highest recorded indoor vinyl chloride concsntnthn was 50

ppb (130 ug/m® The limtt of detsction was 2 ppb (5.2 ug/m”}..

In late 1984, the SCAQMD staff took abaut ten grab-samples insida the
water meter boxes of residences adjacent to the Operating Industrial Inc.

CHMA 010406
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(0IT) landfil1 (SCAQMD, 1985a). Viny) chloride with other landfill gases, had
migrated to and accumulated in water meter boxes at concenmtrations ranging
frem 13 to 36000 ppb (31.2-93600 ug/m”). In 1985, the SCAQMD (1385b)
conducted further monitoring by grab-samples inside some of the residences and
foung indoor vinyl chloride air concentrations at & to 120 ppb (20.8-260
ug/m”). Present indoor concentrations of vinyl chloride in these residences
near QII Tandfill may be lower since recent routine menitoring of watsr meter
boxes have not detected significant levels of landfill gasas due to
improvements of OII's landfill gas collection system (Coy, 1987).

C. SUmY - M . ', bidar . - ‘r";
Except for houses near lemdf¥11s, the viny! chloridh contentration in indoor
air appears to be lov. However, this: conclusfdn 1 dasid onr the evaluation of
a very limited database. In addition, the sampling and amalytical procedures
for vinyl chloride indoor air monitoring are Téss than satisfactory as
evidenced by the widg range for reported 1imits of detectfon. The limit of
detection, 0.55 ug/m”, reported in the latest California TEAM study appears te
be the most reliable. This 1imit of detection will be used to estimate th
upper 1imit expesure for house not adjacent to Tindfills. ‘

For houses near landfills, the measured high indset vingdlchleride air
concentrations may indicate the potential impact of nearly emission sour to

indoor environments. A more detailed discussiéh of TandfiY) emisstons as a
source of indoor vinyl chloride is presented im section ITX(C)-.

I1I. POTENTI
A.  PLASTIC MATERIALS AND CONSUMER PROBULTY” - -

* ¥iny¥ chloridi hat met been used 1/Piny coilumer products since 1974 when
viny? chloride was’ Bahned as & propeTlafit® Im NouseRo1& ierdsol products and as
an. injrediant. oft drel and cotmet fe- prodicty’ TIARE, 1993). :

EWLANC BT, - 2 Cy ot pw R eb. TRIAL 50T TR e

Becauss of ‘1tw Versat 11ty p1aat 1& praduelt mde of poltyvinyl chl ride
(PYC) and othsr wibyk cllor b PO IYisr 3 if e IB1ELItOUE In any helisehold.
Before being madeliatty different préduct¥;” PYE pblymded 18° in Lt form of a
resin that is made by chemically linking the vinyl! chloride moTecules.
Individual vig ¢ molecules dre also called vinyl chloride monomer

spwent remain in the PYC resin foi®scld Ve capending on

PEhe- unreteted VCN." :Therefore, an Indtract source of
o “may- com TPom-thé reledse of unreacted YCM from these
plasticigiiets. * Fér-example, during 1975 to 1976, low VLW concentrations,
ranging TFom below2 ppb- to 1.2 ppm, were measured in autocobdite interior air
space under experimental conditions (U.S.EPA, 1976; 1977).

Emissions of unreacted VCM have been greatly reduced due to improvements
in monomer stripping technology (Wheeler, 1981). In the past, residual VCM

CHA 010407
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concentrations in the PVC resins at the time of shipment ranged as high as
2000 ppm. Currently, PVC resins contain about 10 ppm residual VYCM at the time
of shipment and may lose VCM at a rate of 20 to 50% per month during storaga.
In addition, most of the VCM will vaporize and escape during the high-
temperature processes in which PYC resins are melted and made into final
products. Thus, commercial products made of PVC resins do not now contain
significant rasidual vinyl chlaride for latar missm

B. VAPORIZATION FROM WATER: SOURCES

Water can serve as a medium to carry pollutants from autdoor to indoor
environments. Once in contact with air indoors, volatile chemicals such as
vinyl chloride can leave the water and entar the air.. Human activities such

using water for cooking, heating or. showering can promote rapid
vaporization of vinyl chloride from water. Industrial-solvent. contaminated
surface or ground water may, thoroforo,.bcing out.door \e,inxl. ¢hloride indo rs
via the water supply.

In California, surface water is gcnauﬂy» fru of. viwl chloride (Sharrp,
1987). In assessing ground water quality, . the- CaJiforpia- Department of Hgalth
Services (CDHS, 1986) reportad that only one out of the 2,847 wells for ifrg
public water systems was contaminated with. vinyl chigoride:. . The maximum
concentration found in that well was 23.ug/l with- & median value of 20 ughl.
Yinyl chloride has not beaen detacted in wells-used for- smmil public wate
systems (CDHS, 1987). .The limit of detection of vimyh chleride in water is
0.5 ug/1. Based on this 1nfom¢tion. vinyl chioridl in the water supply will

C.  VINYL CHLORIDE-FROM. Wgﬁkk w% GTaM T
Homes built.on.or nesr lapdld his. containisg viswk chinride or related

* éRlopinated hydrocarbons may. Kaye, high - S Sppcapirattons: of winyl

cKTorida. Vinyl: shdori qm -, (X oM AL Was OpB-derCatrand by the.
vaporization of’ vlny‘l ch Oridc that wu originally dispased there. Class I
landfills that ag O.du‘lgrwog' togie wastm srphikedy to cantain vinyl
chigr fde wasty.,; In, addition.. mjcrobdedag isal-sneyveradan ofichiorinated
hydrdcartions cag; prpduc, and: emit. wion) chjariva iacsitm (Waition, Hallen and
Pync, 19‘7)~~ w-.'xoM:} tvmf whd o mr. eI IERAY 0 abem 1 1 ﬂ.‘? ‘
\ + s owng “sgiune Cmoaplel <% fwnr H

07) repertad their-eveluat hess mmxzo Class II
;808 ignatad: only for. maicipad: wastasn, IMnety percent of
intained measurable amsunts- of. yinyl chlopide and the
i at half of these landfills were above- 1000- ppb.- These high

$€Yons were measured by grab-sampling, an instant fiilfng of a two-
1iter evacuated flask, at ground levels or at landfill gas collsctian points.
For five of the landfills, 24-hour bag sampling was also conducted. Only one
of thase five landfills produced measurable 24-hour concentrations of vinyl
chloride off-site.

-4~
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There are at least two ways that viny! chloride from landf{lls may
contribute to indoor vinyl chloride concentrations of nazrby residential
houses. First, houses that are located downwind from landfills can recsive
viny! chloride through direct outdoor air influx into indoor environments.
Secondly, landfill gases, carrying vinyl chloride, can migrate underground and
enter houses through substructures. The rate of accumulation of vinyl
chloride indoors depends heavily on the soil parmeabilily, sourca strength,
air exchange rate and structure of the house. Higher indoer than outdoor
vinyl chloride concentration may occur because vinyl chloride is more rapidly
destroyed by direct exposure ta sunlight. Anather contributing factor is the
trapping of mqratinq. subterranean Tandffli'ges by the msi.

As discussed'in Section IT(B), houses focated near £Tass I Yandfills had
higher indoor than cutdoor afir concentrations of vinyl chloride. The
accumulation of high vinyl chloride concentrations in the water meter boxes
indicated that landfill gas containing vinyl chloride can migrate underground
and enters nearby indoor environments. Controlled release or combustion of
landfi11 gas on site may slow down vinyl chloride subterranean migration.

D. OTHER FACTORS THAT MAY INFLUENCE INDOOR CONCENTRATIONS
A minuta amount of vinyl chloride has been identifiad in the smoke
cigarettes (1.3-16 ng/cigarette) and of 1ittle cigars. (14-27 ng/cigar) (IMC,
1985; Hoffmann, Patrianakos and Brunnemann, 1976). The vinyl chloride level
in the mainstream smoke may be determined by the total inorganic chloride
content of tihe tobacco. The contribution from tobacco sucke appears to have
insignificant impact on the indoor-air concentration of vimnyl chloride.

€. SUMMARY R 5 Sl

In gener®l,’ then are very fin, mitor ﬁtaion :a@ of vinyl chlorid
indoors. However, houses that are situated nedr Tindf11Ts may accumulate
vinyl chloride in the indeor environment due L4 .subtsrranean.gas migration and
dinct air infiltration. Some of these house¥ myy Nave Inddér air levels f
v1n chloride hi r than the fornu A;nhimt Alr Quality

Mard fw’! chloride. “‘%W‘??’]?“ T e

o 1: g if,’ e ptt * “
The r«t&lt‘ f?ﬁl W"f Ve Yl'undred 24-hour bag smhs can be used to

E of indoor air exposire tnfvinuu chloride in houses
1982).

The results odtained by grab-sample

A.  WATER INGESTION

The major source of drinking water for California is surface water which
does not have detectable viny! chloride concentrations. Ground water used for

-5- CHA 010609
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public water systems is also relatively free of vinyl chloride (CDHS, 1987,
1986). The detectable limit of vinyl chloride in water is 0.5 ug/1 (0.5 ppb).
Based on this information, vinyl chloride exposure through drinking water is
judged to be insignificant under ordinary situations.

B. FOOD INGESTION

Yinyl ¢chloride is not one of tha compounds that have been monitored
routinely in U.S. food and foad products. Hawever, before 1913, vinyl
chloride was found in food and bavarages ma gtcd,m vinyl chloride polymer
containers or packaging materialg (ZARE.;,L; '_.,_'.Kf"tﬁ&'?tim.‘ lavels as high
as 20 mg/kg (pim) of vinyT chloride moncmer were present In alcoholic
beverages packaged in this material. Vinyl chloride was alse found in edible
oils, butter and margarine at 0.05-14.8 mg/k¢. . =~ ~ =~ 77 .

when cTeaner PYC resins becames aviailable after 1978, vinyl chloride
polymer containars contained only about 10 ppb of residual vinyl chloride
monomer. In its recent rule-making proposal, the Food and Drug administration
(FDA) (1986) estimated vinyl chloride exposure from food and beverages
packaged with vinyl chloride polymer materials.. Thesa matarials include
Tiquor bottles,” wimd Wottles, of1 bottTes, vinyl chlorfde domopolymer 711§
and materials mada with vinyl chloride-vinylidens chlaride copolymers. ed
on a conservative approach, the FDA's astimated lifetims-sveraged individial

exposure to vinyt chiorids would not ‘eXceed 25 "mn’oqraq&; par day.
V. ' :

- < -

The estimated datly dose of vinyl chiforide from difYerent environmental
media are presented in Table 1. From the Table, exposure im vwinyl chloride in
indoor air, food and water appears to be insignificant. wever, exposure to
vinyl chloride indoors in homes nsar land(ilis may bg the major portion of
total viny? gﬂﬁrwﬁhﬂﬁhﬂ:z 9';5‘4563&‘- jw CmeaTaLe

A ST YT Bl Ieemmowpe nounc wE oSBT R
) wmlﬁu'a"n iﬁ!’a Mivet sasnd Yo smod e e E 4

The Zlém&“ ”36"&:::.!‘!‘ gnv‘lw v *ﬂ%maﬂl’hﬁi rang s from
below the LOD of 2 ppb (5.2 uqlna to the max &-hour average
concentration of 18 pak (33 ua/m} s measyred jesr JEK fa.1947.

: EPER :

St o ctetf oAl
S T R R

d atfom of vinyt chtorfde indoors ‘{4 houses nqt near
landf 1 ¥} § ted to be below the limit of detection (0.3% ug/m™ or 1.4
ppb). 3" that are located near jandfills, the highest observed daily
average measurement, 50 ppb or 130 ug/m”, is used for a conservative estimate.

C. FOOD INGESTION

i

A o r [N | i o

The estimate of datly dose reported by FDA (1986) is directly used.
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0. DRINKING WATER

The relative contribution of drinking water to daily exposures of vinyl
chloride appears to be insignificant. The average concentration of vinyl
chloride in drinking water is estimated to be below the limit of detection
(0.5 ppb or 0.5 ug/1).

E. ASSUMPTIONS

Some of the assumptions used for making the daily doss sstimatas from
diffearent environmental media are:

1.

2‘

The average person ingests 2 liters oi&ériﬁiinghwater per day;

The average person inhales an average.of 20 cubic meters of air
daily;

Dermal sxposure is negligible; and

100% of the pollutant ingested or)fﬁhi?;gqiivabsorbld. i

Lo .
PRI 0. i S AP,

B P
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Table 1: Estimated Doses Of Vinyl Chloride Exposure Through Different Media

Madix Daily Dose Refs,
AlR
Qutdoor afr < 104 to 780 ug Table I1-1
"t L. B IVEYY.
Homas not near , ‘
land®flts - less thaw 10 ug?? *°- Petiizzari at at., 1989
Homes near TandfiTTs up to 2600 wg - - °~ SCAQMD, 1982
FQ0D .
Including bq{oraqcs less than 0.025 ug = FDA, 1986
WATER-DRINKING PURPQSES
3 Surface/Ground Water less than 1 ug CDHS, 1986; 1987
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Prediction of health risk from pollutants depends upon knowledge of total
personal axposure to the pollutants. For direct exposure to atr pollutants,
the dose of pollutant received through the respiratory system is the basic
quantity needed for risk assessment. In generaY, that dose depends on: a)
the pollutant concentration in the environment occupfed By an individual
(exposure concentratien); -b) thq Tength of time ‘spent in-that environment
(axposure duration); ¢) the rate ‘of breathing %ﬁa enviroriment; and d)
other physiological factors. Exposure through air can ba estimated by using
only the first two parameters, exposure conccntration apd exposure duration.

APPENDIX A
INRQOR AJIR EXPOSURE

Historically, outdoor air concentrations of an afr potTutant have been used
as a surrogate for estimating personal air exposure. However, studies of
indoor environments and of personal expasures to pollutants have revealed that
indoor concentrations of some pollutants aré regularly higher than outdoor
concentrations of those pollutants. In addition, human $ime-activity patjern
studies show that people spend most of thefr tine #n non-outdoor
microanvironments such as in their homes, work glaces, transportation velf§cles
and public buildings, On tha average, people sperd 30-90 percent of the
time indoors, ) o '

The California Lagislature recognizes the importance to risk assessment of
cons idering hoth indoor air exposure and outdoor afir exposure. The current
statute requires the Board, when {dentifying toxic aic contaminants, to assess
exposures in indoor, as qu? ‘s outdoor, envirdnments (HESC Sec, 39660.5).

This combined indoor plus outdoor, or tatal"air, exposurg assessment permits
more accurate pubTic health risk estimates for afrborn® texics, Indoor air
exposure information can-also grovide dfrdgtion for gﬁﬁ“ﬁbﬂttof“of many toxic
air contanﬁnants ‘ o ) ,

G L. v 3 mIBIEL L il M

An even more’ MIETfItic* est!uati o tdfil"i?”igﬁoiuﬂf would' be the sum of
the products of the pollutant concentg sinl .19 ggcb“q crqcnviromnlnt and the
fract fon ‘of t:fé peop spcnd in that " croouw chm HBovever,
time-activity. M':Q /oersonal monitoring’ z $80 and insufficient
at this time e tying the- codaentrat on “pollutant¥ fh each

' ; i on this Yimited dafabas

gsr air exposure
the toxic air contnmfnlﬁ ﬂzafll rude’ estimates.

_ ntf, basad only on outdoor air concentrations, may greatly

WY health risk to the public. For some pollutants present in high
concentrltioms indoors, ventilation with clean air is the only feasible methad
of reducing exposurs. The Board must, therefore, manage outdoor
concentrations of texic air contaminants, not only to reduce significant
outdoor exposures whers they occur, but also to preserve a clean air supply
for controlling indoor exposure to these substances.

-11-
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APPENDIX B
JOTAL EXPOSURE FROM ALL MEDIA

The concentrations af some pollutants have been measured in different
environmental media such as air, water, food, pesticides. and drugs. Ideally,
these measurements can be integrated to estimate the total exposure to those
pollutants through all the environmental media,. Total exposure data are
critical, for scftin?,pnforittcsﬂanqhtqnmulqtigg:ngy}gio:y?qcttons that can
best achieyp.overall parsonal risk peductien.... = .. ... x

¥

While one of the main objectives of this reppef.is te, ébtine exposure
through the air medium, personal exposure data through other media ars also

included. Exposure data ire prasented according ta.three dasic routes of
exposure which are inhalation, ingestion, and skia gﬁsqrption.

The combination of exposure data from all media wvill allex the determination
of tha total human exposure to a toxic air -contaminant through the
environmept. To determine the added risk.caused fy.a particular exposurg,
both the shape of the dose-response cucve and.the greyiously existing e
level must be known. Although the exposurs through a.particular medium
small, it8 addition to exposures through other media could pravide a total§
dose in excess of & postulated "safe lavel®.

xr

In addition, .the pathway of pollutants in.the envirorment. is. dynamfc and
complex. Paﬂi’xhﬁts_mittld“into the environment in one medium can remain in
that medium, transféf to another medium, and/e¢ disparse ipts: a number of
medfa. This rfesylts in different.routes of .axpgsure., .Eér example, s lvents
emitted as wvataz pqallutants can Bécome airborne agd causs. exppsure through
inhalation, ‘Qgﬁb?ﬁu','Icig&pg;:f%t%u;“q;ﬁ._ agoi it ocnta d, and resuit in
exposure thrdu Gestion: 'TRus, fAclasfon of exposur ough 411 media
will provide a more accurate exposurs estimate for sach foute of exposure,

including, inhalatigm, whjch, is the Begrq;1, pEIQecy,conpptn,. . oy .

b N N i fhxi f o : ? “ P {¥a ‘can
Document in i q;;;%g“ Qﬁféli *é \ t f mm} nﬁ c:n:m serve

S Othée tequldt ;.342’: b ore, gﬁg&_muuu

3. Lhe avecal] axpeiurs, thpough” othar edia 1if they are
AN S/ T S +RL T N

yee data..

v 4 -

.
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STATE QF CALIFZAMIA GEORGE DEUKMEIUAMN, Gowverm

AIR RESOURCES BOARD
1R Q §TRERY

PO BOX 2813

SACRAMENTD, Ca 935812

DRAFT

April 4, 1985

""M

Jear Sir or Madam:
Subject: Request for Information Regareing Vinyl Chloride

! am writing to request information on the health effects of vinyl chlorfijie as
part of our toxic air cortaminant program., Thtg program fs based on Hea
ang Safety Code Sections 39650, et seq. which require the ARB to {dentif
compounas as toxic air contaminants and once identified ta develop ana adbpt
contral measures for such. compounds. After consultation w¥#th the staff of th
Department of Health Services (DHS), we have selected vinyl chloride as a
cangidate toxic air contaminant to be evaluated in accordamce with the
provisions.ef Health and Safety Code Sectiens 39650, et sew:" During our
evaluation of vinyl chlortde, we will constder alk ava < Health
information regarding this compound. - A«fﬂmﬁ?wm are selfeiting
fnramation rogardmg posstbu bﬂ'ﬂnieﬁ pmmﬂon ofvinyl -chloride.
N Ve IR AR NN +¥5uL s

aefom the ARS. can femmy Mtﬂy > Conpouneé uwtom: air comtaminant,
several: steps aust be:tiken, Fireg{ thi Al'mget.request the:Department of
Health: Services-o evildate the heaTth ‘offects of candidate ‘cémpéunds.
Second, the ARB staff must.prepare.a rep@rewirlél Tncludis ~the-health effects
evaluation ana them submit the report to a Scfentific Review Panel for its
review... The wipawtnsutmittad to the -Panehiwill He made-avatlaliie to the
public. Indug pbei tted in resgonsesto thiy reque¥t wiltT be considered
in the ARBREIW “Panel. ATtHOWSN any ‘péveen may #lso-submit

! fo. the Panel for its consideration, I urge you to submit
:Pe-time for our consideration in the development of the
we}. - The Panel reviews the sufficiency of the information,
" um by the DHS in its evaluation. Llast, after review by
the Scienﬁﬂc Review Panel, the report with the written f’i ndings of the Panel
will be considered by the A1r Resources Board and will be the basis for any
requlatory action by the Board officially to identify a compounc as a taxic
air contaminant.

rior to formally reqguesting the CHS to prepare-a health effects evaluation of
vinyl chloride, we are providing, pursuant to the provisicons of

CHA 010618
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Section 39660(e) of the Health ana Safety Coce, an opportum ty t0 interested
parties to submit information on the health effects of vinyl chloride which he
or she believes would be important in DHS's evaluation of vinyl chloride as a
candidate toxic air contaminant.

