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Vinyl Chloride Cytogenetics

Dante ). 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 resuits 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 refated to the length and level of
exposure, and that risk of adverse genetic effect can be
avoided in cohtrolled, minimal-exposure environments.

me| chloride (VC) has been reported to be carcinngenic in
animals! ? and human berngs' and mutagemic in bacterial test
systems.? 5 % There have been reports of increased trequencies of
chromasomal aberrations in workers expased to vinyl chloride at
polyvinyl chloride (PVC) facilities.” * * 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 hased on interviews with male employees
has indicated an ncreased rate of fetal wastage among wives of
VC-exposed workmen nvolved in polymerization operations.'?

We have recently completed cytogenetic evaluation of all
currently-employed workers expased to vinyl chloride at the Dow
(Freeport) Texas Division. Both vinyl chlonide and vinyhdene
chionde are produced in this plant. Vinylidene chlonde 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 chloride
is far less than the exposure to vinyl chlorde.

From Occupational Health and Medicdl fewnarch Dow Chomual 1§ A D Par-
cung and Kihan' and Department of indusinal Medwime Dow Chemeal U S 4 Teos
Dwrson Mrs Flake and Cay! Freoport TX 77541
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Vinyl chlonde monomer has been produced at the Texas Divi- ¢
ston of Dow Chemical USA. since 1948. There are no vinyl .

chioride polymerization operations. Average exposure levels, as is
the case for almast 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 chlonde had been 500 parts per million {(ppm) until 1974,
Dow had established a goal of 50 ppm or below in 1959."% The
current Occupational Health and Safety Admimistration (QSHA)
standard for vinyl chlonde is one ppm as a time-weighted-average
over an eight-hour workday. We have found that the TWA con-
centration of vinyl chlorde 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 momitoring (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

Our studv group was composed of 209 workers who had
worked in the vinyl chlonde plant for periods ranging between
one and 332 months (average, 48.3 months) at the.uge of this n-
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 modification of the Moorhead techmique.'® Stan-
dard procedures, as previously described.'” were used for incuba-
tion processing. and analysis.

Findings were compated to cytogenetic data from a group of
295 “preemployment examinees” who had chromosome evalua-
ton done as part of routine preemployment examination and
whn. at that tme. had no known exposure to chromosome-break-
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ing agents The records selected for inclusion i the control group
were matched ta those of the study group, insofar as possible, for
sex. number of cells analyzed. and time penad during which the
culture was imtiated,

Age varation between the two groups could not be completely
eliminated- the average age of the vinvl chlornde workers was 39 5
years frange. 18 to 67 years). and the average age of the pre-
employment control group was 25 1 vears range 18 to 50 vears)

Resuits

As¢ shown m Table 2. data from hoth groups — vinvi chlorde
workers and preemployment controls — wore scored and com-
pared on the ‘hass of chromatd hreaks: chromosome breaks:
nngs. dicentrics, and exchange figures: and the proporttion of ab-
normal cells. The proportion of abnormal cells was calculated to
show the overall frequency of aberrant cells. that s, the ratn of
cells with at least ane aberration to the total number of cells
examined. Results expressed in terms ot the mean porcentage for
theve categarios of aberration. showerd no major ditterences he-
twoen the twa groups tor anv ot the classifications

Using Chi-snuare analvsis, ot was docided to see o diterences in
varions aberration rites Cnuld he detected within the o aroups
Accardingly hoth groups were divrded nto thase showing zern.
tn hve percent abereations amd thase chowing greater-than-tve
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percent aberrations, and the vinyl chlonde workars were
separated into those with estimated TWA exposure levels of less-
than-1 ppm. from 1-to-5 ppm. and greater-than-5 ppm. The
estimated exposure levels were based on calculations for specific
job classifications to which members of the vinyl chloride study
group were assigned Three categories of aberration were chosen
for this analysis: chromatid breaks, chromosome breaks, and the
propartion of abnormal cells. H

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 expdsures
of greater than 5 parts per million are almost 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 aberrations, 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 both groups. workers and contrals.are
considered to be within the range of normal variation as seen n
this. laboratory

Discussion

The reports that have appeared, to date. concerning
chromosome aberrations in vinyl chioride workers have not been -
in agreement This conflict may be due either to the small number

- of workers studied or to differences in exposure levels, or both.

The Swedish aroup studied by Funes-Cravioto et al'® was com-
posed of seven PVC worker< who had been exposed for nine to
29 years and wha were found to have an increased frequency of
chromosome hreakage The level of exposure for this group was
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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 ai™
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 expasures 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 n-
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, hawever, 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
chlonde, 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 chiorde 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 comparisan since the dif-
ference is not great and because it has been shown?' that the
cytogenetic change miost often associated with aging is
chromosome loss, rather than chromosome breakage.

On the basis of our negative findings and the contlicting find-
ings reported by athers, we believe that the level of chromosome
aberrations in warkers exposed to viny) chloride 1s probably re-
lated to the length and level of exposure and that the risk of ad-
verse cytogenetic effects can be avouded in controlled. minimal-
exposure  environments. Cytogenetic dose-response  curves,
similar to that suggested here, have been reported for x-irradiated
ankylosing spondyhtics.* A-bomb survivors.? radium dial pant-
ers.1* persons expased to Thorotrast.” and workers expased to
fead.? ft has also been noted that the groups exposed to raduation
later demonstrated significant increases in neoplastic ncdence
A-bomb survivors, for example. have shown increased rates of
leukemia and thyrod carcnoma:;®* radum dial painters were
found to be at wncreased rsk of osteogenic sarcoma*® and
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thorium dioxide-exposed persons have an increased rate of liver
tumaors.” 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 ta 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 marbidity-mortality ex-
perience of all past and present VC workers. A ssarch 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 acknowhedge with appreciation the techmical assstance of Mrs. A, Lin-

scombe and Mrs D Mensik. the suggestions of Mrs. M. Bange. the editing of Ms. T. 8.
tioyd. and the advice of Dr C. B lacobson

