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OCCUPATIONAL HAZARDS IN THE :p_c.‘y)u‘: INDUSTRY

William J. Nicholaomn, Psul K. Henneberger and
Herbert Seidman.

Rnvironmental Scieaces Laborstory, Hount Sinai
Bchool of Hedicins of CINY, llec: Yort,s lfvt:ot:
10029 (WIR, PH) sud smerican Cancer Societry,

W. 35th Street, Mew ¥ork, New York 10001 (MS).

On January 24, 1974, The Wall Street Jourmal publigh-
ed an articleﬂ des::tibin. the accurrence of .t.hree deu_.hs
from hemangiosarcoms of the liver smong polyvl_nyl c!llond:
{PVC) production workers at tiwe B.F. Goodrich Tire an A
Rubber Company plant in Louisvil ie, Kentucky. 'lthu annou:
cement shsttered the relative:y co-pla.cenl. view 'touf
health effects associated witch plastic producuon' in
general and PYC production ia -l"rt._il:ular. _M. the tl!;;
U.S. sad Vestern E"ropgn prosiuction of vinyl chlori <
(VC) exceeded & x 10" metric taomss. MNumerous .-ortality sn
clinical studies were undertake-n in the major produc::;
countries in an attempt to esi-ablish t..he. extent of the
carcinogenic risk snd to idemtify clinical pan-;te;s
useful for surveillsace of exposwed groups. ﬂe_caule of f
immediate concern in 1974, most of these studies vere co--
pleted between 1974 snd 1977. Several reviews snd -v;nzon
sis on humso health effects forom _uc exposure have ; e-
published recently. A superb oene is by Lelbach and Har
steller (1981).

The exposures were high thst led to the disease
observed in these various studiezs. Typical couceutralx?n:
in the industry were estimated t.o be sbout 1,000 pp.ogf;go
to 1955, from 300-500 during 1$955-1970, snd from 1 :
during 1970-1974 (Barces, 1976). However, vln_auonsl r::
such exposures would have occrurred in specific plsa
(Rowe, 1975). While historicasl average exposures uerf
geaerslly less then 1,000 pps, Ppesk exposures often ex
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ceeded 5-10,600 ppam (where workers lost counscicusaess)

$3n 2 2 2o p g2 2228
snd, on occasion, 40,000 ppm (where plants exploded). 3'-;% T 2% %2253 03
During 1974, exposures were reduced to about 10-20 ppm in 3
the U.S. industry {Jones, 1981) and even further, follow- 8
ing the promulgstion of s 1 ppa standard by -the Occupa- gt: “ ~ wm o h g 2 A s 8 o
tional Safety and Heslth Administration in 1974. i: gN & N E
o
HORTALITY STUDIES OF VC-EXPOSED WORKERS -
3 ~ @ nw oW B Q@ o~ o 9
Table 1 shows the populations observed and the follow- EE s 2 5 5 E E‘, 5 ;:. 5 # E E
up characteristics of twelve cohort studies of vinyl chlo- g8~ - -
ride exposed workers. The studies were independent with -
the exception that the portions of the populstion reported !E - & «
ia the Equitsble Environmental Health Study (1978) were 53‘; 6 6 & § X E ~88 g by
included in some other U.S. studies. The proportionate -
sortality study of Monson et al (1974) is not included as s
the VC-exposed individuals studied therein were included W ii woo~ o w =n
in the cohort wortality study of Waxweiler et sl (1976). s igle ° g8 R~ " RXR
The size of the cohorts varied grestly, from 255 in the " xe
study of Nicholeson et al {1975) to 9,677 in the Eguitable & CE.
Environmentsl Health study. A notable feature of all of " §.8n o~ <2 2 e S B
the studies is that the populations followed were rela- s - R Ral - -
tively young or recently employed, even though many plants 2
in the studies started production in the 1940s. Most 3 _f:‘g £
vworkers were hired after 1950, when U.S. and Western i:" T AR 3SR 2 IRIRE s
European production increased sixfold in tem years ‘:i « =" >
{Nichoclscn snd HKeoneberger, 1983). Thus, few deaths ce k]
occurred among wmast of the groups observed and dats on a H
effects 25 or more years from onset of exposure are li- gdg= 2 ¢ 2 2 3 3 = 2 R 3
mited. The totsl mortality exceeded 10X of the observa- guea ° - « e s ¢
tion cohort in only three studies. Further, the inclusion :'g !
of recently employed individusls or those with short -
employment diluted the effects from VC exposure. Only 2 - o . e
five studies limited consideration to individuals with E\g =32 3% § 233338
more then one yesr of exposure. In sll cases, however, 5.. - SR * -
some individuals with more than 20 years from onset of

