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Occasional Survey

GENETIC RISKS OF YINYL CHLORIDE

Petir I, INFANTE Josren K. WacoNkr
ANTHONY J. McMicnarn, Ricnarn Jo WAXWIILLR
Hunry Farx
Division of Surveillance, Hazard Evaluations and Fieid
Studics, Natioral Institute for Qceupattonal Safery and
Health, and Burcau of Epidemiology, Center for Discuse
Conirol; and School of Pullic Health, Untversity of North
Carolina

A study of pregnancy outcome among

wives of workers exposed to vinyl-chlor-
ide monomer (v.c.m.) indicated that, in comparison
with controls, there was a significant excess fetal loss in
the group whose husbands had a primary exposure 1o
v.Cc.M., whereas no differcnces between the groups were
observed before the husbands' eaposures, The difference
in fetal death-rates for the post-exposure comparisons
was a reflection of a greater fetal Joss associated with the
wives younger-aged husbands. The significant excess did
not scem to be the result of bias from interviewers, re-
spondents, nor from women who had experienced
chronic abortions weighting the results. These findings,
in conjunction with the demonsiration of a mutagenic
response via microbial test svsiems and with observa-
tions of significant excesses of chromosomal aberrations
among workers exposcd 10 V.C.M., raise scientific and
public-health concern for the possible genstic risks of
V.C.M. 10 man,

Suntmary

IN the past year, several reports have indicated that
vinyl-chloride monomer (v.c.m.) is mutagenic in micro-
bial test systems.'™? v.c.m. metabolites also have in-
duced mutations in mammalian cells.* Likewise, reports
from four countrics have shown an excess of chromoso-
mal aberrations in lymphocytcs of workers exposed to
v.c.M. compared with contiols.*=% However, Purchase et
al.” have stated (though no animal daia were presented),
that the mutagenic effects of v.c.m. expressed as chro-
mosomal aberrations in lymphocytes in humans do not

roccur in germ cells in mice; they concluded that the

potential danger of mutagenic effects on the fetus via

sperm scemed unlikely to exist, In a study without con-
Jtrols, SchikofT observed fetal death-rates among wives of

v.c.M. workers that ranged {rom 7 to 14 per 100 preg-
nancies.® These rates appear 1o have been higher than
expected.!®

To develop {urther doata on this question, pregnancy
outcome has been studied among the wives of workers
exposed 1o vic.me Al current vieas. polymerisation and
polyvinyl- hlorde (rov.c.) fubrication workers were in-
cluded for study together widy a sinnlar number of cur-
rent rubber workers (8% of all such workers) selected

from work arcus relatively free from known tosic

nuaterials and matched as @ group o the viease workers
by age. Group partapaton rines ranged from 62 to
77%. Daa for the wives of vieaan polymerisation
warkers (priunary vieal group) were contrasted with

data for the wives of wovoe, fabricaton and rubber

workers (“controls’), whoswere hnown to have had very
low or nu v.ea. exposure, respectively. A total of 95
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v.c.M. polymerisation and 158 rubber and pov.c. fabn-
cation workers were interviewed. Puternal age, preg-
nancy outconie, and estimates for the tume of conception
of all pregnuncics were ascerttined by interview in Qct-
ober, 1974, from males cmployed at a rubber manufac-
turing, r.v.c. fabricating, and v.c.M, polymerising facil-
ity. As part of a larger survey of worker health, date of
first caployment in the job categories was determined
from company records. Mean paternal age, total number
of concepiions, total number of futal deaths (defined as
any product of conception not born alive), and fetal
deaths per 100 conceptions were then computed for cach
group prior 1o and subscquent to the worker's date of
employment. No interviews were conducted  with

