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Chronic, low-level vinyl chiorice exposure may cause angiosarcoma.

of the liver (ASL), an

ASL is associated wi

3 to 8 years, followed by a latency period of up to 40 years.

No case of hepatic angiosarcoma has been reperted in any worker who
has been exposed to|vinyl chloride only since allowable workplace air -~
levels were drastically reduced in 1974. This finding, however, may re-

flect the passage of

xtremely rare form of cancer.

a minimum exposure period to vinyl chiorice of

incomplete latency period.

This mercgraph is one in a series cf self-instruction publications designed te increase the prirary care previcer’'s
knowlecge of hazarcous substances in the environment and to aid in the avaluation of potentiaily exgcsed

patients.

The Centers 'cr Disease Control designat
1 of the Prysician's Recognition Award of

Eschmenegrarn of the series, Case SiLci
of Categery 1 crecit.

this centinuing mecical ecucaticn activity fer 1 crecit hcur in Catese

the American Mecical Asscciaticn.

bs in Envirenmental Mecicine, has been accreved by XXXX fer 1 hewr

Guest Contributors: Rcbeﬁl Harrison, MD, MPH; Gicria Hathaway, PhD

Guest Editor: Laura

Wefch, MD

Peer Reviewers: Charlés Becker, MD: Jenathan Bcrak, MD; Joseph Cannella, MD;

Bemn

Gelcsiein, MD; Alan Hall, MD;

Richafd J. Jackson, MD, MPH: Jonathan Rcdnick, MD;
Linca Rosenstock, MD, MPH: Rcbert Wheater, MS; Brian Wummer, MD

U. S. Department of Heaith and Human Services

Public Health Service
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Atlanta, Georgla 30333
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How to use this issue...

This issue begins with a hypcthetigal Case Study that describes a realistic encounter with a
patient. The case is then develoged throughout the publication by way of the Challenge

questions at the end of each sect
through (14) of the Challenge ans

on. The answers to the Pretest are incorperated in (11)
wers, which begin on page 20. To fully benefit frcm this

moncgreph, you are urged to answer each Challenge question as it is presented.

Objectives icr this mencgraph en Vinyl chicride texicity:

D Realize why vinyl chlorig

Assess a patient’s envir

EHectively evaluate and

UoO0oo

Case Stucy

FPretest ....

manage vinyl chloride-exposad patients

Utilize a variety of scurcL

Contents

----------------------------------------------
.................................................

---------------------------------

Exposure Pathways
Who's at Risk
Biolcgical Fate

Physioclogi

Clinical Evgluation
Managemgnt and Treatment
nd Regulaticns

Information Sources

Standards

Answers

...........................................

-----------------------------------------

--------------------------------

------------------

--------------------

-------------------------------

------------------------------------------------

Je continues to be a hazard of great concern
Understand the known factors contributing to vinyl chloride poisoning .

bnmental or occupational exposure to viny! chloride

s to locate further information on viny! chlorice

iii
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Viryl Chlorice Toxicity

Case Study

A E8-year-old male ccmes to yeur office {¢
anorexia overthe past 2tc 3 months. He h;
for which he has been treated with hycroc
2-3 beers per week and dces not smeke t

-x

bbaceo.

raninitial vist. He complains of fatigue, a 20-peund weight icss arnd
is been in good health prior to this, except for a histery of hypertension,

lorothiazice, 50 mg a day, for the past 3 years. He consumes atsut

Cuesticning reveals that he has been a cdr salesman for 25 years. He is married, has 3 chilcren, and has fived

near anindustrial park for the last 18 years.
their home for several days after a railroad
his family ‘were treated at a lccal emergency
within 2 weeks. He does not recall the na

m
sweetocor, anccorhe has occasionally no'E:

19, presented him with a grancdson last we
tamily is in good heafth.

Cn physical examination, you find a chro

Three and one-halif years ago, he and his famiiy were evacuatec frem

anker car derailed and riotured on the nearty railrcad tracks. He ard

rocm for scre throat and cough; acute respiratery cempiainis rescived
of the chemical that was released, but he rememugers it had a sligntly
edwhileinthe backyard. His youngestdaughter, who hasjustiurned
k. The pregnancy was trcubleg, but the baty is fine. The restcfhis

ally ill-appearing male. Blood pressure is 140/80; pulse is 72 ard

regular. He is afebrile. Weight is 174 pcupds. There are no skin rashes or lesions. Sclerae are siightly ictenc;
the remaincer cf the HEENT examinaticn {s normal. There is no thyromegaly, and the neck is sucele. No lym-

phadenocathy is feft. Abcominal exam sh
palgaticn. The sgieen is nct entarged, a
unremarkatle, and the neuroicgical exa
prestate; no masses are felt, anc the stocl

Thre initial laboratory results incluce hemcg

SCGPTis 372 IU/L and SGOT is 283 IUA]
reconted 0 ke within normal limits.

.\'- H u"-
=%
e N,

What is the dif
What tests wo

H

What should be inciuced in this patient’s problem list?
ferential diagnosis for this patient? .
Uid you order to confirm or rule out these diagroses? -

s aliver 12 cmin span, with a smecth margin and slightly tercaro

there are no other abceminal masses. Exiremities and joiris are
ination is comgletely ncrmal. Rectal exam shcws a nermal-sized
is negative for occult tlood.

lotin, PT, PTT, white blood cell count, and uriralysis. all nermal. The

The tilirubin, ferritin, alkaline phosghatase, and serum gretein are

PRETEST

=7
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Vlllyl W E L vALay

Vinyl chioride released from point sourcgs to the ambient air is
degraced in a matter of hours; that released lo lakes, streams, or
rivers will volatilize in several hours to a few days, depending on the
water's temperature and aeration rate. Vinyl chicride may remain in
groundwater, however, for months or years. Of all potential sources
of vinyl chionde exposture to the general popuiation teday, contami-

nated grouncwater is the most enduring. Environmental Protec- |
ton Agency (EPA) estimates that less than 2% of the country's ’

drinking water supply is comtaminated with yinyl chiorice at sufficent

levels to be of concem.
Cﬁaﬂ'eryﬂ

- - ' - -

(1) Acciticnal history to the Case Stucy: After checking with the lccal fire ecartment, you find that viny!
chiorice was ccntained in the overufried tanker car and that there was an airtome reiease of
appreximately 10,000 gallons of vinyi chiorice. Furthermoere, yculearn fremthe regicnal cifice cfthe £PA
that significant leaks in the reactcrvess#ls may have teen cccurring cver the ccurse of several cecaces,
resulting in frequent environmental ccrgamination. Ne air menitening had Eeen dene cutsice the zlant.
Fellewing the tanker car accident, the ¢omplex permanently clcsed. What further infcrmaticn will ycu
recuest in order to evaluate the extent of your patient’s exposure?

