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bone lesions presented with mild to marked thrombocytopenia (30-139 v 1 O'9 litre V 
Bone marrow aspirates in 6 patients permitted exclusion of disturbed platelet forma­
tion or osteomyeiofibrosU/scierosu. but in 12 of them splenomegaly was found. Ex­
cept for slight reticulocytosis in 8 and leueopenia in 5 of the workers, other Haematol- 
ogicai tests were negative. The reduction of the number of leueocytes and platelets as 
well as teticulocytosis appeared to be attributable to splenomegaly, but further studies 
on the nature of thrombocytopenia were thought necessary, and it was suggested by 
the authors that a decrease in the number of platelets might serve as an early and easily 
detectable symptom. The high prevalence of thrombocytopenia (as determined by 
phase •vontnst microscopy) found later on detailed analysts of platelet function and 
other parameters of blood coagulation in the total cohort of PVC production (and also 
fabrication) workers from this plant strengthened this suQPStion (fiacimcr et al. 1974a, 
b, 1975a. b, 19~f}\Sthrt-Baci\ner and Exzel 1977). Wepnan (1975) also commented 
upon abnormal platelet counts in 13 of 37 PVC fabricating workers who had only 
handled PVC powder which, however, might have contained substantial amounts of 
residual monomer. In contrast.Mis et al. (1975) detected thrombocytopenia in only 
1 of 354 polymerization workers, but an electronic cell counter was used for platelet 
counts (personal communication).

According to Sehrr-Bac/intr and free/(1977). the mean platelet count in e cohort 
of 132 PVC polymerization (and processing) workers was significantly lower titan that 
in a nonexposed control group of ISO healthy men. As could be expected, Baeluicr et 
al. (1975b) also demonstrated a positive correlation between the degree of thrombo­
cytopenia and the prevalence of an enlargement of the spleen (palpable splenomegaly 
or spleen size determined by selective scintigraphy with l99-Hg-bromo-meretuy*hydro- 
xypropane-labelled red cells) m 70 PVC polymerization workers (see Table 19). It tp-

Table 19. Prevalence of enlargement of the spleen1 among 70 PVC-polymerization 
worker* in rvijlwm to increasing degases of thrombocytopenia iBtckntr et al. 1975a)

'JSt
-i- .i/a-

A
Croup

No. of workers 
examined

Platelets (x 1 O'*/litre)
Range Mean

Enlargement 
of the spleen

i six A 14 > 130 168 3*215)
>*von B 24 100—130 117 11 K46%)
;nedic- C 25 -a 0 1 3 87 19(765)

D 7 < 70 44 6 (86?)

* As determined by palpttion or by selective spleen scintigraphy.
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pears, however, that the development of thrombocytopenia is not dependent on the 
presence of splenomegaly since we observed mild thrombocytopenia (100-120 x I0*9/ 
litre) in e smaD number of wotkets in whom spleen size was definitely within normal 
Hntia on aetectfte spleen edntigraphy (Mllzflldienindex <45 x 10** according to 
ftscfterajM l*W1963).

Thrombocytopenia wn accompanied by abnocmaHties In platelet function tests. 
There eras an increase in the number of large (> 10 fan) ‘juvtnle’ platelets (increased
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platelet spreading), enlianced response (platelet aggregation) to addition of ADP and 
collagen (Bont test) and increased availability of phospholipiU<ontaining platelet tac- 
tor 3 (fiachner et al. 1975a). This pattern was thought to be compatible with the no­
tion of an increased turnover rate due to derangement of microcirculation (CDIC) in 
liver and spleen and defective reticuloendothelial system (RES) clearance of activated 
clotting factors (flec/mer et al. 1974b). hfortf (1976) and Ward et il. 0 976) suggested 
that thrombocytopenia could be construed as confirmatory evidence of an immune 
complex disorder. Hcusenmnn and Stutre (1977a) noted unusual focal aggregation of 
platelets in klatsch preparations of spleen tissue and increased platelet pooling (pine- 
lets trapped within the subsinusoidal meshwork of pulp cords) in the red pulp of the 
spleen on electron microscopy as well as phagocytosis of thrombocytes by sinusoidal 
macrophages. Scheffncr-ti al. (1976) found platelet thrombi in and around hepatic 
sinusoids in mice after exposure to VCM. A direct toxic action of VCM(or metabo­
lites) on the bone marrow has not been demonstrated so far.

Although the pathogenesis of thrombocytopenia in VCM-induced disease is not fully 
understood, it seems at piesent most likely that it is caused by increased turnover and 
consumption of platelets within the abnormal vascular spaces of the liver and spleen.
A similar type of consumption coagulopathy was described as complication of spon­
taneous haemangiosarcoma of the liver by Truell et al. (1973). A haemostatic defect 
more complex than mere pooling and destruction of platelets In the enlarged spleen 
has also been commented upon in the paper by Cemrs et al. 11974) in connection with 
splenomegaly of various nonorrhotic origin.

