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OCCUPATIONAL HAZARDS IN THE VC-PVC INDUSTRY
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INTRODUCTION ., . - .
TS 2 ’ 2 . o
On January 24, 1974, The Wall Street Journal publish-
ed an article describing the occurrence. of three deaths
from hemangiosarcoma. 9f the liver smong.polyvinyl chloride
(PVC) production workers at the B.F. Goodrich Tire and

‘»~Rubber Company plant in.Louisville, Keatucky. This announ-

cement shattered the relatively complacent view toward
bealth effects associsted with plastic. production in
general and PVC . production in particular. At the time,
U.S. and Hbstcrn‘zggopcnn production of vinyl chloride
(VC) exceeded 6 x 10 . metric tons. Numerocus mortality amd
clinical studies ware undertaken in the major producing
countries in an attempt to establish the extent of the
carcinogenic <risk and: to ideatify clinicsl parsmeters
useful for surveillance of exposed groups. Becsuse of the
immediate concezn i 1974, most of these studies were com-
pleted between 1974 and 1977. Several reviews sod sympo-
sia on buman health effects from VC exposure have been
published receatly. A superb one is by Lelbach and Mar-
steller (1981). 4

The exposures were high that led to the disease
observed in these various studies. Typical concentrations
in the industry were estimated to be about 1,000 ppm prior
to 1955, from 300-500 during 1955-1970, and from 100-200

... during 1970-1974 (Barnes, 1976). However, varistions from

such exposures would bave occurred in specific plants
(Rowe, 197S). . While historical avsrage exposures were

" generally less than 1,000 ppm, peak exposures often ex-
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ceeded 5-10,000 ppm (where workers lost consciousness)
and, on oeccasion, 40,000 ppa (where plants exploded).
During 1974, exposures were reduced to about 10-20 ppm in
the U.S. industry (Jones, 1981) and even further, follow-
ing the promulgation of a 1 ppm standard by the Occupa-
tional Safety and Health Administration ip 1974.

MORTALITY STUDIES OF VC-EXPOSED WORKERS

Table 1 shows the populations observed and the follow-
up characteristics of twelve cohort studies of vinyl chlo-
ride exposed workers. The studies were independent with
the exception that the portions of the population reported
in the Equitable Enviroamental Health Study (1978) were
included in some other U.S. studies. The proportionate
sortality study of Monson et al (1974) is not included as
the VC-exposed individuals studied therein were included
in the cohort mortality study of Waxweiler et al (1976).
The size of the cohorts varied “greatly, from 255 in the
study of Nicholson et al (1975) to 9,677 in the Equitabdble
Environmental Health study. A notasble feature of all of
the studies is that the populations followed were rela-
tively young or recently employed, evea though many plants
in the studies started production in the 1940s. Most
workers were hired after 1950, when U.S. and Western
European production increased sixfold din ten years
(Nicholson and Henneberger, 1983). Thus, few deaths
occurred among most of the groups observed and data on
effects 25 or more years from onset of exposure are li-
mited. The total mortality exceeded 10% of the observa-
tion cohort in only three studies. Further, the inclusion
of recently employed individusls or those with short
employment diluted the effects from VC exposure. Only
five studies limited consideration to individuals with
more than one year of exposure. In all cases, however,
some individuals with more than 20 years from onset of
employment were available for observation. The follow-up ™
termiocated in the mid-1970s for 3ll studies. .