employment were availsble for observation. The follow-up
terminated in the mid-1970s for all studies.
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Table 2 compares the results for cancer of all sites
and chronic liver diseasse in all 12 studies.

b Lon.uz i1atencies considered for

- .y 3
Caacer is 3. e o o Bze ol
elevated in most of the studies, aithough it does not s s 9 3 =3 MR- P
schieve a 0.05 level of significance except in the studies T . % e 3.un § =% 33 i
by Waxweiler et al (1976) snd Nicholson et al (1975). In S S 8,0 n058.9, 5, 8,3, 088,
the study by Ott et sl (1975), a highly exposed subgroup BRSEERYS S YRR sz dods H
with 15 years istency had 8 caocer deaths compared to 3.2 ARANANSNmERATIZONK
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Table 2
Obeerved and sxpected deatha amoog vinyl

chlortde exposed workers in twelve studies

Cancer of all sites Chronic liver cancer

Dasths
Study Obser. Expec. b Obser. Expec. 2

Bartazzi o¢ al 30 30.9 97 S - -
Buffler ot ol [ § 5.1% 154 [ ] - -

3 yr. lateacy [ L3 1
Syran st ol - - - 0 - -
Duck st al 3 3644 %% - - -
Equitshls 1M 141.39  104e 14 26.45 Sétt
Fox & Collier us 126.77 148 1 1.8 b
Masuds s 5.8 18 s 1.00  s00*
Wicholson 4 3.9 20 1 {0.4) 187
ot st al 13 16.0 81 3 .7 1

15 yr. latency | ] 9.2 " "
Relnl st ol % 0.5 112 14 18.4 2
Tharisult & Allerd 20 16.37 112 - - -
Wauveiler et al 13 3.3 149t H 4.0 50

15 yr. latescy 31 16.9 184
" ady d for umk of death
() = Estinated se & perceatags of ¥.5. tatss
t p<0.05
H p< 0.0l

a 54 of coatrol population equally high

expected {p < 0.05). The absence of pignificant findi

in other studies may be attributed to‘l:beir lo:‘:::::T
The study of Bertazzi et al (1979) may be bissed becsuse
of low follow-up in the group. Fourteen percent of the
population were untrsced and peraon-years at rigk were
calculsted for these individuals as if they were slive.
The lov‘ SMR of &4 for sll causes of desth suggests that
proportionately more deaths occurred in untraced groups
thsn in the traced. The studies by Buffler et 3] (1979)
Byrea et al (1976), Masuda (1979), and Therisult am;
Allard (1981) hed very few desths svailable for soalysis
That of Ott et a1 (1975) slso war limited by the auaber o-f
dgalhl and further by virtue of s study group with rela-
tively lower exposure {through better industrial hygiene
control}. While having more desibs avsilable for snalysis
(136), the study by Duck et al (1975} was significantly

by

=
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diluted by the inclusion of many individuals with very
short and recent periods of exposure.

Turning to chronic liver disease, one remarkable
finding is the sbsence of significantly elavated mortality
from this csuse in most of the populstions under observa-
tion. The only study with a significaot elevation is that
of Masuda (1979) in which five deaths from chronic liver
disesse occurred where only one was expected. However,
this must be copsidered in the light of an equally high
mortality from liver disease (& observed vs. 1.4 expected)
in & comparison population followed for control purposes.
Five of 62 deaths from chronic liver disease seen in the
study by Bertazzi et sl (1979} are unusual, but the limi-
tations of this study snd lack of details make evaluation
difficult. The generslly benign results in other studies
contrast sharply with the severe liver disease from VC
exposure documented im clinical studies (Harsteller et al,
1975). Hepatomegaly, bhepatic fibrosis, portal hyper-
tensian, and bleeding esophagesl varices have commonly
beea found in individuals hesvily exposed to VC, even
without concomitant exposure to alcohel.