4.4 J Central and Peri aheral Nervous System

Miscellaneous nonspecific and somewhat indefinite symptoms have been described in 
connection with chronic inhilatiotul exposure to VCM in PVC-production workers, 
such as dizziness, disorientation, blurring of vision and memory, headache, irritability. 
excessive fatigue and somnolence, sleep reversal or insomnia and other pseudoncur- 
asthenic symptoms (Sucit et al. 1963,197$;&torre* 1969:Lifts et al. 1975 and 
others). This pnnarcotic syndrome was interpreted as a manifestation of a potentially 
reversible scut* toxic encephalopathy. Its danger to the individual was thought to lie 
mainly in resultant inadequate reactions to critical situations (Schorrek 1969). How- 
ever, Vde et al. (1976) reported that several individuals in a group of 95 comparatively 
young ex-workers, the majority of whom had no ocher symptoms, complained of fa­
tigue . headache. Usdcssness end deprewon, with onset of symptoms having been de­
layed ss long es 2 years after cessation of employment.

With reference to such *pseudoAeurasthenic complaints*, which may be interpreted 
as the mildest degree of a toxic encephalopathy, farm et al. (1975) examined a group 
of 21 autodsve cleaners et varying intervals after cessation of exposure, all of whom 
presented with other (cutaneous, angioneurotic, hepatic) manifestations of vinyl chlo­
ride dlaeme. CMwfcal symptoms of a mote or lass distinct encephalopathy (including 
cerebellar ataxia in 4) were found in all but ooe of them. EEC recordings were normal 
In only five of these patients; In the others, paretuhythmia, dysenrhythmia or a so- 
called subvigil electroencephalogram was observed. Evidence of distal polyneuropathy, 
found in 19 patients, was atufbutrd in the first place to m abnormal peripheral circu-
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lauon with tesultani hypoxic damage. The pathogenesis of a possibly VCM-tnduced 
encephalopathy is not dear. It would be conceivable that clinical and biodcctne alter* 
ations found in some patients, in whom portosystemic encephalopathy could be ex­
cluded, may have been due to toxic or hypoxic brain damage. However, no other con­
vincing evidence has so far emerged to indicate that chronic irreversible cerebrotexic 
damage may have resulted from prolonged exposure to VCM, notwithstanding the pos­
sibility of an induction of brain tumours.

4.4 J Pulmonary Changes

The suspected development of nonmalignant pulmonary changes due to VCM md/o; 
PVC dust exposure is still a aatur of centretutsy. Soon after VCM was recognized as 
a potent carcinogen, three groups of employees fa ■ 290.250.445. respectively) from 
three large North Amencan PVC-p reducing plans (A, B. C), characterized by different 
duration and keels of past environmental exposure to VCM as well as to PVC dust, 
were studied with uspect to chest x-ray film abnormalities and pulmonary function 
defects as assessed by spirometry and determination of maximum expiratory flow vol­
ume (MiUer ! 975 tUilfev ft ai. 1975;lt& ct al. 1975.1976. 1977). All cases with pre­
vious exposure to asbestos, silica or coal dust had been exduded in these studies. Un- 
expected linear, reticular and. less often, rounded opacities on chest x-ray films were 
found in about one-fifth of the two groups of employees from plants A (highest ex­
posure) and B (22.7%, and 18 respectively), but in only 4 J% of thorn from plant
C. with the lowest exposure level. The prevalence of cheat radiological abnormalities. 
for which no pathogenetic explanation was available, eras found to be significantly in­
creased with long :r duration of VCM^VC exposure (mote than 10 yean), but foe pie- 
valence of a posit ve hhftocy of smoking, although identical tat both groups A and B. 
eras also found to be significantly higher in workers with abnormal chat x-ray plates. 
The overall prevalence of a peeitive history of chronic bronchitis (British Medical Re­
search Courted criteria) was 20.4% m group A (highest exposure) and 16JX6 in group B, 
although group B was significantly older. The somewhat higher prevalence of chronic 
bronchitis in workers with abnormal chest x-ray plates did not attain statistical tigaif* 
fcance.

On foe other band, age did not appear to be an important factor. Pulmonary func­
tion tests diowed a stzikia|iy high prevalence of obstructive changes, but ance both 
smoking snd sge were related to changes in pulmonary function, it appeared difficult 
to isolate potential specific effects of occupations! exposure to VCM and PVC dust 
A restrictive pattern vs found in 9 J% of group A and in only 2.3% of group B, al* 
thou^i group A vs tignificandy younger. In coochaton, tide extern!»e study, todnd- 
tag a total of 915 workers expoied in the pen to VCM as well as PVC dust may point 
to e potential msttipk factor effect of smoking end VCM-PVC exposure. In this con- 
nection.lt is of taterest to note that according to a cohort study of mortality among 
VCM polymerization-workers the OCRs for respiratory cancer as well as foe •other 
respiratory disease’ wen found to hm been In excess of expected figures (156 end 
176, raapectheiy) (Mnrwefler at at 1976).