" workers' wives and no data were obtained concerning

maternal age, except indirectly through peternal age.
Since feral loss is known to increase with ascending
parcntal age, the fetal death-rates for the primary v.c.s.
exposure group were age-adjusted to the control group,
Table 1 shows the age-adjustied fetal death-rates
for wives of the primary v.c.M. ¢xposure group
versus the control group, both prior to and subsequent
to cach group's respective exposures. Among pregnan-
cies occurring prior to exposure, fetal death-ratcs were
6-9% for the controls versus 6-1% (age-adjusted) for the
primary v.C.M, cxposure group. These rates were not
significantly different by Mantel-Haenszel Chi-square
testing.!? Among pregnancies occurring subsequent to
the husbhand's exposure, the difference in frequency of
fetal deaths between groups was  significant  at
p<0-05 (?=4-00, df=1).'? Although the underlying dis-
tributions differed, mean paternal ages were virtually
the same~—30-4 versus 30-2 years. The significant dif-
ference betwern the groups subscquent to exposure was
a reflection of a relatively greater {etal mortality-rate as-
sociated with younger-aged husbands in the primary
V.C.M. cxposure¢ group. Among pregnancics occurring
subscquent to expasure, the fetal mortality-rates associ-
ated with husbunds 30 years of age and older for the pri-

‘mary v.C.M. exposure and control groups were 9/69

(13.0%) and 17/142 (12.0%), respectively; whereas, for

TABLE |——MEAN PATERNAL AGH, NUMRFR OF PRYGNANCIFS, AND FETAL
DEATH-RATLS ACCORDING TO NUSBAND'S V.C. EXPOSURE

- Primary
“Controls™® | V.C.M. expusuret

Prior 1o husband's exposure;

Number of Tanilies 93 70
Mean paternal age

a1 conceprion (yr.) 23-0 26.4
Mumbeer af fetal

desths amang wives 11 15
Nuimnbser of pregnancics 159 148
Age adpustad fewat

deaths/100 prog § 6.9 6-}

Sultequent w husband's eaposure:

Number of Tanndies 113 62

Mean pateendt dpe
aLuenaphun (yr ) 30-4 30.2

Number of futal

Peaths arnung wives 24 23
Nuadwr of

PECEIANYIEY 273 139
Ageradinted tetal

deathy 10 prog § t-% 15.85

fRulder and en L Dabocanion workers,
tv o pubinonsanen warkars,

FRatoy ape sdantcd to Cuontrol” group parernal e detsibasiion

Shubniguiat 1ol b’y expunure, the roguoncy of ferad doatlie soong wines
was sptinfn iy grcator s the pronany Ve s exposeee peoup than i the "o
o™ @ O U8 o an tha study group pesed to hnsband’s cyusure 0 -0 02) by
axe adjustaad ol sguare oty
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TARLE 11~-MEAN PATI RS A1 ALE, SUMNBLK OF PREGSANCIFS, AND T} FAL
DIATH-KATI S ACCORIING 10 HUSHAAD'S V.COFNFOMERE FACTLIING
PREGSANCIES OF Worsti s Wit = 3 retal tnayus

— 'rimary
MControls™ | v ¢.m. exposuret

Prior (0 kastand's exposure:
Mean paternal age

al conceptin vr.) 23.0 263
Nuinber of firal

deatisy amang winves 11 9
Numtbwr of

pregnancres 159 141
Age-adiusted fetal

deathy/ 100 preg.? 6-9 kD

Subsequent 10 husbund's expogure,
Mean paternal age —--————"

—ECOngeptiny AF.) 30.2 08
Nutsber of fuval

deaths amiong wives 18 14
Nuwmber of

pregnancics 265 i70
Age-adiusted feral

deaths/ 100 preg.d 6-8 .

*Rubber and Py ¢ fubrication workers.

fv.c. palvinenisaion workers,

$Rates age-adyusted w “comrol™ paternal age distnbunon.

husbands less than 30 vears of age, fetal mortality was
14/70 (20.0'¢) for the primary V.C.M. exposurc group
compared with 7/131 (5-3%) for the control group
(these data are not shown in tables.)

Furthermore, intragroup comparisons indicated an
increase in age-adjusted ruates © : primary v.C.M.
exposure group from 6-1% sosure (o 15-8%
subsequent 10 the husband  .pu .re. This difference
also was significant, r<0-02 (4*=5-51, d{=1)."? Simular
comparison for rates in the control group, 6-9% versus
8-8%, indicated no significant diffcrence.

