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Toxicology Update

Note: The Toxicology Update represents a brief review of an often extensive literature base. Only some of the direstly relared referencex

may be included.

VINYL CHLORIDE

Synonyms: Chioroethene, chloroethy-
lene, vinyl chloride monomer, VCM,
vinyl C monomer, ethyiene monochlos-
ide, monochloroethylene.

CAS no: 75-01-4.

Boiling point: —=13.37°C.

Color: Colorless liquid or gas.
Co:;version factor: 1 ppm = 2.60 mg
m™3,

DOT designation: Flammabile gas.
Flammability lUrnies:
Autoignition, 472°C;
LEL., 4%:;

UEL, 2%.

Henry's Law constant:
moi™! @10°C.

Meiting point: —153.8°C.
Moiecuiar fortula: C,H;ClL

Molecular weight: 62.50.

Qdor: Threshaid, 3.4 ppm (air) and
3000 ppm (water);

Characteristcs, faintly swest odor.
Solubility: In water, 11002763 mg |™!
@ 25°C,

Kow = 1.38; very soluble in ether,
soluble in alcohols and hydrocarbons,
Koo =57 ml g~

Specific gravity: 0.9106 (20/4°C).
Vapor density: 2.15 (air = 1).

Vapor pressure: 2530 mmHg @ 20°C.
Viscosity: 0.01702 cP @ 20°C (gas) and
0.230 P @ -20°C (liquid).

(References: 1-3.)
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Composition

Vinyi chloride is a volatile chlorinated
hydrocarbon, which, at room tempera-
ture, is a colorfess gas having a mild,
sweet odor. It is rypically supplied as a
pressurized liquid of techmical-grade
99% purity.* Phenol is used as a stabil-
izer to prevent polymerization of vinyl
chioride and is generally added at levels
of 2550 mg kg™! vinyi chloride.?

Uses/sources

Vinyl chloride can be produced by
thermally cracking ethylene dichioride
or by chiorinating ethylene.® The vinyl
chloride monomer is polymerized into
polyvinyl chloride and used in the plas-
nes industry to make a variety of
products. including food covering, pipe,
wire coating, furniture. housewares,
wallcovering, packaging materials, car
upholstery and car parts. A vinyl
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chloride-vinyl acetate copolymer is used
in floor coverings, phonograph records
and  flexible film. A vinyi
chloride-vinylidine chloride copolymer
is used in food-packaging film. Vinyl
chioride is also used as a refrigerant
gas and as a chemical intermediate. it
was formerly used in small amounts as
an aerosol propellant and an ingredieat
in drugs and cosmetics,®

Vinyl chioride has the potental to
migrate from PVC packaging into food
(e.g. borled drinking waterj. The
migration rate appeared to be linear,
and estimated exposure may excead 100
ng per person per day.’

Acute toxicity

Ingestion: Ingeston is an uniikely
route of exposure, despite the water
salubility of this compound. due to the
extremely high vapor pressure. How-
ever, the LDg by gavage in rats is

reported to be 500 mg kg™,

Inhalation: Vinyl chloride may be toi-
erated at levels over 8000 ppm for up
to 5 min without develooing signs or
symptoms of toxicity.! Inbalation of
vinyl chloride may cause respiratory
irritation, bronchitis, dizzness, incoor-
dination, headache, irritability, afferent
sensory polyneuritis, cardiac arrythmia,
unconsczousness and death. Puimonary
effects include dyspnea. asthma, inter-
stitial pneumonids and preumono-
coniosis.® Vinyl chloride impairs the
central nervous systerm (CNS) at high
concenrrations, Deaths in humans due
t0 narcosis have been reported. How-
ever, the concentrations were unquant-
ified.? Slight anesthesia, drowsiness,
slight visuai disturbances. faitering gait.
numbness and tingling in the exremet-
ies have been observed at 1000 ppm.’
Inhalation of vinyl chioride at concen-
wrations ranging from 3000 o 20000
ppm may produce dizziness, giddiness,
euphoria, ataxia, headache and nar-
cosis. '®

The acute LC4 levels for rodents are
presented in Table 1. Anesthesia was
observed in dogs at 70 000 ppm.'!
Pulmonary edema. hemorrhaging,
impaired blood clotting and liver and
kidney congestion were iso observed
in laboratory animals following acute
exposure to vinyl chloride.'?
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Eye contact: Vinyl chioride is a severe
irritant to the eyes and mucous mem-
branes.® Dat regarding acute toxicity
from eye contact was got located but
effects associated with its ability to
freeze tissue might be expected,

Skin contsct: Liquid vinyl chloride
placed on the skin mav freeze dssue
and produce a chentical burn as it
evaporates, causing damage to the
underlying rissme (frostbite). This
chemical i1s considered to be a severe
skin irritane.* Dara regarding acute tox-
icity from skin contact was not Jocated.
Significant absorptdon from incidental
skin contact is uniikely o resuit in
systemic toxicity owing to the volatility
of the compound.

Chronic toxicity

logesdon: The liver is the primary
target organ for viavi chloride in
humans and animails, Toxic effects in
animals subjest to chronmic ingestion of
vinyt chioride inciude enmiargement of
the liver and spiesen. reduced blood-
cloting time and development of
angiosarcomas, adenosarcomas and
hepraceliuiar carcnomas.'* Feron e
al.¥* determined 30 mg kg™' t0 be the
no adverse effect levet (NOAEL) and
100 mg kg~! 10 be the lowest adverse
effect level (LOAEL) in rats based
ugan liver effects during a 15-week
gavage study. Slight histoiogical changes
in the hepatocytes wers gbserved in the
100 mg kg™' and 300 mg kg~' dose
levels. Hypertrophy of the rough endo-
plasmic reticulym was observed in both
sexes in the 300 mg xg~' dose group.
A dose reiated increase in liver weights
was also observed. with differences
being significant in the 300 mg kg™
dose levei.

