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INTRODUCTION

On Januvary 24, 1974, The Wall} Street Journal publish-
ed an lrtlcl:r describing the orccurrence of three tlicn::l
from hemangiosarcoms of the live:r among polyvinyl chlor :
(PVC) production workers at tiwe B.F. Goodric#h i1'i.re ::n 3
Rubber Company plant in Louisvil le, Kentucky. s ano e
cement shattered the relativei:y complacent view tmu:
health effects associated wich plastic yroductionmn
genersl sad PVC production {n particular. At the ¢ u.
U.8. and Western Eyropean progiuction of viayl chlor ;
(VC) exceeded 6 x 10° metric toms. Numerous -crtali.:y :n
clinical studies were uandertaken in the major pro HC‘:l
countries in an attempt to esc-ablish the extent of :
carcinogenic risk and to idemtify clinical pnnu:e;e
useful for surveillance of expossed groups. Because of t e
immediate concern in 1974, most of these studien u;re co:-
pleted between 1974 and 1977. Several reviews an ly:pen
nis on human bheslth effects frrom VC exposure hs::‘ H:r-
published recently. A superb ovne is by Lelbach &
steller (1981).

s were high -thst led to the disease
nb:er:z: 1?1:::?1;"10” .t:djg-.'s. Typical l:ontentnt::::
in the industry were estimated tio be about 1,000 pp: 03-200
to 1955, from 300-500 during 15955-1970, and frn: o
during 1970-1974 {Barnes, 1976). However, variat onlh o
such exposures would have occrurred in specific p nre
{Rowe, 1975). While historicaal average expo-urfe: nw:x-
generally less than 1,000 ppm, pesk exposurea ofte
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ceeded 5-10,000 pps (where workers lost consciousness)

e s 22 pzpeR st
and, on occasion, 40,000 ppm (where plants exploded). 5; T e 22%2 33353233
During 1974, exposures were reduced to about 10-20 ppm in »
the U.S. industry (Jones, 1981) and even further, follow-
ing the promulgstion of & 1 ppm standard by-the Occupa- ii N % a8 ﬁ s 8 9 & 58 9
tional Safety and Health Adninistration im 1974. ;:
o
MORTALITY STUDIES OF VC-EXPOSED WORKERS Y
Hr) N @ N ™ - o o~ " 2
Table 1 shows the populations ohserved and the follow- a3 2% %3 3 3 2 3 3 4 3% 3
up characteristics of twelve cohort studies of vinyl chle- 12 ~
ride exposed workers. The studies were independent with
the exception that the portions of the population reported !E w h - a“« 4
in the Equitable Environmental Heslth Study {1978) were i‘:' 3 & % 5% ~3 22 "3
included in some other U.S. studies. The proportionate =
mortality study of Honson et al (1974) ias not included as ]
the VC-exposed individuals studied therein were included !i n"o~ - = “ o
in the cohort mortslity atudy of Waxweiler et al (1976). 5§ e 2R ~ R % 2
The size of the cohorts varied grestly, from 255 in the =
study of Nicholson et al (1975) to 9,677 in the Equitable -
Environments]l Health study. A notable feature of all of T I oS S s Bl Sl S S ]
the studies is that the populations followed were rela- - - .°3 I L n o g
tively young or recently employed, even though many plants - '_g -
in the studies started production in the 1940s. HMost s - 53 >« &
workers were hired after 1950, when U.S. and Western f3jjs 8 8 3 8 88 8 = 3 83
Eurcpean production incressed sixfold in ten years |
(Nicholson and Henneberger, 1983). Thus, few deaths os
occurred smong most of the groups observed and dsts on 2 o o Mm o w w
effects 25 or more years from onset of expoaure are 1i- gg 232 % T2 S e 3 s
mited. The total mortality exceeded 10% of the observa- g @ = °
tion cohort in only three studies. Further, the inclusion £38
of vecently employed individusls or those with short 1
employment diluted the effects from VC exposure. Only " o € e~
five studies limited consideration to individusls with 25 383 53§28R3F %8
more than one year of exposure. Ia all cases, however, iu. - Ll "~
some individuals with more than 20 years from onset of

employment were available for observation. The follow-up
tersinated in the ®»id-1970s for all studies.
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Table 2 comparea the results for cancer of all sites

