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TRENDS IN CANCER HORTALITY AMONG VDRJCERSII}I THE SYNTHETIC
POLTIERS INDUSTRY

William J. ¥Nicholson, Paul K. Heoneberger azd
Piane Tarr

Environmental Scisaces Labaratery, Mount Sigai
School of Hedicime of City University of New York
New York, New Terk 10029, U.S.A.

INTRODUCTION

The reactive double bonded structure of ethylene-like
polecules allows 3 wide wvariety of chemicalx ¢ underge
pelymerizaticn. Unfertunately, thisz same_structurs has been
fonnd capable of transformation ta ag epoxide by the mammal-

- ian mixed funetion oxidase system (Bdnse and Eenmschler,

1976). These epoxides or their =zeactive metabelites cacn
bind to cellular macromolecules and may be rasponsibies for
the carcinogenicity of the parenl molecule. Epoxide formas«
tion has been zuggested a3z an intermediate in the carcino-
genic action of vinyl chloride (Van Duuren, 1975) and vimnyl-
idene chloride (Maltoni, 1977), and in the mutageniec agiion
of styrene (Milvy asad Garre, 19876). The epoxides of ethyl-
ene, styrexne and vieyl c¢hloride have been showm to be carnci-
nogenic, as well ax directly outagenic in bacterial test
systemg without the need for activaticn. The potentisl for
¢conversion of ethylene-like molacules o the epoxides is
grester for usaymmetrical structures such ss vioyl rchloside
and vinaylidesme echleride than for symmetyicai structures,
such as ethylene, 1,2-~dichlorocethylene cr tetrachleroethy~
lepe. It ix beyomd the scope of this review to discuss the
structure=activity relatiooships of the monomersy used in the
plastics iodustry. Nevertheless, available data suggest
that carcinogenicity dapends on the setabelism of these
Done®ers to reactive intermediates and that these reacticns
may be non-linear. However, when the setabolisz of a coo-
pound iz understood, a coherent picture of the dose and time
depapdance of caneer should emerge.
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At this time, data are available on both axperimental
and bumaz carcinogenesis from exposure to vinyl chlorids
(VC) and on its metabeolizm that provide information imperc-
ant for the uznderstanding of observed dose-response rela-
ticnships. This paper will consider these dazas on VC in
datail azx they provide estimates of the trands in Zuturse
disesxse potentilil from past exposures and informacion on the
efficacy of currest occupitiopal standards. As human and
animal Jdatas zcoumulate on the effects of exposure to other
monomers, The approach suggested by VO czn be applied to
their evaluation.

DOSE-RESPONSE RELATICHSHIRS

VC is cpne of the best studied chemicals in animal
systems. The magnificent research by Maltoni and zssociates
{1%81}) on gearly 7,000 amimals over 2 tes year period is
virtuslly uocmatched in expec-imental carcioogenesis. A

© principal festure cf their rasults is summarized iz Figure 1

vhich showz the dose-response relaticonship for the percenz~
age of animals that developed hemangiosdrcoma (HSA) of the
liver from &4 kr/day, 5 day/wk, 52 wk expozures to different
concentrations of VC. As cao be seem, the relatisnship iz =
pon~linear one with evidence of saturation at hkigh econ-
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Figure 1. The percentage of rats developing liver hemangio-
sarcema from 52 wk exposures te VO for & bhr/day, 5 day/wk.
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centrations. Hewever, at soocantrztiions of VO less than 300
ppm, a reascmably ligear dese-response relaticonship obtains.

Gebring et sl (1973) have explained the non-linearity
in terms of Michaelis-Mazten kinetics, in whick =he trans- -
formation of VC te a reactive intermediate follows the
egquation, a

V= vmsx{xm + 8) : {1)

V and V  are the rite and maximus rate, respectively, for

. the biotransformarion of VC, § is the concemtration of VC in

iospired air, aod Km’ the Hichaeiis constansz. Km wvas decer-

. mined expeaprimentally Te be 360 pg/I 2nd V_ to be 5,706 pg/h

',3 br. Figure 24 displays the dose-respgnse- relaticnshiyp

dem between the percestage of amimals with liver HSA and the

o quastity of VC metabolized accerdinmg to.Eq. 1. As can be

seexn, a direct liner relationship exists with po evideace of

a threshold or altered slope at low doses. The possibility

of a son-lin=ar dose-responsse relatioaship from detoxifica~-

tiom kimetic steps has been postulated (Gehrimg aand Blau,

1877); and discussed in detzil (Hoel et al, 3983}, but oo

o i evidence exists for such pon=-lipearity in the data ye:

e .- available. Thes unweighted least sgeares regression esguatioa
T for the dote-response ralatiomship is

.'-' iy % HSA = ~0.066 + 0.003¢ V (2

- o [ -+ a0 -
Percent »=Q.068 » C.OQ05%YV Pramt » 9. 28 x1.310iog¥
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Figure 2. Linesr and probit dose-respanse relsticnships for
the guanctity of VC metabolized/&4 br exposure (5 day/wk,52 wkl}.
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Gekring et al (1%78) fitted the early data of Maltoni
and lLefemine (1975) to a leg-probir model. Figure 28 shows
the log-probit ploet using all available data from the stud-
ies from Malteai et al (1981). The unweighted laazr cquares
regression line is

Prebit = 0.24 + 1.01 log V (3)

While such a plot £its the observable data (22 = 0.68), the
linear dgse-response relatiocship fits the data somewbatc
better (" = 0.77). Further, there is very limited biclogi-
¢cal ratiosale fer the use £ a log=probit relationshipia
carcinogenesis and its use as a peazs of extrapolation to
predict effects at very low exposures would appexr £o be
more an act of faith than of sciepnce, On the other haad, a
linear dose-response rtelationship decween the incidence of
HSA and the gquantizy of VO wzetabolizad is biclogically
plausible and fits all available data. Itz use is strongly
suggeszted. e

TIME COURSE OF CANCER P

Mueh of humsn cancer has been found To follow a power

‘1aw relationship with sge (Armitage sad Dell, 1961; Cook e

al, 196%), :

R = be¥ (4)

where R i the incidence rate of cancer st a specific site,

t is age, and b and k are cozszants specific to site. Ia
getsral, k is between 4 and 6 for most epithelial malignan~
cies. While data for exposuzres to specific carcinogens are
limited, bronchogenic carcinema £rom cigarette smoking and
mexothelioma from azbestss exposure also follow a power law
of time from ecnoset of exposure witd ao expogest betwean 3
and 5 (Doll aogd Peto, 1978; Newhouse and Berty, 1978; PFeto
et al, 1982). These findings have been interpreted in Terms
of @ muitiztage model of carcinogenesis, the implications of
which have been dJdiscuszed by Pete (1%77), Whittemore and
¥eller (1978), and Day and Brown (1980), ameng others.
Deviaticns from the above time course ocour with expesures
£o carcinogens that iptevact synergistically, such as asbes-
tos and cigaretts smokipg in the production ¢f lung cancer.
This interaction can be iocorporated in the mulsistage mo-
del, but 3 more complicated relationship obtains. However,
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for a rare tumor, suchk as HSA, ipterzctive effects pay oot
be impertazt and a power law relatienship should adeguately
describe the time courss of risk fsllowing axposure,

Some data are availadle from the usas of Thorotrast ia
Japan 2nd Deomark that indicate the incidence rate of HSA
doas follow Egq. 4 (Mori =t al, 1579a; Mori et al, 1579b;
Faber, 1978). The material was used in these couptries over
4 limited period of tima, s¢ thea ipcidence per calaandar yeas
and estimates of the population at risk can be used to
estimate incidence rates by time {rom onset of exposure,
While the data are very limited, they are copsistent with
power law depandence of risk and suggest an exponent of ap-
proximately 3. Three is alse compatible with the imcidencs
of liver HSA in the mortality study of polvmesizatioz work-
ers described elsewhere in this velume (Nicholson et al,
1983). However, ooly nine cases are available for agalvsis.

