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Introduction

Vinyl chloride, also known as vinyl chloride monomer
(VCM), chlorocthylence. and chlorocthene. was first
synthesized in 1833, Some vears later i the md
1930s. the polymenzation process was discovered in
Germany. The vinyl chloride related industrics have
developed rapidly in Europe, which accounts for
about 50% of world production, and in the United
States, which accounts for an estimated 25% of world
praduction, Annual workd production of vinyl ehloride
exveeds 10 billion kg.? Total world-wide employment
in the VCM and polyvinyl ehloride (PVC) producing
industrics is cstimated to be well uver 70000 workers,
. The number of workers employed in industrics using
B PVC as a basic clement is estimated to total in the
- millions.

Data pertaining to the possible toxicity of vinyl
chloride were published in the literature as carly as
1930. Avthat time, Pacty eral.? reported gross patho-
logical changes in guinea pigs that died during exposure
to vinyl chloride, including intense congestion and
! ocdema of the lungs and a hyperemia of the kidneys

and liver. Vinyl chloride may further be associated

with reproductive related risks. Workplace policics,

in fact, have been instituted prohibiting females from

: , working in vinyl chloride polymerization arcas, based

B : on the belief that vinyl chloride may posc a health risk

: to femalcs and to their unborn children. Lawsuits

! have subsequently been filed charging that such

policies are discriminatory beecause vinyl chloride

€Xposurc may also adversely affect male reproductive
functioning.*-3

A growing body of data indeed supgest that the
exposure of human males to viny! chloride in the
workplace, and elsewhere, may be associated with
various chromosomal aberrations in lymphocytes and
sister chromatid exchanges. Paternal exposure to
vinyl chloride may further be associated with various
adverse effects on pregnancy and possibly spermatic
alterations.

This review is intended to examine eritically selected,
available data concerning paternal exposure to vinyl
chloride and possible reproductive related risks, The
references included in the review date to 1983. 1t
should be understood that these references were
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selected from among the best avaitable published
dats known to the author,

Chromosomal aberrations

Data e the published henuie are contlicting
regarding possible chromaosomal aberrations associ-
ated with the exposure of human mafes 1o vinyl
chloaride. Some mvestigators nave reported negative
finchings for chromosamal abenations m vany ehloride
eaposed males, Fleig & Thicss" in 1978 reported data
from chromosome analysis undertahen on lymphocyte
cultures from male workers showing no symptoms of
vinyi chioride illness. Compared with controls, there
wits no significant difference in the rate of chromo-
some aberrations; the frequency of aberrant meta-
phases totalled 3,19, excluding gaps. and 7.5%.
including gaps for exposed workers, corresponding
values in the control group were 2.1 and 5.5%,
respectively.

Several actors confound the analysis of the Fleig
data. The sample population of workers was relatively
small (n = 10). A relatively smali sample size raises
questions about statistical "power’, or an investigator
reporting no association, when n fact one exists. In
general, the smaller the sample size, the greater the
chance that an association between an exposure and
an effect will not be detected.” Precise data on level
of vinyl chioride exposure were not presented for all -
the cases. Data concerning possible alcohol con-
sumption were not presented. Although data were
reportedly collected concerning age, occupational |
exposures, medical X-rays, recent viral discases, drug
consumption, and smoking habits, specific values
were not given in the paper. Duration of exposure of
cases ranped from 4 to 26 years. The age range of cases :
was 34 to 57. The controls were described as *healthy® . U
persons who were not exposed to vinyl chloride or 1o U
any other ‘known' (not specified) chromosome
damaging agent but worked in the same factory. This
may raise the possibility that the controls were exposed
1o various clastogenic agents in the factory.

Fleig & Thiess further investigated 20 workers
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showing symptoms of vinyl chloride iliness. Compared
with the sime control group, there was o sigmificant
difference m the rate of chromosome aberrations.
The rate of aberrant meraphases incases was 3.2%.
excluding gaps, and 11.2%. including gapss in the
control group. the corresponding vidues were 2,1 and
SA%.

The further ¢t are confounded by the tact that
the 20 cases had a0 unkpown rade of exposure In
addition, duranon of exposure in the cuses ranged
from 4 to 30 vears, Cases ranged i age trom 32 to 64,

In 1980, Rossner ezl S reported data tollosang the
investigation of 31 males accupanionally exposed to
vinyl chloride monomer. A group of males from the
same plant. but reportedly pot exposed 10 vinyl
chivride monomer. were chosen as matehing controls,
Several categories of chromosomal aberrations were
analysed: chromatd and chromosome breaks, and
chromatid and chromosome exchanges, Gaps were
not included among aberrations. Two blood samplings
were conducted. about o vear apari, In all subjects.
only breaks were detected. No significant differences
were found between the cases and controly, or between
the first and sccond sampie taking.

Exact levels of vinyl chloride monomer exposure
are not certain, Rosner er al, reported "on average’
the Jevels of vinyl chloride monomer concentration in
the atmosphere of the workplace ranged bejow the
Czechoslovak MAC level of 10 mg/m?, and that
the peak concentration did not excced 30 mg/m’.
At the time of blood sampling, the workers being
followed had been exposed to vinyl chlonde monomer
for 2 and 3 years. Cases ranged in age from 25 to 55.
An analysis for drug and alcohol consumption habits
was reportedly conducted for all subjeets. Data for
these parameters were not presented. There is no
indication that subjects were questioned congerning
smoking habits, or X-ray or other radiation exposurc.