In March 1985, we received a reference search on vinyl chloride health effects
using the MEDLINE and TOXLINE Information Services. These {mformation
services include material available to the public in Tate 1584. The attached
bibliography 1ists the references from this information search. Ke are
requesting pertinent information on vinyl chloride health effects, including
any material that may not be available to the public, that {s not included in
the attached bibliography.

Pursuant to the provisions of the Public Records Act (Government Code Secti ns
6280 et seq.), the information you provide will.be-a pubiic record and subject
to public disclosure, except for trade secrets which are not emission data or
other informatien which is exempt from disclosure aw the aiscliosure of which
is.prohibited by law. The information may alse be released to the :
Environmental Protection Agency, which protects trade secrets and crmﬁd fal
informatiaen in accaordance with federal Taw, and to otner pubHc agencies j

" which are also required t0 protect such 1nfomation. <2

Ta expedite the review process; we ask that an,informﬂon whichh you believe
should be regarded as "trade seeret” ba clearly marked and separzted from
other 1nfamatmn. You may .identify partions of the Tnformation you submit as
“trade secret® in accordance withaHealiacand-Safety.Code-Section 39660(e).

The. claim of trade -secrecy -must be -supported upon the request of the Air
Resources Board. Other information claimed to be trade secret and information
othervise claimed 30 De-esampt-from dischasure may be identified as
confidential in aqoemdanqe -with Sestion-9h011,.7tlesl7,alifornia
Administragive Cogen: Seetion 5101 k-requi ras that the claim: of- confidentiality

-~ be wcmalmd by, ST Fiedvsuppeceing slatommation. trasz - oo

7" BEY SRR % wgnan AT rhmig 4acd

1 would awmmwmg«amrnlmtdmmm \mn to submit by
. May 19,1 dalp fn expadtiing our-reviewwill be-greatily

-tbc i nfnmtton 10 the ntentton of:

: \.ﬂHm ¥. Loscutoff Chie\f

© Toxie Follutants Branch

Re: Vinyl ChYoride
California Air Resources Board
P. 0. Box 2815

Sacramento, CA 85812

If you have any further questions regarding health effects information, please

contact Mr. John Batchelder at (916) 323-1505. For ary other questions,
please contact lir, Don Ames at (916) 322-8285.

cua 010617
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If you are-not the person to whom this request should be addressed, pl ase
forward 1t to the appropriate person in your organization. Also, please let
us know whether ycu would like to continue to receive fnformation inquiries
for other candidate compounds, and if not, if there is anyone in your
organization to whom such requests should be sent.

Sinceraly,

DneleltfPrnsse—

Peter D. Venturini, Chief
Stationary Source Division

ce: Alex Kelter, DHS

Lori Johnston, DFA

wayne lorgan, President, CAPCOA

Jan Bush, Executive Secretary, CAPCOA

Cavid Howekamp, EPA Region IX

Assemblywoman Sally Tanner, Chairwoman, Committee on Toxic Material

Senator Ralph Dills, Chairman, Cormittee on Governmertal Organizati

Senator Art Torres, Chairman, Committee on Toxics and .
Public Safety Management

Emil Mrak, Chairman and Scientific Review Panel
Merbers

APCOs

Attachment

CMA 010620
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vitme buvalve wmint ¢ el o octwumnic vajnel; WAL Nany bugin with e
whservaiion that the secrifice of me fudividuil fre the ‘ll"h
sccepinhie § the bencfit served fs the gromp’s survival or the falifment of
siime other bsic need The sactifice s moray unaccepable, kawever, U
is Tor o iewe iomporient benclie than the prorvition of the bixwies of our
consunting sockely That siene st die oo vl 288 con onf is imc ihing; Tha
Stine it dic 5o that ol con have see-eough foud packaging i snosher, ™
Tartlenlarty whors mom-essemlal prsiucis aie concermed, e ng Wini goel
af Junic substaces comirol and Me Jong-term ehlert of cach regulsiion
should be e channel ecomamic growsh awny from indusiics hasscdows to
heabth awd towneds safer prodwcts sml Foem of cmploymem

As the cmve windy in Pard N shows, the problemn of deciding wder
wacerizinty avd of belancing incommenurable iniercis have pervaded e
regulwion of ¥C Rebuctance b [nce these @ifllcul problems sccounts in
part fue the Tact Wt b more than line pears the mpencicy have vl stimdards
Tor only twor o the mmjor somces of cxpoame b0 VO While thae staeclnds
ihat have Leen sl oot ihe proposats that have boen wt Tuowned mc by ne
ncens wially deficiemt, there have been signilionm iminmces in which the
agencies have mmde Tociwally or Togicalty imamponinble combnshms, or n
which they have igmwed evidence aml falled 1o demw vomdesions the
evidonce viesaWy demands. n alt dnstances, the apencics have held hack
fromt impening viendseds that would reyuire sy signiflioms ecomunic
change In the regulnted Indusiries The indusitics” profin, vohune of pro-
duction o the regulated sulniances, sd futire growth peengrecis have been
virtually wnaffecicd Owe inay uestion whether the henclits of VO poodue-
T and wse me selntantid erough e jusaily wch exireme ilclesence o the

W00 Many vebwe jonkgarais ma s v easly mce wy Bhe diutem dom beimern Tived awd
Tovd pand sging Fyphoally o ommmiviy inhe the i thet newtrebey i tereicd o ol e
s vegard, hecavns wf she Sl wity of winking vo many of thewr voiie palgments Sor s g,
Eoohuticn nf Fife sad Limh, rupre pose T4 om 474 9% 5 B tht shlln iy of wabing the
v d deviviony dors B0t 1tquens w3 40 wvwid Muking the Cheact wnes And wne meed w s copt
tha vicw Uht the vahoes ol 8 buciety el e regmided ny invidate  The) o honge 1 4 manaer sl
Tully wedersbonad ort covininly met l1ec froom whe aflecnces of grompes, sk uy the ity
Cowbemend i, with sttang Fesncial bnscic s i promsong e mtresadodic civeveming bnhavier
of the puldic Ax Frodevrmr Tilloe priv it Wik conmot sonuply a1smme Wt w & et Wiond mosr
welorn v ondivetug Ve withmate gur it of wheber we wmnt tue Chbdeen, wad e children's
hibhen 10 by ln—uwd ary-n plaatic wseld T Tode, Wars Mo i Flest Aot Plasric
Teeer imWrn VarcisCommom d 61, WL Tribe, U Schethng, & | Voo o 198 [empharis
e wignadt Sor afien anlomen Ax Afcrwoed Flumene ¥iadeer avd Enoscsononencel Preedions
wmd w M

L

BuklB. Bosliee . ”

ldumarics' mrket penicion, Tiy i

. wwenlion Iy purswed in the witions tha
ri_w. eouh detuiiing the seguiniiny sibsasion with tegand e vme of e of
» many somtees of sy expeviay W WL°
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Voive comtann onek a1ty
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umm-umammmmm nooed
determining wiciay Brephable rhks were discussed a0 they spply m:uh-
whaitewes regulaiion gemeeally In this cose uudy, thee pivbienrs me
conghiysed o« mmhm::m, decion waking with tespedt he the
e Smly brglms with cvomisl hack-
bl m‘?ftﬁ on the imbusiies wivih creme,
.". wer W, ol o oy denelly prapervics. Subectin | unreys the
chemk: l“lm ool the fnvhewriet manciared wivh them  Sulisculion 2
Soveys V'S tomicity s the somrces of hasman eApre 0 W

f.' WQWE User wnd the Asswciased fnduserics
M:;mﬁ“? hk besh of the sccond mmet widely
ot b — Mooten M VE, w gay, Is macke feim et heimn gl
bl polymerired oy podyving) chhwick, wlnl, it i
! e & phcavmcnst sray of Probucty VE wans Tiet annalactieed
commercially e the Linited Sistes in 1947 by FI26, VO pushea
exceeded 5.3 bitlom prnchs, ™ o e
The wide vaikety of wses of PVC is testimony tu Hs phapstulity |
majw wse of PV i in comiruction provects; (wher imput‘hm! ln\’ﬂ ::
’uiugiulnl »od um?mm prombucts of sl kinds Uigme t semmpanires the
w;hm of PV b 1974, Wornks, nacizs, glass, ither thastivy, and wiher
- vish con suburitete on nemty w3t of PVCY uses, tuw PV 1 prelenied
wse of hetter perlormance or bower emt ™ However | there aee maly a
few wies for wiich no dhuect swirtiontcs exfu )
Severat divcrt wier of VO 883 sl owce existed, but fhese have bee
dhrcomtinecd In the bic 19608, VU was tested for e ae anacsthwtic, l:.:
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David 1. Deniger 1

# wan rejeried hecause i upsel carding lanction ™ There are shso imbontions
that VO wits once uwxed as o relogs in conling equipament ! Uil fare
197, 2 sl percentage of the YU produced was psed s an acroso)
penpetiznl In sume cotmetics, dings, pestickies, and other consunier privd-
ucts. b 1974, when VC's carcinogenicity become gencrally known, nil-
lions of YC-propetied serisols were slilf on e wnekel ap n cunsumes
bty The mse of VI in serosnis has since been peohibited
Figure | ilkustentes the cyche of VO's cremtiom, toombin mathon, use, aml
dispusxl, and the rowes of buman expounre. There arc Mirce imbustries of
cemral fperinnce. The VO lndustty geadices VO Tiem petechemicals.
The PVC lnlstry {!‘Z‘!}’:lt‘linl the gas imin the sodid plastic, Rnawn in is
enw forin s sesing Ve Fabwicsbon indwsiry converts IV reains inso Tinidi-
e prnhuts ready for consttinee wse o fos ncosporation o peoducts of
aber incdeisiries. Wit In these thive indsirics that the worbers are wost
heavily exposed b VT, and thist the known bbmea camers hive ocouned
Ouigide o shese plants, shlhbonal pergde are enguned e VC n two
major ways  Fist, VO entudont crvoape Ginim fscharics i the surrmsding

it ™ Secomd, since the pelymerization process i bperlect, sme VO

semains » gos rupped tm PYC matecials This revidual escapes from ihe
plustic im butee production e Dabodestion plms and beyomt, and 1n sobse -
e use il disporsl,

Ar ine moves tlwough the prchition cycke of VO aml PV, il
mambhes of pleits and compamcs Incierses, amd plamts becinne smatler nt
miore lubor btemsive The VO Indinny is composed of 10 comgranics
wpcrating 15 plusts, in 1973, Shell, Doiw, et Gonbiich wogeiber bl 36
perient of capacky ™ In 1975, Y companics operating 37 plants comyeied
the I'VC industey. Goodeich is the majw PVC prudeces with 15 perient;
Firevone, Conovn, Umion Carbide, Dogden, Diamond Shamenck, and Ten-
neco each prduce between five and nine percent ¥ There are about A,000)
fabyic ation companies of sl udzes ™ Heyomd this podst indusiries coase ho be
idemtifi=d prissrily by their use of ¥VC
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14 Tasic Subituicts Conitol
As the sbov e Dipuses indicate, the VO and PVC ncbantries me salnian-
Hally comenhated  They are sl vertically imegiated tn 1972, W percem
of VU poduced way sald 1o PVE plasts owned by YO companbes, tlolum.;)h
Miis. Figure il deopped fiom 61 porcend in 1962 st the inhasizics grow.

The £t that the VO ol PV industeien contiin only o snall siinber
of selmtinely cotwontested and imegrated fems has nuh.le H eny !'ol the
industrles 10 speak with one voice in segulstory prcecdings 1egasding the
limils of theit sechnaksghont und economic capatiities 1o comnul VC expo-
suiex The adustial mket stenchore stso mabey i tﬁf.‘h ubt v unatyre the
treke costs of copel measaies md (o Wetcasine the incklence of thine tints

on pruduct prices, peefity, wages, wd wihee ingaats

Most VC plamts e open-aie, resembdling ol tclinedies. Fhey aie
focated in populsicd sreas I8 warm stales-—principally Lowislena, T'“‘.:i
Kontwly, snd Califonin ® PV plumte me enckosed, lm‘niﬂ et VO, &
they toa me loosed matly in populscd sicas. In ul\..hliun n the shuve
wmtes, Mew Jersey, Olic, snd Mansxhussiis me maps PVC-paoducing
shates ™

Only about one thial of wotsl VC punduciion by pfymerized st the the
at which i is pasdned kit VO it he izmngorted between vC nmlll'VC
plasts, ouminty by radl vk cor, and also by nank rack snd Large n uldtllkn.
PVC sesin st be Wanspessted between the PV s fulwication plants, this
in alone pelmarity by traw sl fruck ™

VO umd PVC plasits are highly aechanized snd eniploy » relstively
stnall mamber of waikers. AL any one fine, there Ia(c mly nh.ml l,ll('::
coployees in the VO indusiy, and vafy ahowt $.500% in the PVC indusicy.
Takiig i neceamt e ol turmnver of workers, ubuat lﬂ,l‘l:! c.u-pluy-
ces are exsimated 1o have worked In these imdusiries since 193 ™ Sabrica-
sin planty ae nyne balu dntensive The number of fubiication wotkers {3
estinuated ot 330,000 Fhese workers s subject lo wnch lower exposwes
of VO than the workeis fe VO wad FYC phony, 25 e expisse o the
Labrication wirkets comes only Trom escaping VO sesidaal '™ The size of
the proup, bowewgs, gives sise ko fears that even a hiw imidence of cancers
uy clans a large waindwes o hives

- W Daasgs 10 Seel fo bl 0 smd Ropuut §oominen it Slu.l.nufdnl!ln.:ul
Proparned IS10A Saasbards Bor Viayd Uishasde w1 WY Y iScpr $1 1934 Pherimalien ched as
LI ey PR T |
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W P PA Fask Dotoe Beposr, tmpin woae BY 4 1

BT Sl comuined Trespad ] Srudy, vopra pole 93, w10 -

WK Achlond of wl seapn mote 1A WAl fappois cusocl kg ¥V regulation
e wotkplmch The wonnbor f camcers (oond o theas wotbers, wiide at dirge in whiohue
oemin, o pec s 3 ¢ uienely high lag i me i e ool gkl o

W FPA Lk Bawes Nopaat e seve B4 01

W APHA Permengnt Standurd foe VI upra mode | W | T3 1

i e
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Duved 13 Doniger . 19

*The VU and PVC winbers ste repuesensed primarily by threc unluns:
the United Subber Winkers, the Uniied Sicelwinkers, snd the Ol Chenical
and Akwnk Workers. Dn their own snd twvugh the finfustrial (ndon
Deyartoemt of the AFL-CHO, 1hese unkows were rr panticlpanig fay setting
the VO wouspationel exposire siandeed  1he fabeicatbon wikers are repee-
swomied by a vricty of unions, sed swec sce ol uskomiseil st ol

The tecluedogical and economic capabifities of the VC, PVC, and
Inbwication indeviries to luwer Hee sedease of VC-win Plants, 10 the shrround-
Inp wie, o sheougly Lide) escaplig seskbi in PYC- have bcen comstanily
M lowe in the fegulmacy acthons described in subncipient sections The
ditticoliy of ucdiciing the futwre tetmiogical and eomuwtie Hiis 1o
vhanges in these Induwsicles bs discwased elsewhere, ™ byt here Wb wsetul 10
give sonic inddication of thels clemly dewwmsisated pasi and poesemd

capebifitics,

Wil mcust for sny slgniticsnt techaoligicat brcuhibwoughs, In the
foor yeses slace VC's caccimogemiclly hecmme clese, the VC, PYC, and
babeicstion industtles have sigwificomtly reduced their rebenses of VC I
powse the reguisi o the ®hues of 1egulations, the VO amd PVC
Tnuspries bave heen shawn (s be sble I reduce workplice aidusme comen.
tmbons of VI Drom sturd 250 et per mitlion (ppon) to sl sie ppon, '
W reduce VU emissions (o the owiside by sbout 95 percent, ™ wnd e e
the VO resihual comient of food packaging by severst oubors of mag
nitwle " New plams Iuce o ditlicultics mceting these Joweed fevels ™
Fusthomuue, there Is m shyn that the Gimits uf cuniem techiobgics have
been cenched sond the gunsibility remaing that fundamcninl technologival
eeakibmoughs could vecwr.