& Longer latencles considered for some causes of death.

| s, .8 3 1
and chronic liver disesse in all 12 studies. Cancer is ] e . E:é u 4 E;g
elevated in most of the studies, although it does not H u a -=' «ZER - : .,2,..
achieve a 0.05 level of significance except in the studies o M - 2-‘-3:‘ ! : . 3‘-:
by Waxweiler et al (1976) and Nicholson et al {1975). Ia 5';.‘ s‘:“g: o’iaﬂ: .23-'-‘. uii:
the study by Ott et al (1375}, & highly exposed subgroup R H :E!EE;EEE§E=§=:=E: o
with 15 years latency had B cancer deaths compared to 3.2 AHa-a
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Table 2
Observed end axpectad desths smong vinyl
thloride exposed workers in twelve studiss
Cancer of all sites Chronic liver cancer
Deathe T Demted
Stud Obser. ec, SMR Obeer., e,  SMR
Sartaxsi ac al 3¢ 0.9 9 3
Buffler at al 1 5.1% 154
5 yr. lacency ] 4.34 2133
Byran et al - - -
Duck st al k> 36.44 »%
Equitabla 138 14l1.39
Yox & Colliar us 126.77 9
Hasuda ] 5.8 138
Hicholeon ] 1.9 130
Ott et al 13 16.0 )]
1% yx. latency 9 9.1 ”
Tainl et sl b 90.6 11}s
Therisult & Allacd 20 16.3 122

Waxwellar et al s 23.5 149¢
15 yr. lateney 11 6.9 184t¢

* Adjusted for usinown causss of death

{) = Istimared a8 o parcentags of U.3. ratas
t p< 0,05

#++ p< 0.01

& SMR of control papulation squally high

expected {p < 0.05). The absence of significant findings
in other studies may be sttributed to their Jlow power
The study of Bertazzi et al (1979) may be hiased bec.ua;
of low follow-up in the group. Fourteen percent of the
population were untraced and person-yesrs st rigk were
calculated for these individuals as if they wvere alive
The low SMR of 44 for all causes of death suggests tha;.
proportionately more deaths occurred in untraced groups
than in the traced. The studies by Buffler et a] {1979)
Byren et al (1976), Masuds (1979}, and Theriault anc'l
Allard {1981) had very few deaths available for apalysis
That of Ott et al {1975) also war limited by the nusher o;’
deaths and further by virtue of s study Sroup with rels-
tively lower exposure (through better industrial bygiene
control}. While having more deathe available for analysie
(136), the study by Duck et al (1975) was significantly
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diluted by the inclusion of meny individuals with very
skort and recent periods of exposure.

Turning to chronic liver dJdisesse, one remarkable
finding is the absence of significantly elevated mortality
from this cause in most of the populations under cbserva-
tion. The only study with a significant elevation is that
of Masuds (1979} In which five deaths from chronic liver
disease occurred where only one was expected. However,
this must be considered in the light of sn equally high
mortality from liver disease (6 observed va. 1.4 expected)
in 8 comparison populstion followed for control purposes.
Five of 62 deaths from chronic liver disease seen in the
study by Bertazzi et sl {1979) are uaususl, but the limi-
tations of this study snd lack of detsils make evslustion
difficult. The generslly benign results in other studies
contrast sharply with the severe liver disease from VC
exposure documented in clinicsl studies {Marsteller et al,
1975). Hepatomegaly, hepatic fibrosis, portsl hyper~
tensian, and bleeding esophageal varices have commonly
been found in individusls heavily exposed to VC, even
without coocomitant exposure to alcchol.