Bronchopulmonary changes thought to be due to long continued, intense exposure 
fo PVC dust ware observed by sevetsl authors (fiwmcgtof and Sestf !955;£roua*rf
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l969:S:ettde et al. 1970; Verrkin and Mamontov 1910\Fro/tfia et al. 1914: Darke 
1976.Arnaud et al. 1978). Considerable exposure to VPCdust is the nite in the drying, 
bagging and ftonfeareas of PVC-produring plants. Riotographs contained in Kantadt'i 
paper (1976) give a general idea of the potential dust exposure. Measurements of the 
concentration of PVC dust at various sites of the bagging operations were reported as 
long ago as 1955 by Permegguni andSasri. In 1969 Bmussard mentioned the possibil­
ity of development of chronic bronchitis caused by the inhalation of PVC dust. The 
insoluble and inactive dust panicles were thought to accumulate in the lungs blocking 
alveolar spaces and being taken up by alveolar cells. This could lead to elimination of 
these ceils via lymph vessels to regional lymph nodes, with either enlargement of the 
hilar region or a micronodular aspect of interstitial pulmonary fibrosis without hilar 
lymph node enlargement but progressive respiratory insufficiency.

Ssende et al. (1970) reported the case of a 31-year-old worker who presented with 
severe dyspooea: a chest x-ray examination revealed diffuse micronodular pulmonary 
lesions. He had been engaged for only 1 year in shovelling PVC powder at a processing 
factory. Lung biopsy revealed moderate diffuse fibrosis and snail focal granulomatous 
lesions containing ovoid or polygonal birefringent foreign material which could be 
eluted by treatment with a known solvent of PVC. Microscopic examination of PVC 
dust particles collected at the patient’s place of work showed, them to be morphologic­
ally identical with the particles found in the patient’s lungs.

Another anecdotal case of pneumoconioBs after 33 yean of employment in a PVC 
bagging area, with radiological evidence of diffuse micronodular infiltrates and granu­
lomatous lesions found in a lung biopsy identical with those recorded by Szendc et al.. 
was published by A maid et al. in 1978. Histology of open lung biopsies in 1 of 14 
VCM ■exposed British workers, who complained of breathlessness, revealed focal alveo­
lar wall thickening with macrophages in alveolar spaces and increased retieulin and col­
lagen on electron microscopy (Darke 1976). Although chest x-ray appearances were 
normal and routine respiratory function tests showed only slightly impaired C03 dif­
fusion in six individuals, perfusion and ventilation scam revealed strikingly abnormal 
pictures, including marked perfusion defects of upper lobes. Darke pointed out that 
tome of the men worst affected had been engaged in the polymerization of *pIastisor. 
a very fine PVC powder with partide size around Oi ton.

StUkoff (1976) called attention to results obtained by Frortfia et al. (1974), who 
observed significant histopatbological changes in the lungs of guinea-pigs and rats ex­
posed for 2-7 months to inhalation of the airborne PVC dust in a PVC bagging area. 
Lesions began to appear at 2 months of exposure (alveolar histiocyte-macrophage re­
actions); they proved to be. fairly marked after 4 months, with appearance of foreign 
body giant cells, and proceeded to development of large Insestitial granulomatous 
fod. Vartkm and Mamontov (1970) who examined 96 workers engaged hi the manu­
facture of articles made from PVC powder, also found a considerable proportion of 
them were suffering from functional and morphological attentions of the broncho- 
pulmonary system, which they ascribed to their exposure to PVC dust. They que ed 
results of earlier animal experiment! conducted in 1963 by Gobvetyuk and later by 
ShfyakhetskU. These last authors had apparently diown that exposure of animals to 
PVC dost may lead to the development of chronic pneumonia and eventually to a sort 
of mfld fibrosa of the lungs.

\.

sti
bl
Sl;
t'.:

w
O'

of
dv
er,.

ot
de-
spe

4.4

Th
m- 
mu
tit

ter 
,1ft- 
me 
I4* 
co> 
re. 
po 
1° 
an 
fab 
Jo 
ha> 
h-> 
of • 
an 
ms 
pb

19’
of
VC

JD



s •

74;Z>enfce 
<n the drying. 
I in Kan lad ft 
•nits of the 
- reported as 

■ the possibtl* 
dust. The 

ngs blocking 
minaoon of 
nent of the
Tbout hilar

t J. Homelier Mnyi Chioride*Associated Disease 87

ited with
i pulmonary
i a processing 
■vmJomitous 
could be 
ion ofPVC 
morphologic-

.cm in a PVC 
«and granu* 
'.tiuic et al..
- 3 of 14 

*>wal alveo-
’iiin and col­

lects were 
•i CO* dif-

- abnormal 
*j <nat that
4 ^pbstteoT.

i * 74), who 
>nd rats ex- 
•ggtag area, 
ropfcage re> 
•of foreign 
hwnatota 
* the menu. 
i»roon of 
broncho* 

hey quoted 
nd later by 
animate to 
-diytoa aort

Certain ty pes of PVC dust (one of two samples tested) were found to exhibit a 
strong haemolytic potential due to the presence of an undetermined but readily solu­
ble surface-associated agent which was not VCM (Richards et al. 1975). These authors 
also studied the effect of the haemolytic sample of PVC dust on lung fibroblast cul­
tures. but they did not obtain any significant results.