PROJECTIONS OF FUTTRE HORTALITY FROY PAST VC EXPCSURE

Suffigcient data have accumulated*~on the pattara of
mortality from past V( exposures to allew an estimate futurs
mortality £from these exposures of using & linear dose-re-
sponse relaticaship and a time course for risk of death from
liver HSA given by Eg. 4. Tigure 3 shows the pumber of
cases of HSA according to varicus measures of time thar have
bepgs ideatified in che United States, Western Europe aRd the
world (NIOSH, 1%82)}.:- Tha distributions showz in Figure 3
ate the result of the exposure o VC of various groups of
individuals in differant verieds of time gince 1935. Egua~
tien & indicates that the ipcidences (oot incidence rates)
according to calendar veawr, vear of expesure, and year fzem
onset of exposure, respeciively, sre:

= k -
Ij = izj c; Cieq rj(uqu) e (52)
= k .
I, = ¢ j§1 Tieg Fj(Ho::) , . (58)
k .
Tiog ® tyay T € Fy(tozs) . (5¢)

wherse i represests the quinqQuenium of exposure and j, the
quinquenium of cbservatiom. i zuas frem 1 to 3, represenc-
ing the years 1935-1%76 amd j £from 1 te 9, extending Ths
chaarvations through 1979, The F_(Mort) are the appropriaze
age and calendar vear adjust.me‘gxs te the population iz
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Relacive valuss for thae £.'s caz be determinad from twe
sets of data. The first is the incidence of HSA accerding

to calendar period of first exposure (I;). Here the { 's are

direetly proportionsl to the ingideace™ in a given calendar
period and available data are sufficient to establish rea-
sonable wvalues of C, for the time periocd 1235-1955. Addi-
tiomal dats oo C 2n be developed from published data onp
the productiecn ofiVC wonome=, TFigure 4 displays the avail-
able informatiox ot production ip the United States (5.F.I.,
1975~1978; U.S. Tariff Commissicn, 19%48-196E) and Wwesterm
Europe (Q.E.C.D., 1%¥71). A f£firzt approximation to tThe
population expasure in different yvears would be te cousider
the C.'s to be proporticnal to Y€ production. However,
average VC concentrations changed over the vears of comcerm
{(Table 1) and an adjustment for the different relative
exposures in Jdiffereat Times must be made. This adjustment
is indicated ip Tadle 1 and on Tigure &. Further, an ad-
justmeat wmust be made to take inte accoeuant the difleren:s
pumber of workers requizs=d to produce § metric tox of VL in
different time perieds. As it would be expected That moze
workers were employed per toane of VC preduced during eax-
lier years, an adjustment is required te account for produc—

 tivity. Ipitial estimates of this factor are zlso indicated

in Figure &4, The relative populaticn exposure, taken %o be
the product of production, the workforce proguctivity ad-
justmens, and the exposure adjustment is shown by the solid

H] 200 3 Svmipar 0
Unslad - - a watlyrn
o zp Sm T Jase T o4 zh Eerem { 200
w " &
§ wc?r 4100 L § [ L) 4 oo
- &
T st 150 § e FIFY-]
o w
> — >
. 3 z0 5 I F1-]
s PR g ALY e
: * w € 1/ 2 PN S rveatd
£ 3 |"‘..t.tu-n'5 x b L T ord Lt e 13
§ ':“" = S ! 2/ 18 1a 1 L TR
= 2} O 13 t8 14 Ly LA LT 2 : = zt l:
17 ' = wr L T ¥
[ -] 10 K e 4 b | =]
SALENDAR YEAN CALENKDAR YEAR

ARELATIVE Poin ATIGH £ XFOSHNE

Figure 4. The production of VC in the U.S, and Westera Eurcpe

along with =xtimates of the population exposures to VO poly-
merization workers in different calisodar periods.
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Table 1

Mgasurad and ssticitad axdosufes to vinvy]l ehicrids
Lo POlVvoeyizaTion WOTKErs it various TCile pariods

Approxi=ats

Calendar A Yinrl chloride axvospres (oze) Talgtive

Fariad Bgtnes (19767 Oct &t al {(1$75) Suciu «t al (1975 aexposurs
Bafors 1350 1000 5
1950=54 1000 100 - 409 3
1953-5¢ 400 - 500 100 = 400 3
1960=6L a0 - LO0 o - 80 208 - 900 2
1965=-4% 300 - 4Q0 20 - 80 Wk - S0 - 1.3
1970=74 150 - 300 Ll = B -1

lines acrcss =3¢h quinguenium. The dashaed lines across ecach
quinquegium during earlier years agze those determiced by
fitriag the observed HSA incidence to Eq. 5a and matched to
the value estimated from production data in the quinquaniuvm
1955-1959. As caz be seen, the comparison of the twe sets
of dats suggestad that the populatico exposure prior te 1960
wazx glightly lezs in some quinquenix thal} that estimated by
the use of the adjustment factors indicated 1o Figure 4.

-

The procedure of estimating ths relative values for Ci,

particularly in the years aftar 1960, ig clearly an approxi-

mate one. To congider how sensitive any projections of
future moertality are to the cheiges of C.'s, altermaces
choices azzre shown bdy the light solid lipes *in Figure &a.
Any realistic estimates of the C.'s amust lie betwesn the two
lizes. =

Relative values of I, aod I, . were calcylated using
the relative valuet of C. shewn i3 Figure 4, values ef k
between 2 and 4, and adsslute values decarmined Py matching
te the incidence data of HS5A found in Figure 3. 1In this
calculation, the age distribution used for time of first
exposure was: 15-19, 8.5%: 20-24,° 26%; 25-29,726%; 30-34,
15%; 35-3%9, 11%; &0-44, 7%; 45-49, 4%; 50-54, 2.5%. This
diseridbution was that of 740 VC workers examined by Mounz
Sixsi School of Medicine persconel during 1974, The pattern
of duration of ezpleyment was assumed to be & decreasing
exponential with az average ezplovment time of 12 years.
Thizx correspoads to typical patterns of emplovment fex
iong=term workers in the chemical industry (Nicholsoz et al,
1582; Wong, 1982). Separate calculatiens were made for the
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Uoited States and Wwesterna Eurepe. The rTesultszs of this
procedure, combinizg tke data for the United Stactes asd
Wastera Eurzpa, are shown in Figure 5. As cas be seen I. .,
the incidance according to years from pnset of exposur@ is
best fit by a value of k = 2. 4 valne of 3 is compatible
with the data, but values greater than & can be ruled outl.
I. iz relatively imsemsitive to the choice of k, but a valus
of & fits the dara bes:.

An incerestiog festure of this calculatien iz that the
separate determination of the C.'s for Western Eurepe and the
United States indicatet that populaticn exposures per
tonne of VC produced were approximately four times greater

iz Western Eurepe than the United States. This would zug-

gest that more intense exposutes sccurred "in some Eurcpean
plants or that more workers were expozed per’ tonne of VC
produced.

. 157 8 N d
n n L
2 [ I
“ o 1% l - -
% 2 |
-3 { &, ' i
= =
CE =
g 1 X s ; -

. - E ! ; I i

3338 ey 3539 K368 G oA 2O T4 3074 ac-a4
TEAR OF FRST EXPOSURE YEARS QF EXPQSURE

E‘QLC t‘——j Sao-c . l f‘
% 10 | ‘é’u- . LA \
$ .0 1 8l ' / 'I'l x
i b . N
= : - .
'§l0 4 g sr - : .
= 1

avas o alm sxe 1379 o4 T4 T04 3034 . 404
YEAR OF DEATH YEARS SINCE ONSET OF EXBOSURE

Figure 5. A comparison of the calculated incidence of he-
mangicsarcoma of the liver with that cobserved in the 4.5.
and Western Lurcpe accordimg to several time criteria and
models for calculation.
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One sear of data that differs sigpificantly from that
calculated is the distribution of cases aceording to years
of V{ exposure. As menticoed previously, we assumed the

discributien of eamployment times in the VC industry would be,

& decreaging expepential with a mean employment time of 12
years. The significant deficit of cases with employment
times less than 10 years suggesw that the available infozma-
tion on duration of VC exposure may pot be coyrect, that our
aszumed amployment distribucion may be iz error, that there
may be 2z underazscertainment of cases with shorter exposures
or that there may be properticnately less risk for shorter
aexposures than would be predicted on 2 linear dose-respoase
relacionship. It should be menticned that duration of ex-
Plovment is zot an important variable in azsesszment of popu-
lation rizk. Shorter employmapt times would bave required
@oTe men to be exposed, but their average exposure would be
preporticnately lower.