Table 2 comparas the results for cancer of all sites
and chronic liver disease in all 12 studies. Cancer ix
elevated in most of the studies, although it does not
achieve a 0.05 level of significance except in the studies
by Waxweiler ot al (1976) and Nicholson et al (197%). 1In
the study by Ott et al (1973), a highly exposed subgroup
with 1S years latency had 8 cancer deaths compared to 3.2
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Table I~
8 cad dea
d: sed workers va gtud.
' anet all siees 5 ' Chronie liver
% ths
$rudy Obaer. se, N0 Obser. | . 2R
Bertasziatal . 30 W9 9 S - -
Suffler ec al - O S.19 1843 2 0 I = -
5 yr. latasey [ 4,34 138 :
Byren st al - - - ° - -
Duck et al as 36.44 96 - - -
Zquitable 139 141.39 104 . 14 26.48 6+
Fox & Collier 1S 126.77 N 1 2.68 37
Masuda [ s.4 13 s 1.00 soo*
Xicholason 9 3.9 230 1 {0.6) 167
ott ag at 13 " 16.0 58 3 2.7 pok
15 yr. latency 9 9.2 ” . ’»}
Retal et al % 0.6 112+ SURE T I 2 c ‘
Thertsult & Allard 20 16.37 122 - - - 2
. _Vawwailer et sl 33 23.5 149 2 4.0 50 v, 3
13 yr. lateacy 31 6.9 1%+ , : @
——— . ' -~J

* Adjusted fer uaknown. csusas of daath .
() = Zecimatad as & parcenctage of U.8. rates
¢+ pc 0.08 )

i+ p < 0.01

4 SR of control population equally high

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



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

Turning to chropie ‘liver disease, one remarkable
finding is the absence of significantly elevated mortality
from this cause in most of the populations under observa-
tion. The only study with a significant elevation is that
of Masuda (1979) 4{n which five deaths from chronmic liver
disease occurred where only one was expected. However,
this wmust be considered in the light of an equally high
mortality from liver disease (6 observed vs. 1.4 expected)

“in a comparison population followed for control purposes.

Five of 62 deaths from chronic liver diseese seen in the
study by Bertazzi et al (1979) are uanusual, but the limi-
tations of this study and lack of details make evaluation
difficult. The generally benign results in other studies
contrast sharply with the severe liver disease from VC
exposure docunented in clinical studies (Marsteller et al,
1975). Hepatomegaly, bepatic fibrosis, pertal bhyper~
tension, and bleeding esophageal varices have commonly
been found in individuals heavily exposed to VC, even
without concomitant exposure to alcohol.

Table 3 lists the mortality data 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 and dramatic. Heman-
giosarcomss of the liver were found in eight of the tvelve
studies. In each of the eight, a very large and highly
significant SMR for liver cancer was seen. Methodologicsl
limitations can account- for negative data in the other
four studies. The large SMR'a observed, hovever, are
largely the result of low values for the expectad number
of cases rather than a high incidence of cbserved cases.
Only 29 separate liver hemangiosarcomas wers identified in
all twelve studies.....As the overall sexcess number of
deaths from liver and bilisry cancer in ell studies was
47, some hemangiosarcomas may. not have been identified.
The low numbers must’alse be considered in light of the
limited follow-up  times“{in most studies. - . .