Table 3 lists the mortality dsts for primary cancer
of the liver and biliary passages snd for cancer of the
lung, trachea snd bronchus. In the case of liver cancer,
the overall dats are consistent snd dramatic. Heman-
giosarcomas of the liver were found in eight of the twelve
studies. In each of the eight, & very large and highly
significant SMR for liver cancer was seen. Methadelogical
limitations can account for negative dsta in the other
four studies. The large SMR's observed, however,” are
largely the result of low vslues for the expected number
of cases rather than a high incidence of observed cases.
Only 28 separate liver hemangiosarcomas were identified in
2ll twelve studies. As the overall excess number of
deaths from liver snd bilisry cancer in all studies wvas
47, some hemsngiossrcomss may not have been identified.
The low nusbers must alsc be considered in light of the
limited follow-up times in wost studies.

The evidence for lung cancer is less clear. There is
an elevation in some studies, but st & level that does not
achieve ststisticsl significance, except in the 15 year
latency population of Waxweiler et al {1976). This, in
part, may be the result of the low power of many of the
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Table 3

Observed and expected deaths from selectad causen
Ameng vinyl chloride-exposed workers

Cancer of the Cancer of the lung,

liver and bilfary passagas trachea snd bronchus

a Hemangio-
Obs. _ Exp. SHR sarcomas  Obs. Rxp. SMR
Bertazsi ¢ o’ oot 23 TNt sy
Buffler ] (0.17) -— o
5 yr. lataacy : ::: i:r
Byren 4 0.97 4134 2 3
10 yr. latency & 0.68 583+t 1o e
Duck -—
-— 0 16 .
19 yr. letency 14 :g.z: :g:
Equitable 10 (4.5) {224)t 5 43
15 yr. latency &l ;::g’ :g;
fox and Collier 4 0.1 563t 2 46
15 yr. latency 1] :::3 lt’l:
Masuda 1 0.6 167 0 1 {0.8) {125)
Hicholsen 3 {0.12) {2500) ++4 3 ¢ {1.1) -
ott 9 (0.5) - L) {37} 5.2 1Y
Reinl 12 0.9 1523ttt 4 2 .8 9s®
Tharfeult ] {0.5) (1600) ++4 L]
13 yr. latency : i;: 2;
Haxweiler ? o.& 1155¢+4 & 12 1.7
15 yr. lstency 7 0.4 16064+t 6 11 5.7 :gf
Total of ponduplicated henangiosarcomas 29
t < 0.0%
o g0
ttt < 0.001

a 411 verified liver cancar deaths, including those eatsblighed by
ceviaw of all available fnformstion.

b (} » Expected desths esrimsted ca the baets of 1950-1969 1.5,
adjusted rtaces, ICD 155/ICD 140-205.

© ) » Expectad deaths satimated on the basis of nationasl d
tates, ICD 162-1863/1CD li0-205, e ddusced

d One hemangiosarcoma occurcad in a PYC Esbricator.
o Inciudes cancer of the pancress.

S

e

b E
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studies. Only two hare an BOX power to detect an oversll
risk of 1.5 (Besumoni. and Breslow, 1981).  Of signifi-
cance, however, are the very low SMR's in the groups
studied by Therisult snd Allsrd (1981), Reinl, et al
(1379), sad Nicholson et sl {1975), cohorts thet would be
expected to manifest a high risk on the basis of the many
hemsngiossrcomss that were found. The four largest stu-
dies, although in some cases limited by inclusion of
short-term and recently employed workers, alsoc sre note-
worthy for the SMR's close to 100. Where available, data
on subcohorts with longer latency (> 15 yr) suggest some
incressed risk.

Waxweiler et sl (13831) undertook a detailed analysis
of the exposure of those with lung cancer in their previ-
ously published study (Waxweiler et al, 1576) in an at-
tempt to jidentify psrticular etiological sgeats. The
anslysis used s serially additive expected dose model
(Smith et al, 1980) in which s dose measure during each
year of exposure was accumulated for esch study individual
for s variety of potentially carcinogenic agents. The
cusulative doses for those with lung cancer were compared
with those of other individuals in the plant under study.
The results showed that the greatest correlstion of lung
cancer was with exposure to PVC dust. BSecondarily, expo-
sure to vinylidene chloride appeared to be importsnt, but
only for large cell and adenocarcinoma. The serially
additive dose for VC monomer differed little in those with
lung cancer compsred to others 1ia the plant, except,
possibly, for large cell cancers.

