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Vinyl Chloride Cytogenetics

This report presents cyiogenetic findings from 2 group of
209 workers empioyed for up 10 2B years in the manufacture of
vinyl chloride monomer at the Texas Division of Dow Chemical
US.A. Cytogenetic evaluation results from this group were
compared (o results found in examination of individuals being
considered for employment. Statistical analyses were per-
tormed on a group basis for chromatid cberrations, chromo~
some aberrations and proportion of abnormal cells; no
statlstical ditference of significance was found between the
two groupi. Comparison of these Fesalts with reported studies
suggests that the level of cylogenetic aberrations in vinyl
chloride workers Is probably related to the leagth and level of
exposure, and that risk of adverse genetic eflect can be
avoided in cohirolied, minimal-exposure environments.

V inyi chioride (VC} has been reported to be carcinogenic in
animals' 3 and human beings? and mutagenic in bacterial test
systems.* ¥ @ There have been reports of increased frequencies of
chromosomal aberrations In workers exposed to vinyl chiaride at
polyviny! chioride (PVC) facilities.” @ ¥ Similar increases were not
found upon cytogenetic evaluation of German PVIC workers'® nor
in our own prafiminary investigation of 2 group of American VC

waockers,"! One study based on interviews with male employees

has indicated an increased rate of fetal wastage among wives of
VC-exposed workmen involved in polymesization operations.'?

We have recently completed cytogenetic evaluation of all
currently-employed workers exposed to viny! chioride at the Dow
#reeport) Texas Division. Both viny! chloride and vinylidene
chioride are produced in this plant, Vinylidene chioride has also
been reported as mutagenic in bacterial test systems.?? However,
while these Dow workers are involved with the production of
both compounds, the degres of contact with vinylidens chioride
is far less than the exposure to vinyl chioride.

From Occupational Health snd Meck st Research. Dow Chemacal LSA. Dry, Pe
elano and Kilian) and Department af industral Medcne. Dow Chemical US.A, Texas
Ohmvion D flke ardd Gay!, frevport, TX 77543,

Material from ts mport was presented o the Sth !mmml(.‘o-wm of Human
Canetics, Mevico Cay. October 10-14, 1976,
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Viny! chiaride monomer has been produced at the Taxas Divi-
sion of Dow Chemical US.A. since 1948. There are no vinyl
chioride polymerization operations. Average exposute levels, as is
the case for almost all vinyl chloride monomer plants, have been

-generally lower than those reported for facilities involved in

polymerization operations.’® Although the threshold limit values
for vinyl chloride had been 500 parts per million {pprm) unti 1974,
Dow had established a goal of 50 ppm or below in 1959.'% The
current Occupational Health and Safety Administration (OSHA}
standard for viny! chioride is one ppmas a time-waighted-average
over an eight-hour workday. We have found that the TWA con-
centration of vinyl chloride for all VC-related job classifications
was approximately 5 ppm from 1968 to 1973; in 1974, TWA con-
cenirations were 1 to 2 ppm. Since 1975, average levels of expo-
sure have been lowered to less than 1 ppm. Estimates of average
exposure levels for the yeats prior to 1968 are less reliable. For the
purposes of this study, estimates of exposure were calculated for
specific job classifications, based on records of both personnel

- and area monitoring {Table 1). However, actuzl exposure may vary

trom individual to individual within the same job classification and
accideatal, short-term exposures of some workers to concentra-
tions in excess of the standasd probably occur from time to time.
Documentation of such incidents is difficult

Methods

Odr study group was composed of 209 workers who had
worked in the vinyl chloride plant for perinds ranging between

. one and 332 months {aversge, 48.3 months) at the time of this in-

westigation. As part of the medical survelilance program for this
goup, peripheral blood samples were obtained, and evaluation of
lymphocyte chromosomes was performed. Lymphocytes were
cultured wsing a modification of the Moorhead technique.* Stan-
dard procedures, as previously describved,”” were used for incuba-
tion, processing, and analysis.

findings were compared to cytogenstic data from a group of
295 “preemployment examinees” who had chromosome evalua-
tion done as part of routine preemployment examination and
who, at that time, had no known exposure to chromosome-break-
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Table 3. — Cytoganetic Study of 203 Workers Expoted
te Viny) Chioride.

Table 1. =~ Estimazed Expowre 16 Viny! Chiorida (VE) for Vinyt
Chloride-Related Job Classifications.
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ing agents. The records selected for intiusion in the cantral group
were matched to those of the study group, insofar as possible, for
sex, number of cells analy2ed, and time period during which the
culture was initiated.

Age variation between the two groups could not be completely

- sliminated: the average age of the vinyl chioride workers was 39.5

years (range, 13 10 67 years). and the average age of the pre-
employment control group was 25.1 years {range 18 to 50 years),

Results .