Vhere wwductions ave been schieved without sy shgnifhent ecommic
init o the companics or denage 1o BVC's wmarket penltion and futuce
growih prospecis. Theoughowt she 1960 and enrly 197k, PVC Consmmp-
fion grew ot W singgering rate a5 prices dectined and Wie mumber of wyes
increwed. ¥ dn 1973, ihe buriness snalysis fivcease wlatctigied growdh:
the majin puoblerm eaperscaced et e was the sight supply of pet-
rocher:iont caw msdcrinks. ™

e
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n Yorle Subttance) Control

I 1971 and B8, VU el PV vomsumyition gyl stply, k-
ingt thee Bimad bk i atc bovend ol plcaoneid gravlh Fiwe abbwngs, horwever,
wirn e 4ol by a cesiiner sespase b i yevebatton of VO's carcime
pondity arb b the sty of comgly g with subecgucily bupened Shun-
Sanh Hashier, W st ot e v e itnie L. (1) abrcops i e enly
TEHI 0 pass 19 1 4 enpaier st isting aaisls o pemen hesmival feetbvocks;
awd (21t geawial coohamle cevession e BT and 1975, whikh was
parkiswbanly srvere in the builting consiruction indusiry, » tiajpw user of
plastive ™ T sl wue e equally by al e g MHastic s

Warli the vl of s peresion amb the s [oul o thee hewisbug ialosiey,
plaws peaetally sl F¥C  panonh Wioed we e o el of
pootsnble v il Fresnily , wow plants me heing Labl 100 et i ipicd
sl withend any wppascnt hisbancs T cmemt wel peapised peguta
Tt % Dhonwe, 1 e it wamcwtial possee sedwtions fn YU eyemure
< onlel D vk sonmscknd oot Buhuntn bos wilhwidl resdherimgg b vieoad sqers.
Vo e capransion lopdel Bl

Ax the Dbl dng ssvey of Vs waiity will slorw, tiwie §n meo T
Bt dinb gt e VO Basmal ks fwen clamipatcd by the mwasues shemby
tabeor, 1t i1 will b clitinated by the Lhtional mcasties Lo cohdd by
the disises By b Dahy wecludogically sl coimonivly wiihin theh
yeach Bmiher wilctions wie justiied Iy the medical evidence The poind 31
wiiic Iy the wlistries winedd e sendeninby tardesed ¢ s ity s, however,

tmpssatble b pedicd teliubly

7 Health Rivks und Sources of Eypeswee o Vinyd € b acle

T tonk effcurs of VO ure pow kinvwn better han those ol nearly any
il inwchasrrial chemiwnd Vs carcinogenicity s heen wel extablibed by
hoian capereik e, stmal experienents, il odher Lalswsatoy tests The
tater expericiee of ovcapativaal eaposere has confiomad YC's ability 1o
Lawse Lamers ad  bost of Resser eflens in baenany  Fhe gl eaiend
beyond e worken millioas of uther peaple mie enposed b V(' This
sarlisc b ~urveys e evidence of Vs wonichy swd ihe entent of human
cxpurme 0 the chemienl

o Acute aml chronl human toriciy

Nefore 1974, when VO ad oot y et boen comsctbond 1 T canet,
wises danpurs of il Jwanical were well hmswn VO i evirenely Han
wealhe wind Lo entpatims dn e enteedhng KEAXND ppun ste enphmive e

e e e s S mmem T
B faguet 19 hetlond Rechier a1 % ol #avesgeas 0 mer ol Imdusteics {18
Jaiwe & bra w ey A Pie o HL Gnend Vot € Mhorrde Rt oo Shntaers [ TRLLE
e & d s oa News Aug U9 -
(1 Py Redts g of Beopaeds Tntee huiwhiinon g mok, WL 18
13 Flaby . Vomed d et Hhun Muns Himborran Prshieons? 4 1 dromanany & Eaved
YEe o 1an 0F P ALY [ ss imabing cibudd Ve dfew Vamy Dfnd sinw s Bsasbbems 't
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David ). Doniger
. "
Severab wothuts fase iyl Trawn dhiding cxarenicly bigh concentision, 9
Expunuic W concesindions greater dhon X000 ppan VO cmses ome
'l:umni- :'li- :)*. showvy, dlsewiemol, and evemually sncomdion " Liwe
wis dihipled over a0 pesiod o 0wk Wi TS
el e o bk bift ke aee pose o deeg,

Mol 1L VE comeitiatbons of 280 00 NS poon wers sunitium doo
wany job veegories in e VU amd BVYC indusirkey f\llll.ﬂ‘l m::\ ."'
eapused g e comentrations for petiods of nunths o years a fmnin»lt:r;
eflecis I?unl-lwu uletifhed Many wirkery sulfcees) colarpessent mud libtosi
of .lin‘ lives mnd wpheen 1Y KBy enhibited Hegnmul's syadionse, oo 4:\
keived by clvalshay degeactslion in e exteastios sl iy o rnl;l techn
o & Peeling of pios el needies D the ands msd Teer, ' Munp doveh ';
" lculumn.ra ks connbivion, s mcrisieolysis, o oee diseaw l;.lnn.;'i :':: lI
by e ahwinbing of the dust boses it the fingers ad s F7 At -;
winhern who sutloscd oo of these clfects did mon slvenys vulic ll:-. luhul '
the elleers woere pooiged winder the nane * viny? chioide disense, "1™ "

When VU 's Cngin By Wooawse cnmes s i beemnse e in 191
chine Hwdiy al _r\umlmlim of VU sk PV wnbens, biestiticd o '
wostke b s'-lm-nia ellents of VE that e viousdy limb guwie st ol ;““
prhosd nonerind circibiion el Tilnands of the Loves mwd -.I;rkrs\ wow llmm‘.:
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The medical resemchoss Kad hoped tht these vheervable elieces could
be aved e lwlicare whe s o Tiresved ik of devetoping concee wnd how
VO prothices its o c eflect. Tu thelr disappoinimen, bowever,
e 1 these clfects couclaed well enmngh with observed cases of liver
wnghateomm or of other cunces i dicsie clendy which winkers me of
imocaneal thh, o W the knawledge of these chects ensbibod reseachers o

cxphan bw VO (hoses comcss n

b Thowon camers

Thuawglasd the quiing OF 1814, wiser Mo dawthe of b Juue thnnliich
winhels Tevanne &haw, ot conpanies repuiied additiolish soglnvecows
deaths wmng VO wad PVC wotkens ™ The ol bus risen secwdlly shut
ten Phineen vaves of anghrssconm of e Kver hud heen commted Bnnmg
Amcrican workers by July W4T wl 5wl of 28 canes were known

HY Avam 501 M (IRTU, iedigh, Mudivs, & Ber ik beimcr, Sdnrphadagy of § i es Durmage
Amimg Podprenrl £ Bhocude Frondes thn Wideras A Repord om §E Cargr. T Asnals NY
ALan St IR LY
I Ber swiia s obcil o meke TIPS Spen
1 Maod phatcht vt B bees i om aveee gl penl . vin bioen 1 YL et e
wn 1 et fom o eois viwue o made vassetp vl whaosmalites Prevlynie of lirase, cupra
cote LIS, Eaerther Reuwits, sapra wote 1Y Velmun, | uage, bt . Stein, & Bachier, Tupre poie
TN, Motuicier Fellsh Mulier & Lieiigh, 1 finsa 1 sl Sgobe miosmaguelic ¥ aere Pusestsr wy 3 vrdewt
b by Prrimerns vpy vnd Lindded T iser Boopry Amug Prodyringd ( Thowide Frods toon Worlets,
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Fadl ol EREE, whem ATSIRA v idharr v ot Wity de, there b hesn Mathe hovngt 3o the e of
Ko tedge ul Vi Ty caeomogeme b Swessc e ol iodemiidgong VI somdusrd angcn o e emaby
stege tr poomnnrd B dme pemt ool Tha st b wlteniomogiaphy, 3 techongee fov
Inkig g e’ o baas ol e push vichour Ihe vt und vpheen wnbeowt sarge ) Fheough s ot
o et by LecSonigeie Lo sr v el Pl sosin sl vty 1 4 Mg e b e 4 ey Tuphn,
Tunretl, Wothawss Soeth. & Tk Pocbwsinnry Beriits of divey vemde | Missvimergrnghhy in the
Ihctes thoins oof Vrmrd § iy Retuted Lives wed Splcen Dhieaia, &9 Forx Mivy o N ¥ Mam e}
170 Apsther Ly iiiger detce s ok psi opie 1 hanges o the L sl v g s o b gty
1 wus scanoscd hat Moo Ropnasd o yndvsine and wimesdeuly iy, windd be prrceded by
st i changes which, B ey oo be Dot winhd e n vocdic i o e e wiedl aink
Satioy Poknuon, Whetuves, § Ry, tuypss wore 119 Harthes ol Hecnt Teshomguas, huwees,
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whi b £ eiscally feod ke Comeet Bava sheemdy e cpred
L Ocvupationsd Sofery wond Tlewhh AdiinUsina. Vimpl § ekl Progrovedd Soimabisrd
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David £ Phoniger . "

wml:lwidv: u:nc.lmmllu Jater "™ Althowgh she majocky of cases nvalved
v.mr ek PV plas, olher wirkers weee s stfeced 97 Uhere were 38
caves wislkiwhde Dy June 1975, o dony 4 canes by Decemluwr 197 b
e #t foast O cns by the weing vl 19781 ‘

Albongly [1n wbsofuse: tetms hese mumbers see mo buge, the tae of Jive
:;l;‘nmtm b ewionrs grosps of PVC workers shadied ::'Igt\ frewn Jllli n:
00 thes the rrpecicd tnckleace bn the genctal popelsion M Sime the
bitency Jeriond - e time between bnisial enpure J VO gt lh;' chinleny
lﬁw'lum‘r of Yiver camor—hex hecn avetsping whowt N0 yrms, nune nu::‘
:::l;::?;t‘f:t"d o e vessh of bigh enporcy in the 199, 190h, sl
Moany of ths cuispayees who have died of Bver gimmcmna wockerf 1
#leaness il the polyswrlsation reacion (i chanher in which VC i convert:
ed 40 PYC) or wakedd 1o seens wish shmitasly hlgh YO rxpomes 11 Jhe 4
workers prodimbity were the nuest heavily exposed, By sctmn of - 95 mpw .
tney gewhs at susinined aveesges The pocclse kevels see mu lm‘-"' bu.l.::'.
estinmted ar have Inclided peak exguesates of sevecad thonswd e aawd ;

Bvegige of 2590 30 MR ppen 1™ Oker Bver anglosmciena vicis pee l;
had bewes, dess sutabned exposimes w Y(° 'Y nd

:: VO Hearrngs vigora noke |, wt & &2 (ke ni of Ty hepl K Wagomend
m.\vl' Ve ubirctacd smchided 3 wowkes w2 V8 plast. x werher w s fillesd Pt icde ¢
PrOpciane aad am . Cooentiond and A wankes mt PV o fallse at Pl L4
[ TIC ] wuvsiisned bir han e el very how e npoases - Thene
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- Wcvng Viep] CTobuinle b
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wamihl, i Hicabp, s FHeun Scotuan, Dhvisi )
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PN Ferumt | ioemsm abiue b Rowr - i
lu‘l} Sacrion, Pevhuon of Sarveilbuecr, lh-:)’:‘vm.:::.:::':‘.u it
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The huig o dids of VO exposne may sl fe Hoilted fo Heer
aghosarcoma O stinly of FVE wawkers idestificd s vatisticalty sigwil-

»
udam exvens i iskone o ciawess of the Iwsin and ihe respiinbay ;,rt,u:m,"‘

sliady of 1l catien of dewth snwig falwiontion winkers hlemifled sa lver

angivssrconmas, hut # did suggesdt sn ncrensed incideme of cancers of the

gestive sysicnt among both e andl wisinen and e biest ad (he urlusry

m:em in wennen 117 Eviidence of niber elfects has appeaded ln populations

£ than wawkers One study kas showw o sitistivatly significast excens of

it defects and cemiral nervoms systend umws awsory the chikiven of
Qniﬁn in thee Ol commmunitics ti Bave bosted PV pliasds Tt ws long

N yews M

r. Anhual bivusayt snd other tesiv for enecinogentihy

VU's carcinogenichy has been confirmest by the ieaudis of experinents
it Gty sinl by olhér Ibmniory testy. VC bus been shuiwn 0 cmine
cancer i aninuhs bod whien inhated and when ingested. The fivst hint thm
the thembond cmires vamcer came Trom il publication in 1911 of the resubs
uf Nalian caperiments sponsined by the Eueopenn mid Amciican VC and
PVC penhiers. In these tests asiy lohaling high con ims of VC
LD U pent} shevekoped canwcrouws tumers of the skin, hung, und bune /'
Fusthet tests sponswed by she producets were concluded ad repanied 1o the
thcuputienial Salety snd Henbibh Asbdubst ation (OSTIAL in carly 1974 As
sl B oo B the oase sty of OSHA'S stumdard setifng, he duin maived
at a concial e On Febouary 15, 3 OSTEA's fac) Tinding bearing on VC,
the {tahian sescachers reporicd their then-unpublished lindings thar VC had
aduced angrnarcoms of the liver in 1as inhaling concemtrutions s low as
15 ppm Y Oa April 15, OSITA received reporis Tromn tesrs conducted in

1 fatwervbun & Galfey, Muorrabey Siwdy of Workers s the Alumfustwre of Vinpl
hlonde amd s Polymers 16} O0CUPAIRAL Myb. M9 {1910 Ser wlin Monue, Petery, &
Ik Iy A bty Amoey Vingl Chlwade Workere, 1ut § 2 11 Ang 17, 1914,
ut by}

17 Uhatesr Nnhoh, & Wong, Moctality Among Emphsyrees sf FVE Fubelcaiors, 191
i toar Min 610, &2 HVITE [hervinaficr cned at Aboriniiy Among Fubri atlon
FUrphigecr] e wathors moted s mumbes of Ty i the dovign wad duin fon their stindy thet
precludod dawing bem ombouons (oum @ B patioebe, W soubl be wielul tu lollow he
ropubativn of Fatn ation wurhers for v poats wie Ihe hetvas o5 0 vlfli el Seteacy perind
aiay wt pet Rave clapicd ful et 2llouin bo mcamdc u Miemativay

VI8 bnfamit. Omiogensr and Mitagrnic Rirh tn Crmmsonities with Saiyriapl € hlride
Ivoduition facilisier, 2TF Annars HY Acan S00 9 3 (08TE (7 tnlumtd, dicMicheel,
Wagunes, Wavnasbed, & Falk, Gewets Kirks aof Yoned Ohhorwde Tin Fammrr Ape b 199, 20
392 Alindieg i reased Betad T s weves ol wnkers ramard (n W1

119 Woola, Migi, & Coputrs, {lacugende Reiponse af Rue Stan, §ungy, dnd Nomey to
Vinpl € londe B0 Castvm Rose amcn $ia (1970} [hercimalies cned a3 O ogrme Kerpanir of
Naritw ¥i'l

1 Coasdenr d

14 O gl Salery omd Tleidl Ad s, Envergema y Vowp ¥
Foapusmre dor Veoorgl € hbsesde W Eod Hog 17 H2 009 Phrromadicr cisedd as IS & Fruergeacy
Femgrarury Stondurd fe ¥C]

™ T e ——
R Y . D it N !
. i I:!l"\' 'y T
LA aadinle it il i abdebadie g
R - o1 e -

Pavid D. Doniper ' ' n
Wiinols of simitar tesulis b mice o the bowest level of expusine (hen beling
tesicd, 30 ppm 1

Amirnal test sesubs stood w4 thls geritn wdll escly 1975, §1 was et
then tha inperilon by reit of a1 litle w sppeurimstely 11 willigramis pes
kllogram of body welght peoducen Hver anglosercoma and vther concers, '’
Mus recemly, In Seprember 1976 the tesabts of aruthes rund of hiabathon
experiments ikwonstisied thd VC covses liver snghosercomn Iy rais at 1%

peot, smd that B casses imamniney Innuns s nne ppe, the fowestiameiin:
Hon yet wsied 1

The antitia) experiiniesive sha by suspickons that VO camses hueyman
cancers ather than saghusarcoma of the liver, The experinents have shown
Incremsed vamcer bicidence a1 many siben ither than the livee, inchuding the
tungs, aplecw, besin, snd, we adremty aoted, breasd. ™ Eapcriments demon
rsiing the ihiction of csmcer IRt speeken olbed i 1at - wice amt
bastasters — hther conlivm e VO is carcimogente ' Ju the saiuint eapictl-
memis the subjects were engumsed o o + eolonged deses of VO The
weed was woted b mld-1974 bor sudies of the effecss of single nmt sponadic
doses, typicel of msay hwinans’ capoire " Such » shnly is wow neming

! complétion, but the readts sic ot yet avaitabile 147

d  Additionol kuwant at eigk

In sddithon 1 several hundeed thooemd workess G YO and 70
production mmd in #VC fabaieation, miltions of Awerican have heen, and

conlinue to he, expused 1o VO Fiest, sboat 4 6 million people live within

M1 OSHA Pvipried Standard for VO, supra vote 114, ot W96 The revulis of the
bnbiam te i1, mhn shuwing the indun thon of Brer wagicims i ol W Prwm. were publivhed 1a
1ol 1973 Blohiwi & § clemdion  Cnecinageniz iy Proasieys of Vimel £ Riovede Current Reswbin
T Anat 1 H Y Avan 30 My

141 Mehrei, Cilbert, Gisnnt, & Chicce. §38 Fifere manmgrom It (Lorserse [k Venele
Somoiniztrate Pet Via Orale Nel Rotis (Oncogends Effrats of ¥V Adrslmstered rully tu Rors
Prefondnary Repart), Gt 1 Orursags Vira, Nee | 1914 lwngagiasivd 1epromt ow Tde In uffic e uf
e Nredagy Law Quarterfy)

Y Memmnadum frane Ceoare bl bt Bt Riessin s of Hhe Farvueom Coopes e e
Diroup for the Eaperimcninl B 3viays wn Vinpd Uiberide Ui mogs mis dy Jurnlrie d) [herenaf
Mt ched as Mubond blemorsndum)

Y Ser veewrcri cited in notey 100 14) wpra

MY EPA Scumisii amm Tromm st Rimms, vupns sate W, 00 W ba wddwtion, mclabui
Boet ol VU Mawe heen shuws 4p st buctin and prashy inibe “apic b de s | ove metge e i
iy Ser. e g, ) upelens, Bunle, Bovocelt, Bnetsch, Reomreitd, Cammedbmi, Luosnr, biress
Mierl, Lapecinl, Roselini, & Rotu, Induction of firne Mututhons wad Grne Cymsersiona by
Vil (hdwids Lotabhocios be Yoo, 87 £ is Resinsa o 255 (0712) mod wmries cobed
thertin  Muingcwicily oy revesied in these touis curscloies well wak sty inagem by  See
McCana & ames, supre swte 37, From Miceobes bo ien, apre moit 5T

I VO Heavingr. rupre sote b, ot 001 (atvumemt of 1 Theeduce B Toebehom)

MY Trlephone inseoview with D buseph Mchmghlin Ihorcir 1ivioim of tayk ology
nad Medicine, Convemer Prinkect Sufaty Comenhyion, Frh 27, (9758
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" Touke Substances Condeal

five miles of a VC ot PVC plant. '™ 1w 1974, abows 230 imitlion pounch of
VC escaped into the alr surrounding swch planis. ' Tha plamt neighbore
appent 10 have been enposed o wose (haw ie ppm leas tha 14 percend of
the Hine."™ One alr smuple, bawever, miensmed 13 pus newt x plad, '
suggesting it there may e shart ten, kocatized pesk cxposies. ' In
siklition, VO bs limisd (% ihe shabge waste amd watcr effhuemt ol these plasts.-
VC has been found in sludge of levels as high a5 3,000 ppm, '’ and in wiler
cltinens ws high xx 20 poni. ' Must of this VC escapes o the sir surrouml-
ing the plasts;'™ souie, hawever, makes s way Into diinking walet bl
These VO carivsiom w the sesshlend sl huve been implicsied o the couse of
inceencd ey of caoces snd blsth defects In the senounding cunv
nwitles. 1