Table 3 lists the mortality dsta for primary cancer
of the liver and biliary passages and for cancer of the
lung, traches and bronchus. In the case of liver cancer,
the overall data are consistent snd dramatic. Heman-
giosarcomas of the liver were found in eight of the twelve
studies. [In each of the eight, s 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 s high incidence of observed cases.
Only 28 separste liver hemangiosarcomss were identified in
all twelve studies. As the oversll excesa number of
deaths from liver and bilisry cancer in all studies was
47, some hemangiosarcomas may not have been identified.
The low nusbers must alsc be considered in light of the
limited follow-up times in most studies. -

The evidence for lung cancer is less clear. There is
an elévation in some studies, but at a level that does not
achieve statistical significance, except in the 15 year
latency populstion of Waxweiler et al (1976). This, inm
jart, may be the result of the low power of many of the
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Table 3

Observed and expected deaths from selecied causes
among vinyl chioride-exposed workers

Cancer of the Cancer of the lung,

Liver and bilisty psssages traches and bronchus
Memangio-
Obe."  Exp. s sarcomas _ Obs.  Exp. s
1 3
Bertanst L (L 00 3 ! a.nt o
Suffler ] 0.11) — 0 5 .1
5 yr. latency 4§ 1.4% 21:2‘l
Byren 4 0.97 413t F
L0 yr. lstemcy L] 0.8 30914 F4 2 17 1
Duck - -—
-— ] 16 15. 93 103
19 yr. lstency F 1% 10.6% 11
Equitsble 10 (6.3) (24t [ 1 S VY
W2
13 yr. latency 4 31-0’ :‘H
Fox and Colliar L] 0.2% 3631t 2 A6
15 yr. lstency 28 ;:;J l::
Hasuda 1 0.6 162 1] 1 (0.8) (12%)
Hichalaon 3 (0.123) (2500)tte 3 [} 1.1) -
Ot L] {0.3) -— ] A(5T) %2 i)
Retal 12 o 1t 2 2. 9sb
Thar tawlt L] 0.3) (1600} v+ .1 1
13 yr. Latency 2 :':: :;
Waxzweller H .6 1155¢4¢ [ 12 17
15 yr. latency 1 0.4 1606 ¢+ [} 11 5.7 ::f
Totsl of nonduplicated hemsnglossrcomss 1]
t <005
t < 0.01
" ¢ 0.001

& ALl verified liver cancer deaths, including those serablishe
review of all avallable informetion. . * dehed by

& () = Expected daaths estinated on the basls of 1950-1969 0.5,
adjusted rates, ICD J155/ICD 140-205,

© ()} = Expacted deaths setimated on the basls of mstl 1
rates, ICD 1862-183/71CD 140-205%, onel 48 adiunced

4§ One hamangiossscoms occurred im & PWC fabriceror.
Includes cencer of the pancreas.
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studies. Only two have an 80% power to detect an overall
rigsk of 1.5 {(Besumon! and Breslow, 1981). Of signifi-
cance, however, sre the very low SHR's in the groups
studied by Theriault and Allard (1981), Reinl, et al
(1979), snd MNicholson et sl (1975), cohorts that would be
expected to manifest a high risk on the bssis of the many
hemangiosarcomss that were found. The four largest stu-
dies, slthough in some cases limited by inclusion of
short-term and recently employed workers, slso sre note-
warthy for the SMR's close to 100. VWhere svailable, data
en subcoborts with leoager latency (> 15 yr) suggest some
increased risk.