A lifedme fesding study by Ti er
al.'® found the NOATL and LOAEL
to be 0.15 and 1.3 mg kg™' day™!,
respectively, based upon hepatotoxic-
ity. Hegraceilular changes and heparic
cysts were observed in bown sexes receiv-
ing 1.3 mg kg~' day~'. An increase in
basophilic foci was observed in both
sexes recziving 1.3 mg xg™' day”' bur
only in femaies recerving 0.13 and 0.014
mg kg~* day~'. The aurhors concluded
that histopathological eifects observed
at 0.13 and 0.014 mg k™' day~' were
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compound-related but not considered
to be adverse effects. Feron er alV?
s0 observed hepaue affects including
dneoplasnc changes in all treatment
ups receiving dietary polyvinyl chior-

ide at levels berween 1.7 and 14.] mg
kg~' day~!. Thus the minimal risk
level or Hazard Index. based upon
hepatoroxicity. is estimated w0 be
approximatefy 0.0013 mg kg~' day~'.'®
after apptving a standard detault safety

factor of 100 to the NOAEL determined
by Til er af.'®

Inhalation: Occupational exposure to
vinvl chloride vapor has resuited in
deaths due to narcosis and development
of conditions known as ‘vinyl chioride
disease’ and ‘mear  wrapper’s
asthma . *1%1? Vinyi chloride disease has
been reported in workers axposed to
several hundred ppm for periods rang-
ing | month to 3 years before the onset
of symptoms.®
Symproms of vinvl chloride disease
inciude scleroderma of the connective
tissue in the fingers with dermal thicken-
ing. a Ravnaud-like condition with
reversible arteriole constriction causing
numbness. pallor and cyanosis of the
fingers. This condition may be followed
bv acro-osteolysis (dissolution of the
ends of the distal phalanges of the
hand). Hemarological. respiratory and
tic erfects. and increases in circulat-
Qg(} and immune complexes have
been observed.®! However. no
new cases of vinyl chloride disease have
been reported in the US sincs 1974,
when the occupational exposure levels
were reduced to | ppm.*
Hepatotoxicity was observed in mice
found dead after subchronic exposure
(5-9 days) to 1000 ppm vinyl chioride.=
Suzuki®**  observed  proliferative
hypertrophy of ierminal bronchiolar
ceils, hyperplasia of alveolar epi-
thelium. degeneration of alveolar septal
cells and pentbronchiolar or bronchiolar
indammaton in mice sxposed to 2500
or &000 ppm during a 6-month period.
Rats exposed to 3000 ppm for | vear
were observed to have hematological
effects. reduced growth. increased
spiemc hematopoiesis. degeneration of
the myocardium. thickening of the
artenal walls. hyperplasia of the olfac-
tory epithelium. nephrotoxicity and
muid slteraton of the lungs and zymbal
glands.~
The LOAEL in a 6-month rat subch-
roric study was found to be 10 ppm
based on hepatic affects.** The LOAEL
based upon nepanc effects in a {-vear
rat studv was at 20 ppm. the lowest
dose level. Conseguenty. the NOAEL
coygid not be determined.”® A sub-
3 t l-vear rat study by Bi er ol ™
fi the LOAEL und NOAEL to be
100 and 10 ppm respectively. based
upon termnal body weights, The aquni-
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mal risk level for ‘intermediate
exposures’ 0 vinyl chloride is esnmated
ta be 30 ppm based on these data,'

Eye contaer: See Acure toxiciry, Eye
contact.

Skin contact: See Acute toxicity, Skin
contact.

Sensitizarion

No informarion regarding the skin sensi-
tization potential of vinyl chloride was
located. However, Meat wrapper’s
asthma is thought to be attribuzed to the
thermal degradarion products emitted
from hear-sealed vinyl chloride wrap-
ping materials.”

Target organ toxicity

Cardiovascular effects: [mpaired cr-
culauon in the extremities and Ray-
naud's syndrome have been observed
in humans suifering from "vinyl chlorige’
disease. Miid focal degeneration of the
mvocardium. portal  hypertension.
thickening of the arterial walls and
tumors of the hepatic blood vessels
have been observed in rats subjest to
chronic vinvl chloride exposure.~”

Vinyi chionde has sensitized the ani-
mal heart to epinephnne-induced
arrythmias and may increase ventricular
fibrillation.*

Increased spieen weight. thrombocy-
topenia and changes in hematology
parametess were observed in rats
exposed to nigh levels of vinyl chioride
for | vear.™

Hepatic effects: Vinvl chionde has
been associated with hepatotoxic sifects
in humans and amimals. Signs of vinyl
chioride liver injury include abdominal
pain. weight loss. faugue and weakness.
Fibrosis and cirrhosis mav occur and
cause heoaromegaly. splenomegaly.
portal hypertension. thrombocytopema
and esophagesl vances.™ Hepatc
fibrosis is often observed in the tumor-
free portions of liver in workers dving
from angosarcoma. However, the tran-
sitton from hepauc fibrosis (o angiosar-
coma has a0t been proven.®

[ncreasea {eveis of urinary porphvrin
and coproporphvnn correlate with fiver
damage induced by vinyi chionde and
other hepatotoxins,”  Hepatotoxic
effects mav De ceversible in occu-
pationaily zxposed individuais.
Betwesn 1971 and 1982, 12 of 13
wotkess 1n a vinyl chlonde polvmenz-
ation plant were observea © have
persistent aonormalities in one or more
liver funciion tests, The vinwi chlonde
levels durning this penod ranged from |
ppm 0 2! opm. In Y83 the winvi
chionde level was maintained beiow |

ppm and no further cases of vinyi
chloride-inducad liver dysfuncuon were
cbserved,

Scieroderma oun the back of the hand
ar the metacarpal and phalangeat joints
and inside of the forearms has besn
observed in some chronicaily exposed
individuals having angioneurotic dis-
orders.?

In experimental animals. Torksison
er alM observed hepatic lesions in
rabbits and rats exposed for 6 months
to 500 and 200 ppm. respectively. Lez
et al.™ reported increased hepatdc cell
turmover rates in rats exposed to 30
ppm for 3-9 months. No inhalation
NOAEL for hepatotoxic effects has
been reported. The ATSDR hoids 30
ppm to be a Frank Effect Level (FEL).'*
Development of hepatotoxicry via
ingestion of vinyl chioride appears to
be sienificantly related to the duraton
of exposure given that the subchronic
aral NOAEL is 30 mg kg™*,' aver 200
times greater than the chronic oral
NOAEL of 0.13 mg kg~' day~'.'*

The liver is the primarv targe: of
vinyl chioride effects because it is
believed that vinyl chioride is biologi-
cally acuvated in the liver by cytoch-
rome P50 [IE! in the mixed-fynczion
oxidase svstem.” The mixed-function
oxidase system oxidizes vinyl chioride
into the reactive oxirane., 2-chloroethy-
lene oxide. The oxirane then reacts and
covalently bonds to nearby macromoi-
ecuies. such as proteins or nucleic acids.
impairing ceil function or causing

mutations. This hvpachesis is supported
by studies showing vinyi chloride metab-
olites covaiently bound to macromoi-
ecules and vinyi chloride hepatotoxicity
patentiation by P-430 inducers and sup-
pression by P—50 inhibitors.’==3

