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TRENDS IN CANCER MORTALITY AMONG WORKERS IN THE SYNTHETIC
POLYMERS INDUSTRY

William J. Nicholson, Paul K. Henaneberger and
Diane Tarr

Environmental Sciences Laboratory, Mount Sinai
School of Medicipe of City University of New York
New York, New York 10029, U.S.A.

INTRODUCTION

The reactive double boaded structure of ethylene-like
molecules allows a wide variety of chemicals to undezgo
polymerization. Unfortunately, this same structure has beec
found capable of transformation to an epoxide by the mammal-
ian wmixed fupnction oxidase system (Bonse and EKeaschler,
1976). These epoxides or their reactive merabolites caz
bind to cellular macromolecules and may be zespomsibis for
the carcinogenicity of the parent molecule. Epoxide forma-
tion bas been suggested as an intermediate in the capcino-
genic action of vinyl chloride (Van Duures, 1975) and vinyl-
idene chloride (Maltoni, 1977), and in the mutagenic actien
of styrene (Milvy and Garro, 1976). The epoxides of ethvl-
ene, styrene and vinyl chloride have besn shown to be carci-
nogenic, as well as directly mutagenic in bacterial test
systems without the need for activation. The potential for
conversion of ethylene-like molecules to the epoxides is
greater for unsymmetrical structures such as vinyl chleride
and vinylidene chloride than for symmetrical structures,
such as ethylene, 1,2-dichlorcethylene or tetrachleoroethy-
lane. It is beyond the scope of this review to discuss the
structure=activity relationships of the monomers used in the
plastics industry. Nevertheless, available data suggest
that carcinogenicity depends on the wmetabolisa of these
sonomers to reactive intermediates and that these reactions
may be non-linear. However, when the metabolism of a com~
pound is understood, a cobereat picture of the dose and time
dependence of cancer should smsrge.
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At this time, data are available on both experimental
agd human carcinogenesis from exposure to vinvl chloride
(VC) and on its metabolism that provide information import-
ant for the understanding of observed dose-response rela-
tioaships. This paper will consider these data on V{ is
detail as they provide estimates of the tremds in future
disease poteatial from past exposures and information om the
efficacy of current occupational standards. As human and
animal data accudulate on the effects of exposure to other
monomers, the approach suggested by VC can be applied to
their evaluation.

DOSE-RESPONSE RELATIONSHIPS

VC is one of the best studied chemicals in animal
systems. The magnificent research by Maltoni and associates
(1981) oo nearly 7,000 animals over a ten year period is
virtually unmatched in experimeantal carcinogenesis. A
principal feature of their results is summarized ip Figure 1
vhich shows the dose-response relationship for the percent-
age of animals that developed hemangicosarcoma (HSA) of the
liver from 4 hr/day, 5 day/wk, 32 wk exposures to different
concentrations of VC. As can be seen, the relationship is a
pon-linear one with evidemnce of saturatiom at high con-
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Figure 1. The percentage of rats developing liver hemangio-
sarcomas from 52 wk exposurses to VC for 4 hr/day, 35 day/wk.
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. centrations. However, at ceacentrations of VC lass than 500
ppm, a reasonably linear dose-response relationship obtains.

Gehring et al (1978) have explaired the non-linearity
in terms of Michaelis-Menten kinetics, in which the trans~
formation of VC to a reactive intermediate follows the
equation,

V= vmsmcm +5) (1)

V and V_ are the rate and maximum rate, respectively, for
the biotransformation of VC, S is the concentratioa of VC in
inspired air, and K , the Michaelis constant. K was deter-
mined expetimenr.all?' to be 860 ug/l and V_ to be 5,706 ug/é
hr. Figure 2A displays the dose-response relaticnship
between the perceatage of animals with liver FSA and the
quantity of VC metabolized according to Eq. 1. As can be
seen, a direct liner relationship exists witk no evidence of
a threshold or altered slope at low doses. The possibility
of a non-~linear dose-response relationship from detoxifica-
tion kinetic steps has been postulated (Geiring and Blau, ;
1977); and discussed in detail (Hoel et al, 1983), but no -
evideace exists for such non-ligearity im the data yet
available. The unweighted least squares regression equation
for the dose-resposse relationship is

% HSA = =0.066 + 0.0039 V 2
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Figure 2. Linear and probit dose=response relationships for
the quantity of VC metabolized/4 hr exposure (5 day/wk,52 wk).
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Gehring et al (1978) fitted the early data of Maltoni
and Lefemine (1975) to a log-probit model. Figure 2B shows
the log=-prebit plet using all available data from the stud-
ies from Maltoai et al (1981). The unweighted least squares
regression lige is

Probit = 0,24 + 1.01 log V (3)

While such a plot fits the observable data (r2 = 0.68), the
linear dgse-resspense relationship fits the data somewhat
better (r” = 0.77). Further, there is very limited biologi-
cal rationale for the use of a log-probit relatiomship in
carcinogenesis and its use as a means of extrapolation te
predict effects at very low exposures would appear to be
more a2n act of faith than of science. On the other haand, a
linear dose~-response relationship between the ipncidence of
HSA and the quantity of VC metabolized is biologically
plausible and fits all available data. Its use is stronmgly
suggested,

TIME COURSE OF CANCER

Much of human cancer has been found to follow a power
law relationship with age (Armitage and Doll, 1961; Cook et
al, 1969),

R= b:k

(4)

where R is the incidence rate of cancer at a spacific sits,
t is age, and b and k are coastants specific to site. In
general, k is between 4 and 6 for most epithelial malignac-
cies. While data for exposures to specific carcinogens are
limited, bronchogenic carcinoma frotw cigarette smoking and
mesothelioma from asbestos exposure also follow a power law
of time from onset of exposure with ag exponept between 3
and 5 (Doll and Peto, 1978; Newbouss and Berry, 1976: Peto
et al, 1982). These findings have been interpreted in terms
of a multistage model of carcinogenmesis, the implications of
which have been discussed by Peto (1977), Whittemoze and
Keller (1978), and Dav and Brown (1980), among others.
Deviations from the above time course occur with exposures
to carcinogens that interact synergistically, such as asbes-
tos and cigarette smoking in the production of lung cancer.
This interaction can be incorporated in the multistage mo-
del, but s more complicated relationship obtains. However,
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for a ra}e tumor, such as HSA, interactive effects mav not
be important and a power law relationship should adequately
describe the time course of risk following exposure.

Some data are available from the use of Thorotrast in
Japan and Denmark tkhat indicate the ipcidence rate of HSA
does follow Eq. 4 (Mori et al, 1979a; Mori et al, 19790;
Faber, 1978). The material was used in these countries over
a2 limited period of time, so the incidence per calendar year
and estimates of the population at risk can be used to
estimate incidence rates by time from onset of exposure.
While the data are very limited, they are consistent with s
power law dependence of risk and suggest arn exponent of ap-
proximately 3. Three is also compatible with the incidence
of liver HSA in the mortality study of polvmerization worzk-
ers described elsewhere in this volume (Nicholson et al,
1983). However, only nine cases are available for analysis.