Using the values c¢f C.'s determined by the preceding
analysis and wvalues of k from 2 to 4, the mortality f-om
liver HSA is calculated to the year 2040, using Eqg. 35a.
These data are listed in Table 2, ssparately for Western
Europe 2und the United Statses. Also shown iz the data for
the United States are projections using-values of C.'s indi-~

,cated by the selid curves of Figure 4 and projectic assum~

ing that ths risk of HSA will ipcrease quadratically with

age cf exposure. This age dependence was suggested by expe-

rimeatsl results of Groth et al (1981). ,We also coasidered
a eime coursze for HSA that inmcreased as t” for only 45 vears
and remzined constant thermafter. Ax can be sa&n, the pro-

Table 2
Protections of mortalicy i= rhe O=ized Staces

and Vemecerm Furaoe ta tha vear 2040 Z-om

Zrpoasures o winyl chlioride prior ta 2875
Total Projecced Mortalizy

Model - Outsad Staras® Daszars Erc‘aab
t: 190 543
E 40 119
- &30 ‘ 2780
ey, co 45 yaars ftcm onsar of axposure 1a 1120
t3,. cppar exposure turve, Tig, & 240
€3, lower axposure curve, Fig. & (3
e, + age? 260

: 16 deashs have cecurred threugh 1979
39 deazhs have oggurrad through 157%
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jected pumbers of HSA for the United States range from
200 to 600 and, for Western Eurcope, f£rom 550 to Z,800. {The
greater range for Europe is the resul:t of the more recent
usage of pattern.) The most probable projectien for future
digsease is felt to be thkat represented by 3 power of 3, 2
choice suggested by Thoratrast data and the wvery linited
portality dats oo HS5A in the stndy by Nichalson et al (1883).
Lower wvaluas are al:o reasopable, but the £it to the data
would yuggest that the use of a power of 4 may be inappro-
priate.

Qbviously, many caveats exizt Iin the consideratiozn of
these projecxtions., The estimates strongly depend upon a
reasonable ascertainment of cases Through 1379. The concerns
for VC-induced HSA in racent years would suggest that asces-
taipment wss fairly good, at least for loag term employees
aod pensicaers. However, some cases in short term vorkers
may have baen missed, The projections alse depend oz the
chaices af the C. and thes k. We have projected mortality
hased on reasonabls choicas for these paramsters, However,
other choices cazzot be abgolutely excluded. While thase
untertainties exist, the data indicate thav, withip & ficter
of 2 or 3, future HSA mortality from exposures prier o 1375
will be adout 350 deaths in the United States and 1,200 in
Westera Europe. TFurthar, these deaths will ocgur io a
relatively samall population. Ion the Unitsd States, the
group at highest risk weuld be comprised of fewer than 5,000
individuals. Among thixs heavily exposed group, ESA wmay
account for 0% af all deaths {(Nicholaen et al, 1583).
Clearly, amy iotervesotion technigues that might be developed
to reduce thisy projected risk could be efficiently applied.

OCCUPATIONAL STANDARDS FOR VC

‘Wicholson et al (15E3) have shown that-livar ESA aceounts

for at least 50% of &1l VO-induced malignspeies. Thus, it
would sppear that average exposuras of 200-500 ppm in pre-
vious years will lead to 1,000-4,000 excess capcer deaths in
all workers exposed to VC in Western Europe and the Unirved
States prior to 197S. If s standard of 1 ppm is met, the
average exposure of all the workers would be betwaen 0.2-0.3
PPm, 1,000 timexz less thas thet which existed previouzlr.
One would expect the VC-induced maligmant risk to be reduced
by e corresponding amcugt. This izmplies that, if the VL
induscry complies with a 1 pom standard, cancer from emplov-




@

ment therein would be wirtually eliminated. However, there
will still zeaain 3 risk of developing HSA of the crder of
10 per individual for & working lifetime, based oz a
United States or European workforce of abouz 10,000 workers.

SMMARY

A high rizk of death from liver HSA haz been documented from
Past expesures to VC. Similar o other carcinogens, the
risk of VC-izduced liver HSA appsars to increase ag the
second or third power of time from cnsat of exposure, Iz ix
possible to preoject future mortality using this power rela-
tionship, estimscegs of VL exposure, and observed morzality
o £o 1980. These projections guggest that 200-600 deaths mav
. occur in the United States and 550-2,800 ic Western Europe
' from liver ESA. These preojections also suggest that a 1 ppo
standard in the VC industry will go far tc protecting wvorkers

frem future malignant disease,
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QCCUPATIONAL HAZARDS IN THE VC-PVC INDUSTRY

William J. HNichelson, Paul K. Henneberger and
Hezbert Seidman.

Egviroasental Sciences Laboratory, Mouwont Sipai
School o©f Hedicine of CUKY, New York, New York
10028 (WJN, PH) and American Cancer Society, &
W. 35th Street, New York, New York 10001 (HS).

INTRODUCTION

On Japuary 24, 1974, The Wxll Street Journal publigh-
&d an article describing the occurrence of three dsaths
from hemangicszarcoma of the liver ameng polyvinyl chloride
{(PVC) production workers at the B.F. Goodrich Tire and
Rubber Company plaat in Louisville, Keotucky. This annhoun=-
cement shattered the relatively complacent view tToward
healthk effeets associated with plastie production in
general and PVC producticn in particular. At the time,
U.5. and Western E!éropezn production of wioyl chleride
(VC) exceeded 6 x 10 . metric tons. Numergpus mortality and
clinical studies were undertaken in the major producing
countries in an atfempt to establish the exteatr of the
carcinogenic risk and to identify clinical parameters
useful for surveillance of exposed groups. BEecause of the
immediate concern in 1974, most af thess studies were com-
pleted between 1974 and 1977. Severazl reviews aod sympo-
sia on human health effects from VO exposure have been

‘published recently. A superb ane is by Lelbach and Mar-

steller (1981).

The exposures were high that led to the disease
observed in these various studies. Typical coocentrations
in the industry were estimated to be about 1,000 ppm prior
to 1955, from 300-500 during 1555-157C, and from 100~200
during 1970-1974 (Barzes, 197¢). Heowvever, variatioanx from
such exposures would have occurred in specific plasss
(Rowe, 1975). While historical average expocures were
generally less thaz 1,000 ppa, peak exposures often ex-~
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ceeded 5-10,000 ppm (where workers lost coascicusness)
and, on occasion, 40,000 ppm (where plants exploded).
During 1974, exposures were reduced to about 10-20 ppm in
the U.5. industry (Jonesz, 1931) and even further, follaw-~
fog the promulgation of a 1 ppm standard by the Occupa-
ticnal Safety and Health Administration in 1974,

MORTALITY STUDIES OF VC-EXPOSED WORKERS

Table 1 shows the populations cbzerved and the follow-
up characteristics of twelve cohort studies of viayl chlo-
ride exposed workers. The studies were independent with
the exception that the portions of the pepulation reported
in thp Egquitazbile Envireamsntal Health Study (1878) were
included iz some other Y.S. studies. The proportionate
mortelity study of Momson et &) {1974) is not included as
the VC-exposed individuzls =ztndied therein were included
in the cohort mortality study of Waxweilar et al {1976).
The size of the cohorts varied greatly, from 255 in the
study of Nichkolson et al (I1875) to¢ %,.577 in the Equitable
Eaviroamental Health study. A notable  feature of all of
the studies iz that the pepulations followed were rela-
tively young or recently esployed, aven though many plants
in the studies started production im the 154Gs. Most
workers were hired afger 1950, when U.S, snd Western
furopean production increased sixfold in e years
(Nickolson and Henneberger, 1933). Thus, few deaths
oceurred among most of the groups observed azd data on
effects 25 pr more years from onset of exposure are li-
wited. The total mortzlity exceeded 10% of the obaerva-
tion cobort in ozly thres studies. TFurther, the igeliusicno
of recently employed individuals or those with short
‘employment diluted the effects from VC exposure. Ounly
five studies limited comsideration te individuals with
more thsn one year of exposure. In all cages, however,
-some individuals with more than 20 years from onset of
enployment were svailsble for observation.  The follow-up
terminated in the mid~1970s for all studies.