Vinyt chloride has recentdy besn
implicated as a ‘suicide inhibitor’ of
cytochirome P-430. Following activation
by P-450 the reacrive oxirane covalently
binds 0 pyrrole nitrogens in the heme
motety, destroving the heme and reduc-
ing P-450 acuvity.™

Absorption~metaholism—excration

Absorption in rats from the gastrointes-
unai tract is nearly comlete. ranging
betweza 30 and 90%. Withey?* found
that blood leveis peaked 10-20 mun
following gavage of 1 single 10-mi ali-
quot of ~=32 mg kg~' vinyi chlonde
in an agueous solution. Seventy-two
hours after ingestion. the greatest con-
centration of vinyl chionde was found
in the liver at concentrations wo- 0
fivefold greater than in the jung, far.
muscle. skn or plasma,™

On average. humans retain 22% of
inhaled vinvi chloride.” Ammal data
indicate that vinvt chioride is rapidly
absorbed. bur is insurficient to yuanut-
ate the proportion of dose absorbed.'®
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Butcher er 2.*® found that when metab-
olism was inhibited with 6-nigro-1.2.3-
benzothiadiazole. the greatest leveis of
labeled vinyl chloride occurred in the
fat. However, when mertabolism was
not inhibited the greatest leveis of vinyl
chioride were found in the liver and
kidneys. Duprat er 2/ conducted a
study measuring tissue concsmiritions
in rats of radiolabeied vinyvi chloride
following exposure to 20 000 ppm. Ten
minutes after exposure. radioactivity
was detected in the liver, bile duct.
digestive tract and kidney. In rars,
radig-labeled vinyl chioride was
detected in order of decreasing activity
in the liver, kidney, skin. lung, carcass,
plasma and fac.®

Dermal absorption of vinyl chloride
in animals is minimal ar best. The
bodies of rhesus monkeys were placed
in a chamber in which they were
exposed to 800 and 7000 ppm vinvi
chloride while their heads were outside
the chamber. permitting onily dermal
absorption. At 300 ppm. dermal absorp-
tion was 0.031% and 0.023% at 7000
pr.

Mertabolism of vinyl chloride is
beiieved to proceed by three ziternative
pathways: the extent of each is depen-
dent upon vinyi chioride concentration,
At low conesntrations. the primary
pathway appears (0 be sequental oxi-
dation of vinyi chloride to 2-<hioroe-
thanol. 2-chloroacetalaidehyde and
finally 0 2—chloroacetic acid bv alcohol
dehvdrogenase. Pretreatment with
ethanol at exposure levels of <100 ppm
resuited in an inhibition of >83%.
However. pretreatment with ethanol
prior to exposures of 1000 ppm resuited
in inhibition by <47%. suggesting an
alternative merabolic route to the alco-
hol dehydrogenase pathway.'s

At greater concentrations. vinvi
chloride may be oxidized bv mixed-
function oxidases to 2-chloroethylene
oxide. with spontaneous rearrangement
to 2-chloroaceralaldehyde. or oxidized
by caralase to 2-chloroethvihydro-per-
oxide. followed by dehvdraton 1o form
2-chloroacetalaldehyde. Pretrearment
with SKF-325A had no effect on vinyl
chioride merabolism ar concentrations
of < 100 ppm. Metaboiism of vinyi
chloride was inhibited by 19% with
SKF-325A prerreamment at exposure
levels of 1000 ppm. indicaung that
the mixed-function oxidase pathway is
significant  only at higher concen-
trations. '

However. pretreatment with 6-nitro-
1.2.3-bezothiadiazole completely
inhibited vinyl chloride merabolism in
rats exposed to 0.45 ppm, vinvi chionde
for 5 h. suggesting that metabolism
via the alcohol dehvdrogenase pathway
may require epoxidation by mixed-
function oxidases.® Buchter er al*'
found saturation of the merabolic path-
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ways in rhesus monkeys to occur at 200
ppm and a V,,, of 30 pmot h=! kg~!,
which is less than that observed in rats
exposed to 230 ppm with a Vg, of 110
pmol h—* kg=t 42

Vinvi chionds is belizved 0 be meta-
bolizs:. into a reactive epoxide inter-
mediate (se= Chronic Toxicity, Hepatic
effects). A subsequent metabolite. 2-
chiororaceralaidehyde. readily conju-
gates with sulfhydryl groups in proteins.
if the giurathione-§ transfarase (GSH)
detoxificadon pathway is saturated,
then the aldehyde is frez to bind to
other proteins, impairing ceil function,

The route of excreron is determined
by the extent of exposure regardless
of whether exposure is via ingestion.
inhalation or interperttoneai or intra-
venous injection. Generally, as the dose
increases, the propordon of unchanged
vinyl chionde exhaled aiso increases.**
At low exposure levels, the majority
(ca.70% of the vinyl chloride is excreted
in the urine.™

Exhalation of unchanged vinyt chlor-
ide is not a significant route of elimin-
ation by humans from s:xposure to
low concentrations. [ndividuals were
exposed to 2.9-23.1 ppm vinyi chlonde
for 6 h and breath samples were taken
30 min foilowing exposurz. Mean con-
centrations of exhaled wnyi chioride
ranged from undesecrable o 1.1 ppm.*’

o
GenouiXicity

Vinvl chioride has tested positive in in
vitro and in vive mutagemcity assays.
The mutagemciry data impiicate 2-<chlo-
roerhylene oxide and 2-chlorcacetalal-
dehyde as being the muragenic agents
associated with the posimnve resuits.
Both merabolites have bezn shown to
be more cifective than vinvl chloride
in inducing mutations in Salmonella
tvphimurium.™ Metabolic acavation of
vinyl chloride has beea required to
obtain maximal or any response.** Vinvi
chloride has been shown 0 be muta-
genic in 5. «vphimurium surains. which
revert by Dase-pair substinurions f{rom
aikylaring agents rather than (rame-
shift reversion strains.™ Singer er al.”’
found that ¥-2.3-cthenoguanine is a
product of vinyi chlonde reaction with
DNA in vivo and of cnioroacetalal-
dehvde in vive. This reacuon led (0
ingrzased G-A transition wch Escher-
ichia coii and Drosophila metanogaster
polymerases, and human immunoderic-
1ency virus (HIV) reverse manscriptase.
Vinvi chloride was zosuive in the
recessive lethal assay Sut aegauve n
the dominant lethal assay in 0. mel-
anogaster.™ Vinyl chlonde was aeganve
in the mouse dominant ethai assay.™
Vinyl chioride has bezn found to alkyl-
ate DNA in rats and mice. ™
Chromosomal aberrations in human
penpheral lymphocytes of exposed wor-
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kars have been derected in many studies
and breaks have been reported to be
localized in specific chromosomes. 253
Andersen e« al.>* observed a decrease
in chromosomal aberrations in exposed
workers foilowing a reduction in
exposure from 30 ppm to <5 ppm.