PROJECTIONS OF FUTUREZ MORTALITY FROM PAST VC EXPCSURE

Sufficient data have accumulated oo the pattern of .
mortality from past VC exposures to allow an estimate future -
mortality from these exposures of using a linear dose-re--
sponse relationship and a time course for risk of death from
liver HSA given by Eq. 4. TFigure 3 shows the number of
cases of HSA according to various measures of time that have
been identified in the United States, Western Eurcpe and the
world (NIOSH, 1982)., The distributioss shown in Figure 3
are the result of the exposure te VC of various groups of
individuals in different periods of time since 1935. Equa-
tion & indicates that the incidences (not incidence rates)
according to calendar year, year of exposure, and year {rom
onset of exposure, respectively, are:

X ,
Ij = iij Ci :i_i Fj(uor:) (5a)
I, =¢ j;l Tiag Fj(Mort) (5b)
Iy r.’;_i Ic, ¥, (ere) (3¢)

vhere i represents the quinquenium of exposure and j, the
quinquenium of observation. i ruas from 1 to &, represent-
ing the years 1935-1974 and j from 1 to 9, extending the
observations through 1979. The F_(Mort) are the appropriate
age and calendar vear adjustments to the population in
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Figure 3. The aumber of cases of hemangiosarcoma of the liver

in the U.S., Western Europe and the world according to seve-
ral time criteria.

quiaquenijus j from normal mortality. The C.'s are propor-
tional to the total population exposure, i.e&., the average
number of workers exposed in a given time period times the
average VC conceptration. Since the dose-response relationp-
ship for both inspired and metabolized VC is linear in the
range of most worker exposures, the risk of HSA is propor-
tional to the total population exposure; one need not know
the aumber of workers exposed and their wvinvl chloride
exposure separately.

CMA 007408




Relative values for the C.'s can be detarmined from twe
sets of data. The first is the incidence of HSA according
to calendar period of first exposure (I.).
directly proportionmal to the incideace  in a given calendar
period and available data are sufficient to establish rea-
sonable values of C, for the time period 1935-1955. Addi-
tional data on C, &an be developed from published data on
the production of VC monomer. Figure 4 displays the avail-
able information on production in the United States (5.P.I.,
1975-1978; U.S. Tariff Commission, 1948-1968) and Western
Europe (0.E.C.D., 1971). A first approximation to the
population exposure in different years would be to consider
the C.'s to be proportional to VC production. However,
averagé VC concentrations changed over the vears of concern

(Table 1) and an adjustment for the different relative
exposures in different times must be made. This adjustment
is indicated in Table 1 and on Figure 4. Turther, ano ad-

justment amust be made to take into account the different
number of workers requirsd to produce a metric ton of VC in
different time periods. As it would be expected that more
workers were employed per toane of VC produced during ear-
lier years, an adjustmpent is required to account for produc-
tivity. Initial estimates of this factor are also indicated
in Figure 4. The relative populatien exposure, taken to be
the product of production, the workforce productivity ad-
justment, and the exposure adjustment is shown by the solid
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Figure 4. The production of VC in the U.S. and Westera Europe

along with estimates of the population exposures to VC poly-

merization workers in different calendar periods.
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Table 1

Maasured and estirmataed axposures to vinvl chloride

4-] gol\r‘:ﬂul:im‘. WOrKers 1o varicus tine derioas

Approxizace

Calendar Vinvl chloride exvesures (vse) relative

Pariod  Baroes (1976) Ortt ec al (1975) Suciu wt al (1975) axposurs
Bafore 1950 1000 $
1950-54 1000 100 - 400 5
1955=-59 400 - 500 100 - 400 3
1960=-64 300 - w00 0 - 80 200 - 900 bt
1965-69 300 - 400 20 - 80 W - %0 1.3
1970-74 150 - 300 L0 - 60 l

lines across each quinquenium. The dashed lines across each
quinquenium during earlier years are those determined by
fitting the observed HSA incidence to Eq. 5a and matched to
the value estipated from productioc data in the quiaquenium
1955-1959. As can be seen, the cowmparison of the two serts
of data suggested that the populatiocn exposure prior to 1960
was slightly less in some quinquenia than that estimated by
the use of the adjustment factors indicated in Figure 4,

The procedure of estimating the relative values for C,,
particularly ino the years after 1960, is clearly an approxi-
mate one. To consider how sensitive anv projections of
future mortality are to the choices of C.'s, alternate
choices are shown by the light solid lines “in Figure 4a.
Any realistic estimates of the C.'s must lie between the two
lines. -

Relative values of I , and I, . were calculated using
the relative values of C* shown 1n1Figure 4, values of k
betwees 2 and 4, and absolute values determined by matching
to the incidence data of HSA found in Figure 3. 1In this
calculation, the age distribution used for time of first
exposure was: 15-19%, 8.5%; 20-24, 26%; 25-29, 26%; 30-34,
15%; 35-39, 11%; 40-44, 7%; 45-49, 4%; 50-54, 2.5%. This
distribution was that of 740 VC workers examined by Mount
Sizai School of Medicine persomnel during 1974. The pattern
of duration of ewmployment was assumed to be a decreasing
exponential with an average egplovment time of 12 years.
This corresponds to typical patterns of emplovment fcor
long=term workers in the chemical iandustry (Nicholsom et al,
1982; Wong, 1982). Separate calculations were made for the
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United States and Westerm Europe. The results of this
procedure, combining the data for the United States and
Westera Europe, are shown ig Figure 5. As can be seen I . _,
the incidence according to years from ocnset of exposurJ is
best fit by a value of k = 2. A value of 3 is compatible
with the data, but values greater than 4 can be ruled out.
1. is relatively insensitive to the choice of k, but a valuye
of 4 fits the data best.

An interesting feature of this calculation is that the
separate determination of the C,'s for Westera Eurcpe and the
United States indicates that éhe population exposures per
toane of VC produced were approximately four times greater
in Western Europe than the United States, This would sug-
gest that more intense exposuras occurred in some Eurcpean
plants or that more workers were exposed per tonne of VC
produced.
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Figure 5. A comparison of the calculated incidence of he-
mangiosarcoma of the liver with that observed in the U.S.

. and Westers Europe according to several time criteria and
models for calculatioen.
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of VC exposure. As mentiogned previously,
distridution of employment times in the VC industry would be
a4 decreasing exponestial with a mean employment time of 12
years. The significant deficit of cases with employment
times less than 10 years suggesws that the available informa-
tion on duration of VC exposure may mot be correct, that our
assumed employment distribution may be in error, that thers
may be an underascertainment of cases with shorter exposures,
or that there may be proportionately less risk for shorter
exposures than would be predicted on a linear dose-response

relationship. It should be mentioned that duratien

One set of data that differs significantly from that
calculated is the distribution of cases according to years

we assumed the

of em-

Plovment is not an important variable in assessment of popu-
lation risk. Shorter employment times would have requirasd
more men to be exposed, but their average exposure would be

proportionately lower.

Using the values of C.'s determined by the praceding

analysis and values of k from 2 to 4,

liver HSA is calculated to the year 2040, using Eq.

Thege data are listed in Table

rimental results of Groth et al

the mortality froam
fa.

2, separately for Westars -
Europe and the United States. Also shown iz the data for

the Uaited States are projections using values of C.'s indi-

cated by the solid curves of Figure 4 and projectioés assum- -
ing that the risk of HSA will increase quadratically with

age of exposure. This age dependeace was suggested by expe-

(1981).

We also considersd

a2 time course for HSA that iocreased as t~ for only 45 years
As can be seen, the pro-

and remained comnstant thereafter.

Table 2

Projections of mortality iz the U=ited Staces

and Wester= Europe t0 the vaar 2040 from

axposures to vinyl chloride prier to 1875

Tocal Projecved Mortaliiw

-]
Yestern Eurcoe

United staces®

Model
‘z
:’
e

ty, to 45 years from onsat of axposure
t3, upper exposure curve, Fig. &

t?, lower exposure curve, Fig. &

=3. - “.‘ .

; 26 daazhs have occurred chrough 1979
39 deaths hava occurred carough 1979

190
di0
630
310
240
450
260

540
1190
2780
1120
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jected npumbers of HSA for the United States range from
200 to 600 and, for Western Eurcpe, from 550 to 2,800. (The
greater range for Europe is the result of the more recent
usage of pattern.) The most probable projection for future
disease is felt to be that represented by a power of 3, a
choice suggested by Thoratrast data and the very limited
mortality data on HSA in the study by Nicholson et al (1983).
Lower values are also reasonable, but the fit to the data
would suggest that the use of a power of 4 may be inappro-
priste.