Table 2 corppares the resultx for cancer of all sites
and chronic¢ liver disease in all 12 studies. Capcer is
elevated in most of the studies, although it doss not
achieve a2 0.05 level of significance except in the studies
by Waxveiler et a2l (1976) and Nicholson et 2l (1375). Im
the szudy by Ots et a2l (1975), a highly exposed subgroup
with 15 years latency bad 8 cancer deathz compared to 3.2
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Tavla 2
Obgarved and axvectad dsaths amnng vinel

chloride sxposed vorkers iz twalves studies

Caocer of all sivas Chronic liver diggass
_ Deaths . Duathe
Seudy Ohenr. Expac. byt Obasz. Expsc. MR
Barzazzl at al 30 30.9 97 L - -
Juffler at al 3 5.19 1sé Q - -
5 yr. lacsoey & .36 133
Frras ac ol - - - 1] - -
Duck ar al s 35,44 1] - - --
Fauitable 139 161.3%  1qém . 14 25,41 S5+
Fox & Collier 115 12677 91 Y 262 37
Mapuda s 5.8 18 s .00 s00t
Nicholasn 9 1.9 230 1 (0.8} 167
ocx et al 13 5.0 sl 3 -2.7 m
18 yv. lacency 8 9.2 98 ‘
Raial ar &l 9% 9.4 112 lt i8.4 82
Therianlt & Allard 20 i6.37 12 - - -
Varvailer at al 35 21.5 143+ 2. 40 L1+
15 yr. lazsscy 31 15.3 186+ s
* Adjusted for ugkoown.causes of daach _
() = Egcinatad as & parcantxge of 1.5, rates . .
+ p« 0.08 .
« pe< Q.01 Lo .
x MR of control populacion squally high .
- )t.- . -
= - ~ -
i expected {p < €.05). The absence of zignificant findings
Yo in other studies may be attributed co their low power.

The study of Bertazzi et al (1975) msy be biazszsed beciuse
of low follew-yp in the groeup, Fourteen percent of the
population were untraced and person-years at rizk were
.esleulated for thaze individuals as if they were alive,.
The low SMR of 44 for all causes of death suggests that
proporticnately more daaths occurred in untraced groups
thaz iz the traced. The studies by Buffler et al (1979),

at al {1976), Maauda (1979), and Theriault and
Allard (1981) bad very fev deaths available for snslysis.
That of Ottt et al (1975) alsc was limited by the gumber of
deaths and further by virtue of a study group with rela-
tively lower exposure (through better induszrisl hygiene
control). While having mors desths zvailable for snalysis
(136), cthe study by Duck et al (1975) was significantly
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diluted Dby the inclusion of maay individuals with very
shert and recent periods of exposure.

Turniag to chrenic 1liver dJdiseasa, one remarkable
finding is the zbsence of zignificantly eslavated mortaliry
from this cause in most of the populatiocns under observa-
tion. The only study with a significant elevation is that

"of Masuds (1979) in which five deaths from chronic liver

diseaze occurred where only one was expacted. However,
this must be considered in the light of an equally high
mortality from liver diseases (& cbserved vs. 1.4 expected)
in a compariscn population followed for coatrel purposes.
Five of 62 deatks from chropic liver disesse seen in.the
study by Bertazzi et al {1979) are unusual, but the lipi-
tations of this study acd lack of details make evaluation -
difficult. The generally benigo results in other szudies
contrast sharply with the gevere liver disease from VC
exposurse decumented in clinical studias (Marstaller et al,
1875). Fepatcmegaly, bepatic fibrosis, portal hyper-
tension, and bleedipg esophageaxl varices have comzonly
been found in individuals hesvily exposed ts VC, aven
without concomitant exposure to alcohal.~

Table 3 listx the mortality data for primary cancer
of the liver and biliary passiges and for cancer of the
lung, traches aod bronchus. In the case of liver cancer,
the overall data are consisteat 2nd dramstic. Heman-
giosarcoemas of the liver were fcund in eight of the twelve
studies, In each of the eight, a very large and highly
significant SMR for liver cancer was s&en. HMethodological
limitarions can account for negative datz in the other
four studies. The 1large SMR's observed, however, are
largely the result of low values for the expected opumber
of cases racher than a high ioeidence of observed caxes.
Cnly 29 separate liver bemangiosarcomzs were idantified in
all twelwe studieg. Az the overall excezszs number of
deaths from liver and biliary cancer iz zll studies was
47, some hemangiozarcomas may nmot have heen ldentified.
Tha low numbers must alsc be coensidered in light of the
limited follow-up timex in most studies. '

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




Tadle 3 B

. Oy saTved and sﬂcud deachs from nltl:nd uun-is
among vinyl chlofide—axpoded WOTKATS -

v

Gancur of tha " Cancer of tha Jung,

liver and biliaty passagpes praches mnd Bronehus
a Semangio~
Obs. Exp. fra g AETCOREE Oba. 2xp, MY -

Partaszzi s .o we™ 3t 3 an© o
ol - Bufflar , o (6.17) - o s . L1 9
L 5 yr. latemcy R ) & l.et k31
o Byren . & e.w®t ast 2 3 ST 1se
A " 10 yr. latemcy & 0.48 o -z .. iz
LT Duck - -— - T gl 36 271883 192
. . -. . . 19 yr. laceacy - & 10.65 13l
Pt Equizable 10 (6.3 (=" 'S 45 Téel.29 w07t
15 ¥r. lateacy &l a7.p L34
Fox and Collier & 0.71 s63 ™ . 2 L6 5.2 50
15 ¥r. latency m Wm0 108
Masuda 1 0.6 147 ] ~ 1 (e.8 (2253
P Nichelson 37 (gan @ttt 3 o (1.1} -
AR a Ut e - o - (.5 -— ‘- 0 b(87) 252 TN
g Rasal 12 0.9 123 7T & 22 F726u st
Tharisulc ] (0.5 mw”‘-‘ s BBt B/ a5
i e L5 yr. lacazer : d L ia.33 [+
;& Haxveiler T 0.6 1138 ** 4 1z - enT 158
- AL 15 y1- Laganzy 7 0.k 1606 “ & 1Y 4.7 1947
. ‘?-f ) Taral of agaduplicated hamsogiosarcoass 2%
. - - < 0,05 o
. r - ¢ n °; RS
+* < 0,001 '
. a ALl warifiag liver camcet iu:h:. iesluding chose uuhlulud by
R . tayier «f all availsdle informatiom. | ‘s
pra v L 3 () = Ixpected daaths sszimaced om tha huu ot 1!50-1!69 v.S.
et . sdiuaced cacas, ICT 133/1C0 1ebed0d. .
et e () = Expacced danchs ‘estisated o The huu ot ut:unal sgx adjustad

ratan, IC0 LE2-163/1CD Jig=208. |
d One hemsagilosazcoma eccuzied in & VR h.'-ﬂ.r.nor.
Includes cancer of the paccraal.
{ asjusted for yninowm causss of deach.
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studies. Ocoly twe have an B0% power to detact ao averail
rizk of 1.5 {(Beaumont and Breslow, 1%581). Of signifi-
cance, however, are the very low SMR's in the groups'
studied by Theriault and Allard (1581}, Reinl, et al
(1979), and Nicholson et a2l (1975), coberts thst would be
expected to manifest 3 high risk on the basis of the many
hemangiosarcomas that were found. The four laggest stu-~
diex, altkough in some cases limited by ipclusion of
short-term and recently employed workers, alse are note-
worthy for the SMR's cloze to 100. Where available, data
on subcohorts with lenger latency (> 15 yrl suggest some
iacreazed rixk.

Waxweiler et al (1981) undertock a detailed analysis
of the exposure of those with lung cancer in their previ-
ously publizhed study (Waxweiler et 'al, 1578) ig an at-
tempt to ideptify particular etiological zgents. The
analysis used a serially additive expectad dose model
(Smith et al, 1984) in which a2 dose measure Jduring =ach
vear of axposure was accunulated for each study individual
for a wvariety of potentially carcinogenic agents. The
cumulative dosex for these with lung dancer were compared
with those of ctker individualx in the plant under study.
The results showed that the greatast correlaticn of lung
eancer was with expesure to PVC dust. Secondarily, expe-
sure ta wvinylidens chloride sppeared to be important, but
only for large cell and adenocarcinoma. The serially
S additive dose for VC moncmer diffarsd lictle in thoge with
Sk, lung cancer compared to athers in the plant, except,
; < possikly, for large cell cancers.

e Thus, evideace o date deoes not establish that VO
@Avnomer iz xa important lung carcinogen in expesed worker
populations, although it is recognizad that limited long-
term observation has 3o far been avaiiable. Io all stao-
dies considered here, a zlight deficit of cases wax seen
compared to tha number expected. In the subcobhorts with
wore than 15 vears frem onset of exposure, an overall
axcess of 10% was obsarved. If, Iin addition, ocne conzi-
dexrz e "healthy worker effect,” any excess lung cancer
would xtill be copsiderably lesx than the excess of liver
capeer. A gualification te thiz conclusion is that no
ztudy specifically considered cigarette ussge. If cigar-
etts zmoking was much legx common among VE workers than
the gensral population, higher SMR's would bave been seen
if zacking specific data were available. However, this
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possibility is unlikely, considering the many different
populations studied. The uncertainty in bhumap datas is
alse reflected io animal studies. Iacreszed lung cancers
have been seen ip mice but oot iz rats or bamsters (Maltoni
st al, 1981). )