Contrary to earlier indications (Lang* et aL 1974a) and despite continued efforts 
we failed to detect any significant restrictive changes of pulmonary* function in the 
overwhelming majority of patients we had occasion to examine.

It may be of interest to note that Maltoni et al. (1974b) reported a high prevalence 
of pathological changes of respiratory epithelium (squamous metaplasia, squamous 
dysplasia, typical and atypical adenomatous proliferation) in sputum samples from 
employees of Italian VCM-PVC factories.

Nevertheless, contrary to the now weU*stibIished role of VCM in the production 
of nonnalignant lesions of bone, skin, small vessels. Uvar and spleen, it Is still open to 
debate piadaely what importance can be ascribed to pulmonary changes within the 
spectrum of VCM4nduced disease.

4.4.4 Genetic Effects of VCM

The discovery of the carcinogenic properties of VCM also stimulated interest in its 
mutagenic potential. A number of studies have been carried out that demonstrated a 
mutagenic response to VCM or its metabolites in microbial test systems. Point muta­
tions due to base^air substitution have been produced in various strains of Salmonella 
typhomtnum by VCM in the presence of animal and human liver rrucrosomes as a sys­
tem of metabolic activation (Ronmtg et al. 1974,1976;5omrfr et al. 1975a, 1976; 
McCann et al. 1975;.ifrin,<tffret al. l9?5:Gsm>et al. 1976). Mutagenicity' of VCM 
metabolites was also demonstrated in yean strains (Lopnono et al. 1976,1977;Sho/wt 
1976) and in "»*■■■"■»■«» calls (Hubenmn ex al. 1975). In comparison to nonexposed 
controls, a rignifleandy higher incidence of duomoaotnal aberrarioos (fragmentation, 
rearrangement) in lymphocytes of workers occupationally exposed to VCM was re* 
posted by Dueaonen et al. (1975),/,<Mf»Ourie<e et aU (1975), Asrctae et aL (1975, 
1976), and Fomenko et at (1976). Fkif and 77tiesr (1974) had failed to demonstrate 
mi increased rate of chromosomal aberrations in six chenticsl engineers and four PVC 
fabrication workers. As to the Influence on germ cells, Furcheae et al. reported that no 
doom am lethal affects were seen in fetuses of female mice mated with males which 
had been exposed to 3000.10 000 and 30 000 ppm VCM for 5 consecutive days. This, 
however, does not absolutely exdude genetic effects on human gonads, The outcome 
of pnpuney among wives of VCM-potymerixstion workers as against wives of rubber 
and PVC-fobricstion wosfcars (JnJmte et at 1976a. b) and rates of conganital malfor­
mation per 1000 resident five births in three Ottio communitiM with PVC production 
plants hem also been sorted (Jnfentt 1976).

As pert of a taigm survey of workers* tmlih. interview queirionndm {Infante 
1976a,b) titowed that afar paternal agaadjunimntadgniflcsnriy higher inddence 
of find mortality subsequent to patamd exposure was recorded among the wives of 
VC1I ixptesd workers.This trend eras found to be maintdnsd after ettednation of
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pregnancies in women who had more than two abortions. The findings of this study 
raised the question or possible genetic risks of VCM to man and led to the suggestion 
that germ-cell damage in the father through direct VCM exposure might be a possible 
explanation.

No clear-cut linkage of PVC production and increased occurrence of congenital 
malformations (primarily CN5 malformations) emerged from preliminary studies in 
three Ohio communities with PVC production plants. But the need for further study 
of possible conuibutary factors was indicated (Infavtc 1976). In fact, none of the par­
ents of affected children in Painsvflle, one of the three Ohio communities, had ever 
worked at either of the two PVC polymerization piano in Painsvilie or lived within 
two miles of these piano (Eamonds et ai. 1975).

5 Conclusion and'Outlook

The combined efforts of multiple disciplines have been necessary to arrive at the full 
recognition of the range of pathology associated with occupational exposure to vinyl 
chloride. It can only be hoped that the lesson from the vinyl chloride problem may 
help to bring about an increased awareness of the risks and hazards which are inevitably 
the consequence of an ever^xpanding technology.

The importance of this lesson lies in its exemplary nature. A single substance of 
rather simple chemical structure, which was long held to be a comparatively safe com­
pound, even by experts, turned out after all to be a carcinogen with a very long latency1 
period for those who were heavily exposed to it. But its carcinogenic properties would 
most probably still have gone unnoticed if the resulting malignancy had been any can­
cer other than of an exceptionally rare type. Animal experiments in the early days 
later proved to have been broken off before the oncogenicity of this chemical com­
pound could have been detected.

The lesson to be learned is that in future any new chemical which is to be widely 
introduced into the environment should be scrutinized closely, for e sufficient length 
of time, and with the aid of all available methods for the detection of potential car­
cinogenic efleets. In addition, we should keep in mind that in industrial surroundings 
we almost never deal with a single compound, but with a very complex occupational 
environment whose carcinogenic potential is still a completely unresolved problem.