Amsthes lurge growg ol pecsons s enposed to VO released bo limnposin-
Hiwt. Oty wtunat ome-thind of VO production b polytlicd of the sile wheie
i I prodoced Fhie Jest st e shipped beiween VO amd PV T lordes
wikler gressme oy n [kpeificd gaa, Abowl 95 peecent of whis it shipped s reil
ok cace, wnd dhe rest b fank wucks, tmek vessels, mul harges.t™ These
tanks snay fenk, punctere, o explode, sometimcs ln heavily populscd
niens "M letween 1911 snd 1974, there were wt least 24 secidental rckeases
of VO liom enil tank caus alone " Ax VO diffuscs foom the site of & spild o
an secklcm, Wsnsportation wirkers, nemby residents, naveliers, and viher
tystndess cn recelve shael-term exposires 10 VC concomrntions eanging
fsan a few pants per billion (pph} 1o thuusends of ppo. Tesmporiathn
wankees and emergency personnel such us liremen and police ollivers iy

MU FPA, Nt Evvirshon Standecd for Hatsrdaut Air Paliotont), Stuadicd for Viapt
Uhborbde, 41 Fed Meg 86 18 (19781 [hercinaliar ched uy EPA Siandued for VO

1 TPA Scerniwn asp Teisecal Riebial, spra nots 96, »i 18

3 MW

[ L1

MY See ld

193 EPA Tarh Force Repuet, dupea 7abe §5, 08 1

14 M

133 Jdepn . 1107

134 Sce note 19 Jugpvn

117 Ser swurces cited o nate 1M sapre

1 EPA Twik Foics Repuel, fupre note M, o0 7,

19 Scr aste 1004 infen

168 Mo of theee nockdents sucnrrrd la Tenss sad L ouislane, she vinses with the highes!
comecntistiony od VO and PYU TacWislkes Therr ware sevarad other wchiraty invelsjng ne
redexse. Dotn sm acchlemy snd exhenses in devived hom n ke ol tha Depas of
Veanspoisstoon whic b records luckients of hatnduis mareiiols beabupe o s cldents during it
pend, snd ligen the appendin jo H R Roe Ho 108Y, Vil Cong . M Seun 38 1 (19714 Due
sccident, ln Fott Wapae, Indians, necirsinted the svacuntben of 4,508 pcople. id » 11 Whea
» rast ok Cae tupiuees, s mouch as 29006 gulioas wf VT escapet and ekl me by s Jusavus
state Tha ligues lor vhe masimum tank vire comes fowm sa bniarview with May Willam,
Cherad ngincer, Dep o7 P hon, Oflic e ol Hlnzardous Minieiiah Operstbons,
Oct M, W

David D Dowiger . 35

be subject b repesied expuswes wd, B scchdents pecor dn the srine places,
10 may feshdests and by bers. These exg me less custained than
thuse sullered by VO and PVC wirkers and plant seighbans, bt peak
concemimion may reamch tve experienced by FVE podyenerbztion ton ko
cleaocs, the nunt Reavily expined ovcupational proup

Thind, peuple are cxpuscd 10 YV though comsumner peodisein, find, el
delukling water, Unill Inte 1973 or emly 1974, VO was wsed 11 an acrowl
peopellunt in drug, cosmetic, pesticihe. and other consumme psdicts ! The
wiel of 8 VC-gaopelled seroul jimbice <uch 46 2 habe spray o s pestacie in
s vll, enchised space such ax & haifumons niny have been exposed i shot
fer concemrathons spprusching 40 oo, sad peeses imay have had sn
averspe eapasure from all VO progelied prodwcts i theis bmes equivalent
lu s nvernge eapurure of shout 16 yyum In the Tuctotics. ™! VO hay been
seiecled In The aie of rooms freshly paimed with cestain Takex paings, bul no
VC emisxinnn have been detected n o timbted sampling of orlier gew PV
peoducts or lions sutomobile fmterion " VC leaches imo foud asd bever-
ages Tiom the mote than 300 milkion powncls of PYC pucknging and vther
PVC toad - contact materisls wscd sy " YV alio eniers SilnkIng wate)
Fromt 1aw witer supplies nad by lenching from incresmsingly comupon PVC
pipe *? One study extbmnses svernge Amciionn daily binen Intake of VO
though foud, weier, and air o 3 micrograms '

The hazad 11 of mon-nccupetional ex| in VO ks even boss
welt undersrood than the risk W the wikkers The danger liom inhabing
exll Iy law conc buns of VO, or From single vr spoosdic cxposiiies o
high VC concemontions, s uwknown. Similmly, the iclmive rishs of ingesl-
ing snd inkating VC mre unknown ™" Thus the wigency of reduciog or
eliminsting there sources of exprame is funpensilde 1 asiess

ML Zcr bext mccompanying setrs 551 356 Sujrs

141 Gay. | enncann, Boodboed, & hlucon, Mleatnrcnient of Vinpl CMonde frow Atrosol
Speays, 18 ArvialS HY Acan St I, 29081 (1)

18} Envissumental Prstcctun Aprncy . (ke of Tuaic Subvasm et Sonepling snd Analy
oit of Selecsed Toni Substoncor Tonh TH— Vinpl Uhlwelde, Secomdary Somcrn, fuble &, 84 1Y
tAp 1934}

WA Foud snd Drog Adwiak-atotion, Viepl Chieride Polymert in Cuntact with | uod,
Watlc s wf Propoed Rulemoking. 88 Ved Beg 38,519, 80350 (1Y IS) fhcremalier o dad v FIHA
Pragescd Rislet Jur Faod -Contoct PYCY

K3 EPA S ninn awd THOMNLAL Fiarnl, bipra woty B8, ot 3PS 1PA Pui) eiivany
Rerons s Daisoimod WaiEn Cancwanit si, supest wute B¥, ot 30 44, UFA Lok Foror Repont,
dupra mose B3, 7. 9.

16 EPA Sommamn s Tersen s NErms, supas nole 98, ot 40

167 Sere Wukey & Collns A Statiniicol 4 of she Yuantitarive Uptake of Viagl
Chlaebde Mlanvmer from Agqueons Solwtbon, 1] Tunsmens & Eaver Uarad BT (1904,
Withey, The Mormad sdpnemice ond Uptals of Vinpt (hhwide Bhonomer Adminmisicird by
Vociows Nowies to Rute, 1] Touonwsgv & Bvi's Hean e B EIME L tihe Fotier mitiv ke,
Hor milipes vilimate sthol Jor 1ois, B9 micengpoms wl VO sn she dady weabe of weler n

winnb Iy wqul bu indiaborg & ppon foe olght hunei s Thep £ sutton ugaonit say dieud evicapo
Vothan bu husan equivabencrs Wabey 5% Colllne, supre. w0 1Y N




Chemicals

)

Cror-Alkalh Susiness Lnt
PA3 Chemucals

O~a PPG Place
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DRAFT

May 13, 1985

Mr. William V. Loscutoff, Chief
Toxic Pollutants Branch
California Air Resources Board
p.0. Box 2815

Sacramento, CA 95812

Re: VYinyl Chloride

Dear Sirs:

Relative to yocur request for health information on vinyl chleride, we have no
information which was not covered in the MEDLINE and TOXLIN: dinformation
services.
We thank you for asking for our input.
Sincerely yours,

e
/2{ 7 e

Clete M. Smith
Technical Service

CMS/rs

CHA 0104638
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May 7, 1985

Mr. William V. Locustoff, Chief
Toxic Pollutants Branch

Re: Vinyl Chlcride

California Ailr Resources Board
P.O. Box 2815

Zacramento, California 95812

Dzar Mr. Loscutoff:

Request for Public Health
Informatiop Regarding Vinyl Chloride

Pacific Gas and Electric Company received your April 4, 1985
request for additioral public health informatior regarding Vinyl
Chloride. We have reviewed +the bibliography attached to your
reguest and concluded that we are unaware of any additional
information which would be of use to you.

Sincerely,

CMA 0106379
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Too William V. Loscutoff
From: David D. Doniger
Dae: April 10, 1985
Subject: Vinyl Chloride

The attached is in answer to your
inguiry.
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RAFT

Wegcner, J. K., Intante, P F. and Apfeldzrf, K. B. (1%20) Toxicaty of vinyl chloerid
and polyvinyl chleride as seen through ep:2enmiologic olservatjons.. J Tozicol Envire
Health 6(5-6):1101-7 . .

Watinabe, P. G., Young, v. 2. and Gehring. 2. J (1%77) The :=portance of nom-linear

(dose-dependent) pharmacck:netics in hatard assessmeant.. J Environ Pathe Toszical.
1(2).147-%9.

Vaters, M. D., CGarrett, N. E., Covone-DeSerres, C. M., ¥oward, 3. E. and Stack, M.

(1933) Genetic tozicology of scms known or suspected hizman carcinogens. Chem
Matigens:Prin methods their detection., §-241-341.

o Withey, J. R. and Collins, B T. (197¢) A statistical assessment of the

guantitative uptake of wingl zhleride =m22:zar (o= aguesus solution. . J Toxicol
Environ Health . 2 () piii=-21.

Za jdela, ¥., Croisy, A., Barbin, A, Malaveille, €., Tematis, L. and Bartsch, H.
‘1°80) Cireinogenierty of chloroethylens cz:ide, an glitizate reictive metabolite of
vinyl chioride, and bis(ghliorrzethrliiether afler svhcutanesrs administration nd in
inittiation-prometian experiments in =ice Cancer Res. £2(2):3%52-4.
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South Coast D R A F T
AIR QUALITY MANAGEMENT DISTRICT

8150 FLAIR DRIVE, EL. MONTE, CA 91731 (818) 572-6200
' April 22, izas

Mr. William V., Loscutoff, Chief
Toxic Pollutants Branch
California Air Resources Board
P.0. Box 2815

Sacramento, California 95812

Dgﬁr ﬂ;,.fg;;z::ff:

Vinyl Chloride

In response to Mr. Venturini's request for information on the health effects
of vinyl chloride, we are submitting several references which could be of use
in your toxic air contaminant program. These referencets were not included in
your bibliography dated March 1, 1985, Also, information regarding possible
biological production of vinyl chloride may be obtained fram Or. Freeman Allen
of Pomona College. e -
We would 1ike to continue to receive information inquiries for other candidate
compounds and to be kept informed of your program's preogress.

Very truly yours,

.

: o Anne Aplet

" Director of Planniag
~ JAA:cas

Enclosure

CMA 010642
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Albert, R.E. Letter to R.S. Naveen, EPA, “Comparison of Vinyl Chloride
garcigggenic Risks with Risk From Other Pollutants," Washington, D.C., Jume
6, 8.

Additional References on
Vinyl Chloride Haalth Effects

Edmonds, L. "“Birth Defects and Vinyl Chloride," Proc. Conference on Women and
the Workplace, Washington; D.C., 1976, also Teratology 17, 13 9

Equitable Environmental Health, Inc. “Epidemiological Study of Vinyl Chloride.
Workers, Final Report.* Prepared for Manufacturing Chemists Association,
Washington, D.C., January, 1978,

Graniger, R.G., A.E. Walker, and A.M. Ward. "Vinyl Chlar{de Monomer-Induced
Disease: Chemical, Radiological and Immunological Aspects,® Chapter 1I in
Induced Disease; Drug, Irradiation, Occypation, L. Pregar, ed., Grune and
Stratton, London, 1980,

Kuzmack, A.M. and R.E. McGaughy. “Quantitative Risk Assessment for Community
Exposure to Yinyl Chloride,” U.S. EPA, wWashington, D.C., December 5, 1975.

National Academy of Science. Principles of Toxicological Interactions
Associated with Multiple Chemicals. Exposures 1981, 207 p. AD-A093 809/2
PC Al0/MF AQ1. .

National Cancer Institute (1978). Vinyl Chloride - An Information Resource,
112 p. HRP-0028012/3 PC AO6/MF AQl.

National Institute of Occupational Safety and Health (1877). A
Cross-Sectional Epidemiologic Survey of Vinyl Chloride RWorkers. 50 p.
NIOSH Pub. No. 77-177, NTIS No. PB-274,

Ziskind, R.A., Smith, D.F., and Spivey, G.H. Health Effects in Children
txposed to Vinyl Chloride. Final Report to U.S. Environmental Protection
Agency, SAI-068-81-560, January 198l. .




O (EoArProtiE) Ast D

v
- Date _2¥ Adgis
INTERQOFFICE Subject _Suraical Pemoval of Anciosarcoma
MEMORANDUM
. Ta L. B. Tepper Corporate Medical Department
- (Locatian, QUesnization, or Department)
From J. T. Barr Regulatory Response

.ocatien, Orgarmcation, or Depariment)

cc: G. Bays
H. L. Watson

The attached article is a report of an apparently successful
surgical removal of an angiosarcoma from the liver of a PVC
worker, It appeared at Br. J. Surg. 71 322 (1984),

JTB:csb

CHA 010644
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Air Produets and Chemicals, Ine.
Caa 235
Agrisan, PA 15108
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Teesoze (215) 481-4911 / ,m/ /
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16 April 1985

W. V. Loscutoff
Chief, Toxics Pollutant Branch

CARB
Box 281§

Sacramento, CA 95812

Dear Mr.

Re: Vinyl Chloride
Loscutoff:

We are happy to provide some information relative to vinyl
thloride in response to the Apri) request of P. D. Venturini.
This includes: ’

1.
2.

6.

A paper by me given at the APCA, New Orleans mmeting.

A paper presented at a CMA seminar in Washington,

9 December 1983. -

An unpublished review by me on the safety and health
aspects of vinyl chloride, which contains several
references not fn the bibliography with the
Yenturini letter.

A report from Br. J. Surg. 71 322 (1984) of an apparently

successful liver resection on an ASL patient.

An article from EST 19 277 (1985) on biodegradation
of TCE to VC. Note especially reference 10, Parsons,
et. al., for corroborating evidence. You may want to
get the Dade County report "An Investigation into the
Source of Vinyl Chloride Detected at the Preston and
Hialiah Water Treatment Plants" by J. C. Balter, 1983,
for more details.

A summary of a report on a 19234 bioassay by CIVO0.

I hope that these are useful to you in your evaluation of
this substance.

JTB:esb
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Short notes and case reports : . ;:}_\," LﬂD D R AF T / 4 -
Vinylchloride induced hepatig)G 21 1934 cre normal, Untrasteefid $hoh & a'larpe demse wumaur of the rigi

4 hepatic lobe with arcas of necrosis. The * T ’ confi
angtosarcoma ¢ presence of an ill<betined Slfing defect ;En‘:lms:nmx

Y.A. Louagie, P. Gianello, P.J. Kestens, F.
Bonbled and J.G. Haot
Departrnant of Surgery of the Alimentary Tract,

Louvain-en-Woluwe Medical School, and St. Luc Hospital,
1200 Brussels, Belgium

Corresponcence to: Dr Y.A. Louagie, 20 Avenue d'Huart
(bte 3), 1150 Brussels, Belgium

The relationship between vinylchloride exposure and
human angiosarcoma of the liver (ASL) reczived attention in
1973 when a case of this rare tumour was diagnosed at
autopsy'. )

Case report

A 39-vear old man was first seen in July 1979 with pain in the right
uprer quadrant. The liver was palpated at the right costal margin.
Qral choleeysiography and barium swallow were normal and liver
function tesis were in normal limits. From 1965 10 1970 he had
cleaned reactors used for the polymerization of the vinyichloride
monomer in PYC and was thus exposed 10 high amounts.

He was admitted 3 months later with persisting night upper
cuadrant pain, loss of appetite and fatigue. The liver edge was by
then hard and 4 cm below the costal margin. The ESR was accele.
rated (80 mmvh) and alkaline phesphatases and GGTP were
elevated. Carcino-¢mbryonic antigen (CEA) and 2 fetoglobulin

- By AR e i L b T
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CMA 010646

Figure | Stlecine amnography of the covliae arerv, The hvper-
vas rdarezed timenr i sapplied By an anierioe brangiy iaeron s of the

crpe e

AARTR A lobe with twosrret] defects az the leved of the hilum.

, rTPﬂvcr computerized tomography confrmed the integrity of st
efi lobe.

A sclective angiography of the celiac anery revealed 3 bype
vaseularized temour of the right hepatic lobe {( Fixwre 1)

Al 2 right thoracophrenolapareromy the womaour was found 1o t
confined 10 the right [ede. An exiended right lobectomy was the
performed. The posiaperative rexovery was uneventful and tt
paticnt was sem home with 2 monthly sdministration of Vioortsair
a ;n; l\g:!lsd Adriamyssin (150 mg'm® [V) which was discrercise
in June .

Reprated costrols ep w0 Seprember 1981 by Fver san ar
computerized tomogragrhy remained norrmal. The patient is sill
good haalth 38 months.atter the resection.

Pathology

The resected specimen mas 2050 g. On macroscopica! examinatio
the main tumour (135 x § cmy was yellowish-and spongy
cortained cyic and haemorthagie zomes A second samilt
haemorrhagic mass was Tound at the inferior aspect of the right lot
surrounded by numerous purpls masses.

Macroscopically. the Thain tumony showed large 2reas of necTes
and haemorriugic psesdoeystie sy=oes (Figure 7). These spaces we
surrounded by areas of deme vascular proliferstion. The simwsi
were lined with vaniztMy sized iyrepular szr=omoious cells wir
hyperchromatic nuclei.  Elsewhere, blood-filled spaces we
surrounded by sarcommnus cells. The sarcoma celis encompass:
adizcent liver celly a2 bile duczules and infiltated the pure
chyma The pathoiogzal disgnesis of mujticentric angiosareom
was made. The ret of the liver was normal excepe for sor
mcderately enlarged nemtal wracts. Progressive fibrosis sepsra
hepaiocyies gt the margims of the portal tracis Som adjaeers hepat
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cord cclls. Anivocaryosis and anisocyiosis were frequent. A cross-
section Miopsy of the lefi lobe showed nornial tissue with slight
hemaioeyviie anisocaryosis. The lymph nedes taken from the liver
hilum were hy perpiastic, The main features of this tumour were its
multicentricity and the presence of mild fibrosis.

Discussion

The occurrence of liver angiosarcoma in vinylchloride:

polymerization workers was reporied in 19743, Prolonged
exposure and long imerval from initial exposure is required
before liver disease becornes appareat. The average interval
is 12 years (range 6-29)%, Our patient was exposed for
S years and becarne symptomatic |4 years [ater,

It is a rapidly progressing fatal discase, especially in
adults. The clinical features include rapid liver enlargement
with haemorrhagic ascites. fast deterioration and cachexia
usually with death within 6 months.

The treatment is disappointing and chemotherapy apd
radiation of pailiative value only. IT the diagnesis is made
early. the disease is localized and there is no associated liver
fibrosis or portal hypertension, resective operation might

Short notes and case reports

] .

" prove 10 be curative. However, there are fow reported cases
of successful operative rernoval of hepatic angiosarcoma and

the longest survival has baen 16 monthes,

i

In our case the tumour was contined to the right lobe and

* there was no sign of the cxtensive tibrosis. $o far the patient
' is apparently frec of disexse afier 38 months. This is. to our
knowledge. the longest published survival,
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face morphology, there was no evidence that the surface
nodules were composed of eny special, unique element.
These particles from these particular collections seem to
be quite similar to the micrometer size particles emitted
in the ash (2). It ia not clear, therefore, why the collectad
ash shows a birmodal distribution of micrometer size par-
ticles centered around S um and submicrometer size par-
ticles centered around 05 um. X-.ray photoelectron
spectroscopy (XPS) and depth profile XPS have been
applied to these samples to detarmine surface composition
Results of these analyses will be presented in the nesr
future.