Some published studies reporting negative findings
for chromosomal aberrations in vinyl chloride exposed
workers do not state the sex of cases and controls
Kilian & Piceiano” reporied preliminary data on 121
workers occupationally exposed to vinyl chloride and
vinylidene chloride. Pre-employment examination
records from 75 persons were used as control data.
Compared with cytogenic data from the pre-employ-
ment examinations, the vinyl chloride workers showed
less chromatid breakage, a greater frequency of
dicentric chromosomes and a lower percentage of
abnormat cells. .

Data on the sex distribution of cases and controls
are not presented by the investigators. The investi-
gators stated that only about 50% of the vinyl chionde
workers at the pertinent facility were included in the
study. Cases and controls were not age-matched
insofar as the pre-employment group contained only
2 persons over 50 ycars of age whercas the vinyl

chloride group contaned 30 persons more than
S-vears-old

Picciano ¢ o™ reported eviogemic hndigs trom
29 workers emploved at a vins] chlonde plant.
Control data were obtained from . group of 295 "pre-
employment examunees’ who had  chromosome
evajuation done s part of the roatine pre-
emploviment examination. Data from the two groups
were seored and compared on the basis of chromatid
breaks.  chromosome  breaks, rings,  dicentrics.
exchange fygures and the proporten of abnormal
cells, The investigators stated that resulty, expressed
in terms of the mean pereentage for these categativy of
aberrattony, showed no major differences between
cases and contrals for any of the clasaifications,

Although Picciano er al. indicate that cases and
controls were matched as much as possible tor virrious
factors. meluding sex. the myestgators do not provide
exaiet data on the sex distnbution of eases and controls,
Cines and contrals were not age-matched. The average
age of cives was 395 years (range of 18 1o 67) the
ancrage age of controls wirs 25,1 years (ranee of 1810
50 vears), Durtion of occupationl exposure of
cases, at the tme of investigation, ranged from 1 to
332 monihs (average of 48.3 months).

Several studies have reported positive findings for
chromosomal aberrations in human males exposed to
vinyl ehloride. 1n 1975 Ducatman e al.'' presented
data findings for 11 males exposed wo vinyl chloride in
a polyvinyl chloride polymerization plant. In com-
parison with 10 “healthy” male controls. without
known vinvl chloride exposure, cases showed a non-
significant increase in cells with simple aberrations.
such as breaks und gups, when using a r-test for the
comparison of means, and marginally significant
increases of such aberrations using a F ratio for the
comparison of variance. The differences in cells with
*stable” chromosome aberrations, such as mongsomics
trisomics, deletions and exchanges, were also non-
significant. However, cells with unstable’ chromo-
some changes, such as fragments, dicentrics and
rings, were observed significanuly more frequently in
the cultures from cases. The total of simple breaks.,
including those from multiaberrant cells, was increased
but not significantly in the exposed workers, Complex
breaking events were significantly more frequent in
cascs, and total breaking cvents were also significantly
increased in cases,

The relatively small size of the sample population
(n = 11) affccts the statistical significance of the
Ducatman et /. data. Exact data on levels of exposurce
of the workers are not provided. The investigators
state that there is no record of ambient gas levels at
the pertinent facility, but it was assumed that the levels
must have exceeded 500 ppm at times, based on
reports of dizziness, odour detection and headaches.
Duration of vinyi chloride exposure of cases ranged
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from 3 10 28 years {average of 15 veiwns), Cises rapged
mage from 25 to 61, Cases and controls were nog age
mutched. The average age of cases wis S0, the cor-
tesponding tigure tor controls wisn 27 Because
chromovomal aberrations may be associated with
various factors, it s vitally important o guestion
subjeets about priar amd current expuosuie to knowan
and suspected mutagens, X-ray and other radianon
eaposure. drug use. smoking history, aloohol con-
sumption. ind infectous diseases. particularly those
of viral origin. Ducatman ¢f «f. did nar provide data
for cines and controls regarding these vanables,

Funes-Cravioto ecal. ™ i 1975 reported aa inereised
frequency of chromosomal aberrauons i seven males
occupationally exposed to vinyl chloride, Three “non-
exposed” control subjeets, from the same factary as
the cases, were abo studied. The frequency of
abnormal eclls in cines (9.52%) was signibeantly
greater than i the contrals (7* <20 001),

The smallsize of cases (o = 7) aftects the ¢pudemio-
logie significance of this study. Funes-Cravioto er al
do pot provide precise data on lesels ol exposare to
vinvl chloride. [t stated that the fevel of exposure to
vinyl chloride had “continuously deereased” dunng
past years, and that in the weeks preceding blood
sample collection for chiromosomal analysis, the air
concentration in the polymerization deparument was
estimated o be 2030 ppm. Duration of vinyl chlonde
exposure ranged from 9 16 29 years. A problem ot
relevant contrals s raised. Sinee the three “non-
exposed’ controls were employed in the same factory
as the cases. there is the possibility that they may
have been expased to vinyl chloride. Also. data for
the control subjects showed that 11/566 cclls contained
chromosomal aberrations.  Funes-Craviote e al.
hypothesized that this finding might be asocited
with previous diagnostic X-ray exposure.

Alsoin 1975, Purchase ot al.'* reported findings for
chromosomal aberrations in vinyl chloride-cxposed
workers. The invesugators studied 80 workers, Fifty-
six had been exposed to vinyl chloride moaomer: the
remaining workers worked in plants and laboratorics
where exposure to vinyl chloride reportedly did not
occur. A ¢comparison of chromosomal aberrations in
the vinyl chloride exposed workers compared to
controls not exposed to vinyl chloride showed a signifi-
cantly increased (/7 < 0.05) percentage of B, Cu, and
Cs cells (using the classification of Buckion & Pike,
Journal of Radiation Biology 1964; 8: 439-52) in the
cxposed workers,

Purchase ¢t al. did not state the sex of cascs and
controls. Data concerning levels of cxposure and
duration of exposure were also not provided. The
mean age, and age range, of cascs and controls were
not given. Information about the smoking habits and
alcohol consumption of cases and contrals was also
not included in the published study.