Neurotoxicity

Inhalation of vinyl chloride produces
anesthesia aod narcosis. Chronic occu-
pational exposure to levels of < 50
ppm has been associated with distal
axonal neuropathy in the legs’™® and
changes in electroencephalograms of
workers exposed 1o vinyi chloride and
other solvenrs 4

Diffuse degenerarive lesions in the
gray and white matter of the brain and
atrophy of the cerebeilar granular layer
in rats exposed to 30 000 ppm for 4 h
per day, § days per week have been
reported.¥” Qther neurotoxic effects
include funcronal disturbances of the
CNS with affersnt sensory polyneur-
itis.*® Brain neuroblastomas Have been
ovscsrvcd in chronic rat inhalation stud-
ies.t

Reproducrive toxicity

Epidemiological data show a possible
correfation berweesn patermal occu-
padonal exposure to vinyl chloride and
fetal loss.®% An increase in CNS
defects. deformaries of the upper ali-
mentary and genital racts and clubfoor
were observed in stillborn and live
childrea in three cities having vinyl
chioride piants.’

Animal ieratogenicity data are
equivocal. No adverse maternal or tera-
togenic effezts were observed in raws
exposed ¢ >300 ppm for 7-12-day
intervais during organogenesis.*'#2
However, Mirkova er al.™ abserved
evidence of {erotoxicity and terato-
genicity in rars subject 10 a continuous
exposure of 2.4 ppm. Evidence of feto-
toxicity inciuded earty post implanzation
loss, reducsd fetal weight, retarded
ossification and fetal hematomas. Evi-
dence of tzratogenicity included anom-
alies of tne brain and impaired liver
functions.

Qceypational exposure has been
found ‘o be associated with impaired
sexual funcuon in both sexes and
impaired gynecoiogical health in women
in a Russian study. Ovarian dysiunction,
benign uterine growths and prolapsed
organs wers reported in 77% of exposed
women.™ 3i er ai *® observed a signifi-
cant reducnon in testicular weight in
rats exposea 0 100 and 300 ppm for 6
months,

Carcinogenicity

Vinyi chlonde has been associated with
cancer in humans and has been classified
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Table 1. Acure lethal coneratradon
values in several mammafian species’®

Concantration
Species {ppm} .
Guinea pig LCyoe=100 000
Rabhbit LCss =230-300
Mouse LC., =117-500
Rat LC, =6000

Table 2. Occapational expasure: per-
missible and recommended worker
expasure limits™3S

ACGIH:TLY S ppm

STEL 10 ppm
QSHA:TWA 1 ppm
PEL S ppm
NIOSH 0 ppm

as a Group 1 carcinogen by [ARC and
a Group A carcinogen by the EPA.Y

Vinyl chioride was first associated
with liver cancer in expo-:d workers in
1974 when rare liver _ngiosarcomas
were detected in three workets in a
single vinyl chloride polymerizaton
plant.* Based upon a worldwide regis-
ter of cases of angiosarcoma, the aver-
age length of exposure resuiting in
angiosarcoma is 18.3 years.® Fibrosis is
typicaily found in tumor-free paortions
of the liver in workers dying of angiasar-
coma, but transitdon from fibrosis to
angiosarcoma has not been proven.?
After 1974 occupational exposure levels
were reduced to 1 ppm. No cases
of heparic angiosarcoma in workers
exposed soiely arter this date have bezn
recorded. However, a longer latency
period may be required. Dara on cases
of angiosarcoma allegedly due to
environmental  contaminaton  are
equivocal owing to background inci-
dencs and insufficient sample size.?

Vinyl chloride has been implicated
in other forms of cancer. Increased
incidence of cancer of the brain, respir-
atory tract and digestive tract, hemarto-
poietic/lymphopoietic  cancers  and
malignant skin meianomas have been
associated with occupational vinvl chlor-
ide exposure.’*

Inhalation and ingestion of wvinyi
chioride has produced cancer in labora-
tory animals. Maltoni ¢r al.*® observed
an increased incidence in tumors in
mice. rats and hamsters exposed to >
30 ppm. Liver angiosarcoma increased
in ail species: hepatomas, zymbal gland
carcinomas. neuroblastomas, extrahep-
atic angiosarcomas and skin acanthomas
were aiso noted. Drew er af.™ deteczed
an  age effect upon carcinogenic
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response to vinyl chloride exvosure
in mice, rats and hamsters. Maximal
carcinogenic response oceurred if nha-
lation exposure was during the first
vear of life. Rats were also observed to
have a biojogically significant increased
incidence of brain cancer.®# Lung
tumors , were frequently observed in
mice as the primary carcinogenic
response foilowing acute and chronic
exposure.”R

Epidemiology

QOcecupational exposure to vinyl chloride
has been associated with an increased
incidence of cancer, particularly liver
angiosarcoma.* A recent Scandinavian
study detectad 2 nearly three-fold
increase in liver cancer among vinyl
chioride workers, which clearly corre-
lated to time of initial exposure, dur-
ation of employment and estimated
quantitative exposure.” Other cancers
associated with occupational vinyl chior-
ide exposure include cancer of the brain/
CNS, lung/respiratory tract digestive
tract, pancreas and hematopoietnclym-
phocytic system, and malignant skin
meclanoma.™# Cutaneous and epi-
thelioid hemangioendothefiomas have
also been reported in occupationaily
exposed individuals. ™"

A syndrome know as ‘vinyl chloride
disease’ has been associated with occu-
pational exposure (see Chronic toxicity,
Inhalation).

Environmentai fate

Air: Nearly all the vinyl chloride
reieased into the environment reaches
the atmosphere owing to its volarliry.
The primary sources of release are
vinyl chioride and polyvinyl chioride
manufacrurers. Pror to 1975, an est-
mated 100 million kg yewr™! were
reteased by PYC plants.* Hartmans
1.7 estimated thar 400 million b of
vinyl chloride were released werldwide
during 1982. Other sources include
release from landfiils, combuston of
PVC and tobacco smoke, >
Phortodegradartion of vinyl chlotide in
a reaction with hydroxide radicals is
the primary means of removing vinyl
chloride from the air. The EPA? eso-
mates the haif-life 0 be ca. 1.5-1.8
days, Breakdown products include hyd-
rochlonde, formalidehyde, formyt chlor-
ide, carbon monoxide, carbon dioxide,
chloroacetalaldehyde, acetylene, chior-
oethylene, chloroacetyichioramd and
watrer. [n areas of photochemical smog,
the haif-life s substantally shorter (ca.
3-7 h).* Reaction with ozone. oxygen
atoms and direct photolysis are insig-
nificant degradation mechanisms.*
The high partition coefficient
berween air and water probably makes

removal of vinyl chloride from air by
wet deposition insignificant. Dry depo-
siton is equally insignificant owing to
the high vapor pressure of vinyl chior-
ide.?