Waxweiler et al {1981) undertock s detailed analysis
of the exposure of those with lung cancer in their previ-
ously published study (Waxweiler et al, 1976) in sn st-
tempt to identify particular etiological agents. The
anslysis used s serially additive expected dose model
(Smith et al, 1980) in which a dose measure during each
year of exposure wss accumulated for esch study individual
for & variety of potentially carcinogenic agents. The
cumulstive doses for those with lung cancer were compared
with those of other individuals in the plant under study.
The rcesults showed thst the grestest correlation of luag
cancer wal with exposure to PVC dust. Secondarily, expo-
sure to vinylidene chloride appeared to be important, but
only for lsrge cell and sdenocarcinoms. The serislly
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 dste does not establish that VC
monomer it on important lung carcinogem in exposed worher
populations, slthough it is recognized that limited long-
term observation has so fsr been availsble. In sll stu-
dies considered here, s slight deficit of cases was seen
compared to the number expected. In the subcohorts with
more than 15 years from onset of exposure, an oversll
excess of 10% was observed. If, in sddition, one comsi-
ders s "heslthy worker effect," any excess lung cancer
would still be considerably less than the excess of liver
cencer. A qualificstion to this conclusion is that no
study specifically considered cigarette usage. If cigar-
ette smoking was much less cosmon asmong VL workers than
the general population, higher SMR's would have been seen
if smoking specific dsts were available. However, this
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possibility 1s unlikely, considering the many different
populations studied. The uncertsinty in human data is
also reflected in snims)] studies. Increased lung cancers
have been seen in mice but not in rats or hamsters (Maltoni
et 1, 1981). -

Table & shows the results for brain snd central
nervous system cancers and for cancers of the lymphatic
and hematopoietic systess. Cancers of the brain snd
central npervous system were siganificantly elevated in »
oumber 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 omnly
sufficient to set an upper limit on relative risk of brain
cancer. In contrast to lung cancer, however, the largest
study group has » significantly elevated risk of brain and
central nervous system malignancy. As with lung cancer,
the data on brain and CRS cancer in snimals are equivocal.
Neurcblastomas and brain malignancies are observed in rats
exposed to VC, but not smong mice or hamsters (Maltoni et
al, 1981). The human dats sre also mitigated by the
recent finding of brain snd central nervous system tumors
in 8 variety of chemicsl plant exposure circumstances
{Alexander et al, 1980; Selikoff et sl, 1982). Excess
brain malignancies, but not the etiological sgents, have
been identified in seversl Texas snd Louisians chemical/
petrochemical plants. VC exposure was documented for some
cases, but it could not explain the overall findings. As
individusls in eany of the VC studies considered here were
exposed to other cheamicals asnd petrochemicails, the pos-
sible role of these asgents cannot be excluded. Further,
it has been suggested that some working groups, with
employer-paid sedical plana, may have betler case ascesr~
tainment than is genersily avsilable {(Greenwsld et a1,
1981) and, thus, more brain salignancies identified. In
any case, the number of excess malignancies of the brain
and central mervous system {spproximately 10) in all
studies is considerably less than the nuaber of hemsngio-
sarcomas identified in the same populations.

Similar results sre obtained for malignsncies of the
lymphatic snd hematopoietic system. Here sgain, the
analysis is limited by the few deaths and disparate re-
sults which occurred inm different studies. Overall, thesre
would sppear to be an elevated risk, but the influvence of

zzeye ITO
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Tabla &

Observed snd expscted deaths from selected csusse
smong ¥inyl chloride exposed workars
Cancer of the brain & Cancer of the lymphatic
centrsl mervous syetam end hemstopoistic systey

Obser, Expect. SMR Obser. Expect. SMR

— 1 ©.m* 1 v .o o
Bulfler o (0.1 - 0 0.y -
Byres 2 0.33 ezt 0 - -
Duck - - - - - -
Equitable 12 s.s0 209t 20 17.00 12
Pox & Colller 2 3.46 33 s s.01 100
Kasuda ¢ (0a8) - o (0.3 -
Nicholson 1 (0.1) (1000) 2 (0.8 (00
oce 1 0.4 (1%0) 1 .6 (s®
Reiul 1 1.3 162 13 1.7 14tt
Theriault [ 0.6 - 1 1.47 80
Wawailer 3 0.8 29 4 2.5 1%
15 yr. latemcy 3 0.4 e

+ < 0.0}

" < 0.01

% () o Expacted estimated from the ratio of sge standardiced

U.5. rates ICD 193/1CD 140-205.

{ ) » Expected estinated From the ratic of 1950-196% U.S.
rates ICD 200-205/ICD 140-250.

b

confounding exposures precludes definitive statements.
The overall excess of such salignancies {about 10) is slso
much less than those from primary hemangiossrcomas of the
1iver.