The evidence® for ‘lung cancer is less clear. There is
sn elevation in some studies, but at a level that does not
acbieve statistical 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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A »e.t 1. 9o ' ierce -
‘Bertazzs .8 . Q0" w0t 3 . 2 .n% ()
-~ Sultfler om0 0 (0.17) 0 e= v D ] 1.7 209*
.* 3 yT. latemcy . - & 1.49 268
Byzen . 4. 0w M3T. .2 3 -Lu7s 168
. 10 yr. lagency .4 Q.48 L1 L o
Duck - - -, 16 18.33 103 "
.19 yr. latemey _ C1a 10.69 m ..
Zquitable 10 %.5) (@ s 45 ak.29 1078 .
" 18 yv. latesey v wt Al 87.0 111 Yo
Ton and Cellier & o.n se3 =-% 2 - e M1.23 0
1S5 yr. lacency 28 26.0 108 .
Masuds 0.4 7 - " 0 1 0. 8) (12%) 8
Nichelscn ‘3 0.1 @son™* - 3 o A e e *
e - P 71 { : . ' .
Oee 0 (0.8 - ToeT o oasn s 1(Nen 2 ,
Ragnl 2. 0 1™ 0 2 e 9! "
; Theriault 8. 0.8 e’ 8 2 an 3s L@
15 yr. lateney o 2 4,28 It LR .
Vaxveiler L Y NRRECT TS s S 12 27 1 ,
15 yr. laceney 77 0.4 2606 T T e 1 82 194t y
" Zotal of monduplicated hamangiosarcosss ?“;‘ tL i
. oy R
. = ¢ 0.08 S e e
- < 0.00 . . nd
1+ ¢ 0,001 :
a All verified liver ecsncer daaths, incleding those estadlished by
reviav of all available informacion., |
b () = Expectad deaths astisated on the basis of 1930-1%89 U.§. E
adjusted rates, LD 153/1C0 140-203. .
e () = Ixpectad dasths ascimated on the, basis of nations] age adjustad’
rates, ICD 162-163/1CD 140-208.
d One damangiosarcoma occurrsd in a PVC ,t‘ghrmm.‘.
- & 1ncludes eancer of the psncreas. =~ . i
h £ Adjusted for wnknovs tsuses of death. :>»
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studies. Only two have sn 80% power to detect an overall
risk of 1.5 (Beaumont and Breslow, 1981). Of sigaifi-
cance, however, are the very lov SMR's {n the groups
studied by Theriault and Allard (1981), Reinl, et al
(1979), and Nicholson et al (1975), coborts that would be
expected to manifest & bhigh risk on the basis of the many

hemangiosarcomas that were found. The four largest stu~-_

dies, although in sose cases limited by inclusion of
short~ters and recently employed workera, also are note-
worthy for the SMR's close to 100. Where available, data
on subcohorts with longor latency (> 15 yr) suggest some
inczeased risk.

Waxweiler et al (1981) undertook a dcuiled analysis
of the exposure of those with lung cancer in their previ-
ously published study (Waxweiler et al, 1976) in an at~
tempt to identify particular etiological agents. The
analysis used s serislly additive expected dose model
(Smith et al, 1980) in which s dose measure during each
year of exposure was sccunulated for each study individual
for a variety of potentially carcinogeaic agents. The
cunulative doses for those with lung cancer were compared
with those of other iadividuals in the plant under study.
The results showed that the greatest correlation of lung
cancer was with exposure to PVC dust.’- Secomdarily, expo-
sure to vinylidene chloride appeared to be morunt. but

‘only £for large cell and adenocarcinoma.:S The serially

additive dose for VC monomer differed little in those with
lung cancer cospared to others in th. plant, -except,
possibly, for large ccll cancers.

Thus, evidence to date does not nublish t.hu vC
monomer is an important lung csrcinogen in exposed worker
populations, although it is recognized that limited long-
term observation has so far been availsble. In all stu-
dies considered here; 8 slight deficit of -cases was saen
compared to the number expected. In the subcohorts with
more than 15 years from onset of exposure, au overall
excess of 10% was observed. 1f, io addition, onme consi~
ders a "healthy worker effect,” asny excess lung cancerx
would still be considerably less than the excess of liver

_ cancer. A quslification to this conclusion is that no

study specifically considered cigarette usage. If cigar-

* ette smoking’'was much‘ less common among VC workers thas
" the general population,’ higher SMR's would have been seen
it tookinguspcciﬁc‘_‘iq‘l_u vere available.’ Hovever,  this
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possibility is- unlikely, considering the many different
populations studied. The uncertainty in human data is
also reflected in asnimal stiidies. - Increased lung cancers
have been seen in mice but not ia ruts or bamsters (Maltondi
et al, 1981). [

Table & shows the Tesults for brain and central
nervous system cancers and for cancers of the lymphbatic
and bhematopoietic systems. Cancers of the brain and
central pervous: system were significantly elevated in
gumber of studies, although the results differed coasider-
ably across studies. Again, negative data may be simply
the result of limfted long-term follow-up or the low power
of the study. In suck cases  the. information is oaly
sufficient to set an upper u.u on relative risk of brain
cancer. In contrast to lung cancsr, however, the largest:
atudy;grouy»bas(s significantly elevated risk of brain and
central  nervous system malignancy. - As with lumg cancer,
the dats on brain and CNS cancer in animals are equivocal.