In 1070, Srentesi of af'F reported dati on chiromo-
samal aberrations in 45 PAC workers (1 males),
Fors-four "mdusinad controls” (19 males) engaped in
other chemicad prants and reportediy not exposed Lo
PAC boe idireath T exposed 1o ether” (not specitivdd)
chemicals is well as 39 normal” controls (33 males)
with o reporicd occupitional exposure to chemicids
were turther esamined The imvesnyuators concluded
that the rate of chromosoma! aberranons Jid mot
ditter signsivantly between PVC warhers and contrals,
However. the freguency of chitamatid-vpe aberrations
wis tipher in PVC workers compared 1o the wo
coptrob (77 -2 001 o addiwon unstable chromo-
somestype aberrations were sigiheantdy gher
PVC workers (P -0 Dol

Several faetors contound the analysas of the Szentes
crad . data. Duration of exposu:c ol cases tanged from
0.5 10 12 years, The mvestipatons do not provide data
on the Tevel of exposure of cases A problem of
rerevant controls enists sy the -S4 industrial gantrols’
were Cmdiectly” eaposed 1o tother” (unspeatiedy
chemicaln, Addinonaty cases were not ae matehed
with the mdustoal controls The mean gee ot the
industiial controls wis 43 9 wherens the value for
cases wits 273 Dati are not presented tor such
potential confounders as smoking history. afcohol
use. expastre o X-rays and other radianon. posable
drug use, and viral or other infectious discines,

Purchase eral.'™ in 1576, reported duta on chromo-
somal abnormahtes w80 workers, including eaposed
warkers, nof-eaposed workers from the same indus-
trial site, and non-exposed workers from a different
environment. The population of eaposed workers
was further divided into groups, bise on the type of
work carned out. Autoclive operators amd mamn-
tenance workers had gher pereentages of B and €
cells (classified according o Buchton & Pike, 1964),

compared 10 those whao worked in PVC production .

but not with autoclaves and the non-exposed controt
subjects from another environment, The difference
between the comrbined results from the exposed groups
and the control group was reported Lo be statistcally
significant.

Purchase ¢7 al. do not specify the sex of the cases
and controls. The only information giver concerning,
level of exposure to vinyl chloride was that the auto-
clave workers had the *highest” exposure and workers
cmployed in PVC production but not with autoclaves
and maintenance workers in the same area had the
‘fowest” exposurc. The duration of exposure of cascs
isnot given. Information about the age range of cases
and controls is not presented. In addition, data were
not given regarding smoking history, alcohol usc and
viral infections of cascs and controls.

Some studics have presented cytogenctic data
findings confounded by the fact that cases may have
becn exposed to vinyl chionide as well as other
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potential mutagens, Heath er al.’® in 1977, reported
- chromosomal damage in men occupationally expased
to vinyl chloride monomer and other chemicals.
Cyiogenctic analysis, primarily designed to measure
™ {requencies of chromosomal breakages. were per-
formed on peripheral blood lymphocytes of 35 males,
in three different job categories: 14 in PVC poly-
" merization, 4 in PVC processing, and 17 in rubber
tyrc manufacture (industry controls). When initial
~ analysis showed no significant diffcrences among the
“three industry groups, a further control group was
- sclectéd, consisting of 4 males employed at the Center
for Discase Control and reportedly *not exposed
directly’ to any laboratory chemicals (CDC controls).
Levels of breakage in all three industry groups
were increascd significantly over levels in the CDC
controls, However, no significant differences were
observed between the three industry groups them-
sclves. Chromatid gaps comprised the na}omy (86%)
of observed aberrations,

It'is difficult to interpret the data of Heath et al.
- Levels of exposure of cascs and controls to vinyl
““ chloride, and other potential mutagens, are not clear.
. The'14 PVC polymerization workers had *presumed
- high® exposure 1o VCM, the 4 PYC processing workers
had "presumed low' VCM ‘exposure, ‘while the 17
““workers in rubber tyre manufacture had *presumed
ncghgrblc expasure to VCM. In the opinion of the
investigators, the fact that overall breakage levels
¥ were similar in workers exposed heavily, lightly or
e negligibly to VCM may imply the presence of other
it clastogcmc agents. Heath er al. concluded that,
~* because of the wide range of chemicals to which
i- rubber workers were exposed, primarily solvents, it
“was ‘impossible’ to relate any particular agents to the
“ observed' abnormalities. The average number of
. months worked for the 14 PVC polymerization
* workers ranged from 215 10 346, for the 17 industry
controls the range was 114 to 357, The industry controls
rAngcd in age from 31 to 58;the CDC controls had an
-0 age range of 3710 51. Data were not given pertaining
' to smoking history, alcohol consumption, drug usc,
o radiation exposure, or vnral infections affccung cascs

-and controls.”. | T
-In'the Heath ¢sal. smdy. cclls were cullurcd for 72
-+ hinthe presence of phytohaemagglutinin. The length
- of culture time may have affected the frequency of
7 observed chromosomal aberrations. In general, cells
'L,w:ll enter mitosis for the first time in about 48 h; m
* approximately 72 h, there will be a second division."?
n;the judgment of some® mvesugators, the 48-h

‘m_:h tion 7of ‘mduccd aberrations,. because some
#4: changes may be lost or ‘modified with cach'cell division. .

er, the 72 h culture‘may’ aﬂow recovery ofa

18 studied dgomosomal moxphology .