Water: Vinyl chloride volatizes from
water relatively rapidly. The estimated
half-life of vinyl chloride in a pond,
lake and river is 43.3, 34.7 and 8.7h,
respectively.? However, Lyman er .7
estimated the half-life to be 0.805 h.
This estimate was based upon a Henry's
Law conszant of 0.0560 atm m™%, a 1-
m deep stream, a 3 m s™! qurrent and
a wind velodty of 3 m s™!'. Factors
affecting the haif-life include reaeration
rates and salt concentration. Photodeg-
radation may be a significant removal
mechanism in waters containing photo-
sensitizers, such as humic acids.?
Chemical hydrolysis or oxidation is
not expected to be a significant degra-
dation mechanism. Microbial degra-
dation uader aerobic conditions has
been shown to be insignificant.? How-
ever, biodegradaton may be an
important mechanism in groundwater
where volatization cannot aceur. Under
aerobic conditions, 9% of radiolabeled
vinyl chloride was degraded after 108
days in an aquifer; 5% was converted
to carbon dioxide.”™ Degradation pro-
ducts in groundwater aiso inciude trich-
loroethylene. tewrachioroethiviene and
1,1,1-tricaloroethane @

Seil: Vinyl chloride is expected to
volatize readily from dry or wet soil
owing to its high vapor pressure. The
haif-life of vinyl chloride placed in 1
em and 10 e¢m of dry soil is estimated
10 be 2} and 12 h, respectively.”

The 30il adsorpdon coefficient (K,o)
for vinyi chioride is estimated to be in
the range 17-131, indicating high soil
mobiiity and potential to reach
groundwater. 3-8

Environmental toxicty

Based solely on water solubility, vinyl
chloride is estimated to have a biocon-
cearradon factor (BCF) of 7. Thus,
vinyl chloride is nor expected to be
significantly bioconcentrated in aguatic
organisms. Other studies sugggest that
the high vapor pressure and rapid volat-
ization from water preciudes biocon-
centration. excapt in large releases.®
and estimation of the median threshoid
limit (TL.m) for aguatic species.

Reguiatory status

Vinyl choride is an [ARC and EPA
carcinogen, However, OSHA does list
permissible ¢xposure levels (PELs),
which are presented in Tabile 2.

Risk assessmear: The EPA®  esti-
mated that the unit risk factor is 6.6 x
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10~% ppb. The EPA® csumates risk
based aon vinyl chloride (ug !™') inges-
ton as follows:

Risk 2| orf water 6.3 g of fish
0 20 3246

10~ 2.0 525

1077 0.2 52.5

Air: Vinyl chloride has been classified
as a hazardous air pollutant by the EPA
pursuant to section 112 of the Clean
Air Act (Tide 40, Code of Federai
Reguiations (CFR) section 101.15; 40
CFR 61.01; 7/1/88). Vinyl cloride con-
centration in exhaust from vinyl chioride
manufacturing or purification planes is
not (0 exczed 10 ppm (40 CFR 61.65
(a); LRY).

Water: Vinyi chioride has been desig-
pated a toxic warer poilutant by the
EPA under secton 307(a)(1) of the
Clean Water Act (40 CFR 401.15: 771/
88). Under the Safe Drinking Water Act
the EPA has established a2 maximum
concentration limit (MCL) of 2 ppb
{0.002 mg 1~') (40 CFR 141.61; 7/
88). the acute 1-day heaith advisory for
vinyi chloride ingestion for 3 10-kg chiid
ingesting 1 | of water per day is 3 mg
day='.® A concentradon of 0.15 ppb
in drinking water will result in a 107
risk for a 70kg aduit ingesting 2 1 per
day for a lifenme.® The California
Department of Heaith  Services
(DOHS) acton MCL is 0.5 ppb.®

‘The use of vinyl chloride in ail pestic-
ide products, as an inert or active
ingredient, has been cancelled or sus-
pende.’ The FDA has also banned the
use of vinyi chloride as an aerosol
propellant. and climinated its use in
drug products. The FDA has aiso
alerted food manufacrurers to the nesd
for monitoring packaging materiai con-
taining vinyl chloride and has proposed
limiting the vinyt chloride monomer in
packaging to 3-30 ppm.?

The reportabie quantity for vinyl
chloride release is 1 1b/0.454 kg or more
(54 FR 33419; 3/14/89). Vinyi chloride
is subject 1o management as a hazardous
waste under RCRA regulations and
corresponding state reguiations once it
becomes a waste (40 CFR 261.33). Any
residue, or contaminated soil, water or
debris containing the released winyi
chloride is ajso considered hazardous
waste (40 CFR 261.3(b)).

The US EPA, Region IX has promul-
gated a tiered action-level scheme to
protect human health surrounding a
California landfill. This scheme con-
sidered very young children. especially
neonates, o be unusuaily sensitive to
the carcinogenic action of vinyl chloride.
0.2 ppbv:Long-term in-home exposures
shouid be below this level in order
to provide sufficient protection from
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unrcasonable excess cancer risks. If
mdoor vinyl chloride leveis exczed 0.2
ppbv, permanent action should be taken
0 reduce them to below thiy level,
0.2-10 ppbv:in the event that indoor
- vinyt -chloride levels are found within
this range permanent remedial action
should be taken to bring levels below
0.2 ppbv. This action shouid be inst-
mted and its effectiveness confirmed
within 40 days.
10~100 ppbv:in the event that indoor
vinyl chloride levels are found within
this range, temporary cotrective action
should be taken to bring levels below
10 ppbv. This temporary action shouid
then be followed by permanent remedial
action as speaified for the 0.2-10 ppbv
range. Temporary action should be
insttuted and its effectiveness con-
firmed within 12 days.*

M. D. Easter and R. Von Burg*
1CF Kaiser Engineers.

1800 Harrison St.

Oakland. CA 94612, USA

Referances

1. J. Amagore and £. Hautala, Odor as
an aid to chemical safety: odaor thre-
sholds compared with threshotd limit
vaiuas and volatiles for 214 cnemicais
in air 3nd water dilution, J. Appl.
Toxical. 3. 272-220 (1383},

2. EPA, Heaith and Environmental
Effects Profile for Chiorosthene. Cin-
cinatti, OH ECAQ-CIN p.155, Environ-
mentai Criteria and  Assessment
Qffice, United States Agency, Wash-
ington,. DC (1985).