GRAET .
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(2) f;uﬁ;ﬂ. N,; Lichtman, D. Entiron. Sci. Techna
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% When trichloroethylene (TCE) isotopically labeled with
one C atom is used and gas chromatography/mass
_spectromstry is employed to monitor the production of
1.2-dichlaroethylene-13C,

(DCE), it has bawn

demonstrated
that reductive dechlorination of TCE takes place in the
soil. Microbial involvement in this process is indicatad

di
since unsterilized soil samples yielded up to 78 ppb of
fabeled DCE while starilizad soil

samples produced none.
Isomer specificity was also found; onlyp 1,2-DCE was

producsd—no 1.1-DCE was o

Introduction

Since trichloroethylens (TCE) is a major industrial
solvent (234 000 metrie tons produced annually, worldwide
(1)) used for degreasing sod cleaning metal parts and
electronic components, it is perhaps not surprising that
TCE bas found its way into the environment. In fact, TCE

appears to be widely distributad in the aquatic environ-
ment'{l).

However, the environmental fate of TCE has not been
well documented, ard considersble controvensy still exists
concerning its behavior in environmental matrices. Early
literature references have concluded that C, and C, hale-
genated hydrocarbons are not metabolized by microor-

ganisms (2, 3). More recant studies, however, are 3plit on
the issue of whether TCE is biodegraded (4-7), with one
resessch group reporting both "no appreciable anaerobic
degradation™ and 40% degradation of TCE in similar
methanogenic cultures (8, 9).

In & very recent publication, Parsons et al. have dem-

onstrated that tetrachlorcethylene (herein referred o as
perchloroethylene, PCE) is reductively dechlorinated to

*Present address: Departnert of Civil Engineering, University
ol IUineis, Urbana, 1L 61501,

(YA

TCE, dichlgroathylene (DCE), and vinyl chifride in Flo-
rida muck/surfsce water microcossns (10). Whather TCE,
which was present as & L6% impurity in the PCE study,
was similarly biotrapsformned ‘was not directly i i

but was inplisd by the resulits far PCE (20).

Therefors, in order to determine whether TCE itself
undergoss biodsgradation, we have undertaksn » study
using TCE with single atom BC i labeling, soil from
a TCE spill sita in Den Moines (1), and very sensitive gas
chromatograpby/mass spectrorastry (GC/MS) analytical
techniques. Sincs s contld anly arise via & soil or
soil~microbs-induced reductive dachlerination of TCE-BC,,
this exparimental method shouid provide concrets evidencs

in support of such a pathway. The results of cur inves-
tigation of this problem are repurtad hatein.

Experimental Section

Materials. Since any microbes prezent had probably
sdapted to TCE, soil sexaples we:re colleczed st the Des
Moines site, at depths of 1-2 (A" samples), 6-8 (“B”
sarzples), and 15-17 & ("C” sarsples), by wsing an 18 in.
long by 2 in. o.d. split barrel sasnpler (17). These soil
sarzples were analytad by GC/MS for tha presence of TCE
and DCE. Ia spita of the TCE slucige application having
been disconzinued in 1979 (11), all soil samples contained
6 ppb of “native® (unlabeled) TCE. No DCE's were found
in any soil sazmple. (An analysis of the Des Moines TCE
siudgze itself by this laboratory and by an independent

testing laboratory showed very high levels of TCE (3000
ppraé. but no DCE was detected.)

TCE-VC, was purchased from Merck Sharp & Dohme
Isotopes. Single 3C labeling was used o produce molec-
ular and {ragment ion peaks which did net have b~ -
m/z velues as the BOV/T -
G

CMA 010648
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Figws 1. Rapresentative Mass spectia of tichioroetiylene and 1.2-dchicroathyiens: (A) tichiorosthyiene; (B} trichioroetiyiene-"C: (C)

Y2-dchioroethytens; () 1.2-dichicroethylens="C ,.

contamination. Volatile organic standards wers purchasad
from Supelco, Inc., and were diluted appropriately with
methanol to contain 200 ppb of TCE and DCE. Soybean
meal was obtained commaercially.

Methods. Five grams of soil from each depth was
placed in 5-m, ambar visis which had been baked at 150
*C for 3 h to remove any adbering volatile organic com-
sounds. One gram of soybean meal was sdded to each vial
to ensure anasrobie conditions, and the vials were then
filled with “organie-free® distilled watar (which had been
purged with pitrogen). (Organic-free watar is distilled,
passed through s carbon eolumn, and checked for organics
by usiog GC/MS methods.) The visls were saaled with
Teflon septa. Samples to be sterilized were placed in an
autociave for 30 min at 15 psi Each vial was then injacted
with 10 ug of TCE-C, (2000 ppb, or ug/kg). Duplicates
of each sample were prepared. The sealed vials wers
transferred into CO,/H, Anaerobic-Paks (BBL, Division
of Eioquest), which were then placed in an incubator at
23 *C. As much as pessible, the samples were kept in the
dark to avoid photolytic degradation of the TCE. Subsets
of the vials were removed for analyses st 6, 17, and 41
weeks.

Control and method blank stples were prepared as
follows: (1) Vials containing only organic-free water, both
with and without the TCE-1C, spike, were prepared to
moritor volatilization losses and w check for cross-con-
taminazion throughout the procedurs. (2) Vials containing
only sevbesn meal (both sterilized and unsta=lized) and

TQEmDCEby&:mbunudMumy‘fon&n‘
microbes and to monitor adsarption of the TCE anto this
organic matter. (3) For the 6-week samples only, vials
containing soils A-C, soybean =neal, and water without the
TCE-1C, spike were prepared as method blanks.

For the analyses, the contents of esch vial were trans-
ferred to & 25-mL vial by wsing orgxnic-fres watar o
sliminate headspace again, sasied with a Teflon septurn,
mized, and allowed to setzle. Five millilitars of the so-
pernatant liquid was then removed for volatile organics
analysis using a Finnigan Model OWA GC/MS and
standard purge and trep methodology (12, 13). Detaction
Limits for TCE end DCE by this rnethod are estimated 2o

be 1 ppb.
CMA 010649

Results and Discussion

All compounds tavolved ia this study were identified by
their characteristic GC elution times and mass spectxa.
(Figure 1 shows the observed mass specira of labeled 2nd
unlabeled TCE and DCE) Both qualitarive apd quanti-
tative identifications were effsctad from severzl salacted
ion mass chromatogmams for each substance. For exampias,
the jons at the listad /2 values were used for the analyses
of the following compounds TCE (m/z {95, 97, 130, 122,
63, 97, 99); DCE-BC, (m/z €2, 64, 98, 100). N confusien
resulted from peaks Raving the same m/z values {or thess
substances since each compourd (exclusive of its isoto-

rammes) alvtad ne o HiPra, ct wlvme Trn mvameivatlam o e
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Table ]. Amousts (ug/kg) of 12.-Dichlorveihylens-2C,
Produced by Degradatian of Trichloroethylene-'2C, in
Ussterilized Soils

time, weeks 3ol A* sl B soll C*

[ ] [ ) 1 11
17 28 31 ]
4 8 27 25

¢See text for soil depth designationa. Resulta are averages for
duplicate samples; ranges were 250%. *No duplicats value was
obtained.

for the 13C and '*C compounds were identical. This as-
sumption nppem to be valid since we observed natural
abundance “C peaks in the unlabeled TCE and DCE mass
spectra having 2% of the inteasity of the corresponding
EC peaks (t.heoreuc.d valus 22%). The pertinent results
of this study are discussed as follows:

(1) In the wates-only samples, 20 cross-contamination
was observed at any stage of the experiment. Therefors,
ncl: mnom substances appear to have entared the sam.

.

(2) The vials containing the water with the TCE-RC,
spike showed considerable variability in their parcent re-
coveries, indicating substantial and inconsistant volatil-
ization losses of the TCE. We were thus unable to obtain
reliable quantitative data messuring the conversion of TCE
to DCE by following the rats of loss of TCE. Any ex-
periment that measures only the loss of TCE appears to
suffer from these volatilization problems and from ad-
sorption problems (to be discussed next). No degradation
products of TCE-1C, were observed in these water and
TCE-13C, samples. so soil or microorganisins contained in
the soil must be present w effect this conversion.

(3) In the samples containing water, soybean meal
(whether starilized or not), and the TCE-13C, spih. no
conversion of TCE-BC, to DCE-C, was observed. Thus,
these control saraples eliminate the soybean meal as a

potential source of TCE degradatica. Howmver, adsorption
afthaTCEonthesoybemnodmumﬁmt. From
50 to 60% of the T'CE spiks was adsorbed after 6 weeks.
As seen from the sterilized so0il sammples (whers, except in
one case of incompleta starilization. no conversion of TCE
to DCE occurred), another 10=15% of the TCE was ad-
sorbed on the soil. Thus, adsorption losses pose another
major problem in a study like this. Experiments that
monitor the loss of, for example, TCE and attributas it
solely to degradation are potsntially suspect, particularly
if care is not taken to account for volatilization and ad-

- sorption losses.

(4) The 6-week method blanks (containing wataer, soil,
and soybean meal with no TCE-YC, spike) shawed no
generation of any substance (TCE or DCE, labeled or
unlabeled) not already present in the soil itself,

(5) Conversion of TCE-13C, to DCE-'3C, was noted in
all unsterilized sofls. Table | summarizes the amounts of
labeled DCE produced. As seen from Table I, a general
and gradual increase in the amount of DCE-'3C, produced
occurs with time. (Of course, due to adsorption and vol-
atilization losses, the amounts of DCE-“C, acrually pro-
duced are no doubt larger than those reported here. Actual
aroounts of TCE — DCE conversion in “real” soils may
be even larger than those reported bere, since the soybean
meal edded to ensure anaercbiosis may well have been &
more atiractive energy source for the soil microbes than
the TCE. Indeed, breakdown products of the soybean
tnea.l were also noted in the umunhzed soil samples.)

T L RS D
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is may, however, be ult of an incompleta ster
Aization since this was only observed for one of the longe:
time samples.

Since conversion of TCE-C, to DCE-C; occurre
almest exclusively in unsterilized soﬂ.l, microbial pu'r.zc
pation see:xs certain. Some caution should be exercise
in drawing this conclusion, however, since Kaufman (1-
has reported that autoclaving changes not only the bi
logical properties of the soil but alse its physical ar
chemical properties. Nevertheless, on the basis of o
results for TCE and those of Parsans et al, (10) for PC)
it appears that the degradation of TCE to DCE in the sc
is indeed of biclogical origin.

(N Only 1L.2-DCE-PC; wam producsd whenever TCE-™¢
was degraded. No L1-DCE-YC, (which ehstes mare rapid
thuliDCE)mfmdmmymnph. Underour ¢
perimental conditions, cip~ and trarns-1,2-DCE cosluts
(and cannot be differentiated on the basis of their ma
specra). Thus, we could not identify which geometric
isomer was formad, or if a mixture of the two was pr
duced. (In their study of PCE bicdegradation, Parsa:
ot al. (10) wers able to separate the cis and trans isome
chromatographically. They found that cis-12-DCE
siguificantly tsvared over the trans isomer.)

Summary

By using TCE & labeled with a single 2C aton
we have shown thar TCE is definitely dechlorinatad in t
soil to 1L.2.DCE. Isomer specificity was also observed:
1,1.DCE was detoctsd. The TCE — DCE degradaric
appomtobcbmbpdmummwﬂmpl-wh
had been sterilized exhibired no such conversion.

Since it has been shown that microbes that have adant
to degrade one mamber of a homologous series have ol
simuitansuusly adapted to degrade other members of &
same saries (15), the existy that DCE can
further biotransformed into vinyl chloride in soils. M
itoring data at the Des Moinaes site (11) and elsewhere (It
thhwrkndthwkd?mmwd(lﬂ)mm
mpmﬂthnm—mﬁcﬂmdc contantion. Consic
ering the well-kmown carcipogesicity of vinyl chlorid
further research along these lines is definitely warranta
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® Chloroarenes iz an adposphere of h
mally dechlorinated to yidld HC) and
products between 700 and *C, with residencs times
of ca 10 8. Polychlorobip (PCBs) are both dechlo-
rinated and split into chiorinateX benzene, with tpﬁtﬁng
about twice as fast as d indicn. Thermal h
ﬁmh“ which ocoury via radical
atoms, may therefore be consid
for workup of (tazie) chlorinated was:

mt.hn-
nrene as BIIJOR

Ar(R)Q1 + Hy; — Ar(R)H + HQl

for dechlorination of (highly) chlarinated industrial wasts
materials ete, Thermalysis of chlorinatad benzenes in an
excess of H, (quartz flow reactor, atraospheric pressurs,
residence time 5-15 s) procseds smocthly at 750 *°C and
shows very high degrees of conversion (HC] formation) at
ea. 500 *C (8). is uniraportant even st 900 *C
proﬁdodthntt.hﬂ,:utumdumnhnﬁouahon 10.
Aliphatic and olefinie chlorides, in general, react much
fastar than chlorobenzanes (8).

Polychlorobiphenyls (PCBs) have found widespread
applicstion, especially as transformer oil, its use and dis-
posal entailing considerable environmaatal problams. We
therefore thought it worth while to ezamine the bebavior
of PCB in hydrocracking (eq 1). Our observations, in-
rluding those on appropriata model compounds reportad
below, confirm our expectation that PCB can be com-
pletely convertad into HC! and non-chlorinated orgu\ic
products, mainly benzens. Hydrocracking thus eonstitutes
an eovironmentally clean alternative to incineration.

Representative examples with Aroclor 1248 (Cl = 48%
wt) are outlined in Table I. That conversion of PCB is
essentially complete and is illustrated by Figure 1. De-
chlorination of chlorobenzene (PhC)) is 297%; mono-
chlorobiphenyls are seen in minor amounts only, biphenvi
comptising ca. 0.7% on the PhC) fead, This biphenyl
stems from PhCl=—or better, from benzene made

therefromementban sk sn Fonem DB Add, Tnfa,) Wailht.

Table L Thermolysis of PCB in Chlorobenzane with
Hydrogen*

- run M.

1 2 3 4
T.°C s 0 08 578
L% ] . 19 33 u ?-.
conversion’ of PCHa, % (= 10) 28 70 >4
PhCl,“ % 43 L5 1.5 o2
PhQ' % 12 15 01 o
Phy' % 2010 0084 0040 08D
ClPh, ¥ % 0033 a1 013 <0.03
PLH:PHC) molar miio 0059 6l a9 35

of runs 40-45 min; produoet callectad in 2 trap cooled with liquid
Ny *By GLC with Philr w intersai

nm

theut the composition of the PCB
mizture. Specificklly, the {dentified of Arochlor

PhCl from PCB would

30 &8 10 give a total degree sphtthgdthunm%.m
alone yields ca. 6% of ECl inder these conditions so this
mode of hydrogenolysis is abaut twice as faxt as dechlo-
rination.

As we have reported elsewherk (8, 9), methane is
formed, ranging from 0.2% (zun 1)t 1% (run 4) on PhCl

- feed; small amour:s of C.H, and and traces of CyH,

are also produced. A

Simultaneous splittizg and dechiorination of PCH will
cause the :neld.s of Ph(Cly and PhCle to pass through »
muz.mum wu.h increasizg temperature. The same bolds

L
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Document Control Officer : ATRBORNE
Management Support Division -
Office of Toxi¢ Substances (WH-557)

U.8. Environmental Protection Agency

401 M Street, S5.W.

Washington, D.C. 20460

s

Dear Sir/Madam:

Attached for your information plezse find a copy of a summary
©f a report on a Lifespan Oral Carcinogenicity Study of vinyl
Chloride in Rats which we recently received and which I
discussed with David Williams on Tuesday, October 2, 1984.
This study was conducted in Eurcpe by Civo Imstitutes TNO and

was sponsored by Verband Kunstofferzeugende Industrie E.V.
(VKI).

It is our understanding from VKI that the EPa will soon be
receiving a copy of the final report. We do oot have a copy.

' Upon review of this sumnary, we have been unable to determine
whether this study presents any substantial risk informatcion
under the EPA's Statement of Interpretation znd Enforcenent
Policy. .43 Fed. Reg. 11110 (March 16, 1978). It appears from

~the minimal data presented in this summary that the study is

corroborative of effects already documented in the scientific
literature.

Sincerely,

/l\./ | T3 Beb Oubwe
hn A. Gg. /ﬁ\ an\ TReD {4‘05266'4

Bttorney
2030 willard H. Dow Center

5$17/636-0933 'Pa_gv_ [ o J

Attachment

Dcec: F. D. Hoerger, 2020 WHDC
H. schumacher, Horgen
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INTRODUCTION o .

. "Review of Data ; The well-<kmown regulatory history of vinyl ehloride and its role

Zormaidehyde and . ss & bellwether of current regulatory philosophy makes it a usaful

~'!§82 . paradigm for examining the relationship of existing laws and the

SEEE . Toxie Substances Control Act (TSCA) for control of chronic hazards,

wlogv and Pharma- ) To this end, we will first review some of the highlights of its

Zlogyanc “harmas reguiatory history, and then engsge in some speculation as to the
N response these events might elicit today under TSCA.

INDUSTRIAL AND COMMERCIAL DSE OF VANYL CHLORIDE

Vinyl chloride became of industrial Importance about fifty
years ago, approximately & hundred years after its discovery, when
Semons discavered that {ts polymer could be converted into useful
articles by plastization with phthalate esters. Commercial develop~
ment began first in Europe and then In this country in the late

¢ tr e s —

1/ Air Products and Chemicals, Ine., 1983,
129'
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thirties, lergely using existing rubber processing ecuioment, for it
was rubber which it initially replaced in T:e market. For the same
reeson, the use of polyvinyl chlcride (PVC) was secuestered by the
government during the war years, and it was naot until the early
fifties that widespread consumer appliceticms develcped. FVC is
now a mature product, and its growth rate falls in step with the
Gross National Product, Presently, about six bil}ion pounds are used
annually in this country, and about four tir-es that in the world.

Some of the broader toxicologieal atixZbutes of vinyl ehloride
(VC) were recognized in the thirties. It wes knews tc be an anes-
thetie, but pzr blems with cardiae arrythmiz orevented its use in that
applieation.®/ As pathological techniques irmproved, industry scien-
tists recommended in the early sixties that mxposwre be Hmited to
50 ppm, because of temporary liver enlarzerzent in animals at that
leve1.3’ but the American Conference of Governmental end Indus-
trial Hygienists considered this overly coaservetive and accepted
instead the 500 ppm recommendation of Earward scientists.d/ THis
was the value adopted by the Occupatiorml Safety and Health
Administration (OSHA) in its formative dars.

Also in the early sixties, the Eurcpesm industry recognized
among {ts workers a disease termed scrocsteolysis, AQL, which is a
degenerative disease of the bone tufts, particylarly in the fingers,
that is accompanied by Reynaud's phenomencm."'/ An extensive epi-

2/ W.F.ven Oettigin, "The Halogensied Hyvdrocarbons, Their
Toxicity and Potential Dangers," Public Semith Serrice Publication
No. 414 (Washington, D.C.: U.S. Depariment of Health, Education
and Welfare, 1955).