If currently adopted guidelines for industrial hygiene an strictly adhered to, there 
it reason to hope that initiation of new cases of VCM-in disced angiosarcoma of the 
Uver can be effectively prevented. Unfortunately, however, it pan be expected that in 
view of the long latency period for tumour promotion additional cases wfl] appear dur­
ing the next decade.

Considering the ever-increasing complexity of environmental influences, future re­
search will be faced with almost insurmountable obstacles in its endeavour to establish 
We* levels for potentially hazardous chemicals. Promising areas for further studies in 
the field of vinyl chloride and allied compounds may be the problem of the interaction
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between predominantly hepatocytic metabolism and oncogenic effect on mesenchymal 
tissue such as vascular endothelium, and also the question of whether intermittent 
short exposures at high concentrations or continuous exposure at a low concentration 
will carry the greater risk.
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Epidemiologic Study of Vinyl Chloride 
Workers: Mortality through 
December 31, 1972
by W. Clark Cooper*

A population of 10.173 men. employed in 37 plant*, was identiAed as havint worked for at least 
one year in jobs involving probable exposure to vinyl chloride monomer (VCM) prior to January 
1,1973. Of the 9677 men whose vital status was determined, 707 were known to have died. For $99, 
death certificates were obtained. The standardized mortality ratio (SMR) for all causes was 89, 
that for all malignancies was 104. The only type of malignancy found in significant excess was in 
the category of malignant neoplasms of the brain and other parts of the nervous system; 12 
deaths occurred where 5.9 were expected, for an adjusted SMR of 203. There were slight but 
inconclusive upward trends in all malignancies, and for malignancies of the respiratory tract, 
digestive tract, and central nervous system associated with reported levels of maximum exposure 
to VCM. When groups in whom less than 20 years had elapsed from the first exposure were 
compared with those with 20 or more elapsed years, and 25 or more elapsed yean, no significantly 
different SMR’s were detected for major primary sites of malignancy. Plans for an updated study 
of mortality, to include deaths in the period 1973-1979 are briefly discussed.

The epidemiologic studies of vinyl chloride work­
ers summarized in this report were carried out 
‘uringthe period June 15,1973 through December, 
i976 by Tabershaw-Cooper Associates, Inc., and 
Equitable Environmental Health, Inc., for the 
Manufacturing Chemists Association (MCA) (now 
die Chemical Manufacturers Association).

An initial report, dealing with 8,384 workers 
from 34 plants, was prepared May 3, 1974 (1). A 
summarized version (#) was published in 1974. The 
study population was subsequently increased and 
hEow-up was improved. After an interim report in 
1976 (£), a final report based on 10,173 workers was 
prepared in January, 1978 U). In all of these studies 
the observation period ended December 31, 1972.

Participating Plants
In mid-1973, the MCA identified 43 plants in the 

United States, belonging to 19 companies, which 
“filer produced vinyl chloride monomer (VCM) or 
■ed it in the production of poly(vinyl chloride) 

Jh

H60 Shattoek Ave., Suite 401, Berkeley, California 94704.
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(PVC). Of these, 34 were included in the initial 
study; four were excluded because they had been in 
operation less than 5 years, one had stopped 
production in 1966, and in others information on job 
histories or exposures was deficient. Three plants 
were subsequently added to the original 34, so the 
1978 report included 37 plants. Of these, 11 pro­
duced only VCM, 18 produced only PVC, three 
produced both, and five plants produced homo­
polymers and copolymers, with or without VCM 
and PVC.

The geographical distribution of those in- the 
Btudy, as shown in Table 1, indicates a dispropor­
tionate number of workers from the South, particu-

Table I. Geographical (Retribution of 10.173 vinyl chloride 
worker* In 1978 report.

; § 
; 3

Region
U.S. males 
(1970), %

Workers in 
•tody, %

Northern! 23.8 25.9
North Central 27.9 16.4
South 80.9 64.8
West 17.4 0.9
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larly from the East South Central and West South 
Central States. The South, with 30.9% of the total 
U.S. male population in 1970, supplied 64.8% of the 
study population.

Of the plants participating, the one which had 
first begun operations with VCM had done so in 
1935, the most recent was in 1968. Four plants had 
begun in 1942 or earlier, 13 in 1952 or earlier, and 
27 in 1962 or earlier.

The Study Population
The objective was to include all male employees 

whose work had involved exposure to vinyl chloride 
for at least one year prior to December 31, 1972. 
The designation of jobs which involved exposure to 
VCM was made by staff members at individual 
plants or by a corporate industrial hygienist. In 
approximately two thirds of the study population, 
TCA staff copied personnel records on individuals 
who were identified as having been in exposed jobs. 
In the remaining portion of the population, detailed 
information on exposed individuals was provided by 
plant personnel. The methods used in doing this are 
described in the complete reports cited earlier.

Study Period
The period of time in which the work-force of a 

plant was included in the study depended upon the 
date it began making or using VCM and also upon 
the earliest date when personnel records were 
complete for all employees, if that was later than 
the foregoing. This was done to eliminate periods 
when there was differential record retention of 
workers terminated, deceased, or retired. The end 
of the study period was December 31, 1972.