Obviously, many caveats exist in the consideration of
these projections. The estimates strongly depead upon a
reasonable ascertainment of cases through 1979. The comcerns
for VC-induced HSA in recent years would suggest that ascer-
tainment was fairly goed, at least for long term employees
and pensioners. However, some cases in short term workers
may bhave been missed The projections also depend oz the
choices of the and the k. We have projected mortality
based on reasonabie choices for these parameters. However,
other choices caagot be absolutely excluded. While these
uncertainties exist, the data indicate that, within a factor
of 2 or 3, future HSA mortality from exposures prior to 1875
will be about 350 deaths in the United States and 1,200 in
Western Europe. Further, these deaths will occur in s
relatively small population. In the United States, the
group at highest risk would be comprised of fewer than 5,000
individuals. Among this heavily exposed group, HSA may
accoust for 10% of all deaths (Nicholson et al, 1983).
Clearly, any incervention techaiques that might be developed
to reduce this projecred risk could be efficiently applied.

OCCUPATIONAL STANDARDS FOR VC

Nicholson et al (1983) have shown that liver HSA accounts
for at least 50% of all VC-induced maligoancies. Thus, it
vould appear that average exposures of 200-500 ppm in pre-
vious years will lead to 1,000-4,000 excess cancer deaths in
sll vorkers exposed to VC in Western Europe and the United
States prior to 1975. If a standard of 1 ppmw is met, the
average exposure of all the workers would be between 0.2-0.3
PP, 1,000 times less than that which existed previously.
One uould axpect the VC-induced malignaat risk to be reduced
by a corresponding amouat. This implies that, if the VC
industry complies with a 1 ppm standard, cancer from employ-




ment therein would be virtually eliminated. However, there
will still remain a risk of developing HSA of the order of
10 per individual for a working lifetime, based on a
United States or European workforce of about 10,000 workers.

SIMMARY

A high risk of death from liver HSA has been documented from
past expesures to VC. Similar to other carcinogens, the
risk of VC-induced liver HSA appears to ipcrease as the
second or third power of time from onset of exposure. It is
possible to project future mortality usipg this power rela-
tionship, estimates of VC exposure, and observed mortality
to 1980. These projections suggest that 200-600 deaths may
occur in the United States and 550-2,800 in Western Europe
from liver HSA. These projections also suggest that a 1 ppm
standard in the VC iadustry will go far to protecting workers
from future salignant disease.
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OCCUPATIONAL HAZARDS IN THE VC-PVC INDUSTRY

William J. Nicholson, Paul K. Heaneberger and
Herbert Seidman.

Enviroamental Sciences Laboratory, Mount Sinai
School of Medicine of CUNY, New York, New York
10029 (WJN, PH) and American Cancer Society, &
W. 35th Street, New York, New York 10001 (HS).

INTRODUCTION

Oa Jaguary 24, 1974, The Wall Street Journal publish-
ed an article describing the occurrence of three deaths
from hemangiosarcoma of the liver amoag polyviamyl chloride
(PVC) production workers at the B.F. Goodrich Tire and
Rubber Company plaant im Louisville, Kentucky. This announ-
cement shattered the relatively complacent view toward
health effects associated with plastic production in
general and PVC production in particular. At the time,
U.S. and Western Egropean production of vinyl chloride
{VC) exceeded 6 x 10 metric toms. Numerous mortality and
clinical studies were undertaken in the major producing
countries im an attempt to establish the extent of the
carcinogenic risk and to identify clinical parameters
useful for surveillance of exposed groups. Because of the
immediate concern in 1974, most of these studies were com-
pleated betvween 1974 and 1977. Several reviews and sympo-
sia on human health effects from VC exposure have been
published recently. A superb one is by Lelbach and Mar-
steller (1981).

The exposures were high that led to the disease
observed in these various studies. Typical concentrations
in the industry vere estimated to be sbout 1,000 ppm prior
to 1935, from 300-500 during 1955-1970, and from 100-200
during 1970-1974 (Barnes, 1976). However, variations from
such exposures would have occurred in specific plants
(Rowe, 1975). While historical average exposures were
generally less than 1,000 ppm, peak exposures oftea ex-
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ceeded 5-10,000 ppm (where workers lost consciousness)
and, on occasion, 40,000 ppm (where plants exploded).
During 1974, exposures vere reduced to about 10-20 ppm in
the U.S. industry (Jones, 1981) and even further, follow-
ing the promulgation of a 1 ppm standard by the Occupa-
tional Safety and Health Administration in 1974,

MORTALITY STUDIES OF VC-EXPOSED WORKERS

Tasble 1 shows the populations observed and the folleow-
up characteristics of twelve cohort studies of vinyl chlo-
ride exposed workers. The studies were indepeadent with
the exception that the portions of the population reported
in the Equitable Eavironmental Health Study (1978) were
included in some other U.S. studies. The proportionate
mortality study of Momson et al (1974) is not included as
the VC-exposed individuals studied therein were included
in the cohort mortality study of Waxweiler et al (1976).
The size of the cohorts varied greatly, from 255 in the
study of Nicholson et al (1975) to 9,677 in the Equitable
Eavironmental Health study. A notable feature of all of <
the studies is that the populations followed wvere rela- ’
tively young or receatly ewployed, even though many planots
in the studies started production in the 1940s. Most -
workers were hired after 1950, when U.S. and Western
European production increased sixfold in ten years
(Nicholson and Henneberger, 1983). Thus, few deaths
occurred among most of the groups observed and data on
effects 25 or more years from onset of exposure are li-
mited. The total mortality exceeded 10% of the observa-
tion cohort in only three studies. Further, the inclusion
of recently esployed individuals or those with short
employment diluted the effects from VC exposure. Only
five studies limited consideration to individuals with
more thsn one year of exposure, In all cases, however,
some individuals with more than 20 years from onset of
epployment were available for observation. The follow-up
terminated in the mid-1970s for all studies.

Table 2 compares the results for cancer of all sites
and chroanic liver disease in sll 12 studies. Cancer is
elevated in most of the studies, although it does not
achieve a 0.05 level of significance except in the studies
by Waxweiler et al (1976) snd Nicholson et al (1975). In
the study by Ott et al (1975), a highly exposed subgroup
with 15 years latency had & cancer deaths compared to 3.2
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Tahls §

Fopulation snd follow-up characteristice of fuelve
studies of viayl chloride uxpused workers

Anslysls Percent Huaber Percent Hinlwum Hinlsus Earlicst Haxious Last
cohort sdditionsl of deathe of exposure latency possible Ffollow-up year of'
Stedy ° Country size untraced amalyzed wotal  tyears) (ycara) enposure (years) follov-up

Bartanzi et al. 1TAL aun 13.8 52 1.} 0.5 0.3% 1952 22 1917

1979

Bulfler et al. ¥SA 464 0.0 n 6.0 0.2 0.2* 1940 7 1375

1979

Byranm at al. seh 150 low 58 1.1 0 04 1945 28 1974

1976

Puch ot sl. 1) 6. & 0 W 1948 0 1975

1975 y

Equiteble Env. %1711 ) 1.3 1 (L] (1915) 1912

Noalth, 1978

fox and Collier 7409 5.1 >04 1940 1974

1976, 1917

Hasuda W4 8.6 ] 1949 1975

1319

Hichalson.et al. USA 55 0.0 1947 1924

1973

Ocy et sl Usa 522 0.0 1942 191

1975

Nglnl ot al. CER

1979

Therlault snd CAN 4351 2.0 39 1917
[ .¥Y

6344 1.3 HA 1974

Allard, 1981
Yanusiler et al.
1976

s i e g e e

% Loager latancias considered for aome causes of death.