: M!%"i

from cultured peripheral lymphocytes from 81 men.’
Fifty-seven of the workers (cases) were employed at. v ™
plants manufacturing vinyl chloride or PYC, 19 of the ‘
workers were on-site controls, and the remaining § 7, .
were offsite controls, The 57 cases were further *°
divided into six groups. The on- and off-site controls™
were combined into a single control group, because
no significant ‘differences were observed between
them. In a study published in 1978, Purchasc er al. '
reported that the subgroup of cases consisting of
autoclave workers had the greatest number of sngmﬁ- '
cantly increased values for chromosomal abnor-.:
malities. The values for total B cells, total Cu cells

and total C cclls (classified according to Buckion & .
Pike) were significantly higher than control values (P

< 0.01), Purchase et al, further reported a significant
correlation between smoking habits and total C cells.

Data pertaining to exposure levels in the Purchasc er |
al. study were imprecise, Any experience in a specified
one-year time period, 7/73-7714, of cxposure to vinyl |-
chloride for short-term excursion which could be -
detected by smell was recorded. The group of cascs
who operated and ¢leaned the autoclaves were con-
sidered, by virtue of their jobs, as likely to be exposed
1o the highest average levels of vinyl chloride, The
investigators gave figures for cstimated average °
operator cxposure to vinyl chloride on PVC plants, * "
ranging from approximately 1000 ppm (1945-1955) -

10 approximately 5 ppm (in 1975). Average duration ;.
of exposure to vinyl ¢hloride ranged from 6.1 10 15. 57
years, in the six groups of cases. There was aninterval |
of about 18 months between the time of blood .
sampling, and the obtaining of smoking histories, No
data were provided on alcoholic habits in cases and -
controls. However. subjects with recent X-ray
exposure, ‘prolonged’ drug treatment, or recent viral
infections were excluded from the study,

Some studics have presented data suggesung a’
possible relationship between a reduction in exposure -
to vinyl chloride and ‘normalized’ chromosomal
breakage frequency. The blood sampling in the 1978
study by Purchase et al. was carried out in July 1974, -
Since that time, threshold limit values for vinyl chlondc
and plant exposure levels were rcponcdl)‘r reduced. -
In a study published in 1980, Anderson et al.!? reported” -+
two further samples from the same population of
workers analysed for chromosomal aberrations 18
and 42 months after the initial sampling. :

The second sampling consisted of 21 workers,':g.,. i

employed or formerly employed in plams manu-
facturing either vinyl chloride or PVC, re-examined ;¥
in January 1976, together with 6 off-site controls. /AT
third sampling, examined in January 1978, consisted

. of 23 workers employed as before 1ogether with'8 on.
site controls. In both the second and third sampling; ,;
the populations were classified into four groups. The =
mvesugators rcponcd thal m comparin, xhc msuhs
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" between: 1974 and 1976 thc aumdavc uorkcrs uho
had rcmamcd as such showed a statistically, signifi-
cantly (P'<.0.05) larger increase than controls in B
cells, total abnormalities and ‘abnormalitics excluding
gaps (classified using an adaptation of the method of
. Buckton & Pike).

In the third sampling, the investigators reported a
tcndcncy to a decrease in the percentage of cells with
chromosomal aberrations of various types in com-
. parison with both prior samplings. When the results
of the 1978 sampling were considered ajone, Anderson

. eral. reported that the exposed workers had a similar -

percentage of all types of abnormalitics compared to
- the control group, in contrast o the 1974 and 1976
samplings. The investigators further stated that the
incidence of chromosomal aberrations had returned
 to control values during the time that levels of exposure
had been reduced below S ppm. In the judgment of
‘the investigators, it appeared that by reducing exposure
to vinyl chloride, chromosomal abnormalitics had
returned to values similar to those of controls.
Lack of precise data conccrmng levels of exposure
to vinyl chloride make itidifficull to evaluate the

;" possible ;'normalization’, occurrence reported by

?'

Andcrson etal, The i mvcsngnmrs state that although
*no accurate’ data on exposure levels were available -
", at the time of the 1974 sampling, ‘marked’ reductions
" in vmyl chloride levels had supposedly occurred since

" " that time due to modifications and control measures...
o Subjects. complclcd a questionnaire, including details ,

.of *recent high' exposures, or exposurcs which could '
be detct1ed by smelling. In the second sampling. it was -

factors, such as radmnon and drugs “hlch may
“influence breakage frequency. 4 workers were omitied.
‘The mean breakage frequency for the remaining 35
workers was then 3.41%. compared with a control
.value of 1.79%. The mean breakage frequency for
the heavily exposed workers (3.79%). was higher
than the value for the rest of the workers (3.15%).
All tests for coses compared to controls showed that

, workers scored significantly higher ona 2.5% signifi-

cance level in the initial study. However, in the
repeat cytogenctic study. no significant differences
were found between chromosome breakage frequen-
cies in cases versus matched controls. The chromosome
breakage frequencies for the three groups of workers
were back 1o normal. No significant difference was
found between the control group in 1974 and the
‘matched controls. Hansteen er af. concluded that the
repeat study demonstrated that the chromosome