Thus, evidence to date does not establish that VT
monower is an important iung carcinogen in exposed worker
populations, although it is recognized that limited long-
term cbservstion has so far been available. 1In all stu-
dies considered here, a slight deficit of cases was seen
compared to the pumber expected. 1In the subcohorts with
more then 15 years from t of g re, an oversll
excess of 10% was observed. 1f, in addition, one consi-
ders a “heslthy worker effect,” any excess lung csncer
would still be considerably less than the excess of liver
cancer. A qualification to this conclusion is thst no
study specificelly considered cigarette usage. If cigar-
ette amoking was much less common amomg VC workers than
the general population, higher SMR's would have been seen
if smoking specific dats were available. However, this

OLI 3829
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possibility is wunlikely, considering the many different
populations studied. The wuncertsinty in human dsta is
also reflected in snimal studies. Increased lung cancers
have been seen in mice but not in rats or hemsters (Maltoni
et al, 1981). -

Table & shows the results for brain and centrsl
nervous systea cancers and for cencers of the lymphatic
and hematopojetic systema. Cancers of the brain and
central nervous system were aignificantly elevated in a
number of studies, although the results differed consider-
ably across studies. Again, negative dats may be simply
the result of limited long-term follow-up or the low power
of the study, 1In such cases the information is only
sufficient to sget an upper limit on relative risk of brain
cencer. In contrast to lung cancer, however, the largest
study group has s significantly elevated risk of brain and
central nervous aystem malignancy. As with lung cancer,
the dats on brain and CNS cancer in snimals are equivocal.
Neuroblastomas and brain malignancies are observed in rats
exposed to VO, but not among mice or hsmsters (Maltoni et
al, 1981). The human dats are slso mitigated by the
recent finding of brain and centrsl nervous system tusors
in a wvariety of chemical plant exposure circumstances
{(Alexander et al, 19B0; Selikoff et al, 1982). Excess
brain malighancies, but not the etiologicel sgents, have
been identified in several Texas snd Louisisna chemical/
petrochemical plants. VC exposure was documented for some
cases, but it could not explsin the overall findings. As
individuals in many of the VC studies considered here were
exposed to other chemicals snd petrochemicals, the pos-
sible role of these agents cannot be excluded. Further,
it has been suggested that some working groups, with
employer-pald medical plans, may have better case ascer-
tainment thsn is generally avsilable (Greenwald et al,
1981) and, thus, mere brain malignancies identified. 1In
any case, the number of excess malignancies of the brajin
and central nervous systea {(spproximstely 10} in all
studies is considerably less than the number of hemangio-
sarcomas identified in the same populations.

Similar results are obtsined for malignancies of the
lymphatic and hematopoietic system. Here agsin, the
enalysis is limited by the few deaths and disparste re-
sults which occurred in different studies. Oversll, there
would appear to be an elevated risk, but the influence of
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Table &

Obsarved snd expected deaths from selected csuses
among vinyl chloride sxposed workers

Cancer of tha brain & Cascer of the lymphatic
gentral pervous aystam snd hematopoietic syatsy

Obesrx. t, SMR Obeet. e, SMR

Bartassi 1 (.o 128 v e
puffler 0 0.1) - 0 (0.5} -
Byren T om et [ - -
Duck - - - - - -
Tqulteble 12 ss0 2007 0 1701 124
Tox & Colller 2 3.66 35 s s.01 100
Masuda L] ©.15 - o ©.y -
Nicholson 1 (0.1} (1000} T (0.4 (o0
ott 1 0.4 (2%0) 1 (.8 (e
Refal H 1.3 162 13 1.7 natt
Therisult ] 0.6 - 1 167 &
Haxveiler 3 o a9, & 2.5 1%

15 yr. latency 3 0.6 498

+ < 0.0%

+ < 0,01

% ()  Expacted estimated from the ratic of sge stantsrdized
0.5, eates ICD 183/1CD 140-208.

