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VINYL CHLORIDE (Group 1)

A. Evidence for earcinogenicity to humans (sufficient)

Vinyl chloride has been associsicd with tumours of (he liver, brain, lung snd
hi tolymphopoielic system’. A large ber of epideminlogical diesH and case
reports?’-1* have substantisted the causal associalion between vinyl chlotide snd angio-
sarcoms of the lider. Several studics ako confirm that exposure 1o vinyl chloride causes
other forms of cancer, ie., hep Hular carci At brain tumours'h 2, lung
tumourstt -4 and malignancies of the lymphatic and haemalopaiclic sysiem!tP.10,
Exposure 1o polyvinyl chlntide dust was associaled with an increased incidence of fung
tumours in one study; the asuthors suggested that trapped vinyl chlotide monomer was
responsible®. Mclanoma occurred in excess in one study'? but has not been mentioned in
others. Slightly clevated risks for gasitic’™ and gastrointestinal cancer (other than liver
cancer)? were indicated in some studies, but these were not confirmed in others,

B. Evidence for carcinogenicity to snimels (sufficierns)

Vinyl chloride administered orafly or by inhalation o mice, rets and hamsiers produced
fumours in the mammary gland, lung, Zymbal gland and skin and angiosarcomas of the
lives!. Similar findings were made in more recent siudies?'-". In one, a cambination of ora}
sadministration of ethanol and inhalation of vinyl chloride resuited in more liver tumours
(including sagiosarcomas) than afies treatment with vinyl chloride alone*e.

C. Other relevani data

Chromosomal sberrations were induced in peripherat blood tymphocytes of workers
exposed 10 vinyl chloride at levels of 5-500 ppm (13-1300 mg/m’). Two studies seporied
negative resuits for sister chromatid exchanges inexposed workers, whilein another studys
weakly positive response was found*?.
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Vinyl chloride induced chromosomal abesrations, sister cheomatid exchanges and
micronuclei inrodents exposed in vivo but did not induce mutation in the mouse spol tesl or
dominani lethal mutations in rats or mice. H alky{ated DNA in sevecal tissues of mice and
tals exposed in vivo. Vinyl chloride induced sister chromatid exchanges in human
lymphacytes in vitro. 1t induced mutation in Chinese hamster cells and unscheduled DNA
synthesis in rat hepatacytes in virro and induced transformation of BALB/c 3T1 cells and
virus-infected Syrian hamster cells. i1 induced sex-linked recessive lethal mutations, bul aat
aneuploidy, heritable iranslocations or dominant lethal mutstions in Drosophils. 1 was
mutagenic 1o plants and 10 Schizosaccharomyces pombe but not to olher fungi; it induced
gene conveesion in yeast. [t caused DNA damage and muiation in bacteria. Vinyl chloride
bound covaleatly to isolated DNA in the presence of a metabolic system*!,
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GENETIC RISXS OF VINYL CHLORIDE

PETER F. INFANTE Josere K. WAGONER
ANTHONY J. MCMICHAEL  RICHARD J. WAXWEILER
Hesry FaLx

Droision of Sureeil Hazgrd Eval and Field
Studies, Nanona! {nstitute for Occupanonal Saferv and
Heaith, and Bureau of Eprdemiciogy, Center for Ditease
Conrroi; and Schooi of Public Heaizh, University of North
Caroiina

A studv of pregnancy outcome among
wives of workers exposed to vinyl-chior-
ide monomer ,v.C.M.) indicated that, in comparison
with coptrols, thers was a significant exzess fetal loss in
the group whose husbands had a primary exposure 10
v.C.M., whereas no differences between the groups were
observed before the husbands’ exposures. The difference
in fetal death-rates for the post-exposure comparisons
was a reflection of a greater fetal loss assoqiated with the
wives youager-aged husbands. The ugnificant excess did
not seem 1o be the rosult of bias from interviewery, re-
spondents, nor from women who had experienced
chronic abortions weighting the results, These findings,
in conjuaction with the demonstration of 3 qwtagenic
response via microbigl test systems and with observa-
tions of significant excesses of chromosomal aberrations
among workers exposed to v.C.M., raise scientific and
public-health concern for the possible gencuc nisks of
v.C.M, 10 toan.