. breakage frequency was back to normal after a

‘significant’ reduction in exposure for 2 years.
Imprecise data concerning viny) chloride exposure
levels affects the cpidemiologic significance of the
Hansteen eral. study. Exact measurements of exposure
in the PVC plant were provided for 1974 (25 ppm).
-However, for other years, the air concentration of
'vinyl chloride monomer in the PVC plant was esti-
‘mated, bascd ‘on the level of production and the
"‘number and types of autoclaves used in a particular

time period. The estimated values were qQuite wide- '

. ranging (from 2000 ppm, for 1950-1954 to | ppm, for
1975). Employment in years ranged from 1 to 18.5 in
the workers chosen at random, 4 to 21 in the workers
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reporledly not posslblc to exclude persons suffering - examined on clinical grounds, and from 10.5t1024in
from viral; Jinfections as’11’sample members were %.the heavily exposcd workers. The age range in the
_sufferin from colds. However, Anderson et al. stated  cases and controls was considerable: 23 to 66 in the
“that there Wwas no evidence of increased aberrationsin’ randomly chosen workers; 26 to 67 in the workers
individuals with colds; lhns mfccuon was not consndc.rcd examined on clinical grounds:; 39 to 63 in the workers
“in'the third sampling.; ¥ % .. N e hcawlycxposcd and 27 1o 66 in controls. Hansteen er
++More data on the subject ‘of normalized chromosome * al., ‘reported that matching for age between cases and
brcakagc frequcn 4 were published in a 1978 articic ., controls was attempted, but was ‘not entirely’ success- .
pyHnnstcen eral. Cytogcnehcsludncs were carried- " ful.; Although a medical history, including viral
u%'oulor_x,ﬁ workers from a PYC plant in 1974. Fourtcen +, infections, radiation exposure and drug intake, was
1;}‘:’0‘ the 'workers : were'chosen -at random, 13 were ?a'n:poncdly wbtained for all panicipants in both studies,, .
: 'chosen bécause they had’ been *heavily' exposed 10,77 no ‘specific data ‘are presented regarding drug use, - ‘
"vinyl chloride monomer for years; and 12 were workers & smoking history, alcohol use, radiation exposurc or
whose first health screening revealed abnormalities . viral infections. o

88520 Sy

<but on, clinical re-cxamination ‘all laboratory tests,

*"ot' the 39 ‘workers 2 to 2,5 ‘years later, The repeat

*xsmdy was donc wuh 32matched comrols Inaddition, 67" exposed to varying levels of vinyl chloride may be a *;

? pr vcd normal.’ Slxtceneheallhy imales, ‘with >no!
i con ction with . the,PVC plant,” were” choscn 5
r ) ‘cont The cyxogencnc 'study 'was rcpcalcd for 37

. Chromosomal changcs may be reversible. Based
on’data from the Anderson er ol and Hansteen et al,
studies, a reduction in chromosomal aberrations may

‘oceur ‘after lowering of exposure’ o vinyl chloride. -

A failure to take repeated samples from persons

limitation of studies examining possible chromosomal

f thc previous mntrol group werc re-examined. The
1 f'cases’and controls is: not;

f}'\“f’w- ey J&&“‘W'*ﬁ‘ X proccss "of rcplacemem ‘of aberrant ¢ells by normal ;,

¢ 'mecan, breakage frequency for the 39 workers {<cells’may-occur at the rate of 1 10 2% per year.2!

was 3.7%: m thc initi al study : Bccause of dxffcrem Thus, vaery hlgh lcvclsof abcmm eclls are obscrved

i
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Table I Summa

ry:

chromosomal aberrations in human malcs expoved 10 vinyl chioride

Reference

No, of
cases

Average
duration of
eLposure
{years)

Dose of
cxposure

Na of
conirefy

Major findimgs

Studdy himiarions

Ducatman ¢1 of ¥

Funes-Cravioto™?

Kilian & Picciano®

Purchase eral1?
Purchase er o, 1*

Szentesi e al. )t

. Heath erol "

. n'fi;‘ & Thiess® . .
o ‘

»

S
Wit e L o

VARG i
T of i:r\{’";

re

4
A

11 males

7 maley

121

56
58

41 males;
4 other

18 males

10 mates

57:1-1;1:;

is

16.5

Not given

Not given

Nat given
Mot given:
but range of
0.5-12

years

Varying

48.3 months

154
124

Incxact

Inexact

Vatying

Not given

Not ghen

Nt given

Inexacy

Incxact

Inexact

Not known

Inexacy

10

4
A4 tindustnial®

49 *narmal’

17 ‘industry”
4 CpC

16 (imn‘al-)
32 + & (rcpear)

Significant increase in
total breaking add
compicx breaking
events and ‘unsigble’
chtomasomal changes:
non-vignificant increase
m vimple and *stable”
aberrations

Significant increasc in
abnormal celly

Less chromatid
brcahage, lower % of
abnormal cells; greatcr
Irequency of dicentre
chromosomes

Significant increase in
B, Cuand Cacells

Significant mutagenie
elfvet

Higher {requency of
chiomand-rype
aberrations:
significantly higher
‘unstabic aberrations

Significant increasc in
bmakage levels
compared to CDC
controls .

Na major diffcrences -
reported for mutagenic
effects .

No significant
difference in rate of
chromoiomal
aberrations;

. inexact exposure data

Small sample sizc;
inesart exposure da
no age marching -

Small sample size:

Sex divtribution of casey/
controls ot given .