EFFECT OF REDUCTION OF EXPOSURE TO VC

As mentioned previously, most mortslity studies followed
populations only to the 1972-1975 period. No data exist
on the risk to previously exposed populations after cessa-
tion of exposure ion 1974, although hemangiossrcomas have
been noted smong retirees. We have recently completed
follow-up through 1981 of the population reported in 1975
(Nicholson et al, 1975) to determine whether a high risk
of liver cancer continues, following significant reduction
in exposure. A The original group employed at s VC polymer-
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ization p. .t in Niagara Falla, New York. ha -
panded by &0 asdditional workera, all e:;oshed' :::ni::e
years, who aschieved ten yesrs from onset of exposure
subsequent to April 1974. Additionally, 195 individuals
enployed st s VC polymecrization plant in South Charleston
West Virginia, with five years of exposure and ten ye-r;

from onset in December, 1966, were id
through 1960. ’ » entified snd traced

Table 5 lists the observed snd e
xpected deaths b
csuse for both groups with the deaths occurring sfter 197{
sepsrately identiffed. (These are preliminary data; full

Table 5

Obssrved sod axpectad desths smong
vinyl chlorids polymerizstioa worksrs

¢} a Falle, WY {N = 29§

(Jaowary 1, 1956 - Dec r 31, 1901}
Observed
Couss of desth 36-74_74-81 Total Expactsd b,
&ll csuses 0 n &4 40.87 108
A1l csocer [ ] [ ] 16 5.01 171
Luag ] 2 2 3,23 82
Colen/ractun 1 2 3 1.39 Fal]
Brain 1 ] 1 0.1 303
Liver 3 3 & 0.19 Jseb
Lymphons 2 | 1 3 0.53 LT3
Pancress 1 0 1 9.50 00
Cirrhosis of lLiver 1 1 1 i1.41 142
Cexdiovascular dissase 13 ] n 19.88 106

South Charlaston, WW (N = 193)
December 1, 1966 - December ¥1, 1980)

Observed
Couss of death $6-73 Ji-B0 Totel Pxpected S

All ceuses 12 b1 » T 20

4All caacer 2 10 12 10.6% 11
Lumg 3 1 2 4.07 o
Colon/ractwm ] ] ] 1.0 -
Brais ] e o .43 -
Liver 0 & & 0.2y unt
Lysphona ] ] ] 0.59 -—
Pancreas 0 o ] 0.87 -—

Cirrhosis of liver 0 1 1 1.81 53

Cardi lar 41 [ ] 12 20 .24 73

e p<c D05

» p< 0.001

¢ p< 0.0003

LY

iy,
4"
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pathological review of sll available specimens has not
been completed.) Among the &4 deaths that occurred in the
Niagara Falla cohort, 6 were from primary cancer of the
liver, including 5 hemavgiossrcomas. Three of the heman-
giosarcomas occurred in the period prior to 1974 snd 2
subsequently. Similar f.ndings occurred among the smaller
group in West Virginia. Here, of 36 deaths, & vere from
hemangiosarcoss, all of which occurred subseguent to 1974,
Thus, the risk of neoplistic VC disease continues undimi-
nished, even though exposures to the wmonomer have been
significantly reduced. The combined dats from both groups
sre shown in Table 6 and demonstrste sn excess risk of
cencer, which is totally accounted for by the enormoualy
increased risk of liver malignancy observed in each time
from onset of exposure category. The excess lymphomas
which achieved significsnce st the p < 0.05 level in the
Nisgsra Falls group lose significance when combined with
the dsta from South Charleston. A deficit of lung cancer
wes observed in both study groups snd brain malignancies
were sbout equsl to the number expected.

It is mot certain whether the results of these two
plents will be reflected in the results of other plants in
future yesrs. The South Charleston plant was the first
facility to commercislly produce VC. The MNew York plant
opened immedistely following the cessation of World War
I1. Thus, we sre observiag effects in populstions that
include wany individuals with long times from onset of
exposure. There is no informstion om whether the expo-
sures in these two plsnts were significantly different
from those of the majority of other VC polywmerization
facilities. It is Xnown that pre-1974 exposures in the
New York plant were sufficiently high to cause loss of
consciousness (o some individusle (&.5% of those exsmined
in the clinicsl survey of 1974) (Lilis et s, 1%75).