~

(2) What are the significant scurces of yinyl chierice expesure for this patient?

Who's at Risk

These at greatest risk of vinyl chiorice exposure are the 2.2 million
workers cencemed with the production, use, transpon, storage, and
cispesal of this material. The highest heaith risk has teen to these
werkars expesed as a result of the pelymprization process, espe-
cially to incivicuals who were lewered @irectly into the reacior
vesséls after polymerizaticnto remove sclid polymer achering to the
insice. During thig cleaning process, the|expcsure levels to vinyl
chicrice monomer were typically in the rafge of a huncred ppm or
more.

Q Cfihe 2.2 milllon workers
exzosad to vinyl chicride,
autcciave cleaners have
the highest hea!th risk.

Case Report Number 2 - August 23, 1989 DRAFT - Page 3
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Viny! Chicride Toxicity

Vinyl chioride is well absorted. Following
is rapicly distributed via lipids or lipoprotei
tissues. The liver and kidneys receive th
followed by the brain, lungs, spleen, and

ibsorption by all routes, it

inthe bloodstreamto all
highest concentrations,

mall intestine.

Experimental evidence suggests that the foxicity of vinyl chloride is

related lo its ransformation dy the liver t
metabclite(s). Suspecied intermediate

one or several reaclive
tabolites, 2-chicroeth-

ylene oxice and 2-chicroacetaidehyde, ¢dn bind to cellular macro-
molecules such as DNA anc proteins, gresumably causing liver
damage. These metatciiles can also ungergo further oxicaticn to

cempeunds such as 2-chieroacetic acid
which are mainly excreted in the urine.

Fhysiological Effects

and thiodiglycolic acid,

Q Following absorption,

vinyi chloride is metabo-
lized In the liver. The
primary matabclites can
cause cellular damage or
be further metaboiized to
compounds that are ex-
creted in the urine.

Acute Exposure

The only data regarding acute exposure o vinyl chloride are early
reperts ameng occupationaily exposed workers. Deaths appeared
to be cue to narcssis, but no specific exposure levels have been

reperied. Presumatly, these exposure
pEm. Autcpsies revealed congestion of
neys.

Chronic Exgesure

Several ecicemiokegical studies have convi
nic vinyl chicrice exposure with liver tumorsg,

evels exceeced 10,000

e liver, spleen, and kid-

ncingly asscciated chro-
both maligrant and non-

———

noted in some workers chronically expgsed to vinyl chiorice at

relatively low levels,

» -

_. Tiv«target organ s the liver.

Q0 With acute exposure to

vinyi chloride, the nerv-
ous system s the
primary target.

Q With subacute or chronic

exposure, the primary

SPI-01207
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Vinyl Chlcrice Toxicity

levels then were presumably much greatpr than thcse seen today.
Most of the cases of vinyl chloride-inducad ASL have been associ-
ated with chronic exposures on the orded of 100 ppm.

rare form of cancer were employed as r}ic‘.or cleaners; exposure

There have been no cases of ASL recordgd in individuals who have
beenoccupationally exposed only since alewatie workplace air lev-
els were drastically reduced in 1974. However, this may be due o
the fact that a sufficient latency period|has not yet elapsed for
carcinogenic effects to have presented| The few cases of ASL
reported to be due to environmental cgntamination are suspect
because of the statistically small numbery|invoived and the fact that
this disease can arise spontaneously.

Ircreased incidence of several cancers, [other than hegatic, have
been suggested by varicus egidemioicgicai studies of vinyl chionce-
exposed warkers and by animal studies resenﬂy there is insuffi-

Increased frequencies of chromosomal pberrations in circulating
peripheral lymphocytes, including fragments, rings, breaks, and
gars, have teenreportedin vinylchlorice workers. Ingeneral, these
aterrations have not been associated with vinyl chicride leveis of
leSsihar 3 pem. Sfrong evidence cf genctexicity in a number of bio-
logical assay systems suggests that the repcried carcinogenicity of
vinyl chicride may procged via genotoxic frechanisms.

cma&qggﬁéézj:

than hepatic? Exglain. .
N

~

{57 Referring to the Case Study, weuld you examine your catient for CNScamage? Fermalignancies sther

v

SPI-01208
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Vinyl Chicrice Toxicity

The physical examination for vinyl chlorjde-expesed persons in-
cluces a thorcugh evaluation of the livef and sgleen. The renal,
nerveus, hematcpoietic, gastrointestinal, gardiovascular, and respi-
ratory systems snould also be carefully exgmined for abnormalities.
The extremities of vinyl chiorice workerg, particularly the hands,
should be examined for signs of acroestpolysis, a result of “vinyl
chiorice disease,” discussed under Signs{and Symptems below.

Signs and Symgtoms

Acute Expesure. Vinylchloride has little agute toxicity, and air levels
between 8,000 ppm and 13,000 ppm may be tolerated for S minutes
without the development of symptoms. Lorger high-level exposures
have teen associated with headache, dizziness, euphoria, ataxia.
and narcosis; carciac. circulatory, and resgiratory imegularties have
also been noted. Depressed myocardiallcontractility and cargiac
dysrhythmias have been reported in animals folllowing acute expo-
sure at anesihetic levels. Such exposure may sensitize the myocar-
dium to catechelamines and may precisppse to ventricular fibrilla-
tien.