1287 0.5 116 1371

619200 wng




Table 2
Observed and expected deaths smong viayl

chloride exposed workers in twelve studies

Cancetr of all sites Chrouic liver dissass
Daaths Daaths
Study Obser. Expee. SMR Obser. Fxpec. SR __
Barcazzi at al 30 30.9 97 s - -
Bufflar ac al 8 5.19 15 0 - -
S yr. latency 6 4,34 138
Byren ec al - - - 0 - -
Duck at al 33 36,44 96 - - -
Equitable 139 141.39 104w 14 26.48 564+
Fox & Collier 115 126.77 1 1 2.68 37
Masuda 4 138 s 1.00  soo*
¥icholaon 9 .9 230 1 (0.6) 167
Qtt ar al 13 16.0 ) 3 2.7 111
1% yr. lataney 9 9.2 98
Reinl at al 94 90.6 112» 14 18.4 a2 ..
Thearisult & Allard 20 16.37 122 - - - e
Waxveilar et al 35 23.5 149t 2 4.0 50
15 yv. lacaney 11 16.9 1844+ _

* Adjusted for upknovn causas of death

() = Zacinated as a percentage of 7.5. rates
+ p<«< 0,05

4+ p« 0.01

& SMR of concrol populacion equally high

expected (p < 0.05). The absence of significant findings
in other studies may be attributed to their low power.
The study of Bertazzi et al (1979) may be biased because
of low follow-up in the group. Fourteen percent of the
population were untraced and person-years at risk were
calculated for these individuals as if they were alive,
The low SMR of 44 for all causes of death suggests that
proportionately morxre deaths occurred in untraced groups
than in the traced. The studies by Buffler et al (1979),
Byren «t al (1976), Masuda (1979), and Theriault and
Allard (1981) had very few deaths available for analysis.
That of Ott et al (1975) also was limited by the aumber of
deaths and further by virtue of a study group with rela-
tively lower exposure (through better industrial hygiene
¢optrol). While having more deaths available for analysis
(136), the study by Duck et al (1975) was significantly
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diluted by the inclusion of magy individuals with very
short and recent periods of exposure,

Turning to chromic ‘liver disease, one remarkable
finding is the absence of significantly elevated mortality
from this cause in most of the populations uader observa-
tion. The only study with a significant elevation is that
of Masuds (1979) in which five deaths from chromic liver
disease occurred where only one vas expected. However,
this must be considered in the light of an equally high
mortality from liver disease (6 observed vs. 1.4 expected)
in a comparison population followed for control purposes.
Five of 62 deaths from chrogic liver disease seen in the
study by Bertazzi et al (1979) are unusual, but the limi-
tations of this study and lack of details make evaluation
difficult. The generally benign results in other studies
contrast sharply with the severe liver disease from VC
exposure documented in clinical studies (Marsteller et al,
1975). Hepatomegaly, hepatic fibrosis, pertal hyper-
tension, and bleeding esophageal varices bhave commosly
been founsd in individuals heavily exposed to VC, even
without concomitant exposure to alcohel.

Table 3 lists the mortality data for primary cancer
of the liver and biliary passages and for cancer of the
lung, trachea and bronchus. In the case of liver cancer,
the overall data are consisteat and dramatic. Heman-
giosarcomas of the liver were found ip eight of the twelve
studies. In each of the eight, a very large and highly
significant SMR for liver cancer was seen. Methodological
limitations can account for negative data in the other
four studies. The large SMR's observed, however, are
largely the result of low values for the expected number
of cases rather than a high incidence of observed cases.
Only 29 separate liver hemangiosarcomas were identified in
all twelve studies. As the overall excess number of
deaths from liver and biliary cagcer in all studies was
47, some hemangiosarcomss may not have been identified.
The low numbers must also be considered in light of the
limited follow~up times in most studies.

The evidence for lung cancer is less clear. There is
an elevatiod in some studies, but at a level that does oot
achieve statistical significance, except in the 15 year
latency population of Waxweiler et al (1976). This, in
part, may be the result of the low pover of many of the




Table ]

Obgarved and expectad deaths from selacted causes
among vinvl chlorida-exposed vorkars
Cancar of the Cancer of the lung,
liver and biliarv passisges grachea and bronchus
a Besangio=
Obs. Exp. MR satcomas  Obs. Zxp. e
Bertazzi b .o eyt ad 7 .S (s
Bufflar 0 (0.17) -— 0 5 1.73 89
5 yr. lageaey [ 1.49 268
Syren s 0.97% a3l 2 LR 8 (] 168
10 yr. latency 4 0.68 589 2
Duek — -— 16 15.53 103
19 yr. latancy 14 10.69 131
Lquitabla 10 (4.5) 228" [1 45 4e.29 107¢
15 yr. lacency el 37.0 bA 1
Fox and Collier & 0.71 se3 = 2 6 31.23 90 .
15 yr. latency 28 26.0 108 "
Masuda 1 0.6 167 0 1 (0. 8) (11%)
Nicholscn 3 0.12) (2s00)*t 3 0 . - -
Ot [} (0.%) - 0 4(37) 5.2 77(96"
Lainl 12 0.9 w3t . 2 6.6 9sf
Theriaule ] 0.%) (100)™ 8 2 5.78 15
15 yr. lateney 2 4.28 o7 B
Naxveiler 7 0.6 18T e 12 e 136
15 yr. lacency 7 0.4 1606 6 1 5.7 194+
Total of nonduplicaced hemangiosarcomas 9
* < 0.08
- ¢ 0.01
™ < 0,001

& All verifiad liver cancasr deaths, imcluding those astablished by

taviev of all available information.

b () « Lxpectad deachs escimsced on the basis of 1930-1969 U.S.

adjusted races, 1D 155/1CD 140-2035.
( ) = Expected deachs astimated on the basis of national age adjusced

rates, ICD 162-163/1CD 140-203,
One hemsngiossrcoma occurred in 3 PC fadricater.
includes cancar of the pancreas.
H Mjn_nd' for unknowve causas of death.

CHMA 007622




studies. Only two have an 80% power to detect an overall
risk of 1.5 (Beaumont and Breslow, 1981). Of signifi-
cance, however, are the very low SMR's im the groups
studied by Theriault and Allard (1981), Reinl, et al
(1979), and Nicholson et al (1975), cohorts that would be
expected to manifest s high risk on the basis of the many
hemangiosarcomas that were found. The four largest stu-
dies, although in some cases limited by inclusion of
short-term and receatly employed workers, also are note-
vorthy for the SMR's close to 100. Where available, data
on subcohorts with longer latency (> 15 yr) suggest some
increased risk.

Waxweiler et al (1981) updertook a detailed analysis
of the exposure of those with lung cancer in their previ-
ously published study {(Waxweiler et al, 1976) in an at-
tempt to identify particular etiological agents. The
analysis used a serially additive expected dose model
(Smith et al, 1980) in which a dose measure during each
year of exposure was accumulated for each study individual
for a variety of potentially carcinogenic agents. The
cumulative doses for those with lung cancer were compared
with those of other imdividuals in the plant under study.
The results showed that the greatest correlation of lung
cancer was with exposure to PVC dust. Secondarily, expo-
sure to vinylidene chloride appeared to be importamt, but
only for large cell and adenocarcinoma. The serially
additive dose for VC monomer differed little in those with
lung cancer compared to others in the plant, except,
possibly, for large cell cancers.

