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Vinyl Chloride Cytogenetics

Dante |J. Picciano, Ph.D.; Ray E. Flake, M.D.; Peter C. Gay, M.D.; and D. Jack Kilian, M.D.

This report presents cytogenetic findings from a group of
209 workers employed for up to 28 years in the manufacture of
vinyl chloride monomer at the Texas Division of Dow Chemical
U.S.A. Cytogenetic evaluation results from this group were
compared to results found in examination of individuals being
considered for employment. Statistical analyses were per-
formed on a group basis for chromatid aberrations, chromo-
some aberrations and proportion of abnormal cells; no
statistical difference of significance was found between the
two groups. Comparison of these results with reported studies
suggests that the level of cytogenetic aberrations in vinyl
chloride workers is probably related to the length and level of
exposure, and that risk of adverse genetic effect can be
avoided in cohtrolled, minimal-exposure environments.

Vinyl chloride (VC) has been reported to be carcinogenic in
animals' 2 and human beings® and mutagenic in bacterial test
systems.* 5 ¢ There have been reports of increased frequencies of
chromosomal aberrations in workers exposed to vinyl chloride at
polyvinyl chloride (PVC) facilives ? # ? Similar increases were not
found upon cytogenetic evaluation of German PVC workers' nor
in our own preliminary investigation of a group of American VC
workers."" One study based on interviews with male employees
has indicated an increased rate of fetal wastage among wives of
VC-exposed workmen mvolved in polymerization operations."?

We have recently completed cytogenetic evaluation of all
currently-employed workers exposed to vinyl chloride at the Dow
(Freeport) Texas Dwvision Both vinyl chlonde and vinylidene
chloride are produced m this plant Vinylidene chloride has also
been reported as mutagenic in bacterial test systems.'' However,
while these Dow workers are involved with the production of
both compounds, the degree of contact with vinylidene chioride
is far less than the exposure to vinyl chloride.

From Occupational Health and Medical Research, Dow Chermical US A (Drs, Pic-
c1ano and Kihan) and Department of Industrial Medicine, Dow Chernical U.S.A . Texas
Division {Drs. flake and Gay), Freeport TX 77541

Material from this report was presented at the Sth International Congress of Human
Genetics, Mexwo City. October 10-15, 1976,
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Vinyl chloride monomer has been produced at the Texas Divi-
sion of Dow Chemical US.A. since 1948. There are no vinyl
chloride polymerization operations. Average exposure levels, as is
the case for almost all viny! chloride monomer plants, have been
generally lower than those reported for facilities involved in
polymenization operations.’ Although the threshold limit vaiues
for vinyl chioride had been 500 parts per million (ppm) until 1974,
Dow had estabhshed a goal of 50 ppm or below in 1959."* The
current Occupational Health and Safety Administration (QSHA)
standard for vinyl chloride is one ppm as a time-weighted-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-
centrations 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 years 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, actual exposure may vary
from individual to individual within the same job classification and
accidental, short-term exposures of some workers to concentra-
tions in excess of the standard probably occur from time to time.
Documentation of such incidents is difficult.

Methods

Qur study group was composed of 209 workers who had
worked m the vinyl chloride plant for periods ranging between
one and 332 months (average, 48.3 months) at the time of this in-
vestigation, As part of the medical surveillance program for this
group, peripheral blood samples were obtained, and evaluation of
lymphocyte chromosomes was performed. Lymphocytes were
cultured using a mod fication of the Moorhead technique.' Stan-
dard procedures, as previously described,’ were used for incuba-
tion, processing, and analysis

Findings were compared to cytogenetic 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 1. — Estimated Exposure to Vinyl Chloride (VC} for Vinyl
Chioride-Related Job Classifications.

Estimated Exposurs in Parts per
Million, a5 Time-Weighted-Average

Job Classitication 1973-1974  1960-1972  Before 1960
Supervisor 17 44 82
RED Engweer 17 44 82
Production Engineet 17 A4 82
Techrical Specialist 05 05 05
Devetopment Lab (Lab Supv.) 12 39 17
Quality Control Lab 87 4 152
Instrument Man &) 40 78
Electnician 13 40 78
Coverers {insulators) 03 03 03
Pamter 0? 07 07
Pipefitter 09 0% 09
Machinist 24 51 89
Welder (Boilermaker) 06 06 06
Mantenance (Utihty Man) 13 40 78
Material Handier 05 05 0s
Production Foreman 13 40 78
Shit Foreman 44 11 109
Control A Op (V2 & Chlorde) | 52 719 117
Controt A Op (€ & C1) 09 09 09
Contral A Op (Viwl) 28 89 93
Contral A Qp {Chlorination) 23 50 B0
Control B Op {Oxy & Chioride) 07 07 07
Control C Op {Chionde & 46 73 111
Vimyl)
Contro! C Op (Chiorination) 28 53 91
Class 1 Dp, 53 8.0 118
Class 1 Qp {(Pats) 05 05 05
Class 3 Qp 28 53 91
Praduction Clerk 07 ar 07
Unit Manager 07 0.7 0.7

ing agents. The records selected for inclusion in the control group
were matched to thase of the study group. msofar as possible, for
sex, number of cells analyzed. and time period during which the
culture was mitiated.

Age variation hetween the two groups could not be completely
eliminated: the average age of the vinyl chlonde warkers was 39.5
years {range. 18 to 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 hoth groups — vinyl chlonde
waorkers and preemployment controls — were scored and com-

pared on the bhasis of chromatd breaks; chromosome breaks,
rings. dicentrics, and exchange figures: and the proportion of ab-
normal cells The proportion of abnormal cells was calculated to
show the overall frequency of aberrant cells, that is the ratio of
cells with at least one aberration to the total number of cell
examined. Results, expressed in terms of the mean percentage for
these categories of aberration, showed no major difforences be-
tween the two groups for any of the classifications

Using Chi-square analysis, it was decided to see of differences in
various aberration rates cauld be detected within the two groups
Accordingly, hoth groups were dwvided into those showing zero-
to-five percent aherrations and those showing greater-than-five
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Table 2. — Cytogenetic Study of 209 Warkers Exposed
to Vinyl Chioride.