Tadle & “shows the results for brain aod ceotral
Dervous system cancers and for capcers of the lymphatic
and bhematopoietic systems. Cancers of the brain and
central nervous system were significantly elevated in a
aumber of studies, although the results differsd conaider-
ably zc¢ross studies. Again, pegative data may be simply
the result of limited lomg-term follow-up or the iow power
of the szudy. In such cases the information is only
sufficient Lo set ap upper limit on relstive risk of brain
cancer., Inx contrast to lung cancer, however, the largest
study group bas s significantly elevated risk of brain and
central wvervous system walignancy. As with lung cancer,
the data on brain and CNS cancer in azimals are equivocal.
Necroblastomas and brain malignsncies zre cbserved in rats
exposed te V€, but not among mice or hamsters (Maltomi et
21, 1981)}. The human data are alzc “mitigated Wy the
recent finding of bdraiz azd central nervous syatem tumors
in a wvariety of chemical plact exposure <ircumsiances
(Alexander et al, 1980; Selikoff et al, 19B2). Excess
brain malignancies, but oot the etioclogical agents, have
been identified in several Texas and Leuisiaos chemical/
petrochemical planta. VO exposure wazx documented for socme
cases, but it could pot 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 sgents caonot be excluded. TFurther,
£t hsrz been suggexted that some working groups, with
eaployer-paid sadical plans, may have better case ascer-
tainment cthan is generally available {Greeowald =t al,
1981) and, thus, more brain maligoancies identified. In
‘agy case, the number of excess malignapcies of the brais
and central aservous system (approximately 10) in 2ll
studies is considerably lessz than the aumber of hemangisn-
sarcouss identified in the same populations.

Sikilar results are cbtiined for malignanciexs of the
lymphatic and hematopoietic system. Here again, the
apalysis is limited by the few Jeaths and disparate re~
sults which sccurred in different studies. COverzll, there
would appesr to be an elevated risk, but the inflvence of

e
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Cbservad sand expacrad deaths from yelacted causas
smong winyl chloride sxoosed warkars

Canenr of the brain & Cineer of r.hc"lm. hazic
cenprxl =arvous svicem 1od hemscopoieric FYNIAL

Ohser. sct. SMR Cbser. Txpect. MR

—— 1 (0.8)* 128 & g am
Buffler e (0.1 - o (0.3 -
Byres z 0.3 e2t 0 - -
Dusk - - - - - -
Equitable 12 s.90 203" 20 17.01 124
Pox & Collier 2 3.56 58 3 9.01 100 -
Hasuds ¢ (0.18) = e 0.5 -
¥ichalson 1 @.1y 000} 2 {0.4) (se0;
-] i 0.4 | (250) 1 {1.52 (63
Raial 2 1.3 162 1% 7.7 2347
Therianlt 0 0.6 - - 1 1.67 60
Vasuatler 3 0.9 329, & 2.8 189

15 yr. lzcmmey 23 0.5 498 -

+ = 9.08 .

=+ < 2,01

T ()= Expectad sstiamced from the r:r.:.é of zge standardized
U.5. Tacas 15D 193/ICD 140-205,

' ¢ ) » Expected sstimatad fro= che ratio of 19%50-1969 #.S.
ratas ISD 200=-204/ICD 140-250.

-}

confounding exposures practludes definitive statsaments.
The overall excess of such malignancies (about 10) is also
much less than thoge from primary hemangiossrcomas of the
liver. '

, EFFECT OF REDUCTION QOF EXFOSURE 1O ve .

As aentioped previounsly, "nu:bt.' mortality studies

" followed populatzioms oply to the 1972-1975 period. No

data exist on the risk to previcusly exposed populations
after cessation of expozure in 1974, slthough hemangiosar-
comsg Lave been noted among retirees. We have recantly
completed a follow-up through 1981 of the populatics
reporrad iz 1975 (Nicheolsox et al, 1975) te determine
whether a bhigh risk of liver cancer continues, following
sigaificant reducticn in exposure, The original group




employed at 2 VC pelymerizaticn plant iz Niagara Falls,’

N¥ew York, has been expanded by 4D additional workers, all
" exposed for five years, who achieved ten years froam onszet
:._. . af erposure subsequect to April 1974. Additieaslly, 195

- '“individnnh ezployed at & VC polymerization plant in South
Charlesten, West Virginfa, with five years of exposure and
ten yeasrs from onset in December, 1966, were identified
and traced through 1%80.

Table 5 lists the observed and expected deaths by

csuse for both groups with the deaths occurring after 1974
separately identified. (Theze sre preliminary dsta; full

Iable 5

o o chaerved mnd sxpacted deschs awong

. winyl chloride polymazizaclon vorkers
" Hizgurs Ta M = 394}
{January 1, 1956 = Dacasber 31, 1741)

Ohaarved -~
Cause of deach Sherd  To=31 Tartal Zxoeceed o

All cxusas 24 20 [ ay.87 108
All exncar & a 18 5.4% 172a
Lung 0 F 2 .25 a2
Calon/recrm 1 2z 3 1.3 26
raf Lo Brxin [ [+ -1 8.7 3
¥ Liver 3 2 § 0.1y 3t
L 2 i X 0.35 . 434
Panrrans 1 Q 1 0.50 1= ]
Sivehoais of liver 1 1 2 1.6 142
4 Cardlovascular disessa 13 s 2 19.88 106
Srueh ﬂurhuon, O (¥ = 154}
(huﬂar PN T = Decumd Nt » 1H83]
umﬂ
Laaua of Jesch 1] ta:ﬂ. Expeccad
Al cimsas 14 iz % ad Tk an
ALl cmacer 2 1w 2 10.43% «-,--iu:-
leag 1 1 2 k07T Tt e
ity - Colon/Testim Q a [+] 1.2 —
T N Sruis -] .0 o 0.4% -,
AR Liver [} 1] & 3.28 11
T Lywphous o .4 a Q.39 —
Toperass -] L. 1 0.67 - 150
Cirrenis of Liver -] 1 1 1.8 13
Catdisvanenlar distusa 10 H- | i) 2T.24 T3
. —————
. e p= 0,05
b p< a.00L
& p v Q.000L

CHA 00740,

@

@




pathological review of all awvailable specimens has not
been cempleted.) Ameag the &4 Jdeaths that gccurred in the
Niagara Falls cohort, & wvere from primary cancsr of the
liver, including 5 hemangiosarcomas. Three of the heman-
gicgarcomas occurred inm the period pricr to 1574 azad 2
subzaquently. Similar findiags occurred smong the smaller
group in West ‘Virginia. THere, of 36 deaths, & were from
bemengiozarcoma, 2ll of whick occcurred subsequent to 1574
Thug, the risk of necplaztic VC dissase continues uadimie~
nighed, even though expasures o Zhe mopowmer have baen
significantly reduced. The combized dats from beth groups
are shown in Table 6 and demonstrate an excess risk of
cancer, whichk isx totally accountad for by the encrmously
inereased risk of liver maligmancy observed in each time
from onset of exposure category. The excess lymphomas
which achievad significance at the p < 0.08 leavel im the
Niagara Fxlls group loze significance when combioed with
the data from South Charlasten. A daficit of lung capcer
wax obsayved in hoth study groups and brain malignancies
ware about equal to the number expected.

It iz not cextaio whether the resbhlts of these two
plants will ba raflectad in the rasults of other plants in
future years. The Sourh Charleston plant was the first
facility to commercially proeduce VC. The New York plant
opened impediately follewing the cessation of World War
II. Thus, wve are observing effects in populaticons that
ioclude many individuals with long times from cnsec of
expoxure. There is no information on whether the expo-
sures in these twe plants were sigonificantly difierent
Irom those of the majority of ether VO polymerization
facilities. It is known cthat pre-1974 exposures in the
New TYork plant were sufficiegily high tea cause lass of
conscicusness to some individusls (4.5% af thoxe examined
in the clinical survey of 1974) (Lilis =t al, 1875).

MORBIDITY AND CLINICAL FINDINGS AMONG VC-EXPOSED WORKERS

Clipjcal abnormalities from V¢ exposure predated Dby
2% years the documeatation of its carcinogenicity. Vari-
ous VC-related aboormalities were reported in Eastemn
Furcpean literature, including hepatomegaly {(Tribukh et
2l, 1%49), angioceurosxis (Filazova aod CGromsberg, 18572,
osteolytic lesionz of distal phalanges (Smirmova, 1961},
Rayoxud's phenomenon and sclerodermalike skin lesions
(Suciu ot al, 1963). However, VL Jisease wae zot seri-
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hsarved and axoected duathy arone winvl ehlaride
expaded workers In two lvmaritation facllicies

by time f£-gw omosar of axgosure

Yesrs stacs onset of AXPOSUTK

Cause of desth . 10 ~ 19 200 - 29 I+ Total
Che. Zxp. Obs, FEe=. Obs. Exp. Obs. Pxp. L.