Thus, evidence to date does not establish that VC
monomer is an important lung carcinogen in exposed worker
populations, altbough it is recognized that limited long-
term observation has so far been available. 1In all stu-
dies considered here, a slight deficit of cases was seen
compared to the number expected. In the subcohorts with
more than 15 years from onset of exposure, an overall
excass of 10% was observed. 1f, in addition, one consi-
ders s "healthy worker effect,"” any excess lung cancer
would still be considerably less than the excess of liver
cancer. A qualification to this conclusion is that no
study specifically considered cigarette usage. If cigar-
ette smoking was much less common among VC workers than
the general population, higber SMR's would have been seen
if smoking specific data were available. However, this
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possibility is unlikely, comsidering the many differeat
populations studied. The uncertainty in human data is
also reflected in animal studies. lacreased lung cancers
have been seen ip mice but not in rats or hamsters (Maltoni
et al, 1981). |

Table 4 shows the results for brain and central
nervous system cancers and for cancers of the lymphatic
and hematopoietic systems. Cancers of the braim and
central nervous system were significantly elevated in a
number of studies, although the results differed consider-
ably across studies. Again, negative data may be simply
the result of limited long-term follow~up or the low power
of the study. In such cases the information is only
sufficient to set an upper limit on relative risk of brain
cancer. In contrast to lung cancer, however, the largest
study group has a significantly elevated risk of brain and
central nervous system malignancy. As with lung cancer,
the data on brain and CNS cancer in animals are equivocal.
Neuroblastomas and brain malignancies are observed in rats
exposed to VC, but not among mice or hamsters (Maltoni et
al, 1981). The human data are also mitigated by the
recent finding of brain and central nervous system tumors
in a variety of chemical plsat exposure circumstances
(Alexander et al, 1980; Selikoff et al, 1982). Excess
brain malignancies, but not the etiological agents, have
been jdentified in several Texas and Louisiana chemical/
petrochemical plants. VC exposure was documented for some
cases, but it could not explain the overall findings. As
individuals in many of the VC studies considered here were
exposed to other chemicals and petrochemicals, the pos-
sible role of these agents cannot be excluded. Further,
it has been suggested that some working groups, with
employer-paid medical plans, may have better case ascer-
tainment than is generally available (Greenwald et al,
1981) and, thus, more brain malignancies identified. In
any case, the number of excess malignancies of the brainm
and central pervous system (approximately 10) iz all
studies is considerably less than the number of hemangio-
sarcomas identified ip the same populationms.

Similar results are obtained for malignancies of the
lywphatic and hematopoietic system. Here again, the
asnalysis is limited by the few deaths and disparate re-
sults wvhich occurred in different studies. Overall, there
would appesr to be an elevated risk, but the influence of
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Table 4

Observed and expacted deaths from salected causes
among vizyl chloride expoted workars

Cancer of the braim & Cancer of the lymphatic
central narvous gystam and hematopoietic SY3CER

Obser. Exvact. SMR Obser. Ixpect. SMB

Bartassi 1 .;)* 128 o (3.0)" (I
Buffler 0 (0.1) - o (0.%) -
fyren 2 o3 o2t 0 - -
Duck - - - - - -
Equitable 12 s.90  203° 0 17.01 126
Yox & Collier 2 3.66 55 9  9.01 100
Masuda 0 0.1% - 0 (0.5 -
Nichoalson 1 0.1y (1000) 2 (0.4) (500)
otr 1 0.6 (250) 1 (1.6)  (63)
Raial 2 1.3 162 15 7.7 224t
Thariault 0 0.6 - 1 1.67 60
Vazvetler 3 0.9 329 4 2.8 159
15 yr. latmey 1 0.5 498

+ < 0.08

++ « 0.01

() = Ixpscted estimaced from the ractio of age scandardized
U.5. racas ICD 193/1CD 140-208.

{ ) = Expeccad escimacad from the racio of 1950-1969 U.S.
rates ICD 200-205/1CD 140-250.

confounding exposures precludes definitive statemeats.
The overall excess of such malignancies (about 10) is also
much less than those from primary hemangiosarcomas of the
liver.

EFFECT OF REDUCTION OF EXPOSURE TO VC

As mentioned previously, wmost mortality studies
followed populations only to the 1972-1975 perioed. No
data exist on the risk to previously exposed populations
after cessation of exposure in 1974, although bemangiosar-
comas have been noted among retireas. We have receatly
completed. a follow-up through 1981 of the population
reported in 1975 (Nicholson et al, 1975) to determine
vhether a high risk of liver cancer continues, following
significant reduction in exposure. The original group
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employed at a VC polymerization plant in Niagara Falls,
New York, has been expanded by 40 additional workers, all
exposed for five years, who achieved ten years from onset
of exposure subsequent to April 1974. Additionally, 195
individuals employed at a VC polymerization plant iz South
Charleston, West Virginia, with five years of exposure and
ten years from onset in December, 1966, were identified
and traced through 1980.

Table 5 1lists the observed and expected deaths by

cause for both groups with the deaths occurriag after 1974
separately identified. (These are preliminary data; full

Table §

Obsarved and axpactad deaths amaeg
wvigyl chloride polymarizatict verkars

Hiagara Falls, ¥Y (N « 296)
(Jeguary 1, 1956 - Dacembar 31, 1981)

g_;uvcd
Cause_of dastch $6=73  74-81 Total Exoectad SMR

All causes F 20 7Y 40.87 108
All cancar |} L} 18 9.01 1778
Luag 0 2 2 .28 62
Colon/rectun 1 2 3 1.3 216
Srais 1 Q 1 0.2 303

Liver 3 3 6 Q.19 st
Lywphons P 1 3 0.3%5 $458
Taocreas 1 ] 1 0.5 200
Cirthosis of liver 1 1 2 1.41 142
Cardigvascular dissass 13 [} a 19.88 106

fouth Charleston, WV = 19%)
Dacember 1, 1966 - Dacember 31, 1980)

Obsazvad
Causs of desth 66=73  74=30 Tocal Expacted S
All causes 14 2 3 oh, 74 1. ]
All cancar 2 10 12 10.65 113
1 1 2 4,07 49
Colown/Testum 0 :] 0 1.5 -—
Brata Q '] -] 0.43 “y
Liver 0 [ [ 0.23 1739
Lysphous Q 0 0 0.%9 -
Pancrass 0 1. 1 Q.67 150
Cirrhosis of liver Q 1 1 i.n 35
Cardisvascular diseass 10 0 20 27.2% 73
——————
s p+ 0.05
» ps 0.00)
s pe 0.0001




pathological review of all available specimens has not
been completed.) Amoag the 44 deaths that occurred in the
Niagara Falls cohort, 6 were from primary cancer of the
liver, including 5 hemangiosarcomas. Three of the heman-
giosarcomas occurred in the period prior to 1974 aad 2
subsequently. Similar findings occurred among the spaller
group in West Virginia. Here, of 36 deaths, 4 were from
hemangiossrcoma, all of which occurred subsequeant to 1974.
Thus, the risk of neoplastic VC disease continues uadimi-
nished, even though exposures to the monomer have been
significantly reduced. The combined data from both groups
are shown i{n Table 6 and demonstrate an excess risk of
cancer, which is totally accouanted for by the enormously
increased risk of liver malignancy observed in each time
from onset of exposure category. The excess lymphomas
which achieved significance at the p < 0.05 level in the
Niagara Falls group lese significance whea combined with
the data from South Charleston. A deficit of lung cancer
was observed in both study groups and brain malignancies
were about equal to the aumber expected.

It is not certain whether the results of these two
plants will be reflected in the results of other plaats in
future years. The South Charleston planot was the first
facility to commercially produce VC. The New York plant
opened immediately following the cessation of World War
II. Thus, we are observing effects in populations that
include many individuals with long times from onset of
exposure, There is no information om whether the expo-
sures in these two plants were siganificantly different
from those of the majority of other VC polymerization
facilities. It is known that pre-1974 exposures ia the
New York plant were sufficiently high to cause loss of
consciousness to some individuals (4.5% of those examined
ina the clinical survey of 1974) (Lilis et sl, 1975).

