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Scond J Work Environ lHealth 14 (1988) 6178

Effects of exposure to vinyl chloride

An assessment of the evidence

by Sir Richard Doll, FRS'

DQLL R. Effects of exposure 1o vinyl ¢chlonide: An assessment of the evidence. Scond J Wark Environ
Health 14 (1988} 61 —7%. This paper reviews the possible etfects of vinvi chlonde on the mortahity o oc-
cupanionally exposed men and the carcinogenic etfects that might be observed in the general population
3t a result of environmental pollution with vinyl chlonde. The results of four studies fulfilling the craena
of providing substanial numbers of abservanions more than 25 years atter {iryt exposure and covering
a nenod long enough for more than 10 % of the wotkers (o have been expected 10 dic consuitule the basis
for the assessment of the occupanonal hazards. Other studies provide anly supplememary information.
The daia pernnt twae conclusions. First, men occupauunaily exposed to vinvi chioride have experienced
& speciic hazard of angiosarcoma of the hver. Sccond. any other accupanonal hazards that may have
existed have been small. No posiive evidence of a hazacd of any nonmabgnant disease or any type of
cancer other than angiosarcnoma of 1he hiver has been found except possibly for a snail harard of fung
cancer when exposure was heavy, More definite conciusions maght be reached if those who have studied
exposed cmplovees could present ther resuits sn appropriate and comparable wavs, A very smaill nisk of
angiosarcoma mav have occurred as a result of vinvi chlonde escaping 10 the environment around plants

handhng vivt chionde i ihe past, but the evidence indicates that the current risk (0 the general pubhic

{1f any) must be neghgpbie.

chignide monaamer. . .

For many vears the inhalation of large amounts of
vinvl chloride has been recoenmized as potentially haz-
ardous, Congentrations of the order of 10 XX) ppm in
the ar induce nnconsciousness and cardiae arrhyth-
mut, while prolonged exposure to concentrations an
order of magnitude lower have been habie (o cause a
speaiflic pathoiogical <vndronie. This ' vinvl chloride
ness’” has tieen characierized by four cardinal slgns.

-n.nmcl\" cilargement of .rhe liver and’ spicen. with 4.

«pecific histological appearance. p:nchy infiltration of
the shin resembling scleroderma, bony changes in the
tps of the fingers described as acroosteolysis. and
renipheral circulatory changes identcal with the clas-
ucal picture of Ravnaud’s discase. These pathologi-
€ai feacuons may ovcur singly or 10gether and may pos-
ubly be accompanied by other less characteristic ef-
fects. They can, however, be completely avoided if ex-
posure never exceeds the level of a few hundred parts
per million, se, the level 10 which exposures were
generally reduced 1n the mid-1960s.

One other serious effect has, however, been observed
that may not be avordable in the same relatively casy
way, nanicly, the producuon ol angiosarcoma of the
hiver. ft must, mdeed, be presumed that some nsk of
developing the disease will persist from exposure 10

' tispenal Cancer Research Fund, Cancer Epudetniology and

Clinical Trials Unae, Radelitle intumacy, Oxford, Unued
Kengdom,

Repom requesic 1o: Sir R Doll. Liaperial Cancer Research
Fund, Umiversity ot Oxtond, Ciibson Hunlding., The Radalifle
Intirmary, Qxford OX2 6HE, Unied Kingdom.

Aev u-nm angunarcoma of the livet, camer. lung canccr. monaluy. polvvmvl chloudc. review, vinyl

doses that are even lower than the current industrial
levels of § ppm or less, as vinyl chioride has been shown
10 act as a mutagen (23), and it cannot be 3ssumed that
a threshold exists below which no carcinogenic risk
persssts. Moreover, the possibihity has 10 be considered
that vinyl chioride may cause some cancers other than
angiosarcoma of the. Iwcr partly because Iaboralotv

studies” havc shown that it causes other Zancers an .-

animat cmcrrmcnn and partly becamc the, nitsal
studies demonstrnung the production of angiosarcoma
of the liver 1n humans were inadequate in size to ex-
ctude a material increase in the risk of cancer i com-
mon sites, such as the lung and large bowel. Since no
threshold dose can be postulated. it also (ollows that
some cancers may have been produced tn the general
public by the small amounts that have escaped tnto the
general environment,

Consideration also needs to be given to the possi-
bility that exposure 1o vinyl chloride over a long pe-
riod may have noxious effects on humans that cannot
be seen easily in amimal experiments (by, for example,
producing chronic resprratory disease), and, as it s a
mutagen, there 13 also a posstbility (hat it may act as
a teratogen and cause congenital malformatons n
offspring.