MORBIDITY AND CLINICAL FINDINGS AMOKG VC-EXPOSED WORKERS

Clinical sbnormalities from VC exposure predated by
25 years the documentstion of its carcinogenicity. Vari-
ous VC-related abnormalities were reported in Esstern
European litersture, including hepstomegaly (Tribukh et
al, 1949), sngioneurosis (Filstova and Gronsberg, 1957),
osteolytic lesions of diatsl phalsnges (Smirnova, 1961},
Raynsud's phenomenon asnd sclerodermalike skin lesions
(Suciu et sl, 1963). However, VC disesse was not seri-
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Table &

Cbasrved snd expected deaths »ioyl chlorida

exposed workers im two polymerization facilities
by time from onsst of axposuTe .

Teare siunce onsat of sxposurs
Cavae of death 10 -19 0-2 30+

Yotal
Obs. Zxp. Obe. Exp. Ohs. 2 Obs., Exp. oas
All ceuses % 19.13 0 wN.8 26 11.64 0 83.61 i
All caacer T wn 7. 12 .03 M 19.66 1a2
1 1.6 1 L% Z 308 & 1ru 53
Liver % 9.08 3 038 3% 017 10 0.2 231
:nla ; 0.27 : 0.46 : 1 0. 1:2
. . 0.41 .
2:::0-1: of Liver 0 0.7% 3 L e oM : ;.:; i::
rdiovaacular % LN 15 17. .
4 7.3 11 16.40 41 473 %
Parson years »u 1% 1404
2. hessanicssrcoms
| N i ouas and 1 hap

ol_uly considered in the West until the published descrip-
tion of Raynsud's syndrome, acraosteolysis, and pseudo-
scleroderms in two Belgium VC reactor cleaners {(Cordier et
sl, 1966). Additional cases were soon noted (Wilson et
al, 1967) sad a comprehensive epidemiological study of
5,011 U.S. workers employed in production and polymeriza-
tion was undertaken. It showed that 11.9% had possible
Xfray signs of acroosteolysis, compared with 3.2% in »
Hichigan general populstion control group, with 2} defi-
nitely having Raynsud's phemomenon or X-rsy evidence of
scroosteolysis (Dinman et al, 1971). The conditions were
clearly associsted with the cleaning of reactors, in which
8 heavy exposure to ¥C occurred. Only one case of Ray-

naud's phenomencn occurred among 557 i
PVC fabrication. vorkers esployed in

During the early 1970's, VC liver disease was de-
scribed in detail by MNarsteller et al (1973, 1975).
Observations on selected workers showed hepato- and sple-
n?-egaly to be common. Peritoneoscopy and guided liver
bhiopsy identified severe portal bhypertension in some,
3e|'|erally without cirrhotic fibrosis, although perisinu-
soidal and focal or diffuse capsular fibrosis were common-
ly seen. The portal bhypertension could lead to bleeding
esophagesl varices, with possible fatal consequences. In
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heavily exposed individuals, the portal hyperteusion and
hepatic fibrosis often progressed after cessation of
exposure {Hartin et al, 1974). The histology of malignaot
snd nonmalignant liver disease has been well described by
Popper and Thomas (1975; Thomas et al, 1975), who suggest-
ed the possibility of an interrelationship between heman-
giosarcoms and the proliferstion of sinuscidal lining
cells and hepatocytes geen in VC fibrosis. Lelbach and
Marsteller (1981) have also noted that the vast smajority
of hemangiosarcoss cases have appeared on a background of
some degree of hepatic Efibrosis. The implications of
these suggestions for s hemangicsarcoms dose-response
relation are uncertsin.