Exposures to very high levels (probakly in the range of 70,000 to

120,0C0 £pm) have resulted in death, presumatly due o narcesis. =

Chrenic Expesure. Heavy, long-term o¢cupational exposure to
vintyl chicride may lead to “vinyl chicride disease,” a ccnditicn
involving a numter of organ systems and lissues and resufting in a
variety of clinical symptoms. The repcrted pericd of exposure befcre
the onset of this disease has ranged frem [t month to 3 years. New
cases of “vinyl chicride disease® have nofbeen reported since ac-
ceptable workplace exposure levels were cedto 1 ppmin 1974.

The signs of *vinyl chicride disease” ingliuce a sclerccerma-iike
cencition of the connective tissue of the [ingers, accompanied by
thickening of the dermis. Ac¢rcesteolysis, ajrare bene disease resut-
ing in decalcificaticn of the terminal phalanges of the hand, may also
be seen. Acrcesteclysis has frecuently been prececded by a
Raynaud-type phenomenon in which therg is reversitle constricticn
of the artericles of the fingers leading t9 numtness, pailor, and
cyancsis ofthefingers. Vascularocciusiong, stenosis, and narrowing
of the cdigital areries with the development of ceilateral circulation
have been prominent argicgraghic fincings.

Q

Short-term vinyl chloride
exposure at relatively
high concantrations may
be tolerated without
lasting adversae effacts,

“Viny! chicride disaase”
is a condition atfecting a
number of organ systams
and tissuas.

The onset of vinyt
chioride-inducsed liver
damage is insidious, with
a ciinical piciure of nen-
specific hegatle injury.

SPI-01209
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Vinyl Chlerice Toxicity

Direct Incicatcrs. No reliable direct met

od exists for monitoring

exposure to low levels of vinyl chloride. Aftempts have been made
to correlate vinyl chionde exposure leve|s with urinary output of

thicdiglycolic acid, a major urinary met

lite that peaks approxi-

matety 20 hours after exposure to vinyl chjloride. Because of wide

indivicual variations in excretion patterns,

wever, urinary thiodigly-

colic acid is not reliable with exposure to viftyl chioride at concentra-

tions less than 5 ppm, nor several days po

-exposure. Likewisa, no

correlation has been found between the amount of vinyl chioride in
breath orurine samples and the inspired airfat airconcentrations less

than S ppm.

Biclkegical Effect Incicators. Overt liver jury is a relatively late
occurrence in vinyl chloncde-reiated hepatit disease, and detection

of earty chemical injury in asymgtematic ing
dard ticchemical enzyme stucies (alkalin
partate aminotransferase (SGOT, AST),

ividuals is cifficult. Stan-
ghesghatase (AP), as-
anine amirotransferase

(SGPT, ALT) and gamma-glutamyl transpegticase (GGTP, GGT))

when used alone are of limited vaiue in ic
or progression of liver injury. These enzy

tifying the early phases
s primarily reflect acute

disruption in cell membrane integrity rather than alteraticns in the
uptake, metabolism, storage, or excretion furciions of hepatic cells.

Furthermore, these enzyme levels may
diseases, or may return to nermal after init
chronic or end-stage liver Cisease, thus ¢o

elevated in nonhepatic -- -

al elevation in subacute,
mplicating their interpre-

tation. The ratic of SGOT to SGPT has bean reported to be of some

value in predicling early liver disease.

A correlation has been ncted betwean sii
vated lotal urinary porphyrins arc secondal

Ehtly to mcderately ele-
ly urinary copreporghynin

elevations in the early stages of toxic liver
seem to be common in vinyl chicride-re
periccic determination of these values m
pregress of a knewn clinical case.

Recert siucies have suggesied that mea
sutstances remcved from the circulation
mcst sensitive and specitic incicator of e
Incocyanire green (ICG) is a synthetic
When exgressed as half-time, ICG clea
reiated to the severity of chemical hepatic i
has certain limitations: it is invasive, inve

of a synthetic dye, and necessitates drawin
with same-cday analysis.

isease. Similar findings
ted liver disease, ard
y aid in monitoring the

ring clearance retes of
y the liver previces the
ry chemical liver injury.
usad for this purpese.
nce rates are directly
jury. However, the test
es intravenous injection
multiple tlced samples

Q There is no reilable

direct Indlcator for
vinyl chioride at low
exposure levels.

Excapt In an ongoing
maedical surveillance
program, standard dio-
chemical and liver func-
tion tests alone may be of
limitec value in evaiuating
vinyt chloride-induced
liver injury.

A rise In urinary copro-
porphyrin and total urk
nary porphyrinscan -
signal the early stages of
hegatocaliuiar disaase.

Recsent studies suggest
that fasting serum bile
acids, in cenjunction with
an indocyanine green
clearance rate, Is sensi-
tive and specific fcr latant
chemical liver injury.
Cnly biopsy is more de-
finitive.

SP1-01210
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Viny! Chicride Toxicity

Management and Tre

atment

Acute Exposure

Following acute vinyl chioride exposure,
immediately removed from the scurce of ex
or antificial resusciiation, f incicated. Any
be treated symgtomatically. Recovery fro

the individual should be
posure and givenoxygen
persistent effects should
M acute effects is usually

Q There are no spaciflc
treatments for patients
with acute exzosure to
vinyi chioride,

rapid and comglete with supportive therdpy; there is no speciic
treatment or antidote for vinyl chioride exposure.

Chronic Expcsure

Symptoms asscciated with *vinyl chlorice
Fear after 1 or 2 years following removal
angiosarcoma, on the other hand, grows

prognosis; ifuntreated, mcst patients die within six to twelve menths
of diagnosis. Results of raciation therapy and chemctherapy have
been disappeinting, and only thcse patients who have had the tumor

successtully resected have been icng-te
chronic liver injury should aveid exposure

treatment for comglicaticns such as ascites
varices.