Estimates of Exposure
In each plant, every job and location with VCM 

exposure was graded in toms of probable expo­
sure. Originally, a job history form was designed in 
the expectation that the exposures could be quantified 
in parts per million. This proved impossible in 
practice. However, for each plant, jobs and loca­
tions involving the highest exposures could be 
classified as “high”, and other jobs classified as 
“medium" or “low” relative to the “high”. It is 
recognized that this subjective classification is of 
questionable validity in categorizing the past and 
present exposure of a given worker. From the 
number of months spent in jobs with classifications 
of 3 (high), 2 (medium) and 1 (low), a number of 
exposure categories were developed for use in later

102 _-

Table 2. Bases for development of VCM exposure categories.

Criterion Unit f

Duration of exposed employment Months
Interval from beginning of exposure to end of Months 

observation J
Estimated maximum level to which an individual High 

was exposed for at least 12 months. Medium
classified as high, medium, or low. Low

Integrated or cumulative exposure, crediting 1
1 for each month at low, 2 for each 2 »
month at medium and 3 for each month 3
at high exposure to VCM ;

Exposure index (El) “ Cumulative score/average 
number of months }

analyses. As shown in Table 2, individual exposures 
in various papers were classified in a number of 
ways, including the maximum level at which an 
individual had been exposed for at least 12 months, 
an integrated or cumulative exposure, and an 
exposure index based on the cumulative score 
divided by the number of months.

Follow-Up
As is customary in historical prospective studies, 

all who had left employment were traced when 
possible. Methods included form letters sent by 
mail and use of retail credit follow-up. For the first 
report, there was insufficient time to utilize Social 
Security Administration records, but for subse­
quent reports such follow-up was used.

In the first, or 1974 report, 85% of the study 
population was located; for the final or 1978 report, 
the percentage had been increased to 95%.

The mortality calculations were based only on 
those who were successfully traced, which is equiv­
alent to assuming that mortality among those not 
found was the same as among those who were 
found. This usually, but not always, results in some 
overestimation of mortality.

Calculation of Standardized 
Mortality Ratios

Each worker in the study, i.e., everyone whose 
vital status was ultimately known, was considered 
to have been under observation from the date on 
which he attained a year of exposed employment or 
from the date when his plant's records were com- « 
plete, whichever came later. Observation periods 
ended December 31.1972, or on the date of death, 
whichever occurred first.

Observed deaths were classified by cause accord­
ing to the 7th (1955) revision of the international

i
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I
Classification of Diseases. The expected number of 
deaths by cause were calculated by using age and 
cause-specific mortality rates for United States 
males with the same birth years and age distribu­
te for the years 1950. 1955, 1959, 1965, 1967 and

jths for which death certificates could not be 
oDtained were assumed to have the same cause 
distribution as the death certificates that were 
obtained. Appropriate increases were made in 
calculated SMR’s.

The statistical significance of the deviation of 
each SMR in the study population from an expected 
value of 100 was tested by a method derived from 
Chin Leong Chiang (5). The formula for determin­
ing the standard error of the SMR was

SE V 100 X SMR 
No. expected deaths

If an observed SMR differed from 100 by more than 
1.96 standard errors, it was regarded as significant 

| at the 5% level; if it differed by more than 2.57 
* standard errors, it was regarded as significant at 

the Yk level. SMR’s based on fewer than five 
observed deaths were usually not tested for signi- 

} ficance.

Results
f Table 3 summarizes the numbers of individuals, 

•ss of follow-up, person-years and deaths in 
jssive phases of the study. The number of 

I aeaths per 1000 man-years of observation, which in 
' general reflects the age distribution of the work 

force, suggests that the proportion of older individ- 
. uals increased in the study population as it was 
) expanded and follow-up improved. Even so, the 

5.88 deaths per 1000 man-years indicates that a 
relatively young population was being observed; 

, the U.S. male population 20 and above has about 11
i

TtMe 3. Number* of Individuab, iucku of foUow-up. penon- 
jean, and deaths analysed in successive phases of the study.

Report 1, 
1974

Report 2, 
1976

Report 3, 
1978

No. of men 8,384 9,109 10.173
No. found 7,128 8,714 9,677
S found 95% 96% ■gr«
No.dettho 352 525 707
No. certificates 328 511 669
7*UI men-yr 77,84$ 94,221 120,203
Dnths/1000 man-yr 4.52 5.67 5.88

iy October 1981
\

deaths per 1000 man-years. Some published occu­
pational epidemiologic studies will show 20 or more.

Duration of Exposure to VCM
In the first report, only 15.2% of those studied 

had begun exposure prior to 1950 (22 years before 
end of the observation period). In the third report, 
33.4% had had 20 or more years for observation 
since exposure began. This resulted from finding 
more early employees by improved follow-up, and 
the inclusion of an older group from one plant in the 
augmented population.