During 1974, extensive studies were undertsken by the
Environmental Sciences Laboratory of the total workforces
of three polymerization plants in the states of New York,
Hichigan snd West Virginia. The results from the New York
plant {Lilis et sl, 1975) indicated the presence of acroo-
stealysis in heavily exposed individuals. Hepato- and
splenomegaly or hepatic tenderness was cosmonly observed
and associated with duration of exposure and elevated
slkaline phosphatase levels. Sixty-four of 354 had an
enlarged or tender liver or spleen and of these, 41X had
elevated alkaline phosphatase. Liver fuaction tests were
not particularly revesling, except for a correlation of
elevated alkaline phosphstsse levels with durstion of
exposure. Additionally, carcinogenic embryonic sntigen
titers were slightly higher among vinyl chloride exposed
groups than in s smoking matched control populstion
(Anderson et al, 1978).

Tamburro and Greenberg {1981} bhasve evaluated the
effectiveness of federslly mandated screening tests for
vinyl chloride exposed workers. Figure 1 shows the re-
sults on specificity and semsitivity for 78 individuals
with hepatic status determined by biopsy. ICG clesrsnce
had the highest combined sensitivity and specificity, with
SGPT the second wmost useful test. Elevated alksline
rhosphatase 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 recosmended the use of ICG clesrsnce for screening,
to be followed with alkaline phosphstase determinations
for those with altered clearance.
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Figure 1: Sensitivity and epecificity of various
biocchemical screening tests snd their sensitivicy
snd specificity sum values (5 & S) bssed on 78

vith blopsy documentstion of their hepstic ststus.

Three of the seven individusls who died afte
with bemangiosarcoma in the previously described -or:a::::
followup were examined im 1974. One, who died 22 months
sfter exsmination, hsd no noteworthy sbnormalities on
exsmination (alkaline phosphatase was 88, slightly high}.
A second, who died three yesrs sfter examination, had s
slightly enlsrged, palpahle liver (11 x 6 cm) uith, normal
blood counts sad chemistry. Only one of the above drank
slcokol st all sad be only drank 2-3 beers/month. The
third, who died 22 months after exsmination, had s slight-
ly enlsrged liver (11 x & cm) snd spleen (13 x 8 ca), and
slightly elevated slksline phosphatase (93), SCOT (52) and
CEA (4.7). Thrombocytopemis was also present (75,000).
:e d::: v:re .v::lahle on later clinical parameters, but
results sre clearl o i i
for identification of s lyeciayl :i:k.'u“ui“u, specitic

Pulmonsry sbnormalities also have been assoc
l._rit.h VC/PVC exposure. Small opacities, predo:in:::;:
irregular, of profusion 1/0 or greater were found in 20 of
1,216 workers employed at PV production in an Italian
p!.ant (Mastrangelo et al, 1981). _All had been exposed to
bigh levels of PVC dust (>0 ag/m”). Lilis et al {1976}

R =
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reported that spproximately 20% of VL/PVC workers with
high exposures to PVC dust had sbonormal X-rays, which
correlated with durstion of exposure snd, slso, with
cigsretite smoking. In contrast, only 4.7% of individuals

“in s PVC plant with low dust levels had abnormal X-rays.

In sdditicn to “typical paeumoconiosis,” s granulatomous
reaction to PVC dust bas been reported (Arnaud et al,
1978). Hiller et al (1975) have observed pulmonsry func-
tion sbnormalities (s reduction in the ratios FEV /FVC snd
18iF /predicted MF) in both smokers and non-mtet& heavily
exposed to PVC dust (and also to VC monomer). Haltoni and
Lodi (1981), observed greater percentsge of sboormal spu-
tum cytological results smong VC exposed vorkers compsred
to several other groups of manufscturing workers or miners.
Only workers in the chrosium industry demonstrated »
grester proportion of sbaormal cells.

Ducatman et ll\ {1975) have observed an increased
frequency of chromcsome abnormalities in the lymphacyte
cultures of VC workera. 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 was resam-
pled 12 and 42 mooths lster (Anderson et sl, 1980). In
those studied during January 1976, the frequency of sbnor-
malities was imcreased in those who conticued VC/PVC
employment, but decreased im those who left the industry.
In January 1978, no iancreased frequeacy was found in any
worker. The suthors sttributed the decrease to the reduc-
tion in VC exposure.