Summary

IN the past vear, several reports bave indicated that
vinyl-chloride monomer (v.C.M.) is mutageaic in micro-
bial test svstems.’=? v.C.M. mictabolites also have in-
duced mutations in mammalian ceils.* Likewise, reports
from four countries have shown an excess of chromeso-
mal aberrauouns in lymphocyies of workers exposed 1o
v.C.M. compared with controls.*~* However, Purchase et
al.” bave stated (though no animal data were presented),
that the mutagenic efects of v.C.m. expressed as chro-
mosomal aberrauons in lymphocytes in humans do not
occur in germ cells in mice; they concluded that the
potential danger of mutagenic effects on the fetus via
sperm seemed unlikely to exist. In a study without con-
trois, Selikoff observed fetal death-rates among wives of
v.C.M. workers that ranged from 7 to 14 per 100 preg-
nancies.” These rates appear 10 have been higher than

10

To develop further data on this question, pregnancy
outcome has been studied among the wives of workers
exposed to v.C.m. All current v.c.M. polymerisation and
polyvinyl-chloride (r.v.c.) fabrication workers were in-
cluded for study together with a similar number of cur-
rent rubber workers (8% of all such workers) selected
from work areas relatively free from kaoown toxic
materials and matched as a group 10 the v.c.M. workers
by age. Group-participation rates ranged from 62 to
77%. Data for the wives of v.C.M. polymerisation
workers (prumary v.C.M. group) were contrasted with
data for the wives of p.v.c. fabricauon and rubber
warkers {*‘coatruls™), who were known to have bad very
low or oo v.C.M. expasure, respectively. A total of 95

THEILANGET. AZRL 3,187

v.e.m, polvmmensaien and 133 rubrer and #.v.0. fan;-
cauon workers were imterviewed. Paternai age, preg-
aancy ouisome, and estumasss for the me of concerucn
of all pragmancies were asceriainad v amteren in Qg
ober, 1974, [rom maies gmpicved at a rubrer manciis-
tufng, P.v.C. f.l:t".a.ng. and V.o, poivmeniung facil-
1ty. As pan of a larger susvev ¢f worker health, date of
first empioyment 10 the job categones was determined
from company records. Mean Faternal age, total aumber
of concepuions, total number of fetal deaths defined as
anv product of concepuon not borm aiive:, and fecal
deaths per 100 concepuons wess (hen computsd for each
group prior to and subsequent to the worker's date of
cmpioyment. No interviews were conducted with
workers’ wives and no data wers obtaned concermung
maternal age, except indirectly through paternal age.
Since fetal loss 138 known 1o increase with ascending
parental age, the fetal death-rates for the prumary v.C.m.
exposure group were age-adiusted to the conwol group.
Table 1 shows the age-adiusted fetal death-rates
for wives of the primary v.C.M. exposure group
versus the cootrol group, botk prior to and subsequent
10 each group's respective exposures. Among pregnan-
Ci€s OcourTing prior to exposure. fetal death-rates were
6-9 for the controls versus 8- 1% [age-adiusted) for the
primary v.C.M. exposure group. These rates were not
significantly different by Mantel-Haenszet Chi-square
testing.'? Amoog pregniancies occumng subsequent ic
the Busband’s exposure, the diference 1n frequency of
fetal deaths berween groups was significant at
P<0-05 (y*=4-00, df=1.."* Although tbe underlying dis-
tributions differed, mean paternal ages were vinuaily
the same—30-4 versus 30.2 vears. The significant dif-
ference between the groups subsequent to exposure wias
a reflection of 3 relatively greater fetal mortality-rate as-
sociated with younger-zged bhusbands in the primary
v.C.M. exposure group. Among pregnancies occurring
subsequent to exposure, the fetal mortality-rates associ-
ated with husbands 30 vears of age and older for the pr-
mary v.c.m. exposure and control groups were 9/69
{13-0%) and 17/142 (12.0%3, respecuvely; whereas, for

TABLE [—MEAN FATERNAL AGE, NUMBER OF PREGNANCIES, AND FETAL
OLATH-RATES ACCORDING TO MUIBAND § V.C. EXPOSURE

] Prumary
“Controis™™® | ¥ CM. capowre?

Pror 1o Amaband s c2polRTR:!

Numter of famiie 95 70
Mean paternal agt

at concepuon ¥r.. 210 6.4
Number of fe1al

dembs smong wives i ts
Numper of pregnanae 159 148
Age-sdivnsed [etal

Jeathy 100 preg.s 6.9 61

) @ * exposure;
Number of lamiuct 113 §2
Mean paernal age

it conczpuon 304 3.2
Number of feral

Ueaths among wiva pI] 23
Nymber of

prEgnANCICY 73 13%
Ape-adiunied ferad

Jesthy 100 preg= (9] (B2 11

*Rubper and ».v.C. fabncanuon worker.
+.C. polyToenast:on woriers.
‘Rua urndlumd 10 "'controd” m pateroal age distnbuvon.

‘s o fetal deulle amony wiver
wun(m&unuvmmmcwnnmvc.n CXPoAurE Proup than m ke oo
trols” - P< 005} or w the sudy awp Pror @ Busband's expoaure #< 0021 ¥y
apeadiusied chi-aquare imung. '
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:. TABLE 1-=—MIAY PATERMAL AGE, NCMBZR OF PRIGNANCIXS, AND FETAL
" pSATH-HATES ACCORDDNG TO MUSBARD'S ¥.C. CXPOITIE EXCLUDING

PREQNANCIES OF WOMEX WTTH 3 3 FETAL DEATHS

- M'rnmary
“Controls™ | v.Cou. cxpemaret

P 10 Anisend’s cxporura:
Mean paiernal age
A1 COBECPLON | YT.)
Number of fera)
Jeaths among wivey
Nunber of

63

prepnasoe
Ape-adiumed ievnl

pregnsoocs
Ape-adiutied fetal
Jeathw 100 preg.3 68 10-8

“Rubber and ¢.v.C. fabnsauce soriey.