Feuroblastomas and brain malignancies are observed in rats

exposed to VL, but not smong mice or hamsters (Maltoni et
al, 1981). - The buman dsta arze also mitigated by the
rgecent finding of brain and central nervous system tumors
in & wvariety of chemical plant  exposure <¢ircumstances

(Alexander et al, 1980; Selikeff et al, 1982). Excess -

brain malignancies, but not the etiological agents, have
been jdentified in several Texas and Louisiana chemical/
petrochemical plants. VC exposure was documented for some
cases, dut it could not explain the overall findings. As
individuals in many of the VC studies considered here were
exposed to other chemicals and petrocliemicals, the pos-

-8ible role of these agents cannot be excluded. Further,

it has bDeen suggested that some working groups, with
suployer-paid medical plans, may have better case ascer-
tainment than. ia generally available (Greenwsld et al,
1981) and, thus, more brain malignancies identified. 1In
any case, the number of excess malignancies of the brain
and central nervous systeas (approximately 10) in all
studies is considerably less than the number of hemangio~
sarconas identified in the same populations.

. Similar results are obtained for malignancies of the
lymphatic and hematopoietic system. JNere again, the
analysis is limited by the few deaths and disparate re-
sults wvhich occurred in different studies. Overall, there
would appear to be an elevated yvisk, but the influence of




Table &
Cbserved and expected deaths from selected causes
amon 1 chloride sed vorkers

Cancer of the brain § Cancer of tha lm' hatie
sntrﬂ Bervous system and hematopoietic SYSIed

Obeser. Expect. SR Obsexr. Txpect. SMR

Bertassti 1 0.0 138 & .00
Buffler 0 (0.1) - 0 (0.9 -
Byren 2 0.3 ez 0 - -
Duck - - - - - -
Zquitable 12 s.90 20t 20 17.01  12¢
Yox & Collier 2 3.66 35 9 s01 100
Masuda o (.15 - 0 (0.9 -
Nicholsen i 0.1) (1000) 2 (0.8) (500)
ote 1 0.4 (250) 1 1.6) (63)
Reinl 2 1.3 162 15 7 4t
Theriault o 0.6 - T 1,67
Vaxveiler 3 0.9 32” & 2.5 1359
15 yr, latemey 3 0.4 498

+ e 0.08

t+ e 0.01 )

® ()= Expaczed estimated from the ratin of age staodardized

U.S. vatas ICD 193/1CD 140-205.

() = Expectad estimsted from the ratio of 1950-1969 U.S.
rates ICD 200=-2035/ICD 140-250.

b

coafounding exposures precludes definitive statements,
The overall excess of such malignancies (about 10) is alsoc
much less than those from primary hemangiosarcomas of the
liver.

EFFECT OF REDUCTION OF EXPOSURE TO VC

As mentioned previously, most wmortality studies
followed populations only to the 1972-1975 perjiod. No
data exist on the risk to previously exposed populations
after cessation of exposure in 1974, although hemangiosar-
comas have beaen noted among retirees. We have recently
completed a follow-up through 1981 of the populatien
reported in 1975 (Nicholson et al, 1975) to determine
vhether a high risk of liver cancer continues, following
significant reduction in exposure. The original group
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employed at a VC polymerization plaant in Niasgaras Falls,
Nav York, has been sxpanded by 40 additional workers, all
exposed for five years, who achieved ten years from onset
of exposure subsequent to April 1974. Additionally, 195
individuals employed at a VC polymerization plant in South
Charleston, West Virginia, with five years of exposure and
ten yesrs from onset in December, 1966, were identified
and traced through 1980.