MORBIDITY AND CLINICAL FINDINGS AMONG VC-EXPOSED WORKERS

Clinical abnormalities from VC exposure predated by
25 years the documentation of its carcinogenicity. Vari-
ous VC-related abnormalities were reported in Eastern
EBuropean literature, including hepatomegaly (Tribukh et
al, 1949), angioneurosis (Filatova and Grousberg, 1957),
osteolytic lesions of distal phalanges (Smirmova, 1961),
Raynaud's phenomenon and sclerodermslike skin lesions
(Suciu et al, 1963). However, VC disease was not seri-
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Tabls 6

Observed and exvected deaths azons vinyl chloride

sxpessd vorkers {n rwe polvmerizstion fecilicies
by time from onsst of axposure

Years aince onsat of axposure

Cause of duath 10 - 19 0 - 29 30+ Total
Obs. Exp. Qbs. Exp. Obs. Exp., Obs. Exp. by

All csusas 26 19.123 30 .83 26 31.64 80 85.61 93
All canesr 7 LN 9 7.9 12 8.0 28 19.68 142

Lung 1 1.26 1 2.9 2 3.08 & 7.31 55

Liver 28 0.08 3 0,18 b 0.17 10 0.62 2381

Braia 1 0 0 1 0.7 132

Lymphema 2 0,27 1 0.46 0 0.4 3 1.14 283
Cirrhosis of liver 0 0.76 3 1.2 0 oEy 3 2.8 103
Cardiowascular 14 8.74 1% 17.58 12 16.40 1 62.73 96
diseass ) -

Parson years 2924 2734 1604

4. bsmsngiosarcoma
b. 4 bamangiosarcomas and 1 hepacoma

ously considered in the West uatil the published descrip-
tion of Raynaud's syndrome, acroosteolysis, and pseudo- .
scleroderma in two Belgium VC reactor cleaners (Cordier et

al, 1966). Additional cases were soon noted (Wilson et -
al, 1967) and a comprehensive epidemiological study of

5,011 U.S. vorkers employed in production and polyweriza-

tion was undertaken. It showed that 11.9% had possible

X-ray signs of acroosteolysis, compared with 3.2% in a
Michigsn general population control group, with 2% defi-

nitely having Raynasud's phenomenon or X-ray evidence of
acroosteolysis (Dioman et al, 1971). The conditions were

clearly associated with the cleaning of reactors, in which

a2 heavy exposure to VC occurred. Only one case of Ray-

nsud's phenomenon occurred among 557 workers employed in

PVC fabrication.

During the early 1970's, VC liver disease was de-
scribed in detail by HMarsteller et al (1973, 1975).
Observations ou selected workers showed hepato=- and sple-~
nomegaly to be common. Peritoneoscopy and guided liver
biopsy identified severe portal hypertension in some,
generally .without cirrhotic fibrosis, altbough perisinu-
soidal and focal or diffuse capsular fibrosis were common-
ly seen. The portal hypertension could lead to bleeding
esophageal varices, with possible fatal consequences. In
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heavily exposed individuals, the portal hypertension and
hepatic fibrosis often progressed after cessation of
exposure (Martin et al, 1974). The histology of malignant
and noamalignact liver disease has been well descrided by
Popper and Thomas (1975; Thomas et al, 1975), who suggest-
ed the possibility of an interrelationship between heman-
giosarcoma and the proliferation of sinusoidal lining
cells and hepatocytes seen in VC fibresis. Lelbach aund
Marsteller (1981) have also noted that the vast majority
of hemangiosarcoma cases have appeared on a background of
some degree of hepatic fibrosis. The implications of
these suggeations for a hemangiosarcoma dose-response
relation are uncertain.

During 1974, extensive studies were undertaken by the
Environmental Sciences Laboratory of the total workforces
of three polymerization plants ir the states of New York,
Michigan and West Virginia. The results from the New York
plant (Lilis et al, 1975) indicated the pressnce of acroo-
steolysis in heavily exposed individuals. Hepato- azd
splenomegaly or hepatic tenderness was commonly observed
snd associated with duration of exposure and elavated
alkaline phosphatase levels. Sixty-four of 354 had an
enlarged or tender liver or spleen and of these, 41% had
elevated alkaline phosphatase. Liver function tests were
not particularly revealing, except for & correlation of
elevated alkaline phosphatase levels with duration of
exposure. Additionally, carcinogenic embrycnic antigen
titers were slightly higher awmong vinyl chloride exposed
groups than in a smoking matched coatrel pepulatioen

(Aaderson et al, 1978).

Tamburro and Greenberg (1981) bhave evalusted the
effectiveness of federally mandated screening tests for
vinyl chloride exposed workers. Figure 1 shows the re-
sults on specificity aund sensitivity for 78 individuals
with hepatic status determined by biopsy. ICG clearance
bad the highest combined sensitivity and specificity, with
SGPT the second most usaful test. Elevated alkaliaoe
phosphatase had the greatest specificity of all tests,
particularly for chemically-induced liver injury, but was
lacking in sensitivity. SGOT and GGPT were of limited use
because of their low specificity for chronic liver disease.
They recommended the use of ICG clearance for screening,
to be followed with alkaline phosphatase determinations
for those with altered clearance.
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Figure 1: Sensitivity and specificity of various
biochemical screening tests and their sensitivicy
and specificity sum values (5 & §) based on 78

with biopsy documentation of their hepatic status.

Three of the seven individuals who died after 1974
with hemangiosarcoma in the previously described mortality
followup were examined in 1974, One, who died 22 months
after exapination, had no noteworthy abnormalities on
examination (alkaline phosphatase was 88, slightly high).
A second, who died three years after examination, had a
slightly enlarged, palpable liver (11 x 6 c¢m) with pormal
blood couats and chemistry. Only one of the above dracnk
alcohel at all and he oanly drank 2+3 beers/month. The
third, vho died 22 months after examination, had a slight-
ly enlarged liver (11 x 8 cm) and spleen (13 x 8 cm), aad
slightly elevated alkaline phosphatase (93), SGOT (52) and
CEA (4.7). Thrombocytopenia vas also present (75,000).
No data are available on later clinical parameters, but
the above results are clearly not sufficiently specific
for identification of a special risk.

Pulmonary abnormalities also have been associated
vith VC/PVC exposure. Small opacities, predominantly
irregular, of profusion 1/0 or greater vere found in 20 of
1,216 workers employed at PVC production io an Italian
plant (Maatrangelo et al, 1981). 3All had been exposed to
high levels of PVC dust (>10 mg/m~). Lilis et al (1976)
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reported that approximately 20% of VC/PVC vorkers with
high exposures to PVC dust had abmormal X-rays, which
correlated with duration of exposure and, alse, with
cigarette smpking. In contrast, only 4.7% of individuals
in a PVC plant with low dust levels had abnormal X-rays.
In additiomn to "typical pneumoconiosis,” a granulatomous
reaction to PVC dust has been reported (Arnaud et al,
1978). Miller et al (1975) have observed pulmonsry funce
tion abnormalities (a reduction in the ratios FEV,/FVC and
MMF/predicted MMF) in both smokers and non-luoker} heavily
exposed to PVC dust (and also to VC monomer). Maltoni and
Lodi (1981), observed greater percentage of abnormal spu-
tum cytological results among VC exposed workers compared

to several other groups of manufacturing workers or miners.

Only workers in the chromium industry demonstrated a
greater proportion of abnormal cells.

Ducatman et al (1975) have observed an increased
frequency of chromosome abnormalities in the lywphocyte
cultures of VC workers. Most of the abnormalities were
"unstable” changes, such as fragments, dicentrics, and
rings. This was confirmed by Purchase et al (1978), among
others. Some of the group studied by Purchase were resanm-
pled 18 and 42 moanths later (Anderson et al, 1980). Inm
those studied during January 1976, the frequency of abmor-
malities was increased in those who continued VC/PVC
employment, but decreased in those who left the industry.
In January 1978, no increased frequency was found in any
vorker. The authors actributed the decrease to the reduc-
tion in VC exposure.