To determine whether women who had chronically
experienced abortions might have weighted the results in
favour of a high r feral death-rate in the primary v.c.m.
group subscquent to husband's exposure, pregnancics of
wonwn who had more than two abortions were clun-
inated from the analyses and the data were recaleu-
lated 1o determine whether or not the trend was main-
1ained. The decision to exclude all pregnanciss among
families associated with more than two ubortions was
made without prior knowledge of how these families
were distributed among the exposure categories. The
data in table 11 show that the trend was maintained.
Prior 1o cxposure, the fetal death-rates in the cosirol
and primary v.C.M. exposure groups were 6-9% .nd
31% (age-adjusted), respectively, whereas, after expo-
surc, the rates were 6-587; and 10-8%, respectively. Sub-
sequently, data were aiminuted for pregnancics of
women who had experienced, firstly, more than one
abortion, and, secondly, more than three abortions, and
each timic the rrend was maintained. No changes in rates
for controls were observed, whereas a 2-3-fold increase
was observed in the primury v.C.M. group subsequent 1o
exposure,

To determine whether differences in fetal loss might
have been the result of one or two interviewers weipht-
ing the results, the data were analysed by individual in-
terviewer. The results demonstrated a general trend for
cach interviewer w report o higher  ascertiinment
amonyg v.e.M. polymerisauon workers than wmong the
control group.

Further, the possibility was entertained that the inter-
val between the Jte of mreeview and the date of ferad
loss might have nflucnced the resubts through &l

735

ferences in reeall. The interval, however, was estimated
o have been about two years less for controls, suggests
ing that, if a bias did exist, it would have been towards
a greater asceriainment in the control group. In some
cases, the worker fuiled to indicate the ages of his
children and in other cases he was unable to recall the
approximate titue of his wife's abortion; thercfore, the
data werce analysed to determine the distribution of fetal
death-rates among the respondents in cach occupational
group who did not complete the interview properly, The
differcnce in fetal death-rates between groups was very
slight,

Finally, the workers may have been subject to bias
resulting from prior knowledge of known hazards of
vinyl chloride. However, the workers themselves did not
always know into which of aur ecmployment categories
they were being allocated, For example, several v.v.c,
fabrication workers who were included in the control
group thought that they had a primary v.c.M. exposure
as a fabricauon worker. In addition, the gquestions
regarding pregnancy outcome were contained in a much
larger interview-questionnaire, the results of which
demonstrated very few significant differences with no
consistent bias for the parameturs ascertained between
the workers with a primary v.c.a. exposure, and the
other groups. This observation as well as several others
presented above tend to support the validity of the
study.

In summary, a significant excess of fetal loss was
observed among wives of workers following exposure to
v.c.M. The cxcess did not appear to be the result of biag
from interviewers or respondents, nor from women who
expericnced chronic abortions weighting the resulis,
Several mechanisms by which such fetal loss may arise
are suggested. Either fetal or maternal toxicity or germ-
cell mutagenesis in the mother through indirect v.c.m,
exposure from the father might be considered, although
these mechanisms seem highly unlikely in view of the
highly volatile nature of v.c.m.'* When the findings of
the present study are taken in conjunction with the prior
demonstration of a mutagenic response via microbial
test systems and observations of significant excesses of
chromosomal aberrations among workers exposed to
v.C.M., the leading possibility is germ-cell damage in the
father through direct v.c.m. exposure. The inecreascd
feral mortality among wives of workers subsequent 1o
v.C.M. Cxposure now raises serious scientific and public-
health concern for the possible genctic risks of vinyl
chloride to man. '

Requests for reprints chould be addressed ta PRI, N.LOSHL, Post
Offiee Bulding, Room 5135, Cinatinaty, Ohio 45202, U.S.A.
REFERENCES
Wartsch, M., Malanielle, C., Momesana, R Inr ] Cancer, 1975, 15, 429

[adias

. Rannug, U, Johanssan, A, Rumel, ¢ achmester, AL Ambio, 1974, 3,
194,

Hubetinan, L., Harvah, 1, Sachs, f. dnr J Caneer, 1975, 16, 610

Ducatavan, A, Hirwhhorn, K, Sdikotl, 1F Auratin Ker 1975, 31, 163,

Funes Cravito, ., Lambert, 10 Landsie ], Bhronberg, L., Natarajan,
AL Osterman-Onadbar, S Lamet, 19730, 459,

CPwrchane, § 1L H L Richardsen, G B Andorson, 1) bl 19750, 410

CHdtestad b, D s 1 vansen, 1 Uipublished

Chelhofh, 1), N T HEN Condercner on Pubhc Health Inplicauons of Cawne

ponents of Platos Manufacture, Findint, Noh Carhing, July, 1974,
10, dnfamie, B 1 Aan N Y Acad S G the press)
T Shapire, 8L Dol W Deosen 1M Matbank {0 1962, 40,7,

(=

o

o0~y

12 Maneel, N Canred, WD Narn Clameer Drst 198,22, N9,
13 Uated St s o ntal Prorecien Ageney, samphiog and analysis of
selent C raneey, task i vt chlande, Contract ne 08 U1 Jede.