3. K. Verschueren Handboak of Environ-
menral Data on Organic Chemicals,
2nd Edn, pp. 1185-1186, Van Nos-
trand Reinhgld, New York (1383),

4. C.E.N., Key chemicals: vinyi chioride,
Chem. Eng. News 65 10 (1986].

5. 1ARC, Monogragh en Evaiuation of
the Carcinogenic Risk of Chemicais
in Humans. Vinyi Chiaride, Polyvinyl
chioride and Vinyl chionde-vinyi
acetata  Polymers Voi. 19, pp.
377-430. Imemational Agency for
Research an Cancer, Lyons, France
{1979).

6. N. Sax and A, Lewis. In Dangerous
Propertias of Industnal Materials, 7th
Edn. Vol. 1ll, ed. by N. Sax and R.
Lewis, pp. 3473-3474. Van Nostrand
Reinhotd, New Yorx (1983),

7. E. Senfenati, M. Natangelo, =. Davali
and R. Fanelli, Migranan af vinyl
chioride imo FVC-bortteg drinking
water assessed by gas
chromatograohy—mass spec-
trometry. Fgod Chem. Toxicol, 29,
131-134 {1991).

4. ATSDR: Agency for Toxic Substances
and Diseasze Reqistry, Case studies
in environmental medicine: vinyl

* Addresses for correspondence,

308

chioride wxxicity. Clin, Toxicol. I8,
267-296 (129q),

9. H508: Harardous Substancs Data
Bank, On-line computer database.
National Library of Medicine, Toxi-
¢oiogy Iiformation Program, Wash-
ingtan, OC (1993).

10. W. Nichoisan, E. Hammond, H, Seid-

man ana L Seiikoff, Mortality experi-

enca of a cohort of vinykl chioride-
potyvinyl ehloride warkers, Ann, NY

Acad. Sci. 248, 725~230 (1975).

R. Oster, C Carr and J. Krantz, Anes-

thesia XXVIL. Narcosis with vinyl

chioride. Anesthasiology 8. 355-361

{19471,

12, E. Masrumatteo, A. Fischer, H, Chris-
tie and K. Danzinger, Acute inhalation
toxicity of vinyl chlarids to laboratory
animais. Am. Ind. Hyg. Assoe J. 21,
394-3298 (1980],

13. §PA, Drinking Water Criteris Docu-
ment for Virryl Chioride, Final Draft
NTIS PEE6-118320. Qtfice of Drinking
Warer, United States Envirgnmentat
Protection Agency, Washington, 0C
{1988,

14, C. Maiton and G. Lefemine, Carcino-
genicity ioassays of vinyl chiorida:
curtent resuits. Ann. NY Acad. Sci,
246, 195-218 (1975).

18, V. Feron., A. Speek, M, Willems, D,
Van Buttdum and A. Groot, Qbser-
vations on the oral administration
and toxicity of vinyl chlioride in rats,
Food Cosmner. Toxical, 13, 143-154
(1975).

16. H.Til, H. /mmel and V. Fergn, Lifespan
Qral Carcinogenicity Study of Vinyl
Chioride in Rars. Final raport, No. V
93.285:291029, Civo Institines, TNO
{The Natneriands |nstitute for Applied
Scientific Research) (1983). (Cited in
flef.2.)

17. V. Feron. C. Hendricksen, A, Spask,
H. Til and B. Spit, Lifespan aral
toxicity study of vinyl chloride in rats.
Food Cosmet. Toxicol. 19, 633-4638
{1981},

18. ATSDR: Agency for Toxic Substances
and Disease Ragistry., Toxicology Pro-
file far Vinyi Chiloride. Enviranmentat
Protectian  Agency, Atlanta, GA
{1988).

19, M. Ellennom, and D. G. Barceioux,
Megical Texicology. Diagnosis and
Tragtment of Human Poisoning,
Eisavier, New York (1988).

Z0. H. Sakabe, Sone lesions among poly-
vinyi chlonde praduction workers in
Japan. Ann. NY Acad. Scie. 246,
78-35 (1975,

21. 8. Bogdanikowa and J.. Zawiliska,
Immune camplexas in the sarum af
patients cccugationaily exposed 10
vinyl chlariae, Przegiad, Lekarski, 41,
253=-257 (1984),

22 C. Lee, I1. Zhandahar, .. Winston,
W. House. R, Dixon and .J. Woods.
Inhalation ‘oxicity of vinyl chioride
ang vinviigene chloride. Znviron.
Heajth Ferspect. 21, 25-32 (1977).

23. Y. Suzuki. Pulmonary turmors induced
in mice oy viny! chioride monomer,
Enviran. Aes. 16, 285-301 (1978).

24. Y. Suzuki, Nenneopiastic effecx of
vinyl chitorige in mouse lung, Environ.
Aes. 21: Z35-253 (1980).

25. V. Feron and R. Xroes, One year time

11

H




306

sequence inhalation toxicity study of

vinyt chioride in rats. Il. Morphoiog:-

cal changes in tha raspiratory trac.
caruminous glands. brain, kidneys.

heart and spleen. Toxicology 13,

131-141 (1979

W. 8i, Y. Wang, M, Huang ang D.

Meng, Effect of vinyl chignae on

testig in rars. Ecotox, Environ. Safery

10, 281-289 (1985).

. V. Feron, 8, Spit. H. Immal and A.
Kroes. One year time sequencs inha-
lauan toxicity study of vinyl chlanda
in rats. . Geowth, maortality, hematot-
ogy, clinical chemistry and organ
weights, Toxicolc: 3. 2535 (19791,
V. Feron, B. Spit., . immel and R.
Kroes, One year timyg sequence inha-
lation toxicity study of vinyl chionce
in rats. Il. Morpholggical changes
in the liver. Toxicolagy 13, 143-154
(1979).

R. Lillis, H. Ancderson, W. Nichalson,
S. Daum. A. Fischbein and |. Selikoff,
Prevaience of disease among vinyl
chlaride and poly vinyl chloride wark-

ers. Ann. NY Acad. Sci. 248, 22-41
{1975).

M. Dass. €. Lange and G. Veitman,
Vinyl chloride indueed hepatic copra-
porphyrinuria with transition 10
chranic hepatie proporphyria. Klin.
Wochenschr. 21, 235-253 {1984).