-
Sex of cases/controly not -
BIven: no exposure dara

S¢x of casew/controls not «
Eiven; no txpo&nfr_n daa

No dose data; inexact *
duration data; some
controls ndircetly’
exposed ta ‘uther’
chemicals

Small sample size;
inexact exposure data

Exact s¢x distribution of

caue/conirohy not given:

Inexact exposure dacs - o
LN

Small sample size: '
incaact exposuse data

Eionif AL,

g
rate of chromosomal
abcrrations

Significant mutagenic ‘
effect: L
Nosignificant differcnce .,
" in chromosomal

Exact ses distnbution of %
cases/controls uncleal
inexact exposure datas’ »
0 Specific data on drug

breakage freq B

Significant increase in®
chromosomal s
sboormalities; '
significant corrclation
between smoking and
wiad Coclly . | e
Tendency to a decrease
i chy

usc, £ ot alcohol
use Lt
Inexact exporure dx
about 18 month gap «~

. between blood sample”
! and king of smoking! 3
%
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mma!ly. (he return to norm.xl lcv-ls may xnkc quite
‘ some time, -

Table | summarizes major data findings and infor-

mation {rom the forq.umk studlcb on chrummom.nl
““aberratjons, ’

f

Sister chromatid exchanges

.. In addition to examination of gross chromosome
aberrations. the investigation of sister chromatid
exchanges (SCEs) may provide & promising means of
biological monitoring in instances of exposure 1o
vinyl chloride, or other known or suspected mutagens,
SCEs reficet m\r'\chrommonul rearrangements of
. the DNA helices.* Crossing over between the sister
" chromatids of a single chromosome is a phenomenon

. =that was recognized after the development of a special

', technique.” = Cultured cells are permitted ta replicate
twice in bromodeaxyuridine (BUAR). atlowing
 incorporation of BUdR into newly synthesized DNA
" in place of thymine. BUdR affects the staining proper-
“ties of chromatids. 1f 2 SCE has occutred. this may be

.. recognized by the nuorcsccnv:c patterns along the

+chromatids. s

.. The molecular mc.chnmsm or SCE induction is not
clcar. However, SCEs may be a sensitive indicator of
DNA dam'\gc. pamculnrly directly following lhc

’SCE frcquencv in lymphocylcs mav remain at a
. high level for 4 1o 16 weeks following exposurc.™ The
\umc lng between exposurc and analysis, as well as

Sithe”iypeiand duration. of ‘mutagen exposure, may

: momwnng PRI R ET e

Data are nvanlablc from scvcral sludlcs pcrmmmg
10, SCEs'in industrial populauons exposed 10 vinyl
chlondc \Andcrson et aI Min 1981 rcponcd data

¥ hus nffccl the relative suitability of gross chromo-
“.u, . some’” abcrratlons and, SCEs as means of bnologlcal .

compriscd of 21 male workers and 6 controls. The
cases and controls represented a second sampling
from a group of vinyl chloride exposed workers and
controls first examined |8 months carlier and described

in the 1978 study by Purchasc er al.'® Sample members
were examined for the presence of chromosomal
aberrations or SCEs. in their peripheral lymphocytes.
In all cxposed groups significant increases were’
reported for most types of chromosomal abnormalities.
The number of $CEs per cell was slightly increased in™ ™
the exposed groups. with the highest value in the 10 ¢
cases who were autoclave workers. However, th‘
increases were not statistically significant.

The investigators postul.nv..d possible mcchnmsms
for the data results. It was hypothesized that the
exposure levels of vinyl chloride which the work-
force were exposcd to were not high enough to
induce SCEs. Anderson et al, concluded that the
analysis of SCEs may be of limited value after very'
low chronic chiemical exposure or if some time has
¢lapsed after acute exposure. However, analysis of
$CEs may be of value during high chronic chemical
expusure and during the first few days immediately
following acute exposure,

Some investigators have reporied significantly
increased levels of SCEs in workers occupationaily, -
exposed to vinyl chloride compared to control valucs.
Kuccrova er al..™ in 1979, reported data from an
analysis of three blood samples from cach of 9 workers
occupationally exposed to vinyl chloride monomer.

In the third blood sample series, the investigators .,
also used the SCE technique and compared the
frequency of observed chromesomal aberrations with
the number of SCEs in each samplc. Blood samples;
from 8§ healthy persons were used as controls. Thc sex’
distribution on cases and controls is not stated.’ The
investigators reported an increase in the frequencyof ™
chromosomal aberrations and the number‘of SCEs per *
cell in 7 blood samples in cases compared to controls: -
The level of significance for the frequency of SCEs in
cases compared 1o controls was P < 0.001, according S

', to the f-test. It was the opinion of the investigators2iy

that’ cvaluation of the frequency of ‘chromospmal ™
abcmuons and the numbcr of SCEs may be equally

.t

X Dose of
. €XpOSIIE
O (avg ppm)

A erage 7'
" duration of
v CXPOSHIE

. Not given

. busrangeof ; b2

10-27 years B

\x!n

St r‘..r

" tnexact’s - 2

ik mﬂn‘
:null umple size; v

inew;! expomn data

Significant Il“lw ln:ud ::pulun dau
m‘““‘: “shehuy increased” ) R
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multagenicity in vivo,

The relatively small size of the sample population in

+  the Kucerova er al. study (9 cases, and 8 controls)

. + alfcets the statistical significance of the study. The 9
cases had been exposed to ‘relatively high' mean

annual doscs of vinyl chloride monomer, estimaied

to be about 20~-150 ppm of air. The controls were
reporiedly not exposed to ‘known' {not specificd)
mutagens, during the 3 months before the time of

blood collection, Duration of exposure for the 9 cases

ranged from 10 to 27 years. Controls were matched

for age and scx. Several of the cases and controls

were smokers and/or used alcohol. Six of the cases

. used 1 or more drugs, Precise data for these variables
' " are not presented. However, the investigators stated
that the smoking and other habits of workers appeared

to have no effect on the frequency of any ¢chromo-

somal changes,

A summary of information concerning human male
exposure to vinyl chloride and SCEs is presented in

Table 2.