Jan.

Lopricno, N, Barale, K., Varoneelh, S et al, Mutanon Kes (in the pres)




GENETTC RY

3
..

RS OF VIRYL ChLORIRE

By

*
Peter F, Infenle

LS
Joseph Koo lagohaer

. . rs +
Entheny J. Pollichael

- - 4 *
PFichard J. Maxweiler

Herry Tail®

—

"
Division of Surveillonee, Hazara Dvaijuetions and Field Studies

National lrsiitu'r for Occumationzl Safety ana Health,

0, . - . .
Bureau of Cpidemiciogy, Centor for Diseac: Centrol, and
+ ) , . . .o -
School of Public Heslth, Universitly of il. Carolina

Mailing Addross: NICSH, Tosb Office Building, Roow 515

Cincinnati, Ohvio  AK207

USA

January Zu,

19/0

110801 SBY




810801 S%H

In the past year, several reports have indicated that vinyl chloride
monciner (VCM) is wutagenic in microbial test <.aystems;.]"3 VCM metabolites

. , . . . 4 . . -
also have inducced mutations in mammalian cells. [Likewise, vreports from

four countrics have shown an excess of chromosowal. aberrations in lympho-

cytes of workers exposced to VCM as compared to contro]s.5'8 *HOQEQQP,'Purtx
Chase et a].,y have stated recently, though no aninal data were presentead,
that the mutagenic effects of VCM expressed as chromosomal aberrations in
lymphocytes in humins do not occur in germ cells in wmice; they concluded
that the polential for mutagenic effects on the fetus via sperm seemed
unlikely. Tn a study without controls, Selikoff observed fetal death rates
among wives of VCH workers that ranged frem 7-14 per 100 pregnancies.
These rales appear Lo have heen higher than expccted.lo
1o develop further dats on this question, a study of pregnancy out-
com2 vas made amony Lhe wives of workers cxposed to VOM. A1l current VCH
polymerization and polyvinyl chloride (PVC) fabrication workérs were in-
cluded Tor study tegether with a similar number of current rubber vorkers
(8% ¢f a1l such worlers) selpctod from work arcas ?c]ative]y freoo from known
toxic materials end matched as a group to the VCM workers by age. Group
participation rotes ranged from 62-77 percent. Data for the wives of VCM
polymerizetion workers (primary VCHM exposure group) were contrasted wilh
data for the wives of PYC fabrication and rubber workers ("controls"), who
vare known to have had very low or no VCH exposure, respectively. A total
of 95 VO polymerization and 158 rubber and PVC fabrication workers were

intervicwed.  Paterncl age, pregnancy outcome and esiimates for the Lime




of conception of all pregnancies were ascertained by interview in October,

1974, from males cmployed at a rubber manufacturing, PVC fabricating and

VCH polymerizing facility. As part of a larger survey of worker health, __

date of first cuplovment in the job categories was determined from company

Mean patlernal ags, total number of conceptions, total number of

records.
fetal deaths, defined as any product of concepiion not born alive, and
fetal deaths per 100 concepiions werc then computed for cach group prior

to and subsequeni to the worker's date of employmont. No intervicws were
q }

620801 gpy

conducted with workers' wives and no data were oblained corcerning maternaf
age, except indirectly through paternal age.