Table 5 lists the observed lnd expected desths by

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

Tadle 5

Obsarved and expected dasaths smong
visyl chlorids polymatizstion workerss

“
(Jomuary 1, gsc - h%c !}. 19e1)

PTY... .. T PO SR

All zauses 24 20 40.87 108

48
All esucer ] ] 1é 9.01 1778
Lumg 0 2 2 1.28 62
Calon/roctus 1 2 3 1.3 a4
Prais 3 Q 1 0.33 303
Liver 3 3 [ » 0.9 3198°
Lymphoun 2 1 3 0.53 S432
Peacreas 1 -] 1 0.50 200
Cirrhosis of liver 1 1 2 1.4 142
Cardiovsscylar diseass 1) : 2 19.88 106

Canse of desth 66 10 fotal Livected SO

All causes 14 22 » AL LT4 80
All samcay 2 10 12 10.43 1)
Lung . 3 1 2 4.07 .9
Colon/vectum 0 0 -] 1.89% -
Srais (] [] [ 0.43 -
Liver [ 4 4 0.23 1739
Lysphena 0 0 .0 . -
fancreas [} 1. 8 0.67 130
Cixrhosts of liver K] T - 3 - 1.8 s
cular diseass 10 0 20 27.24 7
¥
a pe 008
» } B 0.001
& 9« 0.0001
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pathological review of all available specimens bss not
been completed.) Among the 44 deaths that occurred in the
Niagara Falls cohort, 6 were from primary caacer of the
liver, including 5 hemapgiosarcomas. Three of the heman-
giosarcomas occurred -in the period prior to 1974 and 2
subsequently. - Similar findings occurred smong the smaller
group in West Virginia. Here, of 36 deaths, 4 wvere from

- hemangiosarcoma, all of which occurred subsequent to 1974.

Thus, the risk of neoplsastic VC disease continues undimi-
nished, even though exposures to the monomer hsve been
sigonificaatly reduced. The combined data from both groups
are shown in Table 6 and demonstrate an excess risk of
cancer, which is totally accounted for by the enormously
increased risk of liver malignancy observed in each time

- from opset of exposure, category. The excess lymphomas

vhich achieved significance at the p < 0.05 level in the
Niagara Falls group lose significance when combined with
the dsta from South Charleston. A deficit of lung cancer
was observed in both study groups and brain malignancies
were sbout equal to the pumber expected.. .

It is not certain whether the results of these two
plants will be reflected in the results of other plants in
future years. The South Chsrleston plant was the first
facility to commercially produce VC. The New York plant
opened immedistely following the cessation of World War
I1. Thus, we ars observing effects in populations that
include many individuals with long times from onset of
exposure. Thare is no information on whetber the expo-
sures in these two. plants were significantly different
from those of the majority of other VC polymerization
facilities. It is known that pre-1974 exposures in the

V New York plant were sufficieantly high to cause loss of

consciousness to some individuals (4.5% of those examined
in the clinical survey of 197&4) (Lilis et el, 1975).

MORBIDITY AND CLINICAL FINDINGS AMONG VC-EXPOSED WORKERS

Clinical abnormalities from VC exposure predated by
25 years the documentation of its carcinogenicity. Vari-
ous VC-related i abnormalities were reported in Eastern
RBuropean literature, including hepatomegaly (Tribukh et
al, 1949), angioneurosis (Filatova and Groasberg, 1957),
osteolytic lesions of distal phalanges (Smirsova, 1961),
Raynsud's phenomenon snd sclerodermalike akin lesions
(Suciu et al, 1963). - However, VC disease was not seri-