Effects on pregnancy

The exposure of human males to vinyl chioride may
be associated with various adverse pregnancy oul-
comes. Published data on this subject are inconclusive.

" Some of the difficultics potentially involved in reaching
_ definitive conclusions in this area are mentioned in a
review piece by Clemmesen, 0

In 1978, Edmonds er al.*” reported data from an
R “epidemiologic investigation undertaken in Hanawha
Coumy (Charleston), West Virginia, The i.ivestiga-
* tion was'nndertaken becausc of concern that high
“rates ‘of congcnnal central nervous system (CNS)
defects observed in Kanawha County might be
.. associated with envxronmcmal exposure to vinyl
* chloride monomer., '

During the pertinent time pcnod 1177031112774,
47 residents of Kanawha County at time of birth had
.confirmed CNS defects. All cases were white, For
‘each confirmed case, 2 controls were selected from
birth certificate records, The controls were live born
‘mfams whose parents lived in Kanawha County and

“"whose' bmh certificates immediately preceded and

oo

S “followed that of an infant with a CNS defect and gave

no indication of congenital malformation. The families
~of affected infants and matched controls were inter-
viewed by telephone. The investigators reported that
. “close"casc control matching was achicved for the
following variables; paternal education, maternal age. -
i and Hollingshead Index. Edmonds ef o, further stated
* that eases and controls were *cotnparable’ with respect
o ‘maternal education, proportion of previous fetal -

gy e

suitable methods for testing high-dose vinyl chloride

‘ deaths lnd othcr chnldrcn \Jnh congcmtal anomalies. '
¥

L wr ol
> :'\)‘.

DL

The investigators reported initially high, albeit
declining, rates of CNS defects. Defect rastes for

19701972, particularly rates for anencephaly, were
1.5-2 times higher than those recorded for white
births in sunveillance systems using similar data sources
in Florida, Nebraska and Georgiu, However, the rate
of tutal CNS defects deelined from 1970 to 1974, In
1970. 14 cases of CNS defects were confirmed
(including 9 cases of ancncephaly. 4 cases of sping
bifida. and | ‘other® CNS defeer). However, in 1974,
only ] easc (of spina bifida) was confirmed. The
investigators stated that the decrease was not unique
to Kanawha Coun'y insofar as a similar, though less
marked, trend was evident in available data for other
parts of the country,

The Edmonds er al. data do not provide a ¢lear
basis for evaluating the possible relationship beiween
parental exposure to vinyl chloride and other possible
atmaspheric pollutants and the rate of various con-
genital CNS defects, Edmonds et of, reported no
differences between coases and controls concerning
parenis’ possible exposure to vinyl chloride at the
time of, or for 5 years before, their child's conception,
either by direct occupational exposure or by location
of work place with respeet to the PVC polymerization
plant in Kanawha County. The investigators therefore
concluded that, on that basis, there was no evidence
that the observed higher CNS defect rates could be
related to parental exposure to viny! chloride at the
place of oceupation.

If there is an association between commumly ‘o
exposure to atmospheric vinyl ¢hloride and observed -7
rates of CNS birth defects, a decrease in atmospheric
viny} chloride Jevels might reasonably be followed,

after an approximate 9 month time lag. by a corres- .
ponding decline in rates for CNS malformations. S
However, Edmonds et al, reporicd that the greatest
decreasc in rates occurred in 1973, and preceded the
declinc in levels of vinyl chloride emissions. Data on
vinyl chlaride emissions from the Kanawha County .
PVC plant showed that the annual mean vinyl chloride™ ~ - *
emissions (Ib/h) decreased from 265 in 197310 180 in .
1974 and 76 in 1975, Edmonds e af, further indicated
that there are seven major chemical plants and several
smaller ones in the Kanawha River Valley. Thus, to
conclude that viny! chloride alone may be associated” «
with high rates of CNS malformations disregards > -,
over 100 other compounds cmmcd from Kanawha ,
Valley arca plams, oo "

Studies pursued in communmcs containing chemical *
industrial facilities, pmdumng or using multiple known
or suspected toxins, in general may be confounded by 3
difficulties in determining whether one or more of the *;
substances, either independently or in an additive or A;
synergistic manner, may bc assoc:atcd wnh obscrved P m‘ ey
* levels of abnormalities. “. b o s

ey M ¢

Some mvesngmors havc rcponed a. agmﬁam

I
e

i

»
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I

excess of fetal Joss among wives of workers followin ng
exposure 10 vinyl chloride. In 1976, Infante ¢r a).”
reported data from a study of pregnancy outcome
among the wives of warkers exposed to vinyl chloride
monomer. Data for the wives of vinyl chloride poly-
merization workers were contrasted with data for the
wives of PVC fabrication workers and rubber workers.
A total of 95 vinyl chloride polymerization workers
and 158 rubber and PVC fabrication workers were
interviewed,

Because fetal loss is known to increase with
increasing parental age, the fetal death rates for the
vinyl chloride polymerization workers were age
adjusted to the control group, Infante ¢/ al, found
.tbat mong pregnancics occurring prior to cxposure,
fctal death rates were 6.9% for controls versus 6.1%
(age adjusted) for the vinyl chloride polymerization
workers. These rates were not significantly different
by Mantel-Hacnszel chi square testing. However,
among pregnancics occurring subscquent to the
husband’s exposure, the difference in the frequency
of fetal deaths between cases and controls was signifi-
¢ant, at P «.0.05. The investigators stated that the