References

1 Viola M. Bigotti A, and Caputo A: Oncogenic response of rat skin.
lungs. and bones to vinyl chionde. Cancer Res 31:516-519, 1971,

2. Maitom C and Lefemine G: Carcinogenicity to bioassays of vinyl
chioride. I. Research plan and early results. Enviran Res 7:387-405. 1974

3 Creech JL and johnson MN: Angiosarcoma of the liver in the manufac-
ture of polyvinyl chlonde. JOM 16:150-151, 1974,

4 Rannug U. fohansson A. Ramel C, and Wachtmeister CA: The
mutagenicity of vinyl chlonde after metabolic activation. Amivo 3:194-197, .
1974,

5. Malaveille C, Bartsch H, Barbin A et al: Mutagenicity of vinyl chiande,

- chioraethylene oxide, chioreacetaidehyde and chiorosthanol. Biochem

Biophys Res Commun 63:363-370, 1975,

6. Bartsch H, Malavedie C. and Montesano R: Human, rat and mouse
hver-mediated mutagenicity of vinyl chioride in 5 typhimermm strains, int |
Cancor 15:429-437, 197%,

7. Fumes-Cravioto F, Lambert B, Lindsten | et al: Chromosome abemations
n workers exposed to vinyl chlonde. Lancvt 1:459, 1975, .

8. Ducatman A, Hirschhorn K, and Selikoff §f: Viny! chloride exposure and
human chromosome aberrations. My at Res 31:161.168, 1975, ‘

9 Purchase IFH, Richardson CR and Anderson O: Clwomosomal and
dominant lethal effects of vinyl chioride. Lancet 2:410-411, 1975,

10 Flewg | and Thiess AM: Chromosome analysis after vinyl chioride ex-
posure. Arbeitsmed Sozialmed Prasventimed 9-280-283, 1974,

11 Kikan DI, Picciano DI, and lacobson CB: industtia® moditoring: A
cytogenet approach. Ann NY Acad Sci 29:4-11, 1975,

12. infante PF, Wagoner JK. McMichaal Al Waxweiler R), and Fatk H:
Cenctic risks of vinyt chlonde. Lancet 1:734-735, 1976.

11 Bartsch H, Malaveille C. Montesano R and Tomatis L Tissue-
mediated mutagenicity of vinvhdene chioride and 2-chlorobutadiene in
Salmonclla - typhimurum. Natre 255:641-643, 1975.

14 Occupational Safety and Health Adminvtration: Exposure to vinyl
chlonide Federal Regisior 39(194): 15689-35898. October 4, 1974

15 Rawe VK Experence in industrial exposure control. Ann NY Acad 5o
246 106-310 1975

16 Maonthead PS, Nowell PC. Meliman W, Battips OM. and Hungerford

529

Uce
006398




R D TR T TR ST T YL A A TN
gL

DA: Chromosome preparations of leukocytes cultured from  human
peripheral blood. £xp Cell Res 20 613-616, 1960

17 Kilian D and Picciano D+ Cytogenetic surverllance of mdustrial popu-
lations. in Chemical Mutagens: Principles and Methads for Ther Detecuon
Vol 4, New York A Hollaender, od Plenum Pross, 1976, pp 321-139

18 Funes-Cravioto et al, Reference 7

19 Ducatrman et al, Reference 8

20 Fleig & Thiess, Reference 10

21 Purchase et al. Reference 9

22, Xilian et al, Reference 11.

23. Court Brown WM Human population cytogeneucs. In frontiars of
Biology. Vol V. A Neuberger and EL Tatum. eds Morth Holland Publishing,
1967, pp 1-31.

24. Buckton KE, Jacobs PA. Court Brown WM, and Dol R+ A study of
chromosome damage persisting after x-ray therapy for ankylosing spon-
dylitis. Lancet 2:676-682. 1962.

25. Bloom AD. Nakagome Y. Awa AA, and Neruishi 5§ Chromosome
aberrations and malignant disease among A-bomb survivors Amer | Pub

Hith 60'641-644 1970

26 Vaughan | Bone disease induced by radation. Int Rey Exp Path
1243-396. 1962

27 Fischer P. Golob €. Kunze-Mihi E. Ham AB et al: Chramosome
aberrattons in peripheral biood cells in man following chromic irradiation
from nternal deposits of Thorotrast. Radiat Res 29-505-515, 1966.

28. Garza Chapa R. Leah CH. Alvarez M. and Sanchez F): Chromosome
analysis n males occupationally exposed to lead (Abstract 325) In Ab-
stracts V International Congress of Human Cenetics, § Armendares and R
Lisker. eds. Excorpta Medica. Amstordam. 1976,

29 Sampson R), Key CR, Buncher CR. and lijima A: Thyroid carcinoma in
Hiroshima and Nagasaki. |. Prevalence of thyroid caronoma at autopsy.
Hiroshima 1957-68, Nagasaki 1951-67. ABCC Technical Report 25-68, 1968,

30. Muler }, David A, Reyskava M, and Brezikova D: Chronic occupation-
al exposure to strontium-90 and radium-225. Lancet 2:129-131, 1961,

1. Fischer P. Colob €, Kunze-Mihl E. and Mifliner T- Chromosomal *
aberrations in thorium dioxide patients. Ann NY Acad Scr 145:769-766,
1967.

Vinyl Chlonde Cytogenetics/Picciano et al

uce
006397