Since fetal Toss is known to increcse with ascending parental age;
the fetal death rates for tha primary VCM exposure group were age-adjusted

to the control aroup. Table I shows the crude and age-adjusted fetal death

rates for the wives of Lhe primary VCM cxposurc ¢roup versus the control

roup, both prior to and subscquent to cach group's respective exposures.,
gro:; f

Among pregnancies occurring prior to exposure, fetal death rates were 6.9%
for the controls versus 6.1% (age-adjusied) for the primary VCM exposure

These rotes were not siginificantly diffcrent by Mantel-Haenszel

group.
Chi-square testing.]? Among pregnancics occurring subsequent to the hus-
band's exposure, the difference in frequency of fetal deaths betwseon groups

was sianificantl at P«O.OG(x2=4.OO,df=I).]2 Although the underlying distri-
butions differed, mean paternal ages werce virtually the sawe, 30.4 versus

30.2 years. The significani differcnce between the groups subscquent to
exposure was a reflection of a relatively greater fetal mortality rate associa-

ted with younger-aged husbands in the primary VCM exposurc group. Among preg-
nancies occurring subsequini to exposure, the feilal mortality rates associated
with husbands 30 years of age and older for the primary VCM exnosure and

control groups vere 9/69 (13.0%) and 17/142 (12.07), respectively; whereas,
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for ﬁasbands less than 30 ycars of age, fetal mortality was 14/70 (20.0%)
for the primary VCM exposure group as compared to 7/131 (5.3%) for the con-
trol group. (These data arc not shown in Tables).

Furthermore, intragroup comparisons indicated an increase in age-
adjusted rates Tor the primary VCM exposure groun from 6.1% before exposure
to 15.8%4§y§§equcnt to the husband's exposure. This difference also was

significant, P<0.02(x°=5.51,df=1).1°

Similar comparisonfor rates in tha

control group, 6.5% versus 8.8%, indicated no significant differenéé.x -
To deternine if womon who had chronically experienced abortions may
have weighted the results in favor of a higher fetal death vate in the pri-
mary VCM group subsequent to husband's expesure, pregnancies of wemen who
had more than two abortions were eliminated from tho analyscs and the data
were recalculated to determine whether or not the trend was maintained. The
decision to exclude all pregnancies among families essociated with more than
two abortions was made without prior knowledge of how these families were
distributed among the exposure categories. The deta in Table II show that

the trend was maintained.  Prior to exposure, Lhe Tetal desth rotes in the

W
Fatd

contirel and primary VCM cxposure greups were 6.97% end 3.1% (age-adjusted),
respectively, whereas, after exposure, the rates wvere 6.8% and 10.8%, re-
spoctively.  Sulsequently, data were climinated lor pregnancies of woman
who had experienced, firstly, more than one abortion, and, secondly, more
than three aliortions, and cach time tha trend was maintained. No changes in
rates for controls were observed, whereas, a 2-3 Told increase was obscrved
in the primary VCM group subscquent to exposurc.

To determine whether differences in feotal loss may have been the result
of one or two interviewers woighting the results, the data were analyzed by

individual intervicwer. The results demonstrated o general trend for each
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= interviewcr to report a higher ascertainment among VCM polymerization workers
as compared to fhe control group.

Further, the possihility was entertained that the time interval between
the date of interview and the date of fetal loss might have influenced the
results throuwgh differcnces in recall.  The time interval, however, was es-
timated to Lave been about iwo years less for controls, suggesting that if
a hius did exist, it would have been toward a greater ascertainment in the
control groun. In some cases, the worier failed o indicéfé the ages of his
children and in other cases he was unable to recall the approximate time of
Lis wife's abortion; therefore, £he data were analyzed to determine the dis-
tribution of fetal death rvates among the respondents in each occupational
grovp, who did not complete the interview properly. The difference in fetal
death rates Lotwoen groups wvias minimal.

Finally, the workers may have boen subject to bias resulting from prior
kel edge of known hazards of vinyl chloride. However, the workers them-
selves did not always know into which of our employment categories they were
boing allocetad.  For examnle, several PYC fabricdtion workers who were in-
cluded in the control group Lhought thot Lheyhad a primary VCM exposure as
a fabrication worker. In addition, the quesiions regarding pregnancy out-
coue were contained in a much larger intorvicw-questionnaire, the results of
vhich demorstrated very fow significant differences with no consistent bias
for the parveiclers ascorteined between the workers with a primary VCIM exposure
as compared Lo the other gioups. This obscrvation as well as several others
presented above tend to support the validity of the study.