8. Ho, W. Phoon, 8. Gan and Y. Chan.
Persistent liver dysfunction among
waorkers at 3 vinyl chiorice monomer
polymenzation plant. J. Soc. Occup.
Meg. 41, 10-16 (1991).

F. Guengerich, D. Kim and M. lwaski.
Roie af human cyrochrome P-450
IE1 in the axidation of many low
molecular weight cancer suspects.
Cham. Res. Toxicol. 4, 168-179
{19911

H. bon, Merabualic activation of vinyi

chtaride, formation of nuclsic acid

adducts and relevance to carcinogen-

asis. JARC Sci. Publ 70, 261-2638

{1286).

34, 1. Sipes and A, Gandaltfi,
Biotransformation of toxicants. In
Casarett anad Douil’s Taxicology: The
Basic Science of Poisons, 4th £dn,
ad, by C. Klassesn, M. Amdur ana J.
Douil, pp. 113-114. Macmillan, New
Yark (1991).

P. Watanabe and P. Gehring, Dose-
dependent fate of vinyl chiande ind
its passible relattonship to oncogen-
icity in rats. Environ. Health Perspect.
17, 49=55 (19761
J. Withey, Pharmacodynamicz ang
uptake of vinyl chloride maonomer
administared by varigus routes ta
rats. J. Toxical. Environ. Heaith 1,
381-394 {1976).

J. Krajewski, M. Dobecki and J. Grom-
iec, Retention of vinyi chloride in the
human lung.. 8r. A4 Ind, Meg. 37,
373~374 (19801
A_ Buchter, H. Boit, H. Kappus and

W. Bolt, Tissue distmbutton of 1.2-
“EC vinyl chlarde in the rat. Inr. Aren,
QOccup. Enviran. Heanth 39, 27-32

(1977).

F. Quprat, J. Fabry, D. Gradisiki and

4. Magadur, Metatiotic approach to

industrial poisoning: 3lood kinetics

ana distribution of **C.vinyl chionde

26,

28,

29,

30.

3.

32.

3.

35

6.

37,

38,

29,

M. D. EASTER AND R. VON BURG

(VCM), Aca FPharmacol.
Suppl. 41, 142143 (18977).
R. Hefmer, Jr.. P. Watanabs and P.
Gelring, Percutanegus absorption of
vinyl chiatide. Toxicol. Appl. Pharma-
col. 34, 527532 (1975).
42.. J. Filser and M. Bolt. Pharmacakinet-
* ies of halagenated ethylenes in ravs.

Taxical.

Arch. Toxier <. 123-126 (1979).
43. P. Watanac Zampal and P. Gehr-

ing, Compar. 2 af the fate of vinyl

chioride fouowing single and

repeated sxposure in rats. Joxicol
Appl. Pharmacol, 44, 391399 (1978),

. H. Bartsch, C, Malaveilie ang R. Mon-
tesano, “‘uman, 13t and mouse liver-

mediats.. mutagenicity of vioyl chior-
ide in £, ryphimurium strains. Int, /.
Cancar 15, 429-437 (1975).

. U. Rannug, Johanssan, C. Ramei and
C. Wachmaeister, The mutagenicity of

viny! :hlgride after metaoolic acti-
vatic  mio 3. 194-197 .1974),
F.Por - a,C.de Messter, M. Duverg-
er-van Iaqaert et al, Influence of
expenmental faciars an the rmuta-
genicity of vinylic monomers. Arch.
Taxical, Suppl. 4, 63-66 {1980).
8. Singer. J. Kusmierek, W. Folkman,

F. Chavez and M. Dosangh, Evidence
7r the mutagenic potenual of vinyl
:nlorida induced adduct, N-2,3-ethen-
)deoxyguanosine, using 3 site

directed kinetic assay. Carcinogen-
egis 12, 745-747 {1991),

F. Verburght and E£. Vogel, Vinyi
thionde mutagenesis in Orosophila
mefanogaster, Murar. RAes. 48,
327-336 (1977).

D. Anderson. M. Hodge and | Pur-
chase, Vinyl chloride: dominant lethai
studies in male CD-1 mice. Mutat
Res. 40, 353-370 (1976).

T. Green and D. Hathaway, [nterac-
tions of vinyl chlonde with rat-liver
DNA in viva, Chem. Biol. imteract. 17,
137-150 {91978).

S. Qster-Gaikar, D, Juitmark, 0. Seg-
erpack er 3/, Alkylation af DNA and
proteins in mice axposed 0 vinyi
chioride. Bigchem. Biophys. Aes.
Comemun, 78, 259-268 (1980).

A, Fucie, 0. O. Horvar and 8. Dimi-

trowic Localization af breaks induced
by vinyi chioride in the human chro-

maosames of lymphocytes. Mutar

Aes. 243, 95-89 (1920).

. 8. Sinues, A. Sanz, M. Bernal, A,
Tres. A. Alcaia, J. Lanuza, C, Cabatlos

and M. Saenz, Sister chromatid
exchanges, proliferating rate ingex
ang micronuciei in Digmanitoring of
intermal exposure 10 vinyl chioride
mongmer in glastic industry workers,
Toxical. Appl, Pharmacol. 108, 3745
{1991).

. 0. Anderson. C. Richardsen, T.

Weignt 2r: 1 W, Adams, Chromosomal
anaiysis n vinyl chlaride exposed
warkers. Resuits from analysis 18 and
42 monthsg after an imtial samopling.
Mutar. Res. 79, 151~162 {1980).

G. Perticoni, G. Abbritti, T. Cantisani,
L Bond and L. Maura, Polineuropathy
in warkers with long exposure o

vinyl cnloride. Electra-physiolagy
stuay. Slectromyagr. Clin. Neuropny-

sial. 26, 41=-47 [1986),

E. Qinceva, P, Kolav anq Dalbokava,

47.

&

49,

80.

St

52,

35.

36.