As shown in Table 2, data from both groups ~— vinyl chioride
workers and preemplovment controlt —— were scored and com-
pared on the hasis of chramatid breaks; chromosome breaks:
tings, dicentrics, and exchange figures; and the proportion of ab-
normat cells. The proportion of ahnormal cells was calculated to
show the averall irequency of aberrant cells. that is. the ratio of
cells with at least one aherratinn to the total number of cells
examined. Results, expresad in terme of the mean percontage for
these categories of aberrating, showed nn myor diffierences be-
tween the two groups far anv of the classications,

Using, Chi-square analvsis, it was decided 1o see if differences in
various aborration rates could be detected within the twes groups,
Accarngly, hoth groups were dwided into these showing, zere-
to-five percent aberrations and those showing prod.er-than.five
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percent aberrations, and the vinyl chloride workers were
separated into those with estimated TWA exposure fevels of less-
than-1 ppm, from 1-to-5 ppm, and greaterthan-3 ppm. The
estimated exposure lavels were based on calculations for specific
job classifications to which members of the vinyl chiaride study
group were assigned. Three categories of aberration ware chosen
for this analysis: chromatid breaks. chromosome breaks, and the
proportion of abnormal ceibs.

As shown in Table 3, no significant diffecances were found
when these groupings were compared on the basis of chromarid
aberrations. Results from those workers with sstimated exposures
of greater than $ parts per million are atmost identica! to those of
the control group. :

Similar conclusions were reached upon evaluation of the data
far chromosome breaks {Table 4 and the proportion of abnormal
cells (Table Si. In ail three cases, most of both groups were found
to have zero-to-five percent aberrations. and the vinyl chloride
workers with the highest level of estmated exposure showed
aberration rates not significantly different than those of the con-
trol group. Findings for both groups. workers and controls, are
considered to be within the range of normal variation as seen in
this laboratory.

Discussion

The reports that have appeared, to date. concerning
chromosome aberrations in vinyl chloride workers have not been
in agreement. This conflict may be due either to the small number
of wotkers studied or to diffarences in expasure levels, or both,
The Swedish group studied by Funes-Cravioto et al' was com-
posed of seven PVC workers who had been exposed for nine to
29 years and who were found to have an increased frequency ot
chromosome breakage. The teval of exposure for this group was

Table 3. — Distribution of Chromatid Aderrations Rel
1o Vinyl Chiaride (VC} Expasure.
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reported to have continuously decreased over a petiod of years
until immediately prioe to the study when VC concentrations in
the polymerization departmant were estimated to be 20 to 30
ppm.

The US. group of 11 PYC workers surveyed by Ducatman et ait
was also reported to show an increased rate of chromosome
breakage following exposures estimated to have been in excess of
500 ppm at times. The group of ten German workers investugated
by Fleig and Thiess*® worked with either VC or PVC or both for
periods ranging between six and 34 years and with exposutes esti.
mated to have decreased from greater than 500 ppm in 1945 to
between 10 and 25 ppm in 1974, Evaluation of this group for in-
creased aberration rates was negative,

The study of British PVC workers by Purchase et al3 concluded
that the frequency of cytogenetic aberrations was increased in 56
exposed workars as compared to 24 nonexposed individuals, Esti-
matas of the levels of expasure were not given in this report. The
medical director of the surveyed group, however, has informed us
that while further analyses of the data confirmed the findings of in-
creased aberrations in workers exposed to “higher” levels of vinyl
chioride, no differences between worker and control groups were
detected upon evaluation of the data for workars exposed to
“lower” levels.

An earlier report from our laboratory®* conciuded that there
were no cytogenetic differences of statistical signilicance be-
tween a group of 121 workers exposed to vinyl chloride and a 75-
person contral group. As in the work reported here, there was a
discrepancy in the age composition of the two groups. because
applicants seeking employment tend to be younger than those
already settled into jobs. We do not believe. however, that this
difference is a confounding factor in ous comparison siice the dif-
fevence is not great and because it has been shown!! that the
cytogenetic change most often associated with aging is
chromosome lass, rather than chromosome breakage.

On the basis of our negative findings and the conflicting find-
Ings repotted by others, we believe that the level of chromosome
abesrations in workers exposed to vinyl chioride is probabiy re-
lated to the length and level of exposure and that the risk of ad-
verse cytogenetic effects can be avoided in controlied, minimal-
&xposure environments. Cytogenetic ' dose-response curves,
simifar to that suggested here, have been reported for x-irradiated
ankylosing spondylitics,?* A-bomb survivors® radium dial paint-
3. M persons expased to Thorotrast.?’ and workers exposed to
lead.™ it has also been noted that the groups exposed to radition
fater demonstrated significant increases m neoplastic incidence.,
A-bomb survivors, for example, have shown increased.rates of
leckemia and thyroid carcinomas® tadwm dial painters were

found to be at increased tisk of osteogeni sarcoma;® and
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thorium dioxide-exposed persons have an increased rate of liver
tumors.”? This relationship between chromosomal breakage and
neoplasia strongly suggests that cytogenetic analyses may be a
wseful too! for detecting environmental situations which may be
Msociated with increased cancer risks to the workers.

The present study is one of several involving Texas plint sm-
ployees to investigate the possibility that increased rates of fetal
loss or birth defects in ofispring are experienced by wives of vinyl
chloride workmen and to determine the morbiditysmortality ex-
perience of ali past and present VC workers. A search has been
made for cases of angiosarcoma of the tiver; none have been
found in qur study group (533 individuals) which includes all past
and present VC workers. Current workers are also being
monitored as part of the continuing medical surveiliance program:.

The authors acknowiedge with apprecution the technical sssistance of Mrs A, Lin-

®ombe and Mis. D, Mansik, the suggeezions of M. M. Benge. the editing of Ms. T. 8.
Hovd. and the advice of 0. € 8. hcabson. .
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