P () « Expected estimazed from the retic of 1930-1969 U.5.
ratas ICD 200-205/5CD 140-250.

confounding exposures precludes definitive statements.
The overall excess of such mslignancies (about 10) is xlso
much less than those from primary hemangiosarcosas of the
liver.

EFFECT OF REDUCTION OF EXPOSURE TO VC

As mentioned previcusly, most wortality studies followed
populations only to the 1972-1975 period. No dats exist
on the risk to previously exposed populations after cessa-
tion of exposure in 1974, although hemangicsarcomas have
been noted asmong retirees. We have recently completed »
follow-up through 1981 of tha populstion reported im 1975
{Nicholson et s}, 1975) to determine whether a high risk
of liver cancer continues, following significsnt reduction
in exposure. The originsl group employed at s VC polymer-

OLI 3830
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ization plant in Nisgars Falls, New York -
panded by 40 additional worke;l, all ex;msh:d. ?::nl::e
years, who achieved ten yesrs from onset of exposure
subsequent to April 1974, Additionslly, 195 individuals
employed st 8 VC polymerizstion plant in South Charleston
West Virginias, with five years of exposure and ten yelr;

from onszet in December, 1966, we id
theaugh 1980, N y re identified and traced

Table S lists the observed snd expected deaths by
cause for both groups with the desths occurring after 1974
separately identified. {(These are preliminary data; full

Table 5

Gbserved and axpected desths smong
winyl chloride polymarization workers

Miagara Falls, WY (N = 296;
(Jaouary 1, 1956 - Decembar 31, 1981}

Obeerved
Cause of death S6-14 _T4-81 Toral EBxpected S
A1l causes 23 21 & 40.87
]

All cencer
Lung L]
Colon/ractum 1
Brain 1
Liver 3l
1
1
1
3

16 9.01
1,33

1.3

0.3

0.1%

0.53

Q.50

1.41

19.08

Lymphoma

Pancress
Cirrhosin of liver
Cardiovascular disease 1

South Charleston, WY _ (N = 195}
December 1, 1966 - December 31, 1980)
Obsarved
Cause of desth 56-73 Ti-80 Total Expectsd SMR
All ceuses 12 % 3% .14 L]
All csncer 2 12 10.65 113
Lung §.07 49
Colonfractmm [ 0 1.9 -—
Srain 1] 0 0.43 -—
Liver o 4 0.2 11%°
Lymphoma [ Q ¢.59 -
Pancreas ¢ 0 Q.67 -
] i
] 0

L R of-2 XEN-NOR N 3

-5

Cirrhosie of liver 1.81 35
Cardiovancular disessa

b DD

-

7.14 73
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pathological review of all avsilable specimens hss not
been completed,) Among the 44 desths that occurred in the
Kisgara Falls cobhort, & were from primary cancer of the
liver, including 5 hemapgiosarcomas. Three of the heman-
glossrcomss occurred in the period prior to 1974 and 2
subsequently. Similar findings occurred among the smaller
group in West Virginia. Here, of 36 desths, & were froa
hemangicsarcoms, all of which occurred subsequent to 1374.
Thus, the risk of neoplastic VC disesse continues undimi-
nished, even though exposures to the monomer have been
significently reduced. The combined data from both groups
sre shown in Table & and demonstrate an excess risk of
cancer, which is totally accounted for by the enormously
increased risk of liver malignancy cbserved in each time
from onset of exposure category. The excess lymphomas
which achieved significance at the p < 0.05 level in the
Nisgasrs Falls group lose significence when combined with
the dets from South Charleston. & deficit of lung cancer
wes observed in both study groups and brain malignancies
were sbout egqual to the number expected.