In this review | have not examined the possibility
that vinyl chlotide acts as a teratogen or that « causes
mutauans in germ cells, as there is (0o bittle serious
evidence (0 justily inclusion. Reviews carried out for
secuons of the industry by Downs et al (unpubhshed
report to the Society of Plasuc Industries incin 1977)

61
SL 048258




and by AMacMahon (unpublished report to the Chemi-
cal Manutaciurers Association in 1977) concluded that
the few reports of positive effects could not be sub-
stantated, and no additional evidence was found in
a similar later review by Barr (unpublished report to
Air Products and Chemicals Inc in 1981), apart from
a report that embryos were absorbed and skeletal os-
sification was produced when pregnant rats were ex-
posed 10 doses appreciably lower than those that had
been used by other workers without any such effects
being observed. The report of absorbed embryos (34)
could not be evaiuated thoroughly, however, as the ex-
pefiment was inadequately described. | have, therefore,
examined only the possible effects on the personal
health of men occupationally exposed to viayl chlo-
ride, other than those related 10 their reproductive
capacity, and the carcinogenic effects that might.con-

ceivably be observed in the general population as a .

result of the wndesprcad dlsmbuuon ol vmyl chloride
as a pollulam

Occupational hazards

Many studies of workers exposed to vinyl chloride in
the manufaciure of vinyl chloride monomer (VCM)
and polyvinyl chloride (PVC) have been undertaken
since 1t was first found that vinyl chloride could cause
cancer in-animals’(28, 48) and.man (10). These mves-

‘ .uganom Have canlirmed (hal CXPOslfe causes a. haz-*"

ard o! angiosarcoma of the liver and, in several in-
stances, have shown excess incidence or mortality rates
that were conventionally statistically sigmificant for
other diseases. Conventional tests of staustical signifi-
cance are, however, designed (0 help answer siagle
questions deflined beforehand, and several findings that
might be expected (o occur by chance alone once in
(say) 20 times must be expected to occur if dozens of
rates are examined in cach of several sets of indepen-
dent data, Sciennists have, therefore, been faced with
the problem of deciding whether the excess rates that
have been observed in individual studics are due to oc»
cupational hazards or to the vaganes of chance,
This problern can be solved in part with an exami-
nauon of the results of a sumation of data from com-
parable studies, that is, by 2 comparison of the sums
of the numbers of deaths observed and expecied in
cach study. This procedure does not require the as-
sumpuion that the exposures have been the same in each
study any more thaa the same assumption is required
for cach individual when the results of each study are
considered alone. It does require however that each
exposed population has been observed over a period
when 1ts members were at risk of developing disease
(if a genuine haczard existed) and that in each study
the reterence poputation from which the expevied nuin-
bers ot deaths were derived was appropriate (that is,
it the sume rish ol developing discase as the exposed
nopulaon wouid hive been in the absence ol expos

sure). These requirements dv not introduce any new
complexity, as both are, of course, abso required if cor-
rect conclustons are to be drawn trom the resuiny of
the individual studies when they are examined on ther
own,

Sources of informution
Four studies meet the aforementioned requirements,
namely, two large national surveys, one reported by
Jones (25) for the United Kingdom {UR) and the other
by Environmenwal Health Associates (14) for the
United States (US), aad studies of individual plams
in Canada, reported by Thériault & Allard (46) and
in ltaly, reported (3s a part of a nanonal study) by Belli
et al (). All four include observations on men more
than 25 years after thetr first exposure, and the ex-
pected number of deaths is. 1o each case, greater than
10 % of the 1otal number of employees, a vahie indi.
cating a long average pcnud at sk, Earlier obsersva-
tions on UK and US employees (6,9, 12, 16, 20; 36,
19, 40, 43, 50) have been subsumed in the n.uional suf-
veys and now serve only as sources of hypotheses and
of some detailed informanon not included 1n the na-
tional reports. Studies ot German (49), Norweygian
(22), Swedish (7), Freach (41, and unpublished repoct
ot Laplanche et al), Japanese (33, 37), and some other
ltalian (4) workers provide some supplementary ntor-
mation, but, 1n generyl, the periods Wl ubservanon
have not becn long enough-. lor u;u.lul cpndumolu.,w
"data to be obtained ubout diseases thit are unbibiely
to occur within 20 years of first exposure, o they
report only selected results which are difficult 1o w-
terpret, as only excess rates tend to have been selected.
Studies of makers of PVC products have not been
included, as tite workers have had much icss expusuic
to vinyl chloride than those employed in the manutace.
ture of VCM or PVC and any occupanonal hazard to
which they may have been exposed s more hikely (o
have been produced by PVC dust.

US studv. The study carticd out by Environmental
Health Assocates (14) on behaltl ot the US Chemical
Manufacturers Association is (he latgest and most 1n-
formative investigation thus far undertaken, It cov-
ered 10 173 men who had worked in 37 planis owned
by 17 companies — | 214 men in 1l plants thac
produced only VCM, 6 848 men in 18 planis that
produced only PVC, 935 men in three plants that
produced both, and | 176 men in five plunts that
produced homopolymers and copolymers, with or
without VCM or PVC,

Twenty-two ol the plants were in the southern part
of the country, 14 were in the northeastern or north
central parts, and one was in the wel.

Men were included if they had been exposed to vinyl
chloride for at least a year betore 31 Devember 1972
and had been employed in 1942 or subseyuently (the
hest year depending on the dinte the plast Deean vahine
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or using vinvl chlonide and the carliest date that per-
sonnel records were deemed to be compiete, whichever
was the Jater). Individuals who met these criteria were
identified from company records by company per-
sonnel.

Racial characteristics were known only for 686 men,
97 % of whom were white, and it was presumed, for
“ the purpose of estimating the number of expecied

deaths, that all 10 173 men were white.

Follow-up data were obtained {rom plant and So-
cial Security Administration records and {for men who
died after 1979) from the Natonal Death Index. Five
plants did not collaborate in the