t
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Tabdle &

RN - : !urs. since onset of axposure
Cause of death’ 10 - 19 0.2 ¥. 30+ Total

- Qbs._Exp:, Obs. Uxp: Obs. Exp. Obs: Exp. BR
All esusss - 26 19.13 30 34.83 25 31.6&4 .80 835.61 L X
All cencar .7 3N % 7.9 12 .03 8B 1%.66 142
Lung 1 1.26 1 2.9 .2 3.08 & 7.1 35
Livar : . as g.08 3 0.18 ° S 0.17 10 D0.42 2381
Brain 1 0 e 1 0.7 132
Lynpheaa 2 0.27 1 0.48 0 0.4l 3 1.14 263
Cirrhosis of liver 0 0.76 3 1.4 .- 0 o.p?7 3 2.85 10%
Cardiovascular 14 8.74 15 17.58 .. 12 16. 41 42.73 L 1)
diseasa ’ -

Persoa years 2924 2734 1404

&, hemangiosarcoea
b, & hasangtlosarcomas snd 1 hepatoma

. ously considered in the West until the pudblisbed descrip-
tion of Raynaud's syndrome, acroosteolysis, and pseudo-
scleroderna in two Belgium VC reactor clesnars (Cordier et
al, 1966). Additional cases were soon noted (Wilson et
al, 1967) and a comprehensive: epidemiological study of
$,011 U.8. workers .employed in preduction and polymeriza-
tion was undertaken. It showed that 11.9% bad possible
X-ray signs of acroosteolysis, compared with 3.2% in a
Michigan general population coatrol group, with 2% defi-
nitely having Raynasud's phencasnon or X-rsy evidence of

. acroosteolysis (Dinman et al, 1971). The conditions were

clearly associated with the cleaning of reactors, in which
a heavy exposure to VC occurred. Only one csse of Ray-
naud's phenomenon occturred among 357 workers employed in
PVC fabrication.

During the esrly 1970'a, V¢ liver disesse vas de- -

scribed in detail by Marsteller et al (1973, 197%).
Observations on selected workers showed hepato~ and sple-
nomegaly to be common. Peritonsescopy and guided liver
biopsy identified severs portal hypertension in sonme,
generally without cirrhotic fibresis, although perisinu~
s0idal and focal or diffuse capsular fibrosis were common-
ly seen. The portal hyperteansion could lead to bleeding
esopbagesl warices, with possible fatal consequences. In

SBESO TN
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beavily exposed individuals, the portal hypertension and
hepatic {fibrosis often progressed after cessation of
exposure (Martin et al, 1974). The histology of mslignant
and noumalignant liver disease has been well described by
Popper and Thomas (1975; Thomas et al, 1975), who suggest-
ed the possibility of ao interrelationship between heman-
glosarcoma ead the proliferation of siausoidal 1lining.
cells and hepatocytes seen in VC fibrosis. Lelbach and
Marsteller (1981) bhave also noted that the vast majority
of hemangiosarcoma c¢ases have appeared on a background of
some degree of hepatic fibrosis. The implications of
these suggestions for a bhesangiosarcoms dose-response
relation are uncertain.

During 1974, extensive studies were undertaken by the
Environmental Sciences Laboratory of the total workforces
of three polymerization plants in the states of New York,
Michigan and West Virginia. The results from the New York
plant (Lilis et al, 1975) indicated the presence of acroo-
steolysis 1o heaavily exposed iadividuals. Hepato- and
splenomegaly or hepatic tenderness was commonly observed
and asssociated with duration of exposure and slevated
slkaline phosphatase levels. Sixty-four of 354 had as
enlarged or tender liver or spleen and of these, &1% had
elevated alkaline phosphstase. Lliver function teste were
not particulerly revealing, except for s correlation of
elevatad alkaline phosphatase levels " with duratios of
exposure. Additioaslly, carcioogenic embrycnic sntigen
titers were slightly higher ameng wvinyl chloride exposed
groups than in & - smoking utchcd conttol population

Do

Tmburto cnd - Gzeenberg (!981) have evuluatcd the
effectiveness of fedarally mandated screening tests for
vinyl chloride exposed workers. Figure 1 shows the re-
sults on specificity end sensitivity for 78 iadividuals
with hepatic statusideterwined by biopsy. ICG clesrance
had the highest combined sensitivity and specificity, with
S8GPT the second most useful test. . "Elevated -alkaline
phosphatase bhad the greatest specificity of all tests,
particularly for chamically-induced liver injury, but vas
lacking in sensitivity. G5GOT and GGPFY were of limited use

-becsuse of their low .specificity for chronic liver disesse.