It 1is not certain whether the resnlte of these two
plants will be reflected in the results of other plants in
future yesrs. The South Charleston plant was the first
facility to cosmercially produce VC. The New York plant
opened immedistely following the cessstion of World War
I1. Thus, we are observing effects in populstions that
include many individuals with long times from onset of
exposure. There is no information on whether the expo-
sures in these two plants were significently different
from those of the majority of other VC polymerization
facilities. It is known that pre-1974 exposures in the

. New York plant were sufficiently high to cause loss of

consciousness to some individuals {4.5% of those exsmined
in the clinicsl survey of 1974} (Lilis et a1, 1975).

MORBIDITY AND CLINICAL FINDINGS AMONG VC-EXPOSED WORKERS

Clinical sbnormalities from VC exposure predated by
25 years the documentation of its carcinogenicity. Vari-
ous VC-relsted abnormalities were reported in Eastern
European litersture, including hepatomegaly (Tribukh et
al, 1949), angioneurosis (Filatova snd Gronsberg, 1957},
osteolytic lesions of distal phalsnges {Sairnova, 1961),
Raynaud's phenomenon sad sclerodermalike akin lesions
(Suciu et sl, 1963). However, VC disesse was not seri-
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Tabla 6

Obuerved gnd expected dasthe among winyl chloride
#xposed workers in two polymerization facilitles
by time from onset of Sxposurs .
Tears since onset of axposura
Causs of death i - 1% 0 - 25

Obs. Exp.

A1 causes 2% 1913
411 cancer ToAan
bung 1.28
Liver

Exp.
6 31.64
12 801
N
st 0.37
[

w2

1
24
Brain 1
Lymphoua 1 0. 0 0.4
Q 0 D.8?
14 12 16.40

Circhosle of liver
Cardiovescular
disessn

uu-ovn—l\n

"

Parson years 1404

a. hemangiozsrcoms
b. & hemsngioasrcomas and 1 hspatona

ously considered in the West until the published descrip-
tion of Raynaud's syndrome, acroosteolysis, and pseudo~
scleroderma in two Belgium VC resctor clesaners {Cordier et
al, 1966). Additional cases were soon noted (Wilson et
al, 1967) and a comprehenaive epidemiological study of
5,011 U.S. workers employed in production and polymeriza-
tion was undertaken. It showed that 11.9% had bouible
)(Trag'r signs of acroosteolysis, compared with 3.2% in a
Michigan general population control group, with 2% defi-
nitely having Raynaud's phenomenon or X-ray evidence of
scroosteolysis (Dinman et a), 1971). The conditions were
clearly associated with the clesning of reactors, in which
& heavy exposure to ¥C occurred, Only ene case of Ray-

nsud's phenomenon occurred smong 557 k
PVC fabrication. s vorkers ewployed in

During the early 1970's, VC liver disesse was de-
scribed in detsil by Harsteller et al (1373, 1975).
Observations on selected workers showed hepato- and sple-
nomegaly to be common. Peritoneoscopy and guided liver
biopsy identified severe portal hypertension in wsome
ger_:enlly without cirrhotic fibrosis, although perisinn:
soidal and focal or diffuse capsular fibrosis were common -
ly seen. The portal hypertension could lead to bleeding
esophageal varices, with possible fatal Consequences. In
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hesvily exposed individuale, the portal hypertension and
hepatic fibrosis often progresesed after cessation of
exposure (Martin et al, 1974). The histology of malignant
snd nonmalignant liver disesse has been well described by
Popper and Thomas {1975; Thomas et al, 1975), who suggest-
ed the possibility of an interrelationship between hemsn-
giosarcoms and the proliferation of ainusoidal 1lining
cells and hepatocytes seen in VC fibrosis. ILelbach and
Marsteller {1581} have also noted that the vast majority
of hemangiosarcoma cases have sppeared on a background of
some degree of hepatic fibrosis. The {iwplicstions of
these suggestions for & hemangiosarcoma dose-response
relation are uncertain.