3/ T. R, Torkelson, F. Overs, and V. K. Zcrve, "The Toxieity of VC

as Determined by Repeated Exposures of Laborstory Animals,™

American Industrial Hvgiene Associstion Jcurnel, XXI (1981), p,
352.

4/ American Conference of Governmer:sl anc Infustrial Hygien-
ists, "Documentation of the Threshold Lixijt Value, 1963" {Cinein~
nati, OH, 1963).

5/ S.Sueiu, J. Drejman, and M. Valastej, "Ztudy of Diseases
Caused by Vinyl Chloride,” Medieal Intem. IV (1863), p, 957.
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demiological survey here and in Eurcpe found about a hundred possi--
ble cases which wers associated closely with marual clesning of
resctor walls between polymerization batehes, but neither the pre—
eise etiological agent nor the disease mechanism was identified.5/

An attempt was made to reproduce this Gisease in rats by the
medicel department of one of the European producers. An exact
duplication of the human disease was not seen, but many of the rats
develoned tumors at numerous sites. The reporting of this finding by
Viola? in 1970 evoked little interest in the regulatory community,
possibly because of the very high doses tmsed, several thousand ppm,
which were frankly toxie to the anirmals, and the fact that the
tumors were largely metastatic from the Zymbe? gland, an organ not
present in humans.

Nevertheless, both the Eurcpean and domestie producers
formed consortia to perform bicassays st lower concentrations and
also began epidemiological surveys of thefr emplovees, o

Preliminary results of the European bicasswy became avaflable
{irst in early 1973, and showed tumor developrnent at much lower
concentrations in organs which do have luman counterparts. This
result was transmitted to regulatory officizis that summer, and
industry screening of employee records was intemsified.?/ Tnis re-
sulted in the recognition that winter by en indusitry medieal director
of a cluster of three rare liver tumors termed arglosarcoms, ASL, In
the employees of cne facility.’ The reporting of this fact to

6/ W. A, Cook, et al, "Industrial Fygiene Evaluxtion of Thermal
Degradation Produets from PVC Fetus in Mewt-wrapping Opera—
tiens,” Arch. Environ. Health, XX (1971), p. 74.. Also, B. D. Diman,
et al., "Occupational Acroosteolysis I, An Epidiemiclogical Study,”
Ibid., p. 61.

7/ P.L. Viola, "Patholegy of Vinyl Chloride,” Medicina d1
Lavoro, LXI(1970), p. 174,

8/ A. W, Barnes, "ICI Ends Its Sfence cn Vinyl Chioride,”
Chemice! Engineering News, (July 8, 1974), p. 21.

®/ J. L. Creech and M. N, Johnson, 'Angios.aregmn in Werkers Ex-
posad to Vinyl Chloride es Predicted for Studies in Eats,” Journal of
Qeoupational Medicine, XV1(1974), p. 15C.
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government officials led to the cirTent reguiatory status of vinyl
chleride. .

It also led to a virttal exslesion of reseerch on the chroni
toxicity of VC. The body of seientific literatize on the oncogenicity
of vinyl chloride is as large es that foo any other substance. It is
recognized that VC is a classical procescinogsn, Metabolism by the
mixed function oxidase in the liver converts it to the ultimate car-
cinogen, an epoXide. Detoxificatiza of this intstmediate by the
sulthydryl sroup of glutathione or ¢ciher sroteins removes the toxie
potentia.l.l /" Bott: of those mechaniszs sre saturable.ll/ An over-
load of the metabolic step asswes thxt the vinyl chloride will pass
through the liver end some will be metal2lzed in other argans. An
overload of the cetoxification step sllcws escape of the toxicaat
into the sinusoidal pessages of the Lver vhare interaction with th
chromosomal protein czuses ASL to davelop. An overload of both
mechanisms can lead to tumor development oatside of the liver, as
is seen in mice and rats at very high doses, Despite the latge data
base, however, information on the preciss meshanism of these vari-
ous steps still is lacking., We do not even iidesstand why some per-
sons respond with AOL and some with ASL, but none with both
dissases,

REGULATORY STANDARDS

OSHA proceeded promptly in esrly 1674 to set an emergency
temporary limit of 50 ppm for worker expasure, and Jster that year
reduced the limit to one ppm, the cwrrent ligure. Industry was given
8 grace period during which respirsiars esuld be used to meet this
requirlezr?ent, but now that level must De met by engineering prac—
tices.

10/ W. K. Lelbach and H. J. ia-stelss, "Advance in Internal
Medicine and Pedietrics " Sorinzer-Verles, XLVI (New York, 1981)

11/ R. Hefner, P. Waiarabe, and 2, Gering, "Percutsneous Ab-
sorption of Vinyl Chlcride Ges in Rhasus Men:ey," Toxicologv and
Applied Pharmacolezv, XXXTV (1875), p, 528,

12/ OSHA Standerd for Vinyl Chlorice, 28 CTR 1910.1017,
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The Environmentsl Protection Agency (EPA) promulgated a
combined engineering and works practice stanZard in 1878 which has
resulted in ambient coneent.‘ﬁlons in the fractional ppb range near .
producing or using fachities.!

In the meanwhile, the Food and Drug Ad=inistration (FDA) and
Consumer Product Safety Commission (CPSC) established prohidbi=
tions on the use of VC in zercsol or other ccrsumar applications, a -
practice which had been discontinued $m 1§73, The Burean of’
Alcohol, Tobacco and Firearms of the Treastcy Desartment (BATF)
had already banned the use of PVC liquer botes in 1873 becsuss of
concern for taste effects from migration of residual YC Into th
contents. In 1975 the FDA proposed revocriica of the generally
regarded as safe (GRAS) status of rigid PVC packaging under the
Delaney clause, also because of migraiion covmeerns, but that
proposal never has been promulgated, and the T DA has stated that it
is considering withdrawal of the proposml and recommending to
BATF the resuthorization of plastic liquor tottles in Ight f the
ewrrent very low residual monomer levels In faricated PVC articles.

Other regulations have followed as new siatiustes and rules have
come into play. The Department of Tramspestation (DOT) and the
Coast Guard regulate the transportation of VC, of course, and VC iIs
listed as a priority pollutant and hazardous waste wnder various
water and solid waste rules, and has a repoctable quantity of one
pound under Superfund.

Did the exdsting laws operate satisfactorily at the tim of
discovery of the chronic hazards of VC? It appears that they did. A
leading medical authority who was deeply b wclved in the worker
health evaluation in 1974 has termed VC a "si2-2es3 story.® Reeval-
uation of the risk to employess under the ¢ :ﬁn standard by &
conservative nonthreshold extrapolation methzzil yields & iletime
estimate of less than 1075, 2 risk level which &5 not thought to be of
concern. The comparable risk estimate for the general populace is

13/ EPA Standard for Vinyl Chloride, 40 CF2 §1.60.

14/ P, J. Gehring, P. G. Watanabe, and C. K, Park, "Risk of Angio—
sarecoma in Workers Exposed to Vinyl Chlaside as Predicted for Stud~-

ies in Rats,” Toxicolocv_znd Asolied Pharmzcologv,” XLIX (1979),
p. 18,
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several orders of magnitude lower. EPA has stated on several
occesions that it believes that vinyl chlorice is regulated adequately.

RISK ASSESSMENT

Risk assessment has been & popular avocation among thos,
interested in VC, and more than a ¢azen have been performed,l®
These can be divided generally into two classes: those which rely
solely on animal data; and those which attempt 10 incorporate the
human experience.

Those in the first class yield sirilgr results, and show the
normal spread of estimates from the verious mathematical models in
common use, These range from 1,500 to 10™° pob for a lifetime risk
of 10"5, of. eight orders of magnitude. It is cecessary to eliminate
the high-dose data points, that is, those over 2,500 ppm from the
Maitoni datal®/ in order to get reasonsble fits to most Jnodels,
because these doses show broad cystemic toxicity. The lower doses,
$00 ppm and below, as a group fall into & general pattern on & log-
probit plot, but individual two or three cose experiments show tre-
mendous differences in slope when plotted separately. The popular
multihit model precicts a lifetime risk of 1075 at fractional ppb
levels.

The human factor was accounted for in two ways. The EPA
used some preliminary emplovee epidemiolozical data to confirm its
animal-based extrapohtion.” Unfortumately, the human data were

18/ J. T. Barr, "Risk Assessment for Viny! Chloride in P

tive," (Paper 82-9.2 presented at the 73th Annual Meeting of the
Afr Pollution Control Association, New O:rlesns, LA, 1982), Lines 20=
25.

16/ C. Maltoni, et alL, "Vinyl Chloride Cercinogenicity Bicassays
(BT Projeet),” (Paper presented st “Le Clud de Cancerogeness
Chemique," Institute Curie, Paris, November 10, 1979).

177 A. M. Kusmaeck and R. E. MeGeughy, "Quantitative Risk
Assessment for Community Exposure to Viny! Chloride," (Washing-
ton, D.C.: U.S, Environmentz]l Protecten Agency, December S,
1975).
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selected from those locations known to have ASL cases, while other
facility data were omitted. They also were in error on the past
exposures by mors than an order of magnitude. This resulted in an
estimate of 20 cases per yvesr from the estimated 1974 ambient
concentrations for the population within five miles of production and
processirg facilities,

The EPA seldom bothers to check its estimates against avail-
able data, so it sometimes comes up with results such as that made
for arsenic a few years ago that would have predicted 18 million
cases of skin cancer a year in this country if it had been applied to
Agency data on the average arsenic concentrations in drinking
water. Similarly, a survey of all known ASL cases in this country for
the ten years be{o§7 1574 showed no cases associated with residency
near such 1'.»lants,l rather than the 200 predicted cases, It is rea-
sonable to assume that if any cases had developed since that time,
the publicity associated with it would have bdrought them to light.
Thus we have 110 million-person vears of negetive history forn
residents. This places an upper limit on risk of less than 107" per
pom=yr.

Two studies applied pharmacokinetics in an attempt to obtain
relevant human data. Gehring and coworkers estimated a lifetime
risk of 10~2 at one ppm from the probit model, besed on a biotrans-
formation of rat dats. Th? unconstrained linear model predicted no
risk at less than 99 p;mx.19

Anderson, Hoel and Kaplan carried this procedure one step

- further, and applied it to bound metabolie products, rather than to
the total amount metabolized, Their results guve & lifetime risk of
1077 at less than one ppm, with the probit model, or at less than tw
ppm with the Linearized multistep model

18/ H. Popper, et al, "Development of Hepatic Angiosareoma in
Man Induced by Vinyl Chloride, Thorotrast, and Arsenic,” American

Journal of PathologT, XCII (1878), p. 349.
19/ P.J. Gehring, P. G. Watanabe, and C. N. Park, Toxicology and
Apolied Pharmacolegy, XLIX (1978), p. 15,

20/ M. W. Ancdesson, D. G. Hoel, and N. L. Eaplan, "A General
Scheme for the Inceracration of Pharmacckinetics in Low-dose Risk
Estimation for Chemical Carainegens. idid., LV (1980), p. 154,
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Thus we see that risk is In the exye of the estimator, but it is
clear that estimates incorporating homan daia refleet th human
experience for VC far betier than <o the direct application f ani-
mal data.

There was understandable wmeestninty on the part of both the
regulators and industry in 1974. This »ms the {irst commodity chem~
jeal to be regulated uncer the relatively new statutory situation as
the result of new information. Nevewtheless, both the regulatory
egencies and industry acted prompuy o reduce exposures and emis-
sions to an acceptable level,

The current count of cectpatizrmal ASL cases is about 100
worldwide, with 30 of these in this eoumtrs.2l/ Al these cases had
their first exposure in 1964 or esclier, nd there appears tob room
for optimism that the steps teken in #1s mid-sixties because f the
AOL information will have preventec! anv significant numper of
cases developing from exposures commencing after that date. Cer-
tainly it is ressonable to expect that tfhere have been no new cases
initiated after the early seventies.

Had TSCA been in place in the midi-airties, would it ha-e made
any difference in the course of everx® [t appears unilikely that it
would. Certainly the AOL discovery would have resulted in a series
of 8(e) notices to TSCA. The prebadle cutcome of that would have
been either a recommendation from ¢ Interagency Testing Com-
mittee (ITC) for more tests, or a Section 4 testing requirement. Itis
pessible that, because of its commercial importance, VC could have
been placed on the ITC list before the AQL data became available.
Additional dats could have been calie?? for under Sections 8(a) and
(d). The result of all this most Iikelr would have been a negotiated
testing rule, under which industsy weuld hawve initiated a series of
studles which would have culminsted In a bicassay, and the car-
cinogenieity of YC would have bean Escovered in cue time. Yet,
this is precisely what did henpen in the absence of TSCA, except
that the preliminaries were omitted, a=: the bioassay was performed
concurrently with the screening tests, Thus it is possible that th

21/ J. Stafford, perscnal cemmumizatics, Liver Angiosarcoma
Cases, April 15, 1983,

CMA 010664




G CHEMICALS

of the estimator, Sut it is
n cata refllect the human
direct application of anij-

ly on the part of both the
the first commodity chem-
aew statutory situation as
tiess, both the regulatory
aduce exposures und emis~

ASL ceses is abouyt 100
v.* / an these cases had
there appears to be room
nid-sixties because of the
iy significant number of
ing after that date. Cer-
® have been no new cases

xties, would it have made
t appears unlikely that it
have resulted in a series
" come of that would have
iteragency Testing Com-
esting requirement. It is
portance, VC eould have
L cata became available.
' under Sections 8(a) and
2 have been a negotiated
ive initiated s series of
bi assay, and the car-
ered in du time. Yet,
3sence of TSCA, except
bicassay was performed
$ it s possible that the

'y Liver Arngicsarcoma

final critical data were obtained esriier than would have occurred
under present conditions. ‘

Bear in mind that most of today's powerful testing methods
were not available twenty years ago. That {aet would not have bean
changed by legislative fiat, and any decision made at that time had
to be made in light of the available knowledge.

If the data of Viola suddenly became avallable today instead,
would there be any significant difference in the outcome, ar the
Hming of that cutcome? Probatly so, but only because of the vastly
more powerful scientific tools which we have avaflable to us now.
Neither the speed of agency motion nor the rate at which industrial
facilities can be built or modilied has incressed. If anything, the
latter has slowed, given the multiplicity of permits and approvuls
now requifed. Overall, It is possible that if today we knew nothing
more about VC than was known in 1970, we would arrive at a regu~-
lated state a2 few months earlier than was achieved In 1974, but
scientific progress, and not legislative or reguiatory advancement,
should get the credit.

Wrat if VC were to become 2 new produet today? Would it mm
the same course in which it would be 40 years bafore there was full
recognition of its chronic potentizl? Certainly not. Aguin, however,
the reason is dus more to seientific progress rather than statutery
development,

One change might be apparent. If VC ware the subfect of &
Premanufacture Notification (PMN) today, rather than being the
modal to which all other aliphatic olefins are compared for stroe=—
ture-sctivity aenalysis, it would be judged by the others in its
family. This comparison would be less dogmatic than the reverse is
now. Ethylene and vinylidene chloride are not animal carcincgenss
the relevance to humsns of the carcinogenicity of high doses of
trichloroethylene (TCE) is equivocal and controversialy and vinyl
acetate has only a preliminary "nen-negative™ repeort. Thus, this
class of substances would have lost its leader for structure activity
comparison, and a decision as to the need for further testing Zrom

that analysis would not be clear-cut, based on stnalogous compounds.

Neither would a full minimum premanufacture data (MPD) sat
be of any great assistance, VC responds poorly to the classical in—
vitro tests, and only recently has it become pessible to obtain repro-
ducible positive results in many of these. If the position were taken
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Mittle 1%31:" for the executioners appsrently is too great to be re-
sisted,2 / as Lester Lave pointed out recently. |

We believe that EPA can best obey its statutory mandate by
developing a more efficient system for estabEshing priorities, and by
implementing more effectively its Section 9 procedures.

-
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roduct ion

combination of circumstances which feund the cercinogenic hazard
vinyl chloride (VC) belag discovered at aboul the sans Line as the
ence of risk analysis was undergolng rapid developseni, and Lhe

al commerclal interest and lang history of use of Lhe substance has
ulled In a body of lflerature and pharmaceloglcal dala greater Lhan
can expect Lo have for mosL subslances. {t is therefore {nstruc-
e 1o review Lhe many risk assessmenls which have been prepared for
sgalast Lhe avallable blologlcal Infermallen to delermine if we can
luate the exirapolalion methods used, and to discuss Lhe current
ulations for ¥C ta tight of Lhis cosparison.

ards of Viayl Chloride

Is necessary Lo decide firsL which of the hazards presented by VC
uld be the basis for the risk estimatlon. The subslance presenls
acute harards of frostbile from expesure Lo the liquid, of ames-
sla al concentrations ever 8,000 ppm and suflocatlen at higher
centrations (von Oetlinger, 1955). It also forms explesive mixtures
atr above 3.75 volume percenl, and 5o Lhe efforis Ls conlrol the

sical safetly of operations generally preclude sxposure to aculely
Ic cancentralions.

se conlral ellaris were reinforced in the mid-1368's whare 1L was '
overed {Suclu, 1961) thal workers who had baen exposed to very
1 bevels of VC developed "vlnyl chleride disease,” the primary
ifestatlon of which was acrossleolysls (ML), a deyenerative diseasy
the bone tufts in the hands, and more rarely of Lhe feot and luabar
I«:: ‘A:lhm:gh r::m;:lnq lo sm d:q‘)ree. this t‘llua:t s not talal,
at least partia reversible if enposure s alininate
cer amd Ward, 1980). Y e s slinlasied (Grintper,

st Len years latar 11 was found Lhal some of the workars having
-lar expasure also were develeping anglesarcoma of the llver {ASL),
pldly tfatal disease. 0ddly encugh, thers Is enly sne possible .

- of & worker developing both AN and ASL {Stafferd, 1981)

40-plus cases of ADL and 90-plus cases of ASL now known worldwide,
wough both are diseases of the vascular systes. Several large
iemiology studies were conducied on workers exposed to ¥C (Baxter
fox, §376; Chiarze, 1980; Duck, Carter and Coombu, 1975; Cquitable
ronsertal Heallh, 1978; Fox aad Colller, 1977; Freatzel-Beyme,
Atz, and Theiss, 1978; Theriault and Allord, 1981), and ASL was
only falal disease found consistenlly Le be In excess in Lhese

CHA 010470

persons. Animal studies have shown an excess of tumors at olher
slites, bul the lowest exposures at which these occur are considerably
higher Lhan Lhat for ASL. Far example, Maltoni (1979) reporied Lhe
following dala:

Concentration For

Slie Significant Elevalion
Ferestomach papillomas: 30,000 ppm
Neuroblastomas: 10,600 ppa

Iymba} gland carcimomas: 18,000 ppa
Kephroblaslomas: 250 ppm

Liver anglosarcoma male: 200 ppa, 50 mg/kg

femals: 56 ppm, 16.7 mg/kg

Hamsary adenocarcinoma: 5 ppm

The low concentration for onsel of mammary tumors was of concern when
a preliminary study of fabrication eaployees reported an excess of
breast Lemors {Chlazze, et al., 1979) but a follow-up case-controlled
study (Chlazze, 1900) found no assoclatlon between the cases and ¥C
exposure. The largest sludy of VC-PVC workers In Lhe Unlted States
reported slight excesses of brafn and lung tumors {Equitable Environ-
sealal lealth, 1978), bul this was not seen In Lhe other sludles
referenced sbove. The excess of braia Lumors was saall, and nol dose-
or expesure-related. ' The overall excess of lung tumors resulled from
an excess im one plant enly, and reevamination of those cases also
showed no assoclatien with VL enposure (Wanweller, 1978).