« significant difference subsequent to exposure refected
the relatively greater fetal mor1ality rate associated
* with younger aged husbands in the group of poly-
merization workers. For pregnancics occurring after
exposure, the fetal mortality rates associated with
husbands 30 and older were 13.0% for the polymeriz-
ation workers and 12% for the control group.
However, for husbands less than 30, fetal mortality
rates were 20.0% for the polymcnzauon workcrs but
_only 5.3% for the control group..
. Since one spontancous abortion may be associated
. “with a 66% increase in.the risk ‘of .2 subsequent
abomon. it is. possible_that part, of an observed’
."incrensed loss occurring in the wives of men cxposed
‘to vinyl chloride may' be "associated ‘with a high
percemagc of spouses with’ a history of previous
'+ abortions.” To determine whether women who had
. chronically experienced abortions might have weighted
“the results in the current study, in favour of a higher
fetal death rate in the group of polymerization workers

_ subsequent to the husband's exposure, the investi-"

" gators stated that pregnancics of women who had more

* than two abortions were climinated from analys:s, .

“'Infante et al. reported that with this adjustment the
trend was maintained. Prior to exposure, the fetal
death rates for controls and polymerization workers

were 6.9 and 3.1% (age adjusted), respectively. After .
cxposure, the rates were 6,8 and 10.8% respectively. .

[+ Infante er al. concluded that fetal loss was signifi-+-
" cantly more among wives® of .workers ‘following

.. exposurc to vinyl chloride. Sevcral possible mechan-
™ study group rat¢ became 6,1% after dircct age adjust-
" ment, as a result of a younger paternal age for

* isms for the observed fetal Joss were suggested, It was’
3 hypothesized that either fetal or maternal toxicity or
germ. “oell’ mmagcncsxs m lhe mothcr assomated wnh

indirect vinyl chioride exposure {rom the father might
be considercd. However, in their view. these mechan-
isms scemed unlikely because of the highly volatile
nature of vinyl chloride. Based on the study findings,
aken in conjunction with the prior demonstration of
a mutagenic response in microbial systems and the
observations of significant excesses of chromosomal
aberrations in workers ¢xposed to vinyl chloride, it
was the authors’ opinion that the leading possibility is
germ cell damage in the father through dircet vinyl
chloride exposurc.

Several variables affect the analysis of the data of
Infanic er al. The investigators do not provide precise
data on the level of exposure to vinyl chloride. The
rubber workers were selected from work arcas
deseribed as being “relatively free’ from known
(unspecificd) toxic materials. Daia on duration of

cxposure were not provided. Significant risk factors,
for spontancous abortion may include a maternal

age of 30 years of more, excessive cigarette smoking
and alcohol use during pregnancy. Infante et al. did
not obtain data concerning maternal age, cxcept
indirectly through paternal age. Data coacerning the
smoking habits, alcohol use, drug use, radiation
exposure, or infections in cases and controls are not
presented. Although some investigators suspect that
women may be more accurate reporters of repro-
ductive history than their mates, Infante er al. did not
conduct any interviews with workers' wives.”

The study by Infante et af. has been eritically
cxamined in the literature. Ina letter published in the”
Lancet, Paddle™ stated that the assertion by Infante
et al, of a significant excess of fetal loss among wives of
workers following exposure should be supported by a
specification of the merthods of data collection and a
tabulation of the raw data before analysis. It was
Paddlc's view that the use of a questionnaire, and the
-ensuing low responsc rates, where the subject is
spontaneous abortion, must detract from the study’s
accuracy, It is further observed that the Infante er al.
data are presented after an age adjustment procedure
which behaves ‘very misleadingly’. For instance, a
crude percentage of 10.1 for a sample whose average
age is 26.4 was adjusted down to 6.1, while a figure of
16.5 for a sample of average age 30.2 was rcduccd
only marginally, to 15.8.

- In a responding letter, subsequently published in
the Lancet Infante er al. stated that the questions
about pregnancy outcome were contained in a
qucsuonnanrc which was part of 4 cross-sectional health
survey,™ The results of the survey reportedly showed
= no consistent bias towards a higher prevalence for the
indices measured in the study or control group. With
regard to age adjustment, they explained that the

pregnanmc.s in the control group. Addmonally. with
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direct age adjustment, the 16.5% ﬁgurc was reduced
.f, to 15.8%. They stated that age adjustment for the
" subsequent to exposure comparisons resulted in little
--change in the rates because the age distributions for
pregnancies in both the study and control groups

.. after exposure were similar.

It is difficult to determine precisely the causes of
observed adverse reproductive outcomes. Spon-
tancous abortions may result from the embryotoxic

“effects of various environmental agents and from
various other factors, ‘including maternal endocrine
" disturbanees, abnormalitics of the placenta, faulty
embryo development, intrauterine infections, and
severe maternal trauma.® Congenital malformations
may be associated with various toxic chemical agents.
A number of toxins may be associated with impaired
" fertility in men. Future studies intended 1o document
a possible relationship between impaired pregnancy
outcome and palernal exposure 1o vinyl chlonde
must carefully validate information on pregnancies
and take into account various confounding variables.

Spermatic alterations

.. A 1980 study by Sanotsky ef /.3 raises the possibility
. that human male exposure 1o vinyl chloride may be

.+ associated with spermatic alterations. The paper was

-not published in English. However, an English
language abstract states that reproductive functioning
-was studied in men occupationally exposed to either
chloroprene, vinyl chloride or antimonite ore dust

oy
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