MEALTH MAZARDS IN THE PVC PROCESSING INDUSTRY

Prior to identificstion of hemangiosarcoms in VC
polymerization workers, little effort was made to control
either the concentration of residus) monomer in PVC dust
or exposures to dust ssd VC that occurred in the various
forming operstions of the PVC fsbricsting isdustry. VC
concentrations in excess of 10 ppm occurred frequently.
While these concentrations were significantly lower thasn
those of the polymerization industry, the much greater
employmeat in the processing industry (hundreds of thou-
sands ‘vs. tens of thousands in the polymerizstion work)
raised concern for population health effects, particularly
for malignant disesse for which no threshold was known.
However, only two hemangiosarcomas have been documented in
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the PVC processing imdustry, ome in am accountant i a
plant making PVC febric and one in sn Itslian pPlaot saking
PVC sscks. A third case way bave occurred in an electri-
csl wire insulator, but the pathological disgnosis ia
uncertain (Lloyd, 1975)}. This is in contrast tq.85 cases
known to have occurred among polymerization workers (NIOSH,
1982). This is somewhat comforting and indicstes » signi-
ficaatly 1lower total VC-related neoplastic vcisk smong
fabricstion workers. However, it should be soted that
case finding is likely to be poorer in this group than in
polymerization workers.

A proportionste mortslity study has been conducted of
4,341 desths of former employees of 17 PYC fabricators
(Chiazze Jx., et al, 1977). The direct PMR‘s suggested sn
excess in totsl cancer mortslity among both vhite mea snd
vhite women with the major excesses concentrated in can-
cers of the digestive organs. An excess of breast cancer
was alsc seen in women, but not confirmed in & case-con-
trol study (which was of very low power and could only
detect a threefold increased risk) (Chiazze, Jr. et al,
1980). The vesults of the proportionate mortslity study
sust ba considered csutiocusly. In such studies, elevated
csncer risks and are typicslly seen because of a “healthy
worker effect,” which leads to & reduction in csrdiovascu~
lar desths relative to those of cencer. If PCHR's {pro~
portionate csncer mortslity ratios) had been calculated,
rather than PMR's, digestive cancer would atill be elevat-
ed but mot at san 0.05 level of significence. Interest-
ingly, an excess of stomach csncer wss seen in the propor-
tionsl mortality study of Baxter and Fox (1976).

. SUKMARY

'Bvenll. the results of the analysis of 12 studies of
VC production amd polymerization workers demonstrate an
ecorsously elevsted risk of liver malignancies, the possi-
bility of & twofold increased risk of brain snd central
RErvous systes tumors and perhaps, slsoc, of malignancies
of the lymphatic and hematopoietic system. However, the
role of other sgents csnnot be excluded in the etiology of
wonhepatic malignancies. Bronchogenic carcinoss does not
sppesr to be increased from exposures to VC monomer,
although s relationship to PVL dust was suggested in one
study. These conclusions mus’. be considered in light of
limited dsts on workers fclloved more thaan 25 years from
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onset of exposure. Considering the numbers of observed
snd expected desths in all studies, it would sppear that
the excess of malignsncies at nonhepatic sites is less
than the excess of liver tumors. Dats presented elsewhere
io this volume (Nicholson snd Henneberger, 1983) suggest
that exposure reductions in 1974 may have virtually elimi-
nsted the WVC-associated risk of Lliver cancer if the
current U.S. stsndsrd is met. To the extent that .\\‘C
exposure is associated with other cancers, » similar risk
reduction would be expected.

Raynsud’s phenomenon, acroosteolysis, sclerodermalike
skin lesions, hepsto- snd splencmegsly with noncirrhotic
hepatic fibrosis, and severe portal hypertension hnvf been
associsted with past hesvy exposures to VC. Evidence
exists that the liver disesse and portal hypertenmsion may
progress following cessatiom of exposure. Ilouew'rer, sll of
the sbove syndromes were found largely im hesvily exposed
individuala. Their occurrence would be much less likely
in workers exposed only to concentrstions currently allow-
ed. . Pulmonary deficits, X-rsy llmomli‘tiu. and, per-
baps, lung cancer bave been sssociasted with VC/PVC expo-
sure. Because of the possible contribution of PVC dusi to
these findings, engineering controls during polymer dry-
ing, bagging and ussge are nrunte:.!
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