During 1974, extensive studies were undertsken by the
Enviconmental Sciences Laboratory of the total workforces
of three polymerization plants in the states of Hew York,
Hichigan and West Virginia. The results from the New York
plant (Lilis et al, 1975) indicated the presence of acroo~
steolysis in heavily . exposed individusls. Hepato- and
splenomegaly or hepatic tendernesa was commonly observed
and associated with duration of exposure and elevated
alksline photphatase levels. Sixty-four of 354 had an
enlarged or tender liver or spleen snd of these, &41% had
elevated slkaline phosphatase. Liver function testa were
not particulsrly revealing, except for a correlstion of
elevated alksline phosphatase levela with duration of
exposure. Additionally, carcinogenic embryonic antigen
titers were alightly higher among vinyl chloride exposed
groups than in & amoking wmatched control population
(Anderson et al, 1978).

Tamburto and Greenberg {(1981) have evaluated the
effectiveness of federally mandsted screening tests for
vinyl chloride exposed workers. Figure 1 shows the re-
sults on specificity and sensitivity for T8 individuals
with hepatic status determined by biopsy. ICG clearance
had the highest combined sensitivity and specificity, with
SGPT the second most useful test. Elevated alkaline
phosphatase had the grestest specificity of asll teste,
particularly for chemically-induced liver injury, but was
lacking in sensitivity. SGOT and GGPT were of limited use
because of their low specificity for chronic liver disease.
They recommended the use of ICG clearance for screening,
to be followed with alksline phosphatase determinstions
for those with sltered clearance.
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Figure 1: Sensitivity and specificity of various
biochemical screening tests and their sensitivity
and specificity sum walues {5 & S} based on 78

with biopsy documentation of their hepatic statua.

Three of the seven individuals who died after 1974
with hemsngiosarcoma in the previcusly described mortality
followup were exsmined in 1974. One, who died 22 montha
sfter examination, bhad no noteworthy abnormslities on
exsmination {alkaline phosphatase was BB, slightly high).
A second, who died three years after examination, had »
slightly enlarged, palpable liver (11 x 6 cm) with normal
blood counts and chemistry. Osly one of the sbove drank
alcohal at all and he only desnk 2-3 beers/month. The
third, who died 22 months after exasminatiocn, had s slight~
ly enlarged liver (11 x 8 cw) and spleen (13 x B ¢m), and
slightly elevated alkaline phosphatase (93), SGOT (52; and
CEA (4.7). Thrombocytopenisa was also present (75,000).
No data asre available on later clinicsl parameters, but

the above results are clearly not sufficientl
for identification of a lpecia{ risk. ently specttic

Pulwonary abnormalities also have been associa
with VC/PVC exposure. Samal) opacities, predo.imn:;:
irregular, of profusion 1/0 or greater were found in 20 of
1,216 workers employed at PVC production in an Italian
plant {(Hastrangelo et al, 1981). _All had been exposed to
high levels of PYC dust (>10 sg/m”). Lilis et al {1976}
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reported that aspproximately 20% of VC/PVC workers with
high exposures to PVC dust had sbnormal X-rays, which
correlated with duration of exposure and, also, with
cigarette smoking. In contrast, only 4.7% of individuals
in a PVC plant with low dust levels had sbnormal X-rays.
In sddition to "typical pneumoconiosis,” s granulatomous
reaction to PVC dust bas been reported (Arnaud et al,
1978). Miller et al (1975) have observed pulmonary func-
tion abnormslities (s reduction in the ratios FEV_/FVC and
WF/predicted MMF) im both swokers and non-nokeri heavily
exposed to PUC dust (and also to VC monomer). Maltoni and
Lodi (1981), observed greater perceatage of sbnorsal spu-
tum cytologicsl results among VC exposed workers compared
to several other groups of msaufacturing workers or sipers.
Only workers in the chromium industry desonstrated »
greater proportion of sbnormsl cells.