They recommended the- use of 1CG clearance for screening,
to be followad ‘with aslkaline phosphatase determinations
for those vith altered clesraace. I .
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Fimc 1:  Sensitivi:zy and specificity of various
biochemical screaening tests and their sensitivicy
and specificity sum values (S & 8) based on 78

with biopsy documentation of their hepatic status.

Three of t;hc seven individuals ﬁho died after 1974

with hemangiosarcoma in the previously described mortality .

followup were examined in 1974. Ove, who died 22 months
after exanination, had no poteworthy abnormalities on
exanination (alkaline phosphatase was 88, slightly high).
A second, who died three years after examination, bhad a
slightly enlarged, palpable liver (11 x 6 ecm) with normal
blood counts and chemistry. Only one of the above drank
aleobol at all and he only drank 2-3 beers/month. The
third, vho died 22 months after examination, bad a slight-~
ly enlarged liver (11 x 8 cm) and spleen (13 x 8 cm), and
slightly elevated alkaline phosphatase (93), SGOT (52) and
CEA (4.7). Thrombocytopenia was also preseat (75,000).
No data are available on later clinical parameters, but
the adbove results are clearly pot sufficiently specific
for identification of a special risk.

Pulmonary abnomnties also hnve been associated
with VC/PVC exposure. Small opacities, predominantly
irregular, of profusion 1/0 or greater were found in 20 of
1,216 workers employed at PVC production in an Italian
plant (Mastrsngelo et al, 1981). ,All had been exposed to
bigh levels of PVC dust (>10 mg/m”). - Lilis et al (1976)
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reported that approximately 20% of VC/PVC vorkers with
high exposures to PVC dust had sbnormal X-rays, vhich
correlated with duration of exposure and, also, with
cigarette smpking. In contrast, only 4.7% of individuals
in a PVC plast with low dust levels had abrormal X-rays.
In addition to "typical pneumoconiosis,"™ a granulatomous
resction to PVC dust has been reported (Arnaud et al,
1978). Miller et al (1975) have observed pulmonary funce
tion abnormalities (a3 reduction in the ratios FEV_/FVC and
MMF/predicted MMF) £n both smokers and non-s-okcr} heavily
. exposed to PVC dust (and also to VC monomer). Maltoni and
Lodi (1981), observed greater percentage of abnormal spu-
tus cytological results among VC exposed workers compared
to several other groups of manufscturing workers or miners.
Only workers in the chromium industry demonstrated a
greater proportion of sbmormal cells.
L Ducatman et al “(1975) have observed an increased
. frequency of chromosome abnormalities in the lywphocyte
cultures of VC workers. MNost 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 werse resam-
pled 18 and 42 months lster (Anderson et sl, 1980). - In
those studied during January 1976, the frequency of absor-
malities was increased in those who continued VC/PVC
employment, but decressed in those who left the industry.
In Jsnuary 1978, no increased frequency was found ia any
worker. The authors attributed the decresse to the reduc-
Vo tion in VC exposure. : :

»n

HEALTH HAZARDS IN THE PVC PROCESSING INDUSTRY

Prior to identification of hemangiosarcema in VC
polymerization worksrs, little effort vas made to coatrol
either the coancentratiosn of residual moncmer in PVC dust
or exposures to dust aad VC that occurred in the various