All causes 24 19.13 30 34.81 26 31.64 80 RBS5.6L 91
All cancer 7 Aamn 9 T.e2 1l 8.2 28 18.66 Lu2
Lung 1 1,26 1 2.9% z2  1.08 & r.n 5%
Livar . 4 g.08 3 018 sb p12 10 0.42 2381
3raia 1 o 9 1 o0.76 132
Lywphons 2 p.27 1 0.z% a a.s 3 l.1& 283
Cirrhosis of liver & 0.76 1 1.2 9 0.37 3 2.8% 105

Carticovascular 16 5.7 1§ 17.%3 12 16.40 &l 42,73 94
diswnss ; -

Jarson yaary 2924 734 1404

&, hbasangioswrcona
b. & bamangiogarcomas and 1 hepztoma

ously considered im the West until the published descrip-
tion of Raynaud's syndrome, acroostedlysis, and pseudo-
sclersderms in two Belgium VC reactor rleaners (Cordier et
al, 1986). Additioral cases were soon noted (Wilsoen et
al, 1967) and a comprehensive epidemiological study of
5,011 U.5. workerx .employed iz production and polymeriza-
ticn wss undertaken. It showed that 11.9% khad possible
Y-ray sigox of acroosteolysix, compared witk 3.2% in.a
Bichigen general population cantrol group, with 2% defi-
nitely having Haynaud's pheaomenoz or X-ray evidence of
acrooxteolyxis (Dinmax et al, 1971). The conditions ware
clearly associated with the cleaning of reactors, im which
a beavy exposure toa VC occurred. Only one case of Ray-
paund's phensmenon occurred among 557 vorkess egployed in
PVC fabrication.

furing the early 1570's, VC liver dissase was de-

scribed in detail by Marsteller et al (1973, 1975).

Observations oo selected vorkers showed hepatos~ and sple-
nomagaly to be common. Peritonecoscopy and guided liver
bicpsy identifiad zevers portal hypertensicn is some,
genarally without cirrhotic fibrosis, although perizinu-
soidal apd focxl or diffuse capsulaz fibrogis were comoen-
1y seen. The portal hypertension could lead to dleeding
esopbageal varices, with possible fatal consequences. Iz
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beavily exposed individuvals, the portal hypertensicen and
hepatic Ifibresis often progressed after cessation of
exposure (Martin et al, 1974). The histoloegy of malignanot
and ponmaligrant liver disease has been well described by
Popper and Thoemas (1975; Thomas et al, 1975}, who suggest-
ed the possibility of an interrelationship between heman~-
giosarcoma and the proliferation of sinuseidal liging
cells and hepatocytes seen in VC fibresis. Lelbach aznd
Marsteller (1981) ksve 3lso neted that the vast majority
of hemangioszarcoma cages bhave appeared on & backgronnd of
some degree of hepatic fibrosis. The implications of
these suggestions for a bkemangiosarcoma dose<respooae
relation are uncertain. -

During 1974, extensive studies wers undertaken by the
Eavironmental Sciences Laboratory of the total workforces
of three polymerizaticu plants in the states cf New York,
Michigan aand West Virginia. The results from the New York
plant (Lilis et al, 1975) indicazed the presence of acroc-
steolysis in bheavily exposed individuals. Hepato- and
splencmegaly or hepatic teadercess wag commonly oberved
snd azasocisred with duraticon of exposure and elevated
slkaline phosphatase levels. Sixty-four of 354 had an
enlarged or tender liver or spleen and of these, 41% had
elevated alkaline phosphatasze. Liver function tests were
not particularly revealing, except for 1 correlation of
alevated alkaline phosphatase levels with duration of
expesure. Additiogally, carcinogenic embrysunlc auntigen
titers were slightly higher amonog vinyl chloride exposed
groups than in a smoking wmactched contrel population
(Anderson et al, 1978).

Tamburro and Greenberg (1981) have evaluated the
effectiveness of federally asadated screening rests for
vinyl chloride exposad workera. Tigure 1 shows the za«

" snlts om specificity and sensitivity for- 78 izndividuals
‘with hepatic ztatus detecmined by bdiopsy. ICG clearance

bad the highest combined sensitivity and specificity, with
SGPT ths second most useful ctest. Elevatad alkaline
phesphatase had the greatest specificity of all textx,
particularly for chemically-induced liver injury, but was
lacking in sensitivity. S60T and GGPT were of limited use
because of their low specificity for chronic liver dizeate.
They recommended the use of ICG clearsnce for screeming,
to Be folloved with slkaline pbosphatass determinations
for those with altered clearauce.
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Figure 1: Seasicivicy and specificicy of various
biochenical scresning tests and their sensicivicy
and gpecificity sum values (5 5 5) based on 78

with bdiopsy documentation of their hepatic status.

Thzee of the seven individuals who died after 1974
with hemsngicsarcoma in the previcusly described sortality
followup were examined im 1974. Doe, who died 22 monoths

-after examination, hsd no noteworthy abmormalities on

exsaination (alkalizne phosphatasze was 83, slighily high):
A second, who died three years after examingtion, had x
slightly enlarged, palpable liver (11 x 6 om) with peormal
blood counts and chemistry. Only one of the above drank
alcohel at all and he only drank 2-3 beers/month. The
third, vbo died 22 months after examination, had a slight-
1y enlarged liver {11 x & =) and spleen (I3 x 8 cz), and
slightly elevated alkalioe phosphatase (93}, SGOT (52) and
CEA (4.7). ‘Thrombocytnopenia was alszo present {75,000).
Ne datz -are availablie on later clinical .parameters, but

‘the above results are clearly oot sufficiently specific
for idencification of a special risk.

Pulmonary abnormalit{ies alse bhave been associszted
with VC/PVC exposure. Small opacities, predomipantly
irregular, of prefusioca 1/0 or greater were found in 20 of
1,216 workers employed at PVC producticn in ao Italian
plant (Mastrangelo et al, 1981). 3!.11 had been exposed to
high levels of PVC dust (>10 mg/w”). Lilis et al (1976)
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reperted that approximately 20% of VC/PVC vorkers with
high exposures to PVC dust bad abnormal X-rays, which
correlated with duration of expegure and, alzo, with
cigaretce zmoking. In gontrast, oply 4,.7% of individuals
in a PVC pilant with low dust Ilevels had abrormal X-rays.
In addition ts '"typical poeumoconiesis," & graoulatemous
reaction to PVC dust harx been reported (Armand et al,
1978). Hiller et &l (1975) have observed pulmonsry func-
tion abnormzlities (a reduction in the ratios FEV_ /FYC and
MMF/predicted MMF) ip both smokerz and soo=-smokers heavily
exposed ta FVC dust (and alse to VC mopower). Maltoni and
Lodi (1981}, observed greater percentage of abnormal spu-
tum cytological results among VC exposed workers compared
to severxl other groups of manufacturing workers or miners.
Only workars in the chromiux industzy demonatrated a
greater proportion of abnormal cells.

Ducatmsn et al (1975) bhave observed an increszed
frequency of chromosome abmermalities in the lymphocyte
cultures of VG workers. Host of the aboormalities were
"unstable” chapges, such as fragments, dicentries, anad
vings. This was confirmed by Purchase et al (1%78), ameng
otherz. Secme of the group studied by Piirchase were resam-
Pled 18 axnd 42 months later {(Anderson et al, 1983). 1Ino
those studiad during January 1976, the freguency of adoor=
malities was increased in these who continued VC/PVC
esploynent, but decreased iz those who left the industry.
In Japuary 1978, no inereased frequency was found in aay
worker. The authors attributed the decrease to the reduc-
tionm in VC exposurs=.