Standardized Mortality Ratios
Standardized mortality ratios (SMR’s) for selected 

causes of death are shown in Table 4, based on the 
352 deaths analyzed in Report 1 and the 707 deaths 
analyzed in Report 3. Results in the first report led 
Tabershaw and Gaffey (2) to conclude that vinyl 
chloride may be associated with cancer of a number 
of sites, notably digestive cancer, respiratory can­
cer, cancer of other and unspecified sites (primarily 
those of the central nervous system) and lympho­
mas. This was based not on statistically significant 
excesses in each category, but upon apparent trends 
when different levels and durations of exposure 
were compared.

With the enlarged study group, the SMR for 
malignancies in the entire population dropped slight­
ly, as did the SMR’s for malignancies of the buccal 
cavity and pharynx, digestive tract and respiratory 
tract. However, tumors of the brain and central 
nervous system, when examined separately, still 
appeared to be in excess.

A number of analyses were done in the third 
report in an attempt to sharpen the focus on work 
exposures.

There appeared to be a slight but definite trend 
in the SMR’s for all malignancies, malignancies of 
the digestive tract, the respiratory tract, and for 
other and unspecified sites with increasing levels of 
estimated maximum exposure (Table 6). HoweverT 
the numbers of expected deaths woe relatively few 
in some categories and the groups differed widely 
in age distribution as manifested by deaths per 1000 1 
person-years.

To reduce dilution of the study population by men 
whose exposures had begun only recently, a sepa­
rate analysis was carried out on those whose expo­
sures to VCM had begun 20 years or more prior to 
1972, and on those whose exposures had begun 25 
years or more prior to 1972 (Table 6).

Another analysis was made of a population of 
men who had worked in plants producing only PVC

103



(where VCM exposures were presumably high), 
whose exposures had begun 20 years or more be­
fore the end of the study period and who had been 
reported as having medium or high VCM exposures 
for a year or more (Table 7). This group experi­

enced 210 deaths where 249.7 had been expected* 
The pattern of mortality from malignancies was not j 
appreciably different from that of the total study 
group.

In summary, increasing the study population and

Table I. Observed and expected deaths (O/E) and standardized mortality ratios for selected causes (SMB's adjusted for missing
death certificates). *

Cause (ICD Mo, 7th Rev)
1974 Report 

O/E SMR
1978 Report_____

O/E SMR

All causes 352/467 75* 707/795 89*
All malignancies (140-205) 79/77 110 139/141 104

Buccal and pharynx (140-148) 5/2.84 189 r 5/5.19 102
Digestive (150-159( 19/21.7 94 29/40.8 75
Respiratory (160-164) 45/44.3 112 25/23.9 107
Other and unspecified (190-199) 17/11.75 155 28/20.2 147

Brain and CNS (193) _ 12/5.9 203b
Leukemia and aleukemia (204) 3/3.77 85 9/6.65 143
Lymphomas (200-203, 205)

Major cardiovasc. renal
6/6.06 106 11/10.36 112

(330-334. 400-468. 592-594) 155/207 80* 347,385 95
Cirrhosis liver (581) 9/15.6 21 14/26.5 56b
No. of workers 7,128 9,677
Person-vr 77,846 120,203

.4

•Significant at 1% level. 
‘’Significant at 5% level.

Table 5. Observed and expected deaths (O/E) and standardized mortality ratios for selected causes as related to maximum level 
of reported exposure to vinyl chloride monomer (SMR’s adjusted for missing death certificates).

Cause (ICD Mo, 7th Rev)

Reported maximum exposure VCM
Low- Medium High

O/E SMR O/E SMR O/E SMR

AH malignancies (140-205) 65/71 . 98 66/53.5 109 18/16.5 112
Digestive (150-159) 14/20.9 72 1016.6 67 5/4.4 117
Respiratory (16IM64) 19/22.2 92 19/17.1 116 7/5.1 141
Other and unspecified (19CM99) 11/9.9 119 1S/7.5 180 4/2.7 150

No. of workers _ 4,925 3,021 1.731
Person-yr 58.741 39.927 21.535
Deaths/1000 person-yr 6.16 6.6 3.9

Table 6. Analysis of deaths based on time from beginning of exposure to end of study period (SMR’s adjusted for missing death
certificates).

< 20 yr > 20 yr > 26 yr
Cause of death
(ICD No. 7th revision) No. SMR No. SMR No. SMR

All causes 168 77* 549 93 393 96
All malignancies (140-205) 31 95 108 107 73 104

Digestive (150-159) 8 96 21 70 16 74
Respiratory (160-164) 8 80 87 116 22 100
Other and unspecified (190-199) 6 108 22 162 13 146
Leukemia (204) 3 155 6 137 4 137

Cardiovascular-renal 68 84 279 97 211 105

•Significant at 1% level.
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;, improving follow-up did<npg strengthen the sug- 
'* gested associations between VCM exposure and 

malignancies other than those caused by hepatic 
angiosarcoma, as will be pointed out later, and a 
suggested association with tumors of the brain and 

ntral nervo&s system.

Table 7. Deaths in plants producing only PVC, based on 
workers whose first exposures began before 1952, and w ho 
had medium or high VCM exposures (SMR's corrected for 

missing death certificates!.