0 viny! chlorice, ethanel,
acetomincphen, INH, and other hepatctoxips. Fellewup may require

disease” tend to diszp- Q Abnormalities due to
from exposure. Hepatic “vinyl chicride diseass”
idly and cames a poor disappear within a few
years if the worker is
remcved from the expo-
sure. -
survivors. Patients with .. O Uniike “vinyl chloride ~ = —

dissase,” hepatic angie-
sarcoma carries a poct

,diatetes, anc bleeding prognosis.

(10) What can yeu tell ycur patiert abo

i
C’naﬁ’eryﬂ

Ut hepatic angicsarcema? Hew will you agvise him?

(11) What is the carger c other memc!
cculd yeu use te evaiuate and meniter fhese inCivicuals?

prs of ycur patient’s family and the ccmmunity ? What tesis

SP1-01211
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Vinyl Chicrice Toxicity

The American Conference ot Governm
(ACGiH) recommends an exposurs limit
and a short-term exposure limit of 10 pq
for Cccupational Safety and Heakth (NIO]
exposure level for vinyl chioride is inaj
carcinogenicity.

Air in the Environment

pntal Industrial Hygienists
bt S ppm for an 8-hour day
m. The National Institute
BH) has conclucded that an
ppropriate because of its

The 1582 Environmental Protection Age
dards for chemicals released to the at
chioride of 10 ppm, measured at the sou

Water

Pursuant to the Safe Drinking Water A

(EPA) emissicn stan-
sphere set a limit for vinyi
ce.

, the EPA has issued a

maximum contaminant level for vinyl chjorice of 2 ug/lL, eflective
January 9, 1€89. This apglies to all gommunity grinking water
systems that regularly serve the same RS persons for at least 8
menths of the year, and correspends o ah estimated cancer risk of

Q The EPA has sat an amis-

sion standard of 10 ppm
for vinyi chioride.

The maximum ccntami-
nant level for vinyl
chicride in drinking water
Is 2 ug/L (2 parts per
billlen).

- 1 adcitional case in 100,000 persons expgsed to this level fer a life- .

time. > L

"

—_—
— —_—— - s TS

Food

The Foed and Crug Administraticn (FOA)

vinyl chloride monomer content oflpi:_ly_m_e_r;s usedinfced packaging
or precessing may rarige from 5 to 50 g, depencing cnthe nature

of the pclymer and its use.

A~ C e ety

Ty Lo . -
P 17«

The FDA limits the con-
tent of vinyl chioride
moncmer In PVC that is
usad for food packaging.

1GR8

[R~2=3~

preposad in that the

V- _—

vinyl chicnce facility, anc the werkers

(12) Where weculd ycugethelpincrcler tp evaluate others living crworking inthe community near the fermer

Cﬁaﬂengﬂ

lwho were empioyed at the plant?

Case Report Number 2 - August 23, 1989 DRAFT - Page 15
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Vinyl Chicrice Toxicity
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Answers to Challenge Questions

These questicns begin on page 3.

by yeur patient, you can conclude that the air ccncentration must
have teen high (3C0 to S000 ppm) and that your patient receivec toxic or near-toxic decses cnthosacceasions.
Ycu may want to determine if others smelled the vinyl chioride and ottain the frequency and extent of enwvi-
ronmental comaminaticn from plam recercs, # they are ottainatle. The crinking waterin ycur patient’'s heme
should be tested since grouncwater contamination, caused by releases from the plant, is a pessitility.

(1) Sincethe odor of vinyl chicride was detect

(2) In accition to expesure through possible cpntamination of the air and water at heme, ycur patient may be

expesed o vinyl chlerice at work. As a caf salesman, he may caily spend time insice new cars where the

- ambientaircan csrtain significant ameunts pf vinyl chiorice (1 to 10 ppm) released frem piastic anc ughcistery

1 " inclucing the dasnboard and seats. To the general pcpulation, this and other sources of ccnsumer exgosures

to the moncmer releasad from polyvinyl chigride products such as fecd packaging, flconing, et¢. ara nermally

of iittle concemn. Your patient is a nonsmeker, and so dees not receive the acded insult oi the 28 nancgrams
of vinyl chioride gresent in the smcke from|each cigarette.

(3) Thcseclosesttothe source of vinyichicride [i.e., the former workers at the plant, are at highest risk. Assumirg-
only air emissicns {rcm the plant, your patieft's immeciate family, the surrcunding community arc esgecially . —- ---—
thcse resicents immeciately dewnwird hdve prctatly been periccicaily expesed. Since aircome vinyl
chicride normally chetcdegraces within a few hours, amtient air exposure is 'ikely 10 be limited in cistarce

S frcmthe glant. If the grouncwater has beengsntaminated, onthe other hand, the numter of fersons aifecied

ol ::J csuld be far greater and e 'ccated at scmp cistance from the piant.

T+, "(4) Yeur patient has lived near the vinyl chioricp plant for 18 years. Degending on the ages of his chilcren, they
et may have teen periccically exposec in they younger years. Animal data suggest that expesure at an arly
- age may increase the risk of cancer!ateron. [lf your patient's daughter spent much time atthe resicence curing
-7 -, her gregnancy, there is a chance that his grandson was exposaed in utero. This fact may increase the risk of
+- | 4" cancerfcr he grandson, even assuming céssation of exgosure following the plant shutcewn.

T (8) Itweuld se srudent to investigate all petantigily involved organ sysiems, eventhcughthere is iimitec evicence
to suggest that chrenic environmental exgoEure to vinyl chioride may result in/neurctcxicity orcancers other
than hezatic. Wit (w art 2<XPislua — oni /U',';'/i—;-.'f- drte.

(6) The patient’'s pretiem list incluces fatigue, weight less, siightly icteric sclerae, and liver enlargement.