HEALTH KAZARDS IN THE PVC PROCESSING INDUSTIRY

Pricr to identification of hemangiosarcoma in VC
polymerization workers, little effort was made to control
‘either the concentration of residusl mesncmer in PVC dust
or exposures to duzt azd V€ that ccecurred in the vardious’
forming operations of the PVL fabricating {ndustry. VC
concentrations in excess of 10 ppm occurred frequently.
While these concentrations were significantly lower thano
those of the polymerization industry, the much greater
employment in the processing industry (hundreds of thou-
sands ¥s. tems of thousscds in the polymerization werk)
raized concern for pepulation health effects, particularly
for malignant dJdisease for whick nn threshold was kaown,
However, only two hemangiosarcomas have been documented in
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the PYC processing industry, coe iz an accountant in &
plant making PVC fabric and one io an Italian planot making
PVC sacks. A third case may bave occurred in an electri-
cal wire ipsulator, but' the -pathological diagnosis is
uncertain {Lioyd, 1975). This is in contrast to 85 cases
known to have occurred amopg palymerization workers (NIOSH,
1982). This i somewhat comforting and indicates a signi-
ficantly Ilcower total VC-relszted necplasztic risk smong
fabrication worksrs. However, it should be noted that
case finding is likely to be poorer in this group thaz iz
polymerization workers.

4 proporticnate mortality study has been conducted of
4,341 desths of former employees of 17 PVC fabricators
{Chiazze Jr., et al, 1977). The direct PMR's suggested an
excess in total cancer mortality amoog both white men and
white women with the major excesses concentrated in can-
cers of the digestive organs. An excess of breast cancer
was also seen is women, but not confirmed iz & case-con-
trol atudy (which was of very low power and could only
detect a threefsld incressed rizk) (Chiazze, Jr. et al,
1980). The zesults of the proportiomate mortality atudy
sust de considered cautiously. Iz such studies, elevated

- capncer risks and are typically seen because of 3 "healthy

worker affecc," which leads to & reduction in cardiovascu-
lar deatks relative tg those of cancer, If PCMR's (pro-
porticonate cancér mortality raties) had been cslceulated,
ratbher than PMR's, digestive capcer would atill be elevat-
ed but oot zt am 0.05 level of significaznce. Interest~
ingly, ao excess of stomach cancer was seen in the propor-
tional mortality study of Baxter aand Fox {1976].

SUMMARY

Overall, the results of the analysis of 12 studies of
UL production aad polymecization workers demscpstrate an
‘snormoiusly elevated risk of liver malignaccics, the possi-
bilitvy of a twafold increased risk of braiz and central
naervoaus system tumers and perhaps, also, of malignancies
of the lymphatic and hesmatopoistic system., However, the
zole of other agesots cananot be zxciuded in the etisloegy of
nonhepatiec malignancies. Broochogenic carcinoma does not
appsar to be ipcreased from exposures to VC monomer,
although a relstionship to PVC dust vas suggested in one
study. These conclusicas must be considered in light of
limited dzza on workers followed meore than 25 vesrcs from
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oasst of exposure. Considering the numhers of obaerved
and expected desths iz all studies, it would appear that
the excess of maligoancies at ponhepatic xites i lexs
thao the excess of liver tumors., Data presented elsewhere
in this volume (Nicholson and Heaneberger, 1933) 3zuggestc
that exposure teductions in 1974 may have virtually elimi-
nated the VC-aszociated risk of Iliver capcer if the
currenr U.S. standard is amet. To the extent that VC
exposure iz associated with other cancers, &k similar risk
reductioz would be expected.

Raypand'a phenomencmn, acroostecolvsis, selerodermalike
skin lesiops, hepata~ and splesomegaly with noaocirshotic
hepatic fibroxis, apd ssvere portal bypertension have been
associated with past heavy exposures ta VC. Evidence
exists that the liver disease 3nd portal bhypertension may
progress following cessation of exposure. Howvever, all of
the above syndromes were found largely in hesvily exposed
individuals. Their occurzence would be much less likely

- in workers exposed only to comceatraticos curreatly allow-
ed. Pulmopary deficits, X-ray abnormalities, and, per-
haps, lung cancer have been associzted with VC/PVC expo=
sure. Becsuse of the possidle contributiom of PVC dust to
these findings, cogireering cootrols during polymer dry-
ing, bagging and usage are warranted. ’
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OCCUPATIORAL HAZARDS IN PRODUCTION AND PROCESSING
OF STYRENE POLYMERS - EPIDEMICLOGIC FINDINGS

L]

Williasm J. Nicholacn and Diane Tarcr

Environpental Sciences Liboratory, Mount Sinai
School of Medicipe of CUNT, New York 10029

UEE - pemobuction :
QOf the major plastic mopgomers, styrene is exceeded only
by sthylere, propylene and winyl chlorids in terms of produce
tion. Im 1977, approximately 3 x 10, metric tops were
preoduced iz the Unized States and 7 x© }0° metric tozns world-
wide {IARC, 1579}. Approximately 60% of the monemer pro-
duced wax used in Bomopoiymers, largely for che packaging
industry. Octher igportant usss of atyrene are iz the pro-
duction of copolymers with acrylonitrile (SAN) and acrylemi-
trile and butadiens (ABS). Styrece also finds widespresd
use as & copolymer with butadiene iz the production ef the
et synthetic elastomer, styreze-butadiene rubber (SBR), which
_;gi;-_«;,.; forms the basis of appreximately 80% of U.5. rubber products.
P P Finzlly, it is extensively used as a solvent and croszs-link-
- T ing agent for polyester resins in the fiber reinforced
R plasetic (FRPE) indusztry. Estimates of the pumber of workers
AT emplayed in the various industries using styrene-~based
polymers are given in Table 1 aloag with typical exposure
o levels (Tossavaigen, 1978). In additica to woccupational
s e " exposure, low-level envircnmencal contaminatioz c3a occur
. e e from combustion of styrezne-based products, as the thermal
ro S decomposition of polyztyrene lmadzs to evolution of <the
. . soncmer, in contrast to other polymer materizlx.

MORTALITY STUDIES OF STYRENE-EXPQSED WORKERS

Studies on the mortality of populations exposed tTo
styrene xre fraught with difficnlty becsuse of copfound-
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Table 1

Occupsational arpasures o styYrene
Parcant of Humber of Typiead

StyTane workars orpasure
Hacg:- *  arpducriorn 4w ] ward ( m'}
Movcmar produsties 100 ie.0e0 1 - 28
Tolyimar produccisn ¥ - 70 30,000 1=-10

{15,455 ,.531)
Rainforced plascics 20 = 30 200,600 20 - 308
froducticon {TRF)

Paolymar procassing 3 =10 1,800,000 .01 = 1

{FS.ABS, 35X}
Al ———|
From Tosksvainan, 1974

-

ing exposures to other known carcizogenic materialsxs.
Benzene exposures c¢an occur in the production of styrens
pDooomer, &8 the principal production precess nutilizes
benzene to produce ethylbenrene, which, in tura, is
dehydrogenated to form styrspe. Copolymerization imvole
ves exposures to serylonitrile and/or butadisne, which are
cartinogenic ir animails {(Huff, 1983).: Finzlly, some af
the additives used iz astyrene products may be carcinge
genic, as wvell as otker chemicals. unsed im facilities
producing styrene or polystyrene.

Only three studies provide dJdata on pozsible human
csrcinogenicity of styrene, each baving some of | the

- confounding exposures mentioned above. All were - of

groups of individuxls employed 4n wmonomer productien,
polymerization or poelymer fahrication, where exposures
were relatively limited. No data exist ozm the mortality
of individuals employed in the FRP industry, where sty-
rene conceatrations wers (and are) commonly ten times
higher. Tahle 2 lists the cobhorts observed and some of
the characteristics of the three studies. '

"As c¢an be ssen from Table 2, the large number of indivi-

dusls lost to follow-up in the study by Freatzel-Beyme et
21 (1978 saversly lisits its usefulness. 0f those
axposed, 7% of the German workerr and 71¥ of foreign
“guest workers™ wers untraced. Of those traced, 74 had
died, 12 from cancer. Ounly 37 deaths occurred ip Chose
with five or more years of expozure. The overall result
did pot dJdemonstrate excess wmortality for any cause of

_ death. However, the limitztions of the sztudy are clear.
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Table 2

Population swd follow=up charsccariztics of
threan arudisx of zTYrTans exfossd votkars

. Anslysis ¥umpbar of Fercanc
robore Ferexnt deaChs of
Segdy Caun e sirme crxzmd snalvisd toeal
QT ot al, 1380 TSa IKe 7.4 b=} ] 10.4
Hicholzon et al. 1978 TUsa 360 100.0 | > 1i.8
Fruatsal=-Favew ¢t ai. GI% 1960 13.0Ger 72 1.7
1972 17.0Yor

HMiniscs MiolueEs
aXpasure latsacy Taary

[razx3) {vuara) fallow—ce Exposcres

Oee er sl. 1900 1 1 1960-1975 €10 pew (MY
Acholson ac al. 1376 5 20 1940-1978 <20 pps (51
fremrzel-Revas &t al. 1 as. 1l mo. 1¥56=1976 < 1 prw?
1278 .