HEALTH HAZARDS IN THE PVC PROCESSING INDUSTRY

Prior to identification of hemangiosarcoma in VC
polymerization workers, little effort was made to control
either the coocentration of residual monomer in PVC dust
or exposures to dust and VC that occurred ia the various
forming operations of the PVC fabricating industry. VC
concentrations in excess of 10 ppm occurred frequently.
Vhile these conceatrations were significantly lower than
those of the polymerization industry, the much greater
employment -in the processing industry (hundreds of thou-
sands vs. tens of thousands in the polymerization work)
raised concern for population health effects, particularly
for malignant disease for vhich ne threshold was kaown.
However, only two hemangiosarcomas have been documented in
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the PVC processing industry, ome in an accountant in a
plant making PVC fsbric and one in an Italian plsat making
PVC sacks. A third case may bave occurred in an electri-
cal wire insulator, but the pathological diagnosis is
uncertain (Lloyd, 1975). This is in contrast to 85 cases
known to have occurred among polymerization workers (NIOSH,
1982). This is somewhat comforting and indicates a signi-
ficantly lower total VC-related neoplastic risk among
fabrication workers. However, it should be noted that
case finding is likely to be poorer in this group than in
polymerization workers.

A proportionate mortality study has been conducted of
4,341 deaths of former employees of 17 PVC fabricators
(Chiazze Jr., et al, 1977). The direct PMR's suggested an
excess in total cancer wmortality among both white men and
wvhite women with the major excesses concentrated in can-
cers of the digestive organs. An excess of breast cancer
was also seen in women, but not confirmed in a case-con-
trol study (which was of very low pover and could only
detect a threefold increased risk) (Chiazze, Jr. et al,
1980). The results of the proportiomate mortality study
must be considered cautiously. In such studies, elevated
cancer risks and are typically seen because of a "healthy
worker effect," which leads to a reduction in cardiovascu~
lar deaths relative to those of cancer. If PCMR's (pro-
portionate cancer mortality ratios) had been calculated,
rather than PMR's, digestive cancer would still be elevat-
ed but not at an 0.05 level of significance. Interest-
ingly, ao excess of stomach cancer was seen in the propor-
tional mortality study of Baxter and Fox (1976).

SUMMARY

Overall, the results of the analysis of 12 studies of
VC production and polymerization workers demonstrate an
enormously elevated risk of liver malignancies, the possi-
bility of a twofold increased risk of brain and central
nervous system tumors and perhaps, also, of malignancies
of the lymphatic and hematopoietic system. Hovever, the
role of other agents cannot be excluded in the etiology of
oonhepatic malignancies. Bronchogenic carcinoma does not
appear to be increased from exposures to VC monomer,
although a relationship to PVC dust vas suggested in one
study. These conclusions must be considered in light of
limited data on vorkers folloved more than 25 years from
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onset of exposure. Considering the numbers of observed
and expected deaths in all studies, it would appear that
the excess of maligoancies at nonhepatic sites is less
than the excess of liver tumors. Data presented elsevhere
in this veolume (Nicholson and Henneberger, 1983) suggest
that exposure reductioas in 1974 may have virtually elimi-
nsted the VC-associated risk of liver cancer if the
curreat U.S. standard is met. To the extent that VC
exposure is associated with other cancers, a similar risk
reduction would be expected.

Raynaud's phenomenon, acroosteclysis, sclerodermalike
skin lesions, hepato- and splemomegaly with nomcirrhotic
hepatic fibrosis, and severe portal hypertensicn have been
associated with past bheavy exposures to VC. Evidence
exists that the liver diseaze and portal hypertension may
progress following cessation of exposure. However, all of
the above syndromes were found largely in heavily exposed
individuals. Their occurrence would be much less likely
in workers exposed only to concentrations currently allow-
ed. Pulmonary deficits, X-ray abnormalities, and, per-
haps, lung cancer have been associated wicth VC/PVC expo-
sure. Becausa of the possible contribution of PVC dust to
these findings, engineering contrels during polymer dry-
ing, bagging and usage are warranted.
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OCCUPATIONAL HAZARDS IN FRODUCTION AND PROCESSING
OF STYRENE POLYMERS - EPIDEMIOLOGIC FINDINGS

William J. Nicholson and Diane Tarr

Environmental Sciences Laboratory, Mouat Sinai
School of Medicine of CUNY, New York 10029

INTRODUCTION

Of the major plastic monomers, styrene is exceeded only
by ethylene, propyleme and vinyl chlorid% in terms of produc-
tion. In 1977, approximately 3 x 10, metric tons were )
produced in the United States and 7 x 10" metric tons world- .
wide (IARC, 1979). Approximately 60% of the momomer pro- -
duced was used in homopolymers, largely for the packaging
industry. Other important uses of styrene are in the pro-
duction of copolymers with acrylonitrile (SAN) aad acryloci-
trile and butadiene (ABS). Styrene also finds widespread
use as a copolymer with butadieme in the production of the
synthetic elastomer, styrene-butadiene rubber (SBR), which
forms the basis of approximately 80% of U.S. rubber products.
Finally, it is extensively used as a solvent and cross-link-
ing ageat for polyester resins in the fiber reinforced
plastic (FRP) industry. Estimates of the gumber of workers
employed in the various industries using styrenme-based
polymers sre given in Table 1 along with typical exposure
levels (Tossavainen, 1978). In addition to occupational
exposure, low-level eaviroomental contamination c¢anm occur
from combustion of styrense-based products, as the thermal
decomposition of polystyrene lesds to evolution of the
sonocmer, in contrast to other polymer materials.

MORTALITY -STUDIES OF STYRENE-EXPOSED WORKERS

Studies on the mortality of populations exposed to
styrene are fraught with difficulty because of confound-
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Table 1
Qecupational axposures to styrane

Parcant of Number of Typlecal

aTyTanas vorkars axXposure
Procass © productisn  isvelved
Monowar production 100 10,000 1 =20
Polymar production ® =10 30,000 1~-2

(PS,ARS,550)

Rainferced plascics 20 - 30 200,000 20 - 300
predgccion (FRP)

Polymar processing 5 =10 1,000,000 6.0y =1
(PS,ADS,55R)

from Tossavainen, 1978

ing exposures to other known <carcinogenic materials.
Benzens exposures can occur in the production of styrene
monomer, as the principal production process utilizes
benzene to produce ethylbenzene, which, im tura, is
dehydrogenated to form styreme. Copolymerization invol-
ves exposures to acrylonitrile and/or butadieme, which are
carcinogenic in animals (Huff, 1983). Figally, some of
the additives used in styrene products wmay be carcino-
genic, as well as other chemicals used in facilities
producing styrene or polystyrene.

Only three studies provide data on possible human
carcinogenicity of styrene, each bhaving some of the
- confounding exposures wmentioned above. All were of
groups of individuals employed in womomer production,
polymerization or polymer fabrication, where exposures
vere relatively limited. No data exist on the mortalicy
of individuals employed in the FRP industry, where sty-
rene concentrations were (and are) commonly ten times
higher. Table 2 lists the cohorts observed and some of
the characteristics of the three studies.