(7) The differential ciagrcsis at this peirt might consist of:
acute hercatitig (viral, alcshol, or chemical- or drug-incucad
chronic aciive hegatitis
granuicmateus or neoglastic infitration
Cirrhesis is less likely since transaminases fre high, but it cannct be ruled out. Inlight of the nermal alkaline
phosghatase, primary biliary cirrhesis or bile duct otstruction are not consicered.
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(8) Viral hepatitis should be ruled out with the appropriate serologies and a liver-sgleen scan performed. An MRI
(magretic resonance imaging) scan and an angiogram might aiso be helpful. Cirect indicators, such as
urinary thiodiglycolic acid or vinyl chiqride levels, would only be helpful if significant quantities of vinyl chloride
are presently being consumed in thg drinking water. However, negative resuits, in tests using these direct
indicators, do not rule out drinking witer contamination. .

(9) The cifferential diagnosis new most [kely includes:

: cirrhosis
malignancy
Hepatic angiosarcoma is not normally preminent in the differential diagnosis of liver function abnermalities.
However, the known exposure to vinyl chlonce and the test results thus far make it a prebatility. Inthat case,
hepatic antericgraphy would reveal a tharacteristic appearancs, with displacement of hepatic arteries, and a
blush and “puccling” curing the midcle of the arterial phase. Percutanecus liver bicpsy is contraindicated in
cases of angiosarcoma because of the vascular nature of the tumer and the pessitility of comglicating
thrembocytcpenia or significant bleefling; laparoscopic bicgsy weuld be more apgropriate.

(10) Hepatic angiosarcoma grows rapidly|and carries a poor prognesis. If untreated, mest patients cie within six
to twelve menths of diagrosis. The onjly long-term survivors have had the tumer successiully resected. You
might assure your patient that there i$ no evidence that the vinyl chlorice exposure at work will influence the
evolution of his disease. As a precaution you might suggest that he ventilate new cars befcre entering them
for prolonged pericds and drive with the wincow cpen to maintain ventilation. Until the drinking water at his
hcme is tested, the family should usa bottled water to avoid any pessitie expesure there. -

(11) Since the rest of the family and the rjearby community may have had similar exposure to vinyl chicrice, all
sheuld uncergo testing for transaminases, alkaline phosphatase, and serum bile acids to detect iatent
chemical injury. Hf these tests or an indecyanine green clearance rate are pesitive for hepatic injury, ticgsy
may aiso te helpful. I the crinking [water is nct contaminated and there is no waste discosal scurce ¢
ccntaminate the water in the future, the expesure for the family and community has likely terminated.

(12} Ycur'ccal, county, or state health degantment shculd be contacted and notified of the susgect case. Because
hegatic angicsarcoma is an extremely rare diseas2, even cne case would alert puklic health autherities o a
petartial risk to the ccmmunity aroundthis plant. Your report shouid initiste case-fincing investigations ameng
the workers at this plant as well as in the ccmmunity. Putlic heaith autherities may also want to evaluate the
petential for grouncwatsr sontaminaticn arcund the plant.

SPI-01215
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Dr. Robert Hinderer
BFGoodrich Company
3925 Embassy Parkway
Akron, Ohio 44313
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Roy T. Gottesman
Executive Director

October 10, 1989

Re: Human Carcinogens - Vinyl Chloride

Dear Bob:

Dr. Brian Bennett of ICI, [who maintains the angiosarcoma registry
visited with me in Wayne ¢n October 5th. He kindly provided me
with the enclosed paper filrom Environmental Research 49, 143-151
(1989). The marginal notds on this copy are those of Dr. Bennett
who has met with the authorx, Dr. Benjamin Van Duuren at NYU Medical

Center.

Also, Dr. Bennett advises [me that because of some apparent errors
in the publication, he plans to write a letter to the editor,
pointing out the mis-intgrpretations/errors. This is for your

information and files.

RTG/pmb

Wayne Iinterchange Plaza Il

Sincerely yours,

SP1-01216

155 Route 46 West ¢ Wayne, NJ 07470 ¢ (201) 890-9299
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The a-chloroether carcinogen chloromethyimethyl eth
romethylether (BCME) are direct-acting alkylating aget
rect-acling carcinogen but its accepted carcinogenic intg
also an a-chloroether. Both CME-BCME and VC have
1950. Hence, they were selected for comparison of pof
numerous epidemiologic reports. There were 115 death
among several hundred thousand VC-exposed workers
countries during 1955 and 1984. Reports from five coun
cancer deaths among only 3024 CME-BCME-exposed w
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br (CME) and its impunty bis(chlo-
ts. Vinyl chloride (VC) is an indi-
fmediate. chloroethylene oxide, is
been in industrial use since about
pncy as human carcinogens using
due to angiosarcoma of the liver
on the basis of reports from 10
Inies cited a total of 87 respiratory
rkers. If a recent court settlement

in the United States is taken into account, the number of respiratory cancer deaths due to
CME-BCME rises to 117. On the basis of these numberp of cancer deaths, and the levels

and durations of exposure, it is concluded that VC is a ¥
to CME-BCME. ¢ 1989 Academic Press. Inc.

INTRODUCTION

Thirty-six chemicals or mixtures of chemicals 3
which there is sufficient evidence of human carci

are referred to as Group 1 human carcinogens by

eak human carcinogen compared

re now classed as materials for
hogenicity (1ARC, 1987). They
the IARC. In most instances

sufficient animal carcinogenicity data are also available for these 36 matenals.

Included in this group are chloromethylmethyl

ether (CME), bis(chlorometh-

yl)ether (BCME), and vinyl chloride (VC). The pufpose of the present report is to

compare the potency of these carcinogens to hun
data and epidemiologic studies.

ans based on animal bioassay

These chemicals came into use in chemical industry at about the same time,
1950, although VC was used on a small scale prior fo 1950. The animal and human
carcinogenicity data on these chemicals first beqame known during the years

1968-1973. Since then, extensive studies on their :

idemiologic studies on occupational exposure to

Thus, they provide a valuable series in which td

carcinogens.