__forming operations, of the PVC fabricating industry. - VC
" comcentrations in excess of 10 ppm occurred frequently.
" While thess concentrations were significantly lower than
. those of the polymerization industry, the much grester
" "smployment in the processing industry (hundreds of thou-
""sands vs. tens of thoussnds in the polymerization work)
raised concern for population bealth effacts, particularly
for malignant disease’ for vbich no threshold was known.
However, only two hemangiossrcomas have been documented in

.
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the PVC processing industry, one t o an accountant in a
plant making PVC fabric and onpe id an Italisn plast making
PVC sacks. A third case nay luu occurred in an electri-
cal wire insulator, but' the 'pathological diagnosis is
uncertain (Lloyd, 1975). This is. in contrast to 85 cases
knowa to have occurred among polymerization workers (NIOSH,
1982). This is somewhat comforting and indicstes a signi-
ficantly lower total VC-relsted neoplastic risk among
fabrication workers. However, 4t should be noted that
case finding 1is likely to be poorer i{an this group than in
polymerization workess.

A proportionate mortality study has been conducted of
4,341 deaths of former employees of 17 PVC fabricstors
(Chiszze Jr., et al, 1977). The direct PMR's suggested an
excess in total cancer mortality among both white men and
white women with the major sxcesses concentrated in can-
cers of the digestive organs. An excess of breast cancer
vas also sesn in women, but not confirmed in a case-con-.
trol study (which was of very low power asnd could oaly"
detect s threefold incressed risk) (Chiaszze, Jr. et al,
1980). The results of the proportionate mortality study
must be considered cautiously. . In such studies, elevated
cancer risks and are typically seen becsuse of s "heslthy
worker effect,” which leads to & reduction in cardiovascu-
lar deaths relative to those of csncer.  If PCMR's (pro-
portionate cancer mortality ratios) had been calculated,
. rather than PMR's, digestive cancer would still be slevat-
ed but not at am 0.05 level of significance. Interest-
ingly, an excess of stomach cancer was seen in the propor-
tional mortality study of Baxter and Fox (1976).

. SMMARY

Overall, the results of the analysis of 12 studies of
VC production and polymerization workers demonstrate an

enormously elevated risk of liver mslignancias, the possi- _
bility of a twofold increased risk of brain and central =~

nervous systen tumors and perhaps, slso, of malignancies
of the lympbatic and heastopoietic system. However, the
role of other agents cannot be excluded in the etiology of
nonhepatic malignancies. Bronchogenic carcinoma does not
appear to be 1incressed from exposures to VC monomer,
although a relationship to PVC dust was suggested in ome
etudy. These conclusions sust be considered ip light of
limited data on workers followed more than 25 yaars from




.
g

- onset of exposure. Considering the numbers of observed

and expected deaths in all studies, it would appear that
the excess of maligoancies st nonhepatic sites is less
than the excess of liver tumors. Data presented elsevhere
in this volums (Nicholson and Hennedberger, 1983) suggest
that exposure reductions in 1974 may have virtually elimi-

* pated the VC-associated risk of liver cancer _if the

current U.S. standard is met. To  the: extsat that VC
exposure is associsted with other c.ncers, a ci.-i.lar risk
uducti.oa vonld be upoct.cd. K
"}r

hyncnd's phenomnn, u:xoosuolylu, scle:odcmlike

9

-, skin lesioms, hepato= and splenomegaly with noncirrhotic
~ hepatic fibrosis, and severe portal hypertension have been

associated with past heavy exposures to VC. [Evidence

-exists that the liver disease and portal hypertension may
- progress following cessation of exposure. - Bovever, sll of
"the above syndromes were found largely in heavily exposed

individuals.  Their occurrsnce wonld be much less likely
in workers exposed only to concentrations curreatly allow-
ed. Pulmonary deficits, X-rsy abnormalities, snd, per-
hasps, lusg cancer have been asssociated with VC/PVC expo-
sure. Because of the possible contributiocn of PVC dust to
these findings, enginsering controls during polymer dry-

* 4ng, bagging and usage are warranted.
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