Workers Cantrols

No of cultuees 209 295

No of cells 10483 14,761
Chromated breaks 24% 316%
Chromosome treahs 10% L%
Rings, dicentrics and exchanges 04% 0.2%
Atmormal cells 37% 45%

percent aberrations, and the vinyl chloride workers were

separated into those with estimated TWA expasure levels of less-
than-T1 ppm. from 1-t0-5 ppm, and greater-than-5 ppm  The
estimated exposure levels were based on caleulations for specific
job classifications to which memhers of the vinyl chlonde study
group were assigned. Three categonies of aberration were chosen
for this analysis- chromatid breaks, chromosome breaks, and the
proportion of abnormal cells.

As shown in Table 3. no significant differences were found
when these groupings were compared on the basis of chromatid
aberrations. Results from those workers with estimated exposures
of greater than 5 parts per million are atmost identical to those of
the control group.

Similar conclusions were reached upon evaluation of the data
for chromosome breaks (Table 4} and the proportion of abnormal
cells {Table 5). In all three cases, most of both groups were found
to have zero-to-five percent abercations, and the vinyl chloride
workers with the highest level of estimated exposure showed
aberration rates not significantly different than those of the con-
trol group. Findings for hoth groups, workers and controls, are
cansidered to he within the range of normal vanation as seen in
this laboratory.

Discussion

The reports that have appeared. to date, concerning
chromosome aberrations n vinyl chlonde warkers have not heen
in agreement. Thes conflict may be due either to the small number
of workers studied or to differences in expasure lovels, or both.,
The Swedish group studied by Funes-Cravioto et ab'® was com-
pased of seven PVC workers who had been exposed for nine to
29 years and who were found to bave an mcreased frequency of
chromasome breakage. The level of expasure for this group was

Table 3. ~ Distribution of Chromatid Aberrations Related
to Vinyl Chloride {VC) Exposure.

No % of % of
in " Group with 0- Group with » 5%
Group 5% Aberrations Aberrations
Exposure to VC° 209
<1 ppm 10 90% 10%
15 ppm 98 17 23
*5 ppm a1 B0 20
Contrals 295 15 25

Lun =775 P=006)

* Exposure levels are estimates based on caloulations tor specific (ob classifications, prior expo
sure tor idwiduals may have been hegher or lower expasure levels Jormdmviduals are known
to vary wittun job classthcations
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Table 4. — Distribution of Chromosome Aberrations Related
to Viny} Chioride (VC) Exposure.

No. % of % of
in Groyp with 0- Group with 3%
Group 5% Aberrations Aberrations

Exposwe to VG 209
«1 ppm 70 96% "
15 pom . 98 9 &
»% ppm ’ 4 95 5
Controls 205 9 6

X1y = 0355 (PEQYS

reported to have continuously decreased over a period of years
until immediately prior to the study when VC concentrations in
the polymerization department were estimated to be 20 to 30
ppm.

The U.S. group of 11 PVC workers surveyed by Ducatman et al'?
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 investigated
by Fleig and Thiess?® worked with either VC or PVC or both for
periods ranging between six and 34 years and with exposures 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 al.?' concluded
that the frequency of cytogenetic aberrations was increased in 56
exposed workers as compared to 24 nonexposed individuals. Esti-
mates of the levels of exposure 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
chloride, no differences between worker and control groups were
detected upon evaluation of the data for workers exposed to
“lower” levels

An earlier report from our laboratory?? concluded that there
were no cytogenetic differences of statistical significance be-
tween a group of 121 workers exposed to vinyl chloride and a 75-
person control 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 our comparison since the di-
ference is not great and because it has been shown?® that the
cytogenetic change most often associated with aging is
chromosome loss, rather than chromosome breakage.

On the basis of our negative findings and the conflicting find-
ings reported by others, we believe that the level of chromosome
aberrations in workers exposed to vinyl chloride 15 probably re-
lated to the length and level of exposure and that the risk of ad-
verse cytogenetic effects can be avoided in controlled. mimmal-
Cytogenetic  dose-response  curves,
similar to that suggested here, have been reported for x-irradiated
ankylosing spondylhtics.?* A-bomb survivors,2s radium dial paint-
ers,? persons exposed to Thorotrast,?” and workers exposed to
lead.?® it has also been noted that the groups exposed to radiation
later demonstrated significant increases in neoplastic incidence.
A-bomb survivors. for example, have shown increased .rates of

exposure environments.

leukemia and thyroid carcinoma;?® radium dial painters were
found to be at increased risk of osteogenic sarcoma; and
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Table 5. — Distribution of Abnormal Cells Related to
Vinyl Chloride (VC) Exposure.

No. % of % of
n Group with 0- Group with » 5%
Group 5% Aberrations Aberrations

Exposure to VC 209
<1 ppm n 8a% 16%
15 ppm 98 n 29
»5 pom 41 13 21
Controls 295 70 k4]

Xy =597 (PE0.12)

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
useful tool for detecting environmental situations which may be
associated with increased cancer risks to the workers,

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

The authors acknowledge with appreciation the techrucal assistance of Mrs. A, Lin-
scombe and Mrs D Mensik, the suggesuons of Mrs. M. Benge. the editing of Ms. T. 8.
Uoyd, and the advice of Or C B jacobson
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