The animal carcinogenicity results on CME, B{

cation of the first case reports and epidemiologic s

these human carcinogens are unusual in that the his

143

nimal carcinogenicity and ep-
them have been carried out.
compare potency as human

ME, and VC preceded publi-
udies by several years. Thus,
torical sequence of events for
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Copvmght € 1989 hy Academic Press. Inc.
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most human carcinogens is the reverse. For most of the 36 chemicals on the
current list of Group 1 human carcinogens. epidemiologic studies provided the
stimulus for subsequent laboratory dnimal carcinogenesis bioassays and related
biochemical studies. as was pointed put in the preamble of the most recent com-

pilation (IARC, 1987).

INDUSTRIAL PRODUCTION

CME is used on a small scale in ¢

hemical industry as an intermediate in the

manufacture of anion-exchange resips from polystvrene and related polymers

{Van Duuren et al.. 1968).

The resin made from polystyrene, ¢ME, and trimethylamine. named Amberlite
IRA-400, is used in the purification df household water and on a larger scale for
deionization of water used by the elegctric power and pharmaceutical industries.

CME is synthesized from methy] 2

lcohol. hydrochioric acid (HCI). and form-

aldehyde (CH.O). The latter two reagents lead to the formation of BCME. Thus,
CME as manufactured and used cogtains varying amounts of BCME. ranging
from 1 to 10%, depending upon the exact conditions of manufacture (Van Duuren

1980). BCME was manufactured on a
full-scale production, but it is not usq

pilot-plant scale when CME first came into
d in chemical industry because of its acute

toxicity. Because CME as manufactyired and used contains BCME. these two
chemicals are referred to as CME-BCME in the discussion on occupational ex-

posure that follows.

VC was used in industry from abou
until about 1950 for the manufacture
with vinylidine chloride (Wessling an(

Production figures for CME-BCME]
used were not given in any of the puH
be ascertained from industry sources.
of the top 10 organic chemicals manu
Chem. Eng. News, 1988). In 1987, 8.21
the United States alone. It was estima
of PVC was manufactured in the Unit
1987). Because of the relatively limited
PVC, it can be safely concluded that

| 1930 but did not come into large-scale use
bf its polymer (PVC) and copolymers, e.g.,
i Edwards, 1971).

or the anion-exchange resins for which it is
lished epidemiologic studies and could not
VC on the other hand, is No. 8 on the list
factured in the United States (Anonymous
billion pounds of VC was manufactured in
ed that in the same year 7.6 billion pounds
pd States (Anonymous Chem. Eng. News,
use of anion-exchange resins compared to
he amount of CME-BCME manufactured

worldwide is minuscule by comparisog to the amount of VC produced. It should

be noted that both CME and BCME ar
agents in reaction with nucleophiles s

P used in laboratory syntheses as alkylating
ich as amines, as well as in displacement

and addition reactions (Summers, 195%).

ANIMAL

Laboratory-purified CME is a weak
stage carcinogenesis on mouse skin. It

BIOASSAYS

carcinogen and an initiating agent in two-
also causes induction of fibrosarcomas by

subcutaneous injection in rats, BCMH is a mouse skin initiating agent and car-
cinogen and causes fibrosarcoma by spbcutaneous injection in rats. In all three
bioassays BCME was notably more pqtent than CME (Van Duuren et al., 1968.

1969). In further studies subcutaneous
mice resulted in increased induction

injection of CME and BCME in newborn
bf lung adenomas in animals exposed to

SP1-01218
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CARCINOGENICITY OF VC AND CME-BCME 145

BCME but nct in those exposed to CME (Garg
quent studies the inhalation exposure of rats td
BCME proved to be a potent carcinogen for rats
in lung cancer and esthesioneuroepithelioma
inhalation experiments in rats at various doses

us et al., 1969). In several subse-
CME and to BCME was studied.
by this route at 0.1 ppm resulting
Kuschner er af.. 1975). In other
induction of fung cancer was not

observed but nasal tumors were induced (Leqng et al., 1981). These bioassays
were recently reviewed (Van Duuren and Van|Duuren, 1988).

On the basis of inhalation bioassays in which

rats were exposed to mixtures of

hydrochloric acid and formaldehyde (Sellakumdr ez al., 1985) and hence to BCME

it was subsequently concluded that BCME is m
dose range of only 0.1 to 0.4 parts per billion (V
VC was first shown to be carcinogenic by inh

rkedly carcinogenic to rats in the
n Duuren and Van Duuren, 1988).
lation exposure using Wistar rats

at a dose level of 30.000 ppm (Viola et al., 1971). Zymbal gland tumors were

observed together with metastases to the skin|
series of large-scale bioassays was undertaken

lung. and bone. Subsequently, a
ing inhalation exposure of Wistar

and Sprague-Dawley rats, Swiss mice, and goldgn hamsters (Maltoni er al.. 1984).
Extensive dose-response studies were performed in these bioassays. Lung ade-
nomas, angiosarcoma of the liver (ASL), and adenocarcinoma of the mammary
gland in mice were observed. The same type jof exposure in rats in the 50- to
10.000-ppm range led to induction of ASL, nephtoblastoma. neuroblastoma. Zym-
bal gland tumors, and miscellaneous tumors atfother sites.

From the above bioassays it is clear that BCME is a much more potent carcin-
ogen by several orders of magnitude than VC in fat inhalation experiments. on the
basis of numbers of animals with malignant tumors and doses used in the inhala-
tion experiments. CME must be classed as a weak carcinogen and its carcinoge-
nicity can be ascribed in part to the presence of BCME in industrial grade CME
and to the formation of BCME from the hydrolysis products of CME.

Both CME and BCME are highly reactive dirgct-acting alkylating agents which
do not need to be metabolized in vivo in order|to exert their biological activity.
Like other direct-acting carcinogens such as epoxides and f-lactones. they are
expected to exert carcinogenic action at the sitg of contact in animal tests (Van
Duuren, 1980). This is indeed the case, as shown by induction of nasal and lung
tumors by inhalation exposure in rats, skin cancer by topical application in mice,
and lung cancer by occupational exposure in hymans. '

Unlike CME and BCME, VCis an indirect-acting carcinogen which is activated

in vivo to chloroethylene oxide, a highly reactiv
studies on metabolism of VC in vitro and in vivo
point to this epoxide as the activated carcinoge
nally suggested on the basis of structure-activ

and unstable epoxide. Extensive
and bioassays of the metabolites
hic intermediate of VC. as origi-
ty considerations (Van Duuren,

1975). This subject has been reviewed (Singer arld Grunberger, 1983). Because of

its accepted mode of action. VC is expected to
animals and humans. This is borne out by the

epidemiologic studies in workers exposed to V(.