In sumnary, a significent excess of fetal loss was obscrved among wives
of workers follawing exposure to VCM. The excess did not apnear to be the

result of bias frem intervicuers, vespondents, nor from women who exnerienced

180801 SBH
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chronic abortions weighting the results. Several mechanisms by which such
fetal Toss may arise are suggested. Lither fetal or maternal toxicity or

germ ccll mutagenesis in the mother thirough indirect VCM exposure from the

father might be considered, although these mechanisms seem highly unlikely
. . . . . o 1 .
in view of the highly volatile characteristic of VCH. 3 When the findings

of the present_study ere lcken in conjunction with the pricr coamonstration

of a mutagenic respenac via microhial test systens and cbhservations of sig- -

nificant excesses of chromosomal aberrations among worlers cxpoced to VCM,
the Teading possibilily is germ cell damaye in the father through direct
VCM expocure.  The increased occurrence of fetal mortality among wives of

workers subsequant to VCM cxposure now raises serious scientific and public

health concern for the possible genetic risks of vinyl chloride to humans.
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T MEAN PATERNAL AGE, R USER OF PROGNARCIES AMD FETAL DCATH RATES

WLING TO HUSBARD'S VO EXPOSURE

QI TR

neeHTRLs PRIMARY VCM EXPOSURE"

i 7O PGLBAMD 'S EXPOSURE

NUMBER ©OF FAH}LLEﬁ__M____,m__ . a5 70
MEAT PATCAHAL AGT e
AT CUA\L'IION (Yriis 23.0 26.4 T
l\u.uuc_u OF “'{'-'F"\L
DEATHS FHORE WIVES 11 15
NUMBER O PREGNARCLIES 159 148
AGT-ANJUSTED FETIL
DEATHS/ 100 ppeg.¢ 6.9 6.1
SULGSETCNT T HUSRARD'S LXPOSURE

LR OF THRILIES 113 62
FEAN PAT[P;rh AGT
Ar COI IrTIF'I\ (lr ) 30.'1 30.2
NUMAER OF FUTAL -
DEATHS AlQNG WIVES 24 23
HIABER OF .
PREGMNANCITS 273 139
AGE-RDAUSTED T'T"L o
DEATHS/ 100 LGt 8.8 15.8

* RUBBER ARD PVC FRRRTOATTON LERS.,
" ve POLYNERIZATTCR WORKIS
O raTCs AGE-ADJUSTED TO "CCATROGL" GROUP PATCRHAL AGE DISTRICUTION.

*
SUBSLQUEHT TO HUSRAND'S ERCQSURE, THE FREQUENCY OF FETAL DEATHS AMONG WIVES WAS
STGRITICANTLY GROATCR LN THE 5 EINARY VO LXPOSURE CROUP AS COMPARCD TO THE "CON-

‘Ol.s" (P~0.05) OR TO THE FR{FENCY T THE STUDY GROUP PRIOR TO HUSBAND'S EXPOSURE

(P<0.02) BY ARL-ADJUSTED CHY-SOUARE TG, 2

S80801 SBY




TABLE TI

MEAN PATERNAL AGE, NUMBER OF PREGNANCIES AND FLTAL DEATH RATES

ACCORUING TO HUSDANG'S VC CXPOSURE

EXCLUDING PREGNANCIES OF WOMIN WITH > 3 FETAL DEATHS

MCONTROLS™ PRIMARY Vi EXPOSURL”

PRIOR TO HUSEAND'S EXPOSURE

MEAN PATERNAL AGE
AT CONCEPTION (YEARS)

HUM3ER OF FETAL
DEATHS AMONG WIVES

NUMBER OF
PRLGRANCTES

AGE-ADJUSTED FETAL
DEATHS/ 100 PREG.O

23.0 26.3

11 9

15¢ 141
6.9 3.

SUBSEQUERT TO NUSBAHD'S EXPCSURE

FEAN PATERNAL AGE
AT CONCEPTION (YEARS)

RUMBFR OF FETAL
DEATHS ANONG WIVES

Kuiarcie oF

PREGRANCIES

AGE-ADJUSTLD FEYAL
DEATHS/100 PREG.O

30.2 ’ 30.8
18 14
265 120

6.8 10.8

Y RUCBER AND PYC FABRICATION LIORKERS.

" VC POLYMERIZATION WORKERS.

¢ RATCS AGE-ADJUSTED TO "COMTROL"™ PATERNAL AGE DISTRIBUTION.
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