Cause of death 
(ICD No. 7th revision) O/E SMR

All causes 210/249-7 84*
All malignancies (140-205) 4646.01 106

Digestive (150-159) 9/13.63 70
Respiratory (160-164) 17/14.75 122
Other and unspecified (190-199) 10/ 6.33 167

Cirrhosis of liver (581) 6/7.95 80

•Significant at level.
t

Angiosarcomas
Nine angiosarcomas are known to have occurred 

in the U.S. during the study period, i.e., prior to 
12/31/72. As shown in Table 8, eight of these were 
found in the study, but only three were coded as 
angiosarcoma on the death certificate. However, 
four others were coded as tumors of the digestive 
tract. Unfortunately, two were coded 230x so as to 
fall out of the category for malignant tumors of the 
GI tract, and one was coded as cirrhosis of the liver.

As shown in Table 8, the angiosarcoma which 
was not found was in a man who had died in 1961. 
We have not determined how he failed to be in the 
study population. The years of exposure for the 
eight cases ranged from 4 to 23 years, while elapsed 
time from beginning of exposure to death ranged 
from 16 to 24 years.

Tumors of the Central Nervous System
The 12 tumors otthe brain had been diagnosed on 

death certificates as follows: glioblastoma multiforme, 
4 (1 confirmed by autopsy); astrocytoma, 2 (2 au-

Table 8. Angiosarcoma deaths and data on VCM exposures.

LI
[]
O'
IF
it
a

ICI No.1
First

exposed
Year of 
death

Time from 
first exposure 
to death, yr

Total yr 
exposure

Est. max. 
exposure

Age at 
death

USA-02 1955 1971 16 14 High 38
-04 1949 1968 19 18 High 43
-05 1944 1964 20 20 High 52
-07 1944 1968 24 14 Med 45
•10 1946 1970 24 23 Low 70
-11 1951 1968 17 17 Med 60
-12 1949 1969 20 20 High 50
-16 1950 1969 19 4 High 41
-08 — 1961 Not in study group

•Number used in registry periodically prepared by J. Stafford. Imperial Chemical Industries Ltd., Plastics Division.

Table 9. Summary of brain tumor deaths (ICD No. 205) and data on VCM exposures.

Time from
First 1st exposure Total yr Age at

Case no. exposed Yr of death to death, yr exposure Max. exposure death

1 1958 1972 14 5 Low 67
2 1967 1972 5 5 Low 43
3 1957 1968 11 7 Med 54
4 1941 1958 17 6 Med 61
5 1960 1970 20 8 High 43
6 1966 1971 15 3 Med 54
7 1947 1971 24 23 Low 57
8 1945 1963 18 18 High 44
9 1949 1971 22 21 Low 58

10 1947 1971 24 23 High 49
11 1935 1966 21 18 Low 59
12 . 1935 1967 32 22 Low 57

October 1981 105
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topsies); ependymoma of the 4th ventricle (autop­
sy); “malignant brain tumor” or “carcinoma of the 
brain,” 5 (with no autospies). This group is cur­
rently being made the subject of more rigorous 
review. The information obtainable from our re­
cords, summarized in Table 9, is insufficient to 
prove or disprove a cause-and-effect relationship 
between occupational exposure and these tumors.

Conclusions
A study of 707 deaths in a population of 9677 men 

who had worked for one year or more in jobs 
involving exposure to vinyl chloride and whose vital 
status had been determined as of December 31, 
1972, did not show a significant excess of deaths due 
to malignancies. There did appear, however, to be a 
significant excess of tumors of the brain and central 
nervous system, based on 12 such deaths. There 
also continued to be slight but inconclusive trends 
toward higher SMR’s for deaths from digestive 
tract and respiratory tract tumors associated with 
maximum levels of past exposure. No striking changes 
in malignancy patterns were apparent when analy­
ses were directed toward individuals in whom 20 to 
25 years had elapsed since first exposure. The 
results suggest that, except for a proven associa­
tion with hepatic angiosarcoma and a strongly sug­
gestive association with central nervous system 
tumors, vinyl chloride probably is not associated 
with significant excess cancers of other sites.

It should be emphasized that the epidemiologic 
study summarized in this report was planned, the 
populations defined, and analysis under way before 
cases of hepatic angiosarcoma had been diagnosed

in workers exposed to vinyl chloride (6). An update 
is scheduled with inclusion of additional deaths in 
the cohort during the years 1973 through 1979. The 
study can be improved by a separate analysis of 
data from the plants which began operations before 
1960, and by separating, insofar as possible, expo­
sures to vinyl chloride monomer, polyvinyl chlo­
ride, and various copolymers. It is also hoped that 
criteria for defining exposure and for rating levels 
of exposure can be improved to permit better indi­
ces of integrated exposure.

This study was begun June 15,1973 under a contract between 
the Manufacturing Chemists Association, 1825 Connecticut Av­
enue. N.W., Washington, D.C. (now the Chemical Manufactur­
ers Association) and Tabershaw/Cooper Associates. Inc. It was 
continued under later contracts with TCA and with Equitable 
Environmental Health. Inc.
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