As can be seen from Table 2, the large number of indivi-
duals lost to follow-up in the study by Frentzel-Beyme et
al (1978) severely 1limits its usefulpess. 0Of those
exposed, 7% of the German wvorkers and 71% of foreign
"guest workers" were untraced. Of those traced, 74 had
died, 12 from cancer. Only 37 deaths occurred in those
with five or more years of exposure. The overall result
did not demonstrate excess wmortality for any cause of
death. However, the limitations of the study are clear.
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Table 2

Populstion and follow=up charecteriscics of
thrase studias of styrens axposed verkars

Analysis Number of Percent
cohort Parceac dasths of

Study Coumery 3ize tzaced analvzed ctotal

Oct at al. 1980 0sa 1904 97.4 02 10.4

Michelscn ar al. 1378 0SA 560 100.0 83 14.8

Frentzal=Baves et al. GIR 1960 $3.0Gar 73 37
1978 29.0%sr

Minimm Miaigm
exposure lateacy Years
o (vaars) (veasrs) followsyo Yxbagures

Ott st al. 1980 1 1 1940-1975 <10 ppm (N)*
Michelsog et ). 1978 & 10 1960-1975 <20 ppa (5)
Frential-levas et al. 1 s, 1 mo. 1936=1976 < 1 ppwd
1978

b { ) » Estizmatad sverage exposurs

Current nessurament Aftar ioscallation of coutrols

The study of Nicholson et al (1978) successfully - -
traced all of 563 men employed in styreme production,
polymerization and polymer processing who had 5 years of
employwent oo May 1, 1960 and were 10 years from onset of
work in a large U.S. production facility. The basic
mortality data are shown in Table 3 and demonstrate oo
excess wmortality from any cause of death. Analyses
according to years from onset of exposure and calendar
years of observstion did not reveal any pattern of excess
mortality. However, because of the limited number of
deaths, the data can be used only to establish upper
limits of risk. For example, the data are oply suffici-
ent to indicate that the SMR for lywphoma or leukemia is
less than 280 at the 0.05 level of significance and that
of luang cancer, less than 220. While no excess mortality
was identified in the cohort observed, the above publica-
tion mentioned the existence of 7 desths from leukemia
and 5 of malignancy of the lymphatic system among 444
deaths kanown to have occurred in the plant workforce.
While the ages of death were not available for exact
proportionate wmortality calculations, the agumber of
lymphomas -is in line with expectations, while leukemia
sppears to be in excess by as much as a factor of two.
Bowaver, the possibility of high exposures to benzene in
the facility during earlier years weakens the likelihood
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Table 3

Lxpected and chsarvad sovtality expariences of
560 individuals ssploved i3 styrens productics
asd polymarization prior to 1 May 1953, folloved
oD yaarsy after ousat of axpesurs
(1 May 1960 == 31 December 1373

Cause of Daath Lxpected Obsarved DR
All sausas 106.41 L }] n
Cancer 1.0 1? 1 )}
Cancar of the lung 6.9 [ n?
Loukaxis Q.79 1 126
Lysphonas 1.28 b 0
Othar cancer 1.9 1 b ]
Raart and cireulatory dis. 56.1% 52 [}
Respiratory disassas 6.64 1 15
Other causes of deach 22.4) 13 58

——————
Frem Nicholson et al, 1973

of association of any possidle excess of leukemia with
styrene exposure.

The final study of styrene mortality is that of Ott et
al (1980) who described the experience of 2,904 individuals
with potential exposurs to styreae prior to January 1, 1976.
Three hundred three deaths occurred, 292 among production
and nonprofessional resesrch employees. The wmortality
experience for this latter group is shown in Table 4 and is
compared to the expected deaths calculated from U.S. white
male rates and rates from observations on other company
employees. As can be seen, the mortality of styrene-exposed
individuals compares favorably with each group; the oaly
excess of note being six leukemias compared to 2.9 expected
using U.S. rates and 1.6 from company rates. Lymphomas were
also elevatad, but not at an 0.05 level of significance.
Tha excess leukemia was further investigated in an analyis
of cancer incidence in the styrene-exposed population com-~
parsd to that expected from rates of the Third Natioaal
Cancer Survey. In this analysis, it vas found that a signi-
ficant aumbar of lymphatic leukemias (5 observed wvs. 0.26
expected) occurred in individuals who were exposed to sty-
rane (< 5 ppm), ethylbenzene (< 5 ppam), polystyrene extru-
sion fumes, aod colorants. Indeed, four of the five cases
worked in the same general area during the period of time,
1947-1948, although their dates of death and other exposuras
varied widely. Interestingly, there were no deaths of
lymphocytic leukemia among 442 individusls exposed to higher
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Table 4

Cbsarvad aud expectad deaths by cause for total productios
and goo~profassicesal resesrch euployaes (2310 wem), 1%40-1976

Expectad fxpaccad
daachs daaths,
Ohserved U3 white

Company
Causas desths nales SMR _comparisew MR
All causes T 357.8 " 17.6 98

Maligoant neoplasms 5% 64,2 37 [ 3]
Raspiratory system 14 20.8 §7 1]
Digascive syscem 14 18.0 [ 1] &7
Lysphatic and hemacopoiacic 6 4.5 133 X

SYSTER eXCapt leukenmis
207 375

9

0 n 83
4 83 101
3

9

-
w
o

HOoOLUD BNl

Leukexis 6 .
Othar sices bk} 1
Catdiovascular diseass 143 17
1

0

Gr wiB

-

..
[T
O

84 120

Notmaalignant respiracory dis. 12
&7 101

All ocher causes 72 1

-
.
L}

From Oct at al. 1980

concentrations of styrene (5-9 ppm). Because of a lack of a
defipitive exposure-response-relationship and the presence
of possible confounding exposures, the authors refrained
from drawing any conclusions on an etiological relationship.

Iz 1976, nine cases of various types of lesukemia were
identified in two SBR plants and reported to the U.S. National
Institute for Occupational Safety and Health (Meinhardt et
al, 1978). All occurred after 1971 in a population of 5,600
workers. No data were presented on the expected numbers of
deaths from leukemia in the group. Concern generated by the
findings in the two plants led to reports on the leukemias
present in two large ongoing studies of rubber workers.
McMichael et al (1976) reported a relative risk of 6.2 for
lymphatic and bhematopoietic malignancies among employees
producing elastomers, imcluding SBR. However, this was
based upon only 6 cases, 3 leukemias and 3 lymphomas. In a
subsequent case control study of the same plant, a relative
risk of 2.4 was found for the same exposure group (Spirtas
et al, 1976). The difference in the two values reflect the
uncertainties associated with small numbers of cases. A
similar investigation by Monson et al (1978) showed an
excess of leukemia to be present in calendering, extrusion,
tire building and rubberized fabrics. However, the excess
was associated with exposure to solvents and not to styrene.
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Since 1976, considerable interest has existed in poten-
tial carcinogenicity of styrene. This has been heightened
by the data oo mutagenicity and possible carcimogegicity of
styrene and styrene oxide (Huff, 1983). Some suggestive
husan data are available from studies of polymerization
workers and SBR production facilities. The irony of the
situation is that no studies have been conducted of groups
exposed to the enormously higher concentrations found in the
FRP industry. The data available on styrene carcinogeaicity
are such that they can provide oo assurance of safety at
these higher exposures.

CARCINOGENIC RISK FROM COMONOMERS USED WITH STYRENE

The two principal comonomers used in-— styrene-based
copolymers have each been shown to be carcimogenic in ani-~
mals. Of these, acrylonitrile has also been associated with
lugg cancer in humans. In a group of 1,345 male employees,
with potential exposure to acrylenitrile and followed from
1956 through 1976, 8 cases of lung cancer occurred compared
with 4.4 expected from company rates (O'Berg, 1980). Fur-
ther, there was 8 correlation of iacreased risk with inten-
sity and duration of exposure. Among production workers
employed between 1950 and 1952, 6 lung caacer deaths were
observed vs. 1.5 expected (p < 0.01). A second study of 327
exployees of a rubber chemicals plant with poteatial expo-
sure to acrylonitrile identified 9 deaths of lung cancer
compared to 5.9 expected, based oz mortality rates for U.S.
white males (4.7 based on mortality rates for other rubber
vorkers from the same city) (Delzell and Moason, 1982). The
excess was greatest among those whe had worked for more than
S years in the facility. These data, while limited by the
ssall cumbers, strongly suggest that acrylonitrile is carci-
nogenic for humans.

While butadiene has been demonstrably carcinogenic in
snimals (Huff, 1983), no data are available from human

exposurss.
CLINICAL FINDINGS AMONG STYRENE-EXPOSED WORKERS
A variety of symptoms have been reported from styrene

sxposure, dating from the rapid increase in production
during World War 11. Eye, nose and throat irritaties,
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