; { ) = Zsgicatud sversfs sxposurs
Cuzrant measuremant afrar iustallasien nof comcsols

The sztudy of Nicholsom et al <1978) successfully
traced all cof 553 mex exployed in styresme production,
polymerization and palymer processing whe had 5 years of
employment on May 1, 1960 and were 10 years from onset of
work in a large U.5. production facility. The basic
portalicry datzx are shown in Table 3 snd demonstrate no
R _ exceys @ortality £rom any cause - of death. Anszlyses
T SR according to years f£from cnset of exposurs and calendar
gg;- 5_ . years of observatioa did not reveal 2ny pattern of excess
ST moTtalicy. However, because of the limited number of

M deaths, the data can be uzed only to establish wupper
o m. limits of risk. For example, the dats are only suffici-
- ent to indicate that thke SHR for lymphoma or leukemia is
less than ZB80 ar the 0.05 level of sigoificapce and that

W [T PR

e e __ef lung cancex, less than 220, While no excess mortality
ot I was jdeatifisd in the cohort -dbserved, 'the above publica-
Lugt I tion senticned the existeace of 7 deaths from levkemia

and 5 of palignancy of the lymphatic system amoag 444
deaths koown to have occurred in the plant workforce.
While the ages of deatlk were not available for exact
proportionate mortality calculaticas, the nDunbar of
lymphomas ix in line with expectations, while leukemia
appears to be in excess by a5 zmuch as a factoxr of two.
However, the possidility of high exposursas to dbenzene in
the facility during earlier yasars weakens the likelihood
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Table 3

Ixnactad and obsarved wortzlity exparieases of
560 individuals employsd Lz styvene production
asd polvmsrizacion prior fo 1 May 1935, folloved
tan years afcar ousac of axpomure
{1 Mzy 1940 — 11 December 1975}

Cause of Dageh Ixpuctesd Owaarved IHE

All eagsas 106,41 [ »] 73

Cancer .01 17 11
Cancur of tha lung .39 [ 117
Lowmkueels 2.1 3 126
Lywphouss 1.25 H L)
tthar cancer 11.78 5 75

Nazre xnd sircolascary dia. 56.15 52 972 -

Aagpiracary disassas L i pL

Othar causas 27 daach 12,41 0 33

Frem Richolaon 4t al. 1973

of association of azy possible excess of leukemia with
SLyrene exposure.

‘ﬁ.
The fizal study of styrens mortality is that of Ot:r at

. al (1980) who described the experience of 2,904 individuals

with potentiazl exposure to st¥rene prior to Jamuary .1, 1976.
Three bundred three daatks occurred, 292 among production
and ponprofessional vrvesearch - emploveex. " The wmortality
experience for this latter group is shown iz Table & and is
compared to the expected deaths calculated from U.S. white
Sale rates and rates from observations on other company
employees. As can be smen, the mortality of styrepeesxposed
ipdividuslx compares faverably with ezch group; the only
excexs of note being six leukemizs compared to 2.9 expected
using U.5. rates and 1.5 from company rates. Lymphomas were
also elevatsd, but ot at an 0.05 level of significance.
The excesx leukenia was further investigated io an analyix

' -of cancer iocidence in the styrene-exposed population com~

pared to that expectad from rtates of the Third Nationoal
Cancer Suresy. Iz tkisz analysis, it vasz found cthat 3 signi~
ficant numbar of lymphatic leukemias (5 observed ws. 0.286
expected) occurred in individuals who were exposed to sty~
rane (€ 5 ppm), ethylbenzens (< 5 ppm), polystyrene extru-
sion fumes, and colorants. Indeed, four of the five cases
worked in the same genersl area duriog the perfiod of time,
1947~1948, although thair dates of death and other exposures
varied widely. Interestingly, there wers oo dasths of
lymphocytic leukemia zmong 442 individuals expesed to higher
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Table 4

fuaarved and axpactad daathi -»7 csuse for tacal produccion
i pon=yrofasional Teakarch swployess (2330 men), LP4D-1%76

Ixpaced Expactad

. deaghs deacns,

- ® Toserved TF vhite Coupany
Ciusas deatha milas  SM risan MR
: All causas [T 257.8 y 2876 94
Halignaar meoplases 53 [ T4 57 © 45,0 13
Laspiratosy EVALES 14 20.3 &7 1.9 2
Digastive cystem 1% 5.0 " .2 &7
Lymphatic sad hamatopoletic & .3 113 1.8 %

system axxupk leuksmis

Liyukaxia & 2.9 207 1.6 s
Jthar sizus 3 1.2 72 5.7 83
_ Lardiavascular disexse 13 173.4 2 141.5 HE-14
R ¥omzligreant rexpizstory dia. 12 143 8 10.0 120
e Al} other causes T2 106.9 - &7 . T1.1 -}

SR From o2t et al. 1920

concencrations of styrance {5-9 ppm). Because of a2 lack of a
defipitive sxposure-response-relationship snd the preseance
of pozsible confounding exposures, the asuthors refrained
from drawing any cozclusicns on an etiological relationship.

In 1%76&, nine cases of various types of lenkemia were
identified in two SER plants and reported to the U.S. Natiozal
: " Institute for Occupational Safety and Feslt:k (Heinbardt et
- al, 1978). All occurred after 1971 in a population of 5,600
vorkers. XNe data wers presented on the expectad pumbers of
deaths from lenkemia in the group. Concern generzted by the
- findipgs in the two plantz led to reports on the leuvkemias
o presents in two large ongeing studies of rubber workers.
E HcMickael et al {1$76) reported a relative risk of 6.2 for
iymphatic and bemstopoietic malignancies among employees
. producicg elastomers, including SBR. However, this was
P - based upon ouly-6 cases, 3 leukemias sod 3 lymphomas. In a
R e subsequant case cootroel study of the sape plant, x relative
risk of 2.4 was found for the same expoesure group (Spirtas
at al, 1976). The difference (g the two values rsflect the
uncertainties associated with small numbers of cazes. A
similar investigatien by Monson et al (1978) ahowed an
excess of leukemiz to be preseant iz calendering, extrusion,
tirze building and rubherized fahrics. However, the excess
was associated with expozurs to solvents aund not to styrene.
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Sizce 1975, sonsiderable ipterest has existed in potan-
tial carcinogenicity of styrene., This has been heightened
by the data on mutagenicizy and possidle carcinogenicity of
styrene aund styrene oxide (Huff, 1983). Some suggestive
Buman datz are available from studies of polymerization
workers and SBR production Zfacilities. The irony of the
situation is khat ne studies have bheen cooducted of groups
exposed to the enormously higher concentrations found ia the
FRP industry. The data available on styrene carcimogenicity
aze mnch that zthey cap provide no assurance of safety at
theze higher exposures.

-

CARCINOGENIC RISK FROM COMONOMERS USED WITH SIYRENE

Tha ¢two priacipal comonomers used in- styrene-based
copulymers have each been shown to be carcinogenic ia ani-
maig. Of thesn, acrylonitrile has also been associszted with
lune cancer in bumans. Io & group of 1,345 male emplovees,
with potential exposure to acrylonitrile and followed from
1956 through 1976, & cases of lung cancer oocurred compared
with 4.4 expected from company rates (Q'Berg, 1980}, Fur-
ther, there was a correlation of incressed risk with intea-
sity and duratien of expesure. Amony production workers
exployed betwesn 1950 and 1952, é lung csncer deaths were
obzerved wva. 1.5 expected (p < 0.01). A second study of 327
employeeas of a rubber chemicals plant with poteatisl expo-~
sure to acrylonitrile ideatified 9 dJdasths of lung caacer
compared te 5.9 expected, based on mortality rates for U.S.
white osles (4.7 based on mortality rates for other rubber
workers from the same city) (Delzell and Monson, 1982). The
excaxs was greatest amoag those who had worked for mere than
5 years in the facility. These datz, whila limited by the
small oumbers, strongly suggest that acrylomicrile is carci-
nogenic for humans.

- ¥hile butadiens has been democpstrably. carcinogenic in
apimals (Huff, 1933), po data are available from human

axposures.
CLINICAL FINDINGS AMONG STYRENE-EXPOSED WORKERS
A variety of symptoms have baen reporZed frem styrene

exposure, dating from the rapid increase in production
during Worid Wwar II. Eye, rpose and throat irrzitacion,

@
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