¥inyl chloride has been found to be active in several in vitro mula-
genelic Lests with bacteria and yeasis {Hopkins, 1979) and TU appears
to cause chromosome abpormaliliss In exposed workers, bLul these changes
are reversible whea exposure Is veduced {Hansteene, 1978) and several
studies of nelghborhoods around PVC plants have falled to show &
supportable association with birth defects (Edmonds, 1975, 1976). it
is nol a teralogen in rodents {Johas, 1377).

Therefare |L appears reasonable to assume that #f there is any signif-
Icant chronic risk olher Lhan ASL, it s consliderably smaller Lhan

that fer ASL, and Lhat an adequate risk assessment cam be based on
only the 1lvar twmeors,
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Under tis new [eideral copyright taw, w
publication rights to this paper are y
tolained by the aulhot(s). "T‘

-




view of Risk Assessments

Sthaeldersan, 1975

One of the first atlempls s utllize animal data s estiimate
rishs al very low exposures was thal of Schasidersan, Mantel and
Brown (1975). They used preliminzry Nallenl resulls te compare
Lthe eslimales oblalned from three :uslblt sathemstical modals.
The 39T assurance level of a "safe” dese at 3 Vifetime risk of
10 7 was estimaled from several extrapelation nodels as fellews:

Log Frobit {siope = 1) 73 ppb
Logit (stope = 3.45) s
Logit (s)ope 2.3, onme-hitL) 2.) pob

the aulhors discussed the recogalaed difficulties of axtending
these rat dala Lo humans and of previding aninal experiments that
c‘nuld answer satlsfaclorily Lhe questiieon of human risk at very
ow toies,

Aurmack and HcGaughy, 1975

The EPA was Lhe first group te stlespt & husan risk assessment
for vinyl chioride (Kutmack and McGaughy, 1975). Jhis plencering
eflert alicmpled to use bolh snima) and Mman data, and te shew
comparalive results (rom both the limear and log-prebit qgels.
I concluded that there was an individual risk of 71 2 10~ per
pim al lifetimr exposure Le ¥C by Lhe linear extrapelalion methed,
ard Lhat the log-probil resulls weres one-tanth te sne-hundredih
of that. .

This effort is subjecl Lo saveral serfous crilicisms. The
exposure dala used for humsn experience was that fvem a grewp
wilh Yess Lhan average enpesure, while Lhe ASL rals was chosen
froms only Uhose planis which did report cases, snd ignered the
reasinder of the population. Ihus, their {acidence rate of 1.5%
compares Lo an actual flgurs of sheut 0.0X, .

They used a5 thelr primary meihod & Vinedr exirapelstion of rat
data, which often has been seen Lo sverestimale Lhe actua) rates
by at leasi Lwe orders of sagnitude, snd they sssused the Letad
cancer rate to be Luice Lhal feund for ASY.

This same estimale was used by Lhg EPA (1979) to eslinaie Lie
concentration of VC in drinklny water which would produce varlows
levels of risk, Thase estinates ara, of courss, subject Lo Lhe
same crilicisas, .

Hisbhel {1978) challenged the estimate of Kutmack and Mch
(1975) when {L was used by Wilsen in testimony before the O
hearing on Its generic cancer policr. Nishat stated Lhat his
calculations showed Lhe risk to be 10-30 Lines greater, by Lhe
saae calculation meihod. Wilson (1970) suggested several flows
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in the Misbel procedure, Including the fact Lhal he chase for his
eatrapolation ene point st 25 ppe from Mallonl experiment BI-15,
and Lhat this polnt Is not in good sgreement wilh the whole body
of data. Further, he chose te use tolal cancer Incidence In the
rats, Includiag Lhose al tymbal glands, which have ne counterpari
in humans. Belh Wilsen and Kutmack and NcGaughy had used &
faclor of Lwo Limes ASL Le account for pessible cancer at olher
siles. Wilsen did ackmowledge a mathemallical erver which made
his results half the proper mumber. ,

Albert (1970) applied this same general procedure Lo other poten-
tlally carcinogenic alr pellutants in the Unlted Slates and
calculated the sxpected annual cancer dealhs as follows:

Arsenic 15.6
Renzene 17.8
Cadnium 26.2
- Coke ovens 149.5

VC (after regulation) 1.0
Gehring, 1979

Gahring, et al., (1979) applied an experimentally derived bls-
Lransforsation correction (Gehring, ot al., 1978) Lo rat data and
estimaled the Incidence 1n husans al two different enposures by
nsans of four different exirapolatien sodels. Their estimates at
500 and 200 ppm TWA hracket Lhe observed experlence for humans:
when derived from the prebit and the uncenstiralned linear models.
The Yinear-Lhrough-2ero and ona-hit sodels censislently ever- .
astinatad Lhe inclidence. Allhough not consldered by the aulhors,
the linsar and prebit models match rather clesely the tetald U.S.
enparience of occupational ASL at an assumed 1,000 ppm exposure.
The linzar wede) predicts ne incldence below 99 m.ln humans.
The predit medel predicts a human risk of 1.5 x 10 " at ) pps.
Thus, & sechanism for adjusting for the difference In metabollsa
bolween animals end humses appears Lo be uselul,

A limitsLlon of Lhe Gehring pregedure i3 that It uses partlal
Maltonl data, and Lesls the results against Lhe CMA epldealclogy
study. That sludy was met Lhe "end of Lhe experiment”; JL stopped
st the end of 1971, and saveral deaths have occurred since then.
Nelther did 1L cover Lhe antire populatien, bul enly the employees
of thoze plants which set certain critaria for dala relention and
lenglh of operstien. The Stafford (1981) data does cover the
enlire populstion and extemds the histery for sevea years, The
size of the populatfen 3 mot known, bul & reasenable eslimate,
based on normal worher Lurnaver rates and Lhe nusber of plants
natl Included In the CHA study, Is certainly not lass than 25,000,
This weuld give & gress lacluence of abeul 0.¥X. OF Lhese, Lhe
susber actually exposed Lo substantial enposures would be aboul
25-30 per planl at sny ene Lime. Muliiplication by 25 plants,

and a faclor of three for the turnover during Lhis perlod, would
glve sbeul 2,000 highly axpesed persens, for sn effective fnci-




dence of just over 1X. Persona) experience would indicale that
for the period prior Lo 1964, when all of Lhe Firsi exposures of
Lhe falal 26 cases had occurred, the average exposures of Lhis
highly exposed group certalaly was in excess of 1,000 ppn for the
working day. HMalloni (1979) feund a 1X Incldence al about

1-10 ppm in rats. Calculation of the dose equivalent to a 1X
incidence in rats gives O ppm by thi llacar melhod and 7.5 ppm
trom Lhe Jog-probit equatien for the cosbined Maltent Inhalation
experiments. This crude and subjeclive estisate would Lhen say
that man |s about D0 Limes as resistant as Lhe rat to ¥C inhala-
:lgn; ¢ ligure generally in agreement with olher estlsates {NCAS,
979).

Food Safety Council 1978, 1980

The Food Safely Council has recommended (FSC, 1978) the use of
the gamma sulLi-hil model becsuss of its flexinllity In handling
dose response data of varying curvllinearity at low doses. 1L
has calculaled {FSC, 1980) the maximum Vikely and Jower 97.5X
limit doses for substances st u;‘ms elsk Jevels and wilh
different models. For ¥C, al 10 © risk, these resulls ars s
follows {based en early Malienl datla):

One-hit 2.0 x 1073 ppa
Armilage-Doll 2.0 ) _g Ppm
Weibull .1 In_wppn
Hulli-hit 31.9x 10 " ppa

For Lhis subslance, Lhe goodness of fit of the Weibull model
{0.56) was superior to that of the aulti-hit (0.32). Nelther of
Lhe other two models gave acceptable fits. This was in part
because of Lhe Concave shape of Lha curve, which included 31l of
the high deses in Lthe dose respsnse data,

Oow, 1979

A Dow lieath Team performed 8 relative rishk estivatlon for several
componals {1angee, b ab,, 1919) which consiidared probakle aspes
sure, the cansequence of exposure, the physical stale of Lhe
substawe durlng precessing, and Lhe curreat exposure standards,
Mis resulled in 3 value of 480 Tor VC In & "closed syiten bul
wilh esployres In the vicinily.” The some procedure assigned
hazard rating values Lo some slher substances as Tollows;
bentene, 10; phosgene, 410; hydroges swifide, 5; arsing, 9,700;
and blrthlomuel.hzl elher, 69,700, In a balch speratien with
sccasional manual handling, the harerd raling for ¥C increased te
9,200 by Lhis method.

tiehtr, 1980

Nehir, eb al., (1980) conducled a series of tests fer the Consumer
Product Safety Commisslon, & part of which censisted of eapssing
rals and mice to a saries of short, high expesures, ralher than
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the usual extended low dosage. They Included one-hour exposures

" e rats and mice al 50, 500, 5,000, and 50,000 ppa, 10 and 40
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hour exposures ail 500 ppm, and 49 and 100 one-hour exposures at
50 ppm. After lifellme sbservalion Lhey Tound no effecls on
raLs, or their offspring, nor on mice exposed Lo less Lhan

500 ppm. Those exposed Lo over 500 ppa developed pulmonary
adenomas, but Lhey alse had sulfered (rom pneumonitis.

They conslilered Lhe published dala on animal exposures snd
concluded that Lhere was a Hifelime dose below which no oncogenic
response Is seen. This was estimaled to be 5,000 ppm-hrs for
aice and greater than 50,000 ppa for rals, regardless of whethar
the dose was adainisiered over 3 shorl or long period. This
concept of equalliy of effectiveness for al) modes of exposure
does nol have gensral acceplance and would npol appear to be
cerrect, based on our present understamding of carcinogenesis.
Dose-rale effects are, of ceurss, well known. lowever, Lhe
degree 1o which tLhis canbe extended Lo all Lypes of offects is
npol known.

These aulhors also used the Cruep-Guess model (Crump, Guess and
Beal, 1977) te evaluate their data on mouse pulmonary cancer, and
estimated that exposure to 5,000 ppa VC deubles Lhe probabllity
of cancer, while 50,000 ppm increased the risk aine-fold. In
view of the fact Lhat prevmonills was present in all animals
exposed abeve 500 ppm, It {3 questionable If this was a direct
sncogenic response, or ibe result of an nongenelic svent because
of severe lung damage. Hallonl {1979) also reporis an increase
in lung Ltumors fn mice, but net In rats or hamsters. Thus, Lhe
significance of this finding Lo risk In humans Is questionable.

Andersen, 1380

Anderson, el al., {1900) extended the work of Gehring, et al.,
{1978 and 1979) Lo Incorporate Lhe amounl of mclabolic products
frem ¥C which aclually was bound Lo Lhe DHA of eaposed rals,
(Gahring snd Blau, 1977) rather Lhan Lhe Lolal amount melabolinzed,
Thay analguad variaus values {n Lhe parasaiers fn & Nichae) fy-
Henten equalion depiciing Uie kinellcs of Uie metaballc procass,
and coapared the results from entrapolalion Lo low doses by
Tog-probit and aullf-hil medals. They found Lhal the lwo extrap-
slation models responded quite differenlly to these vartaliens at
very low doses, and Lhal 1L was not possible Lo select one aode)
as the more sppropriate from the high-dose data, Use of Lhe
values of Gehring for the primary parameteri,gave astimales of
the dose equivalent Le Vfekime risks of 10 ° of less than §

for the problt madel and less than 2 ppe for the multistage
model, a correspondence which the authors polnled oul was betier
than the praclislen of iIntaripecles comparisons,




EPA, 1980

The Final verslon of the water quality crileria document far ¥C
{EPA, 1380) used a different approach for risk ssilsation. The
slope of the Incidence of all Lumors at the lowest doses of
Haltonl experiment BT-] was adjusted for the fraction of expesure,
the equivalent feeding level Lo glve the same blasd concentratlen
of ¥C as by inhalation {see Withey and Colllns, 1976), and the
ratlo of Lhe surface area of Mmans_ys. rals, leo preduce an
eslimate Lhat a Tifetine risk of 10 ° would ba causad by drinking
2 V/day of water conlaining 20 g/). Thers is seme confusien in
Lhe mathematics given in Lhe report, and the assumplions oa which
Lhe adjusimenls are made are far from having general acceplance,
although generslly follewing HAS recosmsndalions. IL appears
Lhat this pracedure oversiates the risk by seversl orders o

aagn b lude. .

NAS, 1300

The Matlonal Academy of Sclence (1977) calculated Lhe upper 35X

confidence Vimit: lor risk from deinking vater containing vinyl

chleride from the probabiiistic sullislage medel and erly Haltond '
ral dala. They report (“55 1960) a Lifetine risk of 10~ as '
being equivalenl te 3.0810 ~ ag/kg/day. For a 70 kg perien '
consuming 2 V/day, this would calculale to an acceplable level of

I g/, The difference batween Lhe [PA and NAS nuabers comes

from the different curve-fitiLing acthods for the animal data.

12.
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Gaylor and Kodel) {1380) applied Vinear "Interpslation™ Lo Lhe
same early Mallenl data used by Lhe fnd,ialely Council (1978) ts
arrive at a predicted manioum risk of 10 ~. The upper 97.5X%
conlidence limit of the animal data was Laken a3 ene poinl on the
interpolalive line, and ters Incidence ab 2ere enpesure as Lhe
olber, ].ls preduced & lower 97.5% :ullgenu lialt dosage of \
1.9 x 10 7 ppm fer & Hilotine risk of 10~ im rots. lhir_‘ppll-
catlon of 1be lnitglrhll sultistage sedel gave 5.2 ;zll [
as the dosage at 10 ° Mletling ‘risk comparad ta 2 x 10 © by the
Foou Safely Councll. The difference is dus Lo sllarnatlive assump-
tions on the value of the expenenlial dese term,

LN

Crump and Guess (1980) reviewed some of Lhe sarller rish esilimales
for winyl chloride {a drinking valar, and recalculbled the rishs,
using Lhe one-hiL and muliislage nedels. They arrived ol an
vpper 95X confidence YimtL of lllq‘u risk for drinking water
contalning | g/l ef ¥YC of A 2 187, based oo sarly Malton]
inhalation data. Usimg Lha assusplien that 2 0.2% Incidence of
ASL ¥n workers had resulled from & lfeting txgesure of 78 o/kg,
tbey sblaidnei a maximum Fikelibood vish of 10 ° from 8,34 o/1 by
both the multislage and Iinear models, with 95X lower confldance
Vimits of Lhe some risk at .24 /1. These Lwe nedels reduce Lo
& linear form when used 3L very low deses and with the sssuvapliion K
of no Lhreshold value.

CHMA 0104 73

- ASL, gives 2.5 x 10

 These authers cite EPA data on the occurrence of VC In public
"waler suppiies which by thelr methods yield a lifetine eisk of

1.7 x 180 7, or 12 Jdealhs per year from this cause in Lhe United
States. HNens of these has been observed, desplie tha accusula-
Lion of 15 years' data on ASL deaths (Popper, 1378).

Scoll {1981) ascribed the decreased Incidence of tumors In rats
al Lhe higher doses Lo a ce}l killing process, and adopled the
Weibull model Lo account for this. Application of the model teo
sone garly Malten| dala produced & curve which Iit the dala from
50-10,000 ppa. He did mel sllespt Lo extrapolale Le doses beyond
the experimenlal range.

Carlborg, 1381, alse applied Lha Welbul) model 1o 11 bloassay
reperts on & varlely of anlmal carclnogens. He concluded Lhal
he one-hil mode] was not appropriate and that carclnogens could
be divided lato calegories according to the shape of the curve,
2.g., gOncave or convex., He found Lhal Lhe early Malionl data on
VC tall inte Lhe {ormer catsgery. Applicalien of his parameler
esLlinmates lo Lhose fjts. assuning ne spontaneous ln:‘dence of

pem for 3 Jifating risk of 10~ for rats.
Later calculations Including all of Lhe published Maltonl data -
dll'u; change Lhe results significantiy (persenal cosmuni-
catien). .

Me found the Welbull shape parsmeler Lo be appronimately 0.5,

which s assumed Le be number of stages for tumor {anitlatien.

This (s consistent wilkh Lha finding by Gehring (1977} of a satur- M
sble melabelic path which produces Lhe proalmate carcinogen. 1L

alse sugyesls Lhal the mumber of “stages” Is Lhe number of finlte-

rate sleps bafore Lha rate-Huiling step. There may be otlher

stages follewing, but thay are not rale controlling. Actually,

there sppears Lo be at Yeast twe salurable mechanisms fnvelved in

Lha pharmacokinelics of VC, the metabolism Lo Lhe uitimate carcir-

ogen and Lhe detonlfication by sulfiydryl greups.

One furlher evaluation of husen risk can be made from the experi-
wnce of persons muin‘ aaar VC-MVC plants. The EPA estimaled
(Rurmach and MNcGaughy, 1978) Lhal fiva milHen persons lived
within five ailes of (hesa planls, and were exposed to an annual
average ceacentralisn of 17 ri The present distribution of
plants was genersily wall-qslab) lohed by 1957, Lhus we have 22
yuars of history, or shawl: 130 nitlion person-years. Abeut five
or six of these plants, with 1-2 alllion nelghbors, go back
wnether 30 ysors, bul Lhese dath are ot flrm ancugh for Inclusion.

The fact that ne case of ASL has baen confirmed as arising from
thess ssbient_guposures places Lhe wpper bound of risk at lesy
tham 2.7 0 §0 © per mr Bt is balleved that the enposure
data wers overasiimated by EPA, and thes this resull say be tos
low, but it s In the some gentral rangs a3 that arrived ot by
Gehring (197%) and Andersen (1580) after making correciions for
prarsacekinetics.




{xtending Lhis crude calculation, these Five million persons are
now sufiposed by (PA to be exposed to 0.2 ppb (probably a high
figure}, which would predict no more than 0.0003 deaths per year,
or one per 3,700 years In thal whale population due to VC exposure.
Bul 1L also must be recognized that with sppreximately 20 cases
per year of ASL in the gemeral populalien, Lhere con be expecled
from a purely statistical basis thal Lhare should be one case
;very two years or so asong Lhis group of § sllilion plant nelgh-
ors.

Ihe results of Lhese estimales d]‘cnssed above are Cosparsd in Table 1,
viter conversion Lo a uniform 10 ° Vifetime risk. Eslimates 5, (Dow
ms) and 12 (Scoll, 1981} were nol In a form 10 persil Lhls cemparisen.
ee 0S4, (1980), fer references to a few olher estimates Lhat were

wi consldered here.