., polymerusuon workert.

thates spe-adiuned 10 ' conura™ age b

busbands iess than 30 years of age, fetal mortality was
14/70 (20-0%) for the primary v.C.M. exposure group
compared with 7/131 (5.-3%) for the control group
(these data are not shown tn tables.)

Furthermore, intragroup comparisons indicated 2o
incresse in age-adjusted rates for the prunary v.Cc.M.
exposure group from 6-1% before exposure 10 15-8%
subsequent to the busband's exposure. This difference
also was significant, P<0-02 (y3=$-51, df=1).}? Similar
comparison for raws in the contrel group, 6-9% versus
8:8%, indicated no significant difference.

To derermine whether women who had chronically
expenienced abortions might have weighted the resyits in
favour of a higher fetal death-rate in the pnmary v.c.M.
group subsequent ta husband’s exposure, pregnancies of
women who had more than two abortions were elim-
inated from the analvses and the daia were recalcu-
iated to determine whether or not the trend was main-
ained. The decision to exclude all pregnancies among
families associated with miore than two aboruons was
made without prior knowledge of how these families
were distribuied among the exposure categories. The
data in table 11 show that the trend was maintained.
Prior to exposure, the fetal death-rates in the conirol
and primary v.C.M. exposure groups were 6-9% and
3-1% (age-adiusted), respectively, wheress, after expo-
sure, the rates were 6-8% and 10-8%, respectively. Sub-
sequently, data were eiminated for pregnancics of
women who bad expetiencexd, firsdy, more than one
aboruon, and, secondly, more than three abortions, and
¢ach time the trend was maintained. No changes in rates
for controls were observed, whereas 8 2-3-fold increase
was observed in the primary v.C.M. group subsequent 10
sxposure.

To determine whether differences in fetal loss might
have been the result of one or two interviewers weight-
ing the results, the datz were anaivsed by individual in-
terviewer. The results demonstrated a general trend for
cach interviewer 10 report a2 higher ascertainment
among v.C.M. polyvmerisation workers than among the
control group.

Further, the possibility was entertained that the inter-
val between the date of interview and the date of fetal
loss might have :nffuenced the results through dif-

738

ferences in recall. The interval, however, was estimaied
10 bave been about two vears less for controls, suggest-
ing that, if & bias did exist, it would have been towards
a gremer ascenainment in the control group. In some
cases, the worker failed to indicate the ages of his
children and in other cases he was unabie to recall the
approxumate ume of his wife’s aboruen; therefore, the
data were analysed (o determine the distribuuoa of fetal
deatb-rates among the respondents in each occupational
group who did not compiete the interview properly. The
difference in fetal death-rates betwesn groups was very
slight.

Finally, the workers may have been subject to bias
resulting from prior knowledge of known hszards of
vinyl chloride. However, the workers themselves did not
always know into which of our employment categories
they were being allocated. For example, several r.v.c.
fabrication workers who were included in the control
group thought that they had a3 primary v.C.M. expoure
as a fabrication worker. In addition, the questions
regarding pregnancy outcome were contained in a much
larger interview-questionnaire, the results of which
demonstrated very few significant differences with no
consisient bias for the paramerers sscertaiped berween
the workers with a prumary v.c.m. exposure, and the
other groups. This observation as well as several others
presented above tend to support the validity of the
study.

Ia summary, a significant excess of feral loss was
observed among wives of workers following exposure to
v.CM. The excess did not appear to be the result of bias
from interviewers or respondents, nor from women who
ezperienced chronic aborrions weighting the resuity.
Severa) mechanisms by which such fetal loss may arise
are suggested. Either fetal or maternal toxiaity or germ-
cell mutagenesis in the mother through indirect v.c.M.
exposure froms the father might be considered, although
these mechanisms seem highly untikely in view of the
highly volstile nature of v.c.M.!* When the findingy of
the present study are taken in conjunction with the prior
demonstration of 8 mutagenic response via mucTobial
test systems and observations of significant excesses of
chromosomal aberrations among workers cxposed 10
V.C.M., the leading possibility is germ-cell damage in the
father through direct v.c.M. exposure. The increased
fetal mortality among wives of workers subsequent to
V.C.M. EXPOSUre NOW raises serious scientific and public-
health concern for the possible geneuc risks of vinyl
chloride to man.

Requents for reprints should be adkressed to P.F.L, N.1.O.S.H., Post
Building, Room 515, Ci Ohso 45202, U.S.A.
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