EES changes in workers axposed
to long-terrn combined effect of a
mixtura of organic solvents and vinyi
chioride. Khig. Zdraveopaz 29, 8-15
{1985,
P. Vigia, Pathalogy of vinyi ciitoride.
Med. Lav. §1, 1743780 (1970L
N. Smirngva and N. Granik. Long-
term side effects of acite oceu-
pationat poizoning by cartain hydro-
- carbons and theswr derivatives. Gig.
Tr. Prof, Zaboi. 14, 50, 1970 (Cited in
Ref, 13.)
P. Infante, 1. Wagoner, A, McMichael,
A. Waxweiler and H. Falk, Ganertic
risks of vinyl chlaride. Lancer 1,
724~735 (1976,
A. Waxweiler, H. Fatk, A. McMichael,
J. Matlov and A. Grivas, A Cross-
secuonal Epidemiolqggic Survay of
Vinyl Chlarida ‘Workers, NTIS
Pe274193, (1977).
4. John. F. Smith, 8. Leong and B.
Schwetz. The effects of maternaily
innaleq vinyl chioride an smbryonal
and fetal development in mice. rats
and rabbite. Toxicol. Appl. Pharma-
col. 37, 481471 (1977).
G. Ungvary, A, Hudak. E. Tatrai, M.
Larinez and G, Foily, Efects of vinyl
chioride exposure alone and in com-
bination with trypan bius applied
systematically during ail thirds of
pragnancy of the fatuses of CFY rats,
Toxicology 11. 45-34 (1978).
g, Mirkova. A. Mihailava and M.
Nasko. Emoryotoxic and teratogenic
affacts in vinyi chloride. Khig. Zdrav-
sopaz. 21, 440-443 (1978). {Citaa in
Ref. 18.}
1. Makarav, M. Solovyeva and G.
Gnelitsky, On sexual disorders in
women chronicailly exposed to
mezhyt-methacrylate vinyl chloride,
Gig. Tr. Prof. Zabol. 3. 22-27 {1884),
EPA. Upcdarea Aeferenca QJoss and
Cancar Poteancy Numbers for Use in
Risk Assessments, External memo
updating QSWER Directive $285.4-1,
16 Novemper 1987. United States
Environmental Pratection Agency,
Washingian, OC (1987).
4. Creech, Jr. and M. Johnson,
Angiogarcoma of the liver in the
manufacture af polyvinyl chloride, J.
QOcecuo. Med. 16, 150-151 {1974),
A. Geryk and Z. Zudava, Vinyl chior-
ide as an oceupationat heaith hazara.
Pravoc. Lak. 38, 1-3 {1986).
S. Heidaas, 5. Langard and A. Ana-
ersen, Incidence of cancer among
vinyi chlaride and polyvinyl chlaride
waorkers, dr. J. Ind, Med. 4T, 2530
{1384).
. C. Maltoni. G. Lefemine, A. Ciliberti
er al., Carcinogenicity bioassavs of
vinyl chloride monomer: A modet of
risk assessmant on an experimerntal
basis. Envirgn. Health Perspect. 41,
320 (1981),
A. Drew, G. Baorman, J. Haseman,
. McConnei, W. Busey and J. Moore,
The erfact of age and exposure gur-
ation on cancer indyction by a known
carcinogen in rats, mica and ham-
sters. Toxicol. Appl. Pharmacol. 68,
120130 (1983).
Y. Suzuki, Non-neopiastic effect af
vinyl chlonde in mouse lung: Lower-

§1.

§2.

§6.

70.

7.

EC 3333




72

74,

75,

78.

doses and shortterm  &xoosure,
Environ. Aesx 32, 91-103 (1983).

R. Hehir, 8. McNamera, J. McLaugh-
lin, Je.,, D. Willigan. G. Bierbower
and J. Hardisty, Cancer inducuion
following single and multiole
exposures 0 a constant amaunt of
vinyl chloride maonomer. Heanth Per-
spect. 41, 63=-72 (1981).

L. Simonato, X. L’Abha, A. Andersen,
S. Belli. A. Camba, G. Enghaim, G.
Ferra. L. Hagmar, S, Langard and 1.
Lundherg. A collaborative studvy of
cancer incidenca among vinyi chlor-
ide workers. Scand, J. Eaviron. Heaith
17, 155-168 (1991),

M, Davies. M. Curtis and J. Howat,
Cutaneous haemangigendothelioma:
a positive link with chronic axposure
to vinyl chicoride, 3r. J. Ind. Med, 42,
65-57 (1930},

M. Shin, J. Carpenter and X. Ho.
Epithelioid hemangioendothalioma:
CT manifestations and possible link-
age to vinyl chloride exposure. J.
Comput. Assist. Tomagr, 15, 505-307
{1991).

S. Hartmmans, J, Bont, J. Tamper and

78

b4

7.

a1.

82

TOXICOLOGY UPDATE

K. Luyben, Sacterial degracation of
vinyl chloride. BSigtecn. Lert 7,
383-386 (1985

. |. Wakeharn and H. Johnson, Vinyi

chioride formation from the thermat
degradaton of poiyivinyl chioriae).
Polym. £ng. Sci. 18, 404-497 (1978).
‘W. Lyman, W. Heeh and 0. Aosen-
blatt, Hanabook of Chernical Proocerty
Estimanon Mathods. Spwvironmental
Behaviar of Organic Compounas. up.
4~25, McGraw Hiil, New Yari, (1282).
J. Daviz and C. Carpenter, Aercpic
degradation of vinyl chioride in
groundwater samples. Appl. Environ.
Micropicl, 56, 3878-3880 (132Q).

i~ Smith andg J. Dragun, Degradation
of volatile chiorinated aliphatic pri-
arity pollutants in  grounawater.
Environ. Int. 10, 291-298 (1984).

A, Satljie. Pradiction of the nature
and swength of soil sorption of
arganic patlytants by molecutar tao-
ology. J. Agric. Food Chem. 32
243246 {1384).

M. Callanan, M. Slimak. N. Gace! et
al. Water-raigtad Environmental Sate
of 129 Priority Pellutants, Val. Il EPA

&

86,

307

410/4.73-0228. Offica of Water Plan-
ning ang Standards, Qffice of Water
and Wasta Managemesnt, United
States Emvwronmentat  Protection
Agency, Wasningtan, OC (1979).
EPA, Aegian IX Enviranmental Pro-
tectian Agency Orinking Water Stan-
daras ana reanth Advisory Table.
EPA Region (X United States Environ-
mental Prowciion Agency, Drinking
Water and Groundwatar Protection
Srancn. Wasnington, DG {1991),
NTP, Fourtt Annual Rapoart oan Car-
cinggens o. 200. NTIS PE8S.13483Y
XA, NTP 85=002. Natonal Toxi-
cology Program, QOepartment of
Heaith and Human sarvices, Wash-
ington, OC (198S).

N. Sax and R. Lewis [eds), Hawiey's
Condensed Chemical Dictionary, 11th
Edn. p, 27Z8. Van Nostrand Reinnoid.
New York {1987).

EPA, Aaqgion 1X. Memaorandum, Viny{
Chloride Acon Leveis: Fresno Land-
fill, 30 Cesooer, 1991, San Francisco,
Ca. United States Environmental Pro-
tection Agency, Washington, DC
{1991).