OCCUPATIONAL EXPOSURS

Three reports appeared in 1973 describing the
frequently oat cell carcinoma. in workers expos|

be a multipotential carcinogen in
animal carcinogenicity data and

: CME-BCME

occurrence of lung cancer. most
d to CME-BCME (Figueroa et

SPI1-01219
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146 BENJAMIN L. VAN DUUREN

al., 1973; Sakabe, 1973 Thiess e al.,| 1973). On the basis of the animal carcino-
genicity data available at the time ang these three early reports, both CME and
BCME were classed as human carcinggens by the U.S. Department of Labor in
1974 (U.S.D.L., 1974). They were clagsed as Group | human carcinogens by the
International Agency for Research on|Cancer in 1979 (IARC, 1979a). During the
years 1973 and 1987 numerous epidenpiologic studies dealing with CME-BCME
were published (IARC, 1987). A report involving three worker deaths from lung
cancer in a small BCME manufacturing facility in the United Kingdom appeared
recently (Roe, 1985).

The number of respiratory cancer dqaths ascribed to occupational exposure to
CME-BCME and to BCME alone are|l summarized in Table [. These data were
culled from the literature up to 1987. The five countries reporting epidemiologic
studies covered the total period 1948 through 1981.

Numerous intenm epidemiologic stuflies appeared dealing with the same man-
ufacturing facility in the United States. The first report concerning respiratory
cancer among workers at this facility appeared in 1973 (Figueroa er al., 1973). One
of the 1987 reports (Collingwood er al., 1987) gave findings on six other CME
manufacturing facilities which are gropped together in Table 1. Thus the total
number of respiratory cancer deaths from five countries was 87 out of 3024 ex-
posed workers. )

It is of considerable interest to compare the respiratory cancer deaths in one
manufacturing facility in the United Sta}es as presented in Table 1 with the class-
action settlement reached in 1987 in the¢ Philadelphia Court of Common Pleas in
Pennsylvania. According to this settlethent 62 workers who died of respiratory
cancer were deemed to have been expoged to CME-BCME and their estates were
awarded monetary benefits. Twenty-five of these had oat cell carcinoma of the
lung and 37 had other respiratory canger. This settlement did not exclude the
possibility that there were other worker$ exposed to CME-BCME who may have
developed respiratory cancer. Monetary awards were based on the 62 workers
having worked in certain buildings in the facility at specific times and developed

TAHLE 1
RESPIRATORY CANCER DEATHS §ROM ExpPosURe To CME-BCME
Duration
Peniod Number Number of

of of of exposure?
Country exposure workers leaths? {years) Reference
uU.s. 19481981 737 . 32 1-19 Maher, 1987
U.K. 1948-1980 221 10 1-15 McCallum, 1983
China 1958-~1981 318 12 2-18 Hsueh, 1984
Japan* 1955-1970 32 5 7-12 Sakabe, 1973
Germany* 1954-1971 18 8 6 Thiess, 1973
U.S. 1948-1980 1.698 20 5-19 Collingwood, 1987

@ Taking the legal settlement into consideration,[the total number nises from 87 to 117 (see text).
® Years from first exposure to diagnosis of respifatory cancer.
¢ Exposure to BCME only: all others to CME-BCME.

SP1-01220
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respiratory cancer (Krimsky, 1987). It is notd
compensated for this one manufacturing facility
the recent epidemio.ogic reports (Collingwood 4
1987).

It has been pointed out in some of these repor
were mostly oat cell carcinoma of the lung and.
a remarkably short latent period between begin
lung cancer and hence an unusually high incide
workers.

Smoking histories were examined in some of
1 but were not considered in calculations of
conclusion that this confounding factor is diffic
1984). ’

The levels of exposure to CME-BCME wer{
early 1970s, rough estimates at best, and morg
facility to the next, but also frequently within th
these chemicals were known to be carcinogenid
posure to them became monitored, regulated, an
to CME-BCME at certain stages of use in the
resins was so high that buildings had to be routin|
during one 8-hr shift (Figueroa er al., 1973).

During the process of manufacture of anion-e
destroyed by addition of water to the reaction Y
quenching, is a highly exothermic reaction, whi
CH,O, methyi alcohol, and undoubtedly unreag
building where the resin was being manufacture
tilation.

Attempts were made in some of these studieg
low-, medium-, and high-nisk levels (Maher and ]
1983). This type of classification is difficult to
are not available for at least the first 20 years t
use. Moreover, the manufacture of CME is by i
The number of batches and the quantities produc
of time did not emerge from any of the studies r¢g
sible to obtain with any degree of certainty the 4
critical 20-year period, i.e., intense exposure for j
long-term exposure to low levels of CME-BCM

OCCUPATIONAL EXPOS

The first full report dealing with the occurren
(ASL) in VC-PVC workers (Creech and Johnso
the initial animal carcinogenicity bioassays werg
Since then numerous papers have dealt with ASL
systems in workers in the VC-PVC industry (1A

The most recent compilation of worker deathg
exposure to VC was reported by the Associatig

3
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ble that the number of workers

62, 1s almost double that given in
t al., 1987, Maher and DeFonso,

ts that (1) the respiratory cancers
2) in a number of cases there was

ing of exposure and diagnosis of
ce of this cancer among vounger

the studies summarized in Table

ancer risk, on the basis of the

Lit to assess quantitatively (Doll,

in earlier vears. i.e., up to the
over, varied not only from one

e same facility. It was only after

to animals and humans that ex-

d reduced. Before 1970 exposure

manufacture of anion-exchange

ely evacuated three or four times

kchange resin, excess CME was

essels. This step, referred to as

ch results in the release of HCI,
ted CME-BCME, all within the
H, at times with inadequate ven-

to divide worker exposure into
DeFonso, 1987; McCallum er al.,

t these chemicals have been in
nature a batch-type operation.
ed and used for any given length
viewed here. It was also impos-
emporal exposure levels for the
rief periods of time compared to

c:£aluate because exposure levels

T

[~ .