Ducatmsn et sl (1975) have observed an lncreased
freq y of chr shnormslities in the lymphecyte
cultures of VC workers. MHost of the abpormalities were
“unatable” changes, such es fragments, diceatrics, and
vings. This was confirmed by Purchase et al (1578), among
others. Some of the group studied by Purchase was resam-
pled 18 and 42 wonths later {Anderson et al, 1980). In
those studied during January 1976, the frequency of abmor-
sslities wss increaseé¢ in those who continued VC/PVC
employment, but decressed in these who left the industry.
In January 1978, no increased frequeacy was found in any
worker. The suthors sttributed the decrease to the reduc-
tion fn VO exposure.

HEALTH HAZARDS IN THE PVC PROCESSING INDUSTRY

Prior to identification of hemangicaarcoms in VC
polymerization workera, little effort waa made te control
either the concentration of residual monomer in PVC dust
or exposures to dust and VC that occurred ia the various
forming operations of the PVC fabricsting industey. VC
concentrations in excess of 10 ppm occurred frequently.
While these concentrations were significaatly lower than
those of the polymerization industry, the such greater
employment in tbe processing industry (hundreds of thou-
sands vs. tens of thoussnds in the polymerization work)
raised concern for pepulstion health effects, particularly
for malignsut disesse for which oo threshold was known.
However, only two hemangicsarcomas have been documented in
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-~asing industry, one in an accountent irn a
vsunt making PVC fabric and one in an Italian plant making
PVC sacks. A third case may have occurred in sn electri-
cal wire insulator, but the pathological diagnosis is
uncertsin (Lloyd, 1975). This is in contrast tq.85 cases
known to have occurred among poiymerization workers (NIOSH,
1982). This is somevhat comforting snd indicates a signi-
ficantly Jower total VC-related aneoplastic risk among
fabrication workers. However, it should be noted that
case finding is likely to be poorer {n this group than in
polymerization workerss.

A proportionste mortality study has been conducted of
4,341 deaths of former employees of 17 PVC fabricstors
{Chiazze Jr., et al, 1977). The direct PMR's suggested an
excess in total cancer mortality among both white men and
white women with the wajor excesses concentrated in can~
cers of the digestive organs. An excess of breast cancer
wvas also seen in women, but not confirwmed in a case-con-
trol study (which was of very low power and could only
detect a threefold increased risk) (Chiazze, Jr. et aj,
1980). The results of the proportionate mortality study
must be considered cautiously. In such studies, elevated
cancer rir’  snd are typically seen because of s "healthy

worker ¢ which leads to s reduction in cardiovascu-
lar dr ‘ve to those of cancer. If PCMR'a {pro-
port ortality ratios) had been calculated,
rs’ reative cancer would still be elevat~

I3

level of siguificance. Interest-
~h csacer waa seen in the propor-
xter and Fox (1976).

slysis of 12 studies of
vkers demonatrate an
wncies, the possi~-
‘cain and central

~f malignancies
Howevexr, the
~tiology of

doea not

\nomer,

one

of

~
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onset of exposure. Considering the nusbers of observed
and expected deaths in all studies, it would appear that
the excess of malignsncies at nonhepatic sites is less
then the excess of liver tumors. Dats presented elsewvhere
in this volume (Nicholson and Henneberger, 1983) suggest
that exposure reductions in 1974 may have virtually elimi-
nated the VC-sssociated risk of liver cancer if the
cuerent U.S. standard is met. To the extent that ¥C
exposure is sssocisted with other caacers, & similar risk
reduction would be exp‘gcted.

Raynsud’s phenomenon, acroosteclyaia, sclerodermalike
skin lesions, hepato- and splenomegaly with noncicrhotic
hepatic fidbrosis, and severe portal hypertension hsve been
associated with past heavy exposures to V. Evidence
exists that the liver disease and portal hypertension may
progress followiag cessation of exposure. However, all of
the sbove syndromes were found largely in heavily exposed
tndividuals.  Their occurrence would be much less likely
in workers exposed only to concentrations curreatly sllow-
ed. . Pulmonary deficits, X-ray abnormaiities, and, per-
baps, lung cancer have been associated with VC/PVC expo-~
sure. Becsuse of the possible contribution of PVC dust to
these findings, engineering controls during polymer dry~
ing, bagging and usage are urnntedJ
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