[t can be seen Lhal the resulls !gll Iato twe sajer calagories, these
-hich project that Lhe risk of 10 ° occurs al exposures of greater
than | ppm, and Lthose which find that risk in Lhe ppb range. The
»slimates which yield Lhe higher allowable exposures are based on
numan dala (Hos. 3, 7 and §4) or use 2 log-preblt entrapslatien model
(Ho. 2, second estimate), or predict a Lhreshold (Me. 6). The
remainder generally are based on the linear, non-Lhreshold model, and
nake no blological cerrection. The result is & difference of 3 or 4
arders of magnilude. The estimales which yleld the higher allowable
rxposures are in belter agrecment with humsn axperisnce than are these
of lhe other group. )

Additiona) Data

Al of Lhe extrapolalions reported here have used far tha original
talloni data from his experiment B3-1. He has mew reperted (Hallenl
1373) three olher coaparable ishalation experiments on Lhe same stra‘n
ol rats, and one on anolher sirain, in addition te two ingestion
vludies.  lhe results of Lhese experiments are shown In Figure 1, on o
log-probit scale. 1L can be seen Lhal Lthey 2}l fellow a similer
vattern, bul thal Lhere are large varlations in slaps betweea Lhe
sarious data groups. Tahle HI contalas Lhe teg-prabit equations .
alcubated from some of Uw (ndividual expariments, and varieus groups
if experiments. Excellent flts are cblalued for a single experiment,
1+ would be sxpecled from the small musber of dals pelats, but adequale
‘I1s are sbtalned for Lhe group as a whole., Inclusion of ihe histeric
ontrol dald an ASL (0.09% spontancous incldence) did mol affect tha
tit substantially, encept for Lhe very low dote data. Inclysion of

e 0,0 (origin) a8 & data peint did glve significanlly poergg fils.
Ihe combined experiments Indicale Lhal a Vilatime risk of 10 J for

ats is oblainad from a dose in tha 1-2 ppb rangs. :

vimblar varlation s seem with Lthe slhar malhemalical expressions,
.uch a3 linear or expencallal equations.
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Regulatory Status

The curreat regulalory status of vinyl chloride Is summarized in Table
11. The first regulatory acllon on ¥C was Laken In 197) when the
Burcau of Tax, Alcohol and Firearms prohiblied the wse of rigld PVC as
liquor containers. This was based on 1L belng present as an adulterant,
s not en any consideration of risk. The Consumer Product Safely
Commisslon {CPSC), the Food and Orug Adeiristralion, (FOA), and Lhe
EPA a1l acted to ban the use of Y€ as an aerosol propellant thus
eslahlishing a zere risk position. The FUA proposed (FOA, 1975) to
wilhdraw the prior sanction stalus of rigid PYC as a food package
componenl because of Lhe concern for residual YC that might aigrate.
Tie FOA has Laken no furlher action on Lhis proposal, and now is
considering a *constituenl® policy which would permit a Jifelime
sxposure at some .gceplahle risk level. This risk has been proposed
recently o be 10 ° Vifetime for the glutlonous consumer. As was
discussed above, the EPA required a besl avallable technoloyy approach
which reduces Lhe average exposure Lo Lhose wilhin § miles of a plant
to aboul 0.2 ppb, by EPA estimates. OSIA established a rule In 1974
which set 1 ppm for 8 hours as the maximum permissible exposure, and
also sel 0.5 ppm a5 an action level below which most fealures of the
regulation did not q‘Eiy. These were chosen as feasible levels, and
not necessarlly “safe” doses (OSHA, 1974; EPA, 1976). :

The EPA has established an exposure te Lhe general population only
0.1X of that allowed in the workplace. The CPSC has required zero
exposure, and Lhe FDA has considered that approach. Depending en
which method of estimalion Lhe FDA may choose, 1is allowable exposure
could be sither grealer or less than Lhose currently set by EPA and
OSIA. L has been estimated Lhat the maximum amount of VC ingested by
Lhe average European, who uses miuch more plaslic packaging than we, |s
Iqs than Z‘ g/day, (CEFIC, 1976) which would be In the order of 2

10 % or 10 * lifetine risk by sven Lhe most conservative madels.

There have been various estimates made of the cost-effectiveness of
the Federal regulalion fer viny) chloride. Graham and Yaupel (1901)
estimated that the OSHA rule cest $7.5 million per 1ife saved, and
$400 thousand par Vifa-year saved over Lho option of leaving Lhe
exposure limlt at 50 ppm,  Luken and MiVier {1901} stale Lhal the
iapuled value of a Jife from the OSHA standard 13 $4 allilon. Horrell
{1962) wses an annual cost of $20 million and an annual benefiL of 0.1
lite saved Lo derive a cosl/Benelil of $200 million per Vife lor Lhe
OSHA rule. The (PA has seperied (EPA, 1979) Lhal Lhe cost of cosp,
ance with 1ts ¥C standard was $296 million Lthrough July 2, 198), and
will be aa additional 3470 aillion during Lhe next five years, all in
1917 dellars. [f Lhe EPA estimale of wp Lo 20 dealths per year were
correct, Lhis weuld be a cost of $4.7 mitlion per 1ife. llowever, as
:.l.:cuu:d here, Lhere is no evidence that any lives have been ssved by
s rule.

Thara are many difflculiies in sbtaining accurate estimales of this

type, and serlous problens fn detormining Lhe proper value te be
assigned Lo 8 |lfe. nevertheless, Lho doubliul mature of the clains

LR




w any slgnificantl benef{l from Lhese rules swggesls Lhat al besl, Wa have available Lo us al least as much dala regarding viny) chloride .
nese requiations are excessively coslly to soclely. Therefore, we - a3 we have fer any elher subslance, and we still have difficulty in

sl atlempl Lo Improve bolh our dats base and eur melheds fer inlcr- deriving & sultable expression for risk from a purcly sathemalica) or

~etlng and applying Lhe data. statistical basis. Oaly when husan relevance |s considered can we
arrive at a pradiciion Lhat appreximates aclual experienca.

1scussion

o The regulators are faced wilh a tremendously difficult Lask when they

val can be learned from Lhis exerclse other than Uhe already are presented wilh a lew pleces of snimal dala which suggesl the meed

connized fact Lhal varlous extrapolalion medels can yield very for concern and patential regulatisn. We musl develop 3 sullable ,

iiferent resulls? [n this case, at leasi, Lhere are severa) peints program Le oblain and use a5 much relevant data a3 possitle te assure

ilch are worlh cons ldering. that ratlonal regulations are possinle. The viny) chleride experience.

can help us understand the kind of data which are needed.
I. Viayl chloride is no exceplion te the rule that man dala alvays
susl be Incorporated whenever possible. The epidenmic of occupa-

T

tionally Induced ASL which was lfearsd in 1974 not satertalized, 3785-M
probably dus Lo Lhe steps Lhal were Laken in Lhe url{ 1960%s to 2/15/92
reduce exposure because of the discovery of ADL. Me jastances of Toh

ASL from exposure Lo VC in Lhe ral pepuletion have besn

substantisted. The overprediction of sccupational cases was due

Lo the undereslimation of worker exposure and ovesrellanca on raw

snisal data willwut proper pharsscokinetic adjusiment. We are

not aow able Lo extrapolale reliasbly belween sinilar specles and

cerlainly nol from rodeats to husans, witheul much additional .
data. . ]

2. The regulations for vinyl chloride were not based primarily en
scienliflc data, bul on socleecence’c and peliLical decisions.
This is no surprise (Crandal) and Lave, 1981), bul is & fact
which should lie acknowledged openly, 2 with Lhe understanding
that this position will centinue Lo penalize geod sclence.

3. Hathemalical exirapolalien models ars mel adequate in Lhemseives
tor predictions of risks much beyond the n:rllulcl range, M
maller how good the (il is Lo Lhe dala ia Lhe ebserved range.
The variabilily of relatively ssall enperimenlal graups adds Le
Lhe errer range. lhus, Bleassays lalended for quaalitative risk N
assessmentl applicalions sheuld be si a3 Jow doses as pessible, ;
and as large as possible, and should be Interpreted very cav-
Lisusly.

4. Ihe current stale of the art §s such Lhat guantitative risk
assesseents may be useful for delermining relative risks fron
sinilarly acting carcinegens, but sre not sullable fer acrass-
Lhe-beard applicstisn Lo a1l mechanisas of carclnogenesis,

1his 1s nol Lo say thal we sheuld sbandon efferis at developing
more effective risk assessmant aelhods. Ve mnsl, hewever rmrnlu
the preblems inherent (n hiind application of nathenatical models
wilhoul proper assessment of he availsble bischenical dota, or

an undersianding of how applicsble ihe experimenta) dala are Lo
humans.

A
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STIMATE
NO.

AUTHOR

12
"

SCHNEIDERMAN, 1978

KUSMACK & McGAUGHY,
1975

GEHAING, 1975

FOOD SAFETY COUNCIL, 1080
HEINR, 1080

ANDERSON, 1980

EPA, 1990

NAS, 1980

GAYLOM & XODELL, 1080

CRUMP & GULSS, 1080

CANLBORG, 1881
THIS PAPER

TABLE |
SUMMARY OF
L.DOUANTITATIVE RISK ASSESSMENTS FOR VC

sase EXPOSURE FOR 109
SPECIES LIFETIME RISK
RAT 1 peb
110 pots
1peb
RAT,HUMAN 14 ppl
1481400 pob
RAT, HUMAN > | ppm
AT 2x 108 o0
RAT, MOUSE  THRESHOLDS SEEN N
SOTII SPECIES
RAT, HUMAN > 1ppm
AAT 4 pGIDAY
RAT 3 X 105 MG/XGDAY
RAT 0.7 peb
05 prb
HUMAN 0.7 4 GIOAY
AAT 0.5 pG/DAY
AAT 2.5 X 105 ppiy
HUMAN >t ppm
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COMMENTS

LOGFROBIT
LOGIT SLOPE « 3.48
LOGIT SLOPE 2.3, +-1NT

LINEAR THROUGH ZERO
Loa-raomv

BIOTRANSFORMAL DATA AND
LINEAR OR LOG-PROMT

wEIBULL .

DHA BINDING
FOOD ON WATER
WATER

UPPER 97.5% CONFINENCE
LIMIT OF LINEAR MODEL
ARMITAGE DOLL MODEL
APPLYING WONKER DATA TO
WATER, UPPEN D%
CONFIDENCE LIMITS
WIEBIHLL

NEGATIVE EPIDEMIOLOCY

1 ]

TABLE Il
REGULATORY STATUS OF VINYL CHLORIDE

PHILOSOPHY

CONTROLLED LEVEL

AGENCY

ADULTERANT

BANNED AS LIQUOR BOTTLE

BATF

ZEROQ RISK

BANINED IN CONSUMER PRODUCTS

CPSC

CONSIDERING ACCEPTABLE

RISK

USE IN RIGID FOOD PACKAGING

QUESTIONED

FDA

BEST AVAILABLE TECHNOLOGY

APPROXIMATELY 0.2 ppb

EPA
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LOWEST FEASIBLE LEVEL

1 pem 8-HR TWO MAXIMUM 0.5 ppm

ACTION LEVEL
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EQUATIONS FOR CURVES FITTED TO VARIOUS
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Memorand_um : ﬁQAFT
_ | L A

To Kenneth Kizer, Director e+ June 17, 1985
Department of Bealth Services Subjects
714 P Street Evaluation of
Sacramento, CA agj::::> Vinyl Chloride
BCYd

1 am writing %0 request formally that the Department
evaluate the health effetts of vinyl chloride as a candidate toxic
air contaninant in accordance with Assembly B8ill 1807 (Tanner). ‘
According to Health and Safety Code Sections 39660-~-62, your
Department has ninety days to submit a written evaluation and
recommendations on the health effects of vinyl chloride to the Air
Resources Board and may request a thirty day extension,

' Attached for your staff's consideration in evaluating
vinyl chloride are; Attachment I - a suggested list of topics that
we beljeve should be included in your vinyl chloride evaluation and
recommendations; Attachment II - a list of references on vinyl
chloride health effects which were presented in an ARB letter of
public inquiry; Attachment III ~ additional references and comments
received from the public in response to the inguiry letter; and
Attachment IV - ambient vinyl chloride concentration data and
emission data which should be used to estimate the range of risk t
California residents as required in Health and Safety Code Section
39660(c).

My staff is available for consultation in conducting this
health effects evaluation. We look forward to continuing to work
closely with you and your staff in carrying out this legislative
mandate, If you have any further questions regarding this matter,
please contact me at 445-4383.

Attachments

¢c: Jananne Sharpless
Alex Kelter, w/attachments
Raymond Neutra, w/attachments
Peter D, Venturini
Assemblywoman Sally Tanner
Claire Berryhill
Emil Mrak, Chairman and Members
of the Scientific Review Panel

- Senator Ralph Dills
Senator Art Torres
John Holmes AR3

CMA 010481
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ATTACENINT IV 2

SUKKMARY OF AUMBIEINT VINTZL CELOZIDET CORNCENTRATIONS

'vinyl chloride has beea produced in one &ndustrial
facility and used by four facilities in California, all of them ina
the South Coast Air Basin (SCAR). :In ¥Yay 1978, the Air Resources
Board (ARB) adopted an ambjient air guality s:zandard for vinyl
chloride of 10 ppb, 24-hour averace. Subseguent ambient monitoring
in the SCAB found the 10 ppb standarzd o e exceeded fregquently in
the vicinity of these facilities Zrom 1979-1981. However, sinc
1982 the recent monitoring data Ic: VC near these vinyl chloride
facilities has shown all values :=c ce telow 10 »pb, without a
determination of the actual valus., Trese reiuctions in arbient
concentrations are likely due to the ciosire of the production
facility in 1982 and implementaticn of resulations by the South
Coast Air Quality lNanagenent Distrist {SCAQMD) designed to reduce
vinyl chloride emissions. .

Vinyl chloride has bheen destected in the community near th.
BKK Class I landfill in West Ccvina. In 1983, the Department of
Health Services (DES), AR3, and :re South Coast Air Quality
Management District issued a repcr= detajling ambient concentrations
(report attached). As the report izdicates, the average vinyl
chloride concentrations varied with location. The worst cas
residential location, Station A, haé mean 24-hour VC concentrations
of 7.1-7.3 ppb, with a maximun reading cf about 39 ppb. Data for
this report were collected over three zonths (July 19-October 15,
1982), with 24-hour samples taken five davs pez week.

A newly discovered potencial source of vinyl chloride
emigsions into the air is that of sewace :treztment facilities. an
EPA contractor recently made some estizates of vinyl chloride
emissions, as well as other volatile aromztic compounds, from the
"Top 20" sewage treatment plants, naticnwide. (Please see Appendix
D of Versar Memorandum, Attachment IVC.) 1In this document, the
Hyperion facility, which is located in the SCAB, was calculated to
release 17]1 metric tons/year of vinyl chleride, ARB staff m del 4
this emission estimate (assumpticns on At:zachment IVB) and predicted
8 ppb above any background as an annual average vinvl chloride
concentration., The 24-hour maxiru: VC concentration prediction is -
23 ppb above background., AR3 and SCAQMD rian to confirm these
estimates with source and anmbien: vinvl gricride testing at the
- Byperion facility in the sumner ¢ _.98%,

CMA 010682




Summary of the Health Effects or YVinyl Chloride D RAF T

HEALTH EFFECTS

The health efrects of viﬁyl chloride have ceen reviewed by several
sources. Two good reviews are by the International Agency for Research on
Cancer (IARC, 1979) and the U.S. Department of health, Education and
lielfare (U,S. HEW, 1978).
A. Carcinogenicity

1. Humans - Epidemiological szudies nave shown that vinyl
chloride causes argiosarcoma of the liver in humans. Strong evidence
also exists that vinyl chlorige may cause cancer of the central
nervous system, especially glioblastoma rultiforne. Evidence also
exists that vinyl chloride incuces cancers of the lung ané lymphatic

system but this evidence is weaker. (IARC, 1979; J.S. HEW, 1978)

2. Animals - Vinyl chloride has been shown %o be carcinogenic in

several animal species after oral and inhalation administration.
Liver angiosarcomas were observed in mice, rats and hamsters expased
to vinyl chloride. Other tumors seen were mzmmary adenocarcinomas,
lung adenomas, Zymbal gland tumors and angiosarcomas at sites other
than the liver., Doses in the inhalation experiments ranged from 50
to 10,000 ppm. A significant 1ncrease‘ in some tumors (angiosarcomas)

was seen at the low dose (50 ppm) level. (IARC, 1979; U.S. HEW, 1978)

CMA 010483
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Vinyl chlorige is mutagenic in several test systems. Vinyl chiorid

B. Hutagenesis
has been found to be mutagenil: in several strains of bacteria, insects and
mammalian cells. Chromosomal aberrations have been induced in workers

exposed to vinyl chloride. (IARC, 1982)

C. Teratcgenicity

Evidence that vinyl chloride causes teratogenic effects in humans or
animals is equivocal. Vinyl chloride has been implicated in causing
increased fetal deaths in the wives of vinyl chloride exposed worker's and
-birth defects in children of workers. Evidence is 1nczonc1-usive. (1ARC,

1979)

D. Pharmacokinetics

The metabolism of vinyl chloride has been reviewed by several authors
(IARC, 1979). Absorbec vinyl chloride is eliminated precominantly via
metabolism and exretion of metabolites into the urine. A small amount is
excreted via the expired air as unchanged vinyl chloride. As the
concentration of vinyl chloride to which an animal {s exposed is raised, a
" larger percentage of the adbsorbed dose is eliminated as unchanged vinyl
chloride in the expirea air. The initial p-roduct of metabolism {s
believed to be chloroethylene oxide. +vinyl chloride, in thie presence of a
microsomal enzyme fraction, binds to w4 in vitro and to RWA and DNA in

vivo. Cnloroethylene oxide is beiisvec to be involved in the covalent
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binding to RNA and UNA. Since an abundance of animal pharmjcdk¥n2!s
data exists, it may be possible to incorporate it into the

gose-response assessment. (IARC, 1979)

E. Acute and Chronic Effects (non-carcinogenic)

Acute exposure to vinyl chloride causes narcosis, cardiac
irregularites and liver and kidney toxicity. These effects are seen at
relatively high doses. Liver toxicity is evident as centrilcbular
degeneration, hepatic fibrosis and necrosis. UOegeneration of bone, nerves
and

connective tissue is seen after chronic exposure. Acrcosteolysis, a

degeneration of the bones in the fingers, occurs in workers. Disturbances

L1l

I1I.

in liver, kidney and pulmonary function also occur after chronic exposure.

THRESHOLD
The U.S. EPA proposed a lational Eﬁ{ssién Standard for vinyl chloride in
1975, which was promulgated in 1976. The proposal for the emission '
standard states that there is no known threshold for vinyl chioride's

toxic effects. (Federal Register, 1975)

DOSE-RESPOKSE ASSESSMENT
The U.S. EPA's Carcinogen Assessment Group has perforned a risk assessment
of vinyl chforide's carcinogenic effects (U.S, EPA, 1975). The potency
slope for vinyl chloride, derived from an animal inhalation study,

is 1.75 x 10"%(mg/kg/day)”)
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