URE: VC

ce of angiosarcoma of the liver
n, 1974), appeared 3 years after
described (Viola er al., 1971).
and cancers in other organs and
RC, 1987).

ascribed to ASL as a result of
n of Plastics Manufacturers in

Y Teepndll
) &jﬂ{?/?/[".
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148 BENJAMIN L. VAN DUUREN

Europe (APME) for the years 1955 through 1984. (Forman et al., 1985). A total of
115 deaths from ASL were counted for Europe, North America, and Japan.
Thirty-five of these cases were from 10 manufacturing facilities in the United
States. The largest proportion pf ASL cases occurred between 20 and 29 years
from the beginning of exposure.|The median latent period was given as 22.6 years.
The authors concluded that additional cases may be expected after more than 30
years. Close to 77% of the ASL deaths occurred in autoclave cleaners and pro-
duction operators where the highest levels of exposure to VC were encountered.
The total number of workers exposed to VC was not given in this compilation.

During two-and-a-half decadds, 1950-1975, i.e., before human carcinogenicity
was established (IARC, 1979a)] the major concerns in manufacturing industries
were the narcotic properties of YC and the fact that at sufficiently high levels, 4%
by volume (Weast and Astle, 1981), it becomes a fire and explosion hazard. As a
result of these concerns some information is available on VC concentrations in
components of some manufactufing facilities prior to the early 1970s. The highest
concentration of VC was found|in the polymerization reaction vessels after com-
pletion of the process. This has|been reported to reach 3000 to 4000 ppm. Other
areas in the facility gave meagurements ranging from 1 to 1000 ppm (Barnes,
1976). These levels decreased |markedly after the early 1970s (IARC, 1979b;
Barnes, 1976; Purchase et al., 1987).

Several recent reports present additional epidemiologic findings on cancer in-
cidences in VC-PVC workers (ILaplanche et al., 1987; Heldaas et al., 1984; Smu-
levich er al., 1988). They present data on ASL, lung, stomach, skin, hematopoi-
etic and lymphatic systems. Some of these cancers of organs and systems other
than the liver were mentioned ip earlier reports and reviews (IARC, 1987). Fur-
ther studies in some of these areps are indicated because of marginal significances
in some instances, e.g., malighant melanoma as pointed out by the authors
(Heldaas er al., 1984). There are indications that ASL may occur only at high
levels of and/or prolonged expogure to VC (Forman et al., 1985; Smulevich et al.,
1988). In one study increased dqaths in VC-exposed workers were reported from
cancers of the lymphatic, hematgpoietic, digestive, respiratory systems, including

bone, brain, and skin, but no ASL’s were observed (Smulevich et al., 1988).
st Py Aae e tb

The number of workers expoged to VC during the years 1948-1981 is probably
two orders of magnitude higher than the number of those exposed to CME-BCME
during the same period. In the latter case, and if the legal settlement reached for
one manufacturing facility is tak¢n into account, there were 117 respiratory cancer
deaths reported from five countries from 1948-1981 among 3024 workers. By
comparison there were 115 ASL} deaths among several hundreds of thousands of
VC workers from 1955-1984 in the APME compilation. The latter is undoubtedly

w M"'much more complete than that given in Table 1 for CME-BCME respiratory

cancer deaths.

Exposure levels to VC range from one to 4000 ppm with roughly 77% of ASL
deaths occurring in workers expgsed to a 3000- to 4000-ppm level. VCis a narcotic
gas with a pleasant odor which I¢ads to euphoria, unconsciousness, and sleep. On

[P ——
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the other hand CME-BCME is highly irritating
over, in air even 1t low levels of humidity, C

fumes of HCl and CH.O. CH.O causes eye ar
0.01 ppm to 2.0 ppm (NRC-NAS, 1981). The
HClis about 0.1 ppm and irritancy becomes prd
(NRC-NAS. 1976). Thus, unlike VC exposure
warning on workers to such an extent that thg

nd noxious in vapor form. More-
-BCME releases highly noxious
d mucous membrane irritation at
odor threshold concentration for
nounced in the range of 5-20 ppm
CME-BCME exposure forces a
y evacuate work areas when un-

bearable levels of these chemicals and their hydrolysis products appear. It is

therefore reasonable to conclude that levels o

F exposure to CME-BCME were

lower than those to VC by several orders of mpgnitude.
There is another factor which should be borge in mind. The Group | occupa-

tional carcinogens (IARC, 1987) are indirect-ad
CME-BCME, melphalan, and sulfur mustard.
higher human and animal carcinogenicity of (
ascribable to their high order of direct-acting ai}
activation is not required for CME-BCME. 1
carcinogen VC, the delivered level of activated
doubtedly substantially lower than the amounts
inhaled is metabolized to innocuous products a
termediate will also be partially removed by irre
proteins, and other tissue constituents (Van Dyl

It is possible that additional information will
matters as total number of workers exposed to
manufactured, in order to place the above obsery
solid foundation.

From the animal bioassays and epidemiologic

ting agents with the exception of
It is expected that the markedly
ME-BCME compared to VC is
ylating reactivity; i.e., metabolic
h the case of the indirect-acting
carcinogenic intermediate is un-
of VC inhaled. A part of the VC
nd the activated carcinogenic in-
evant reactions with glutathione,
pren and Van Duuren, 1988).

be forthcoming concerning such
V C or quantities of CME-BCME
ations and conclusions on a more

studies summarized in this report

it is clear that CME-BCME represents a much| more potent animal and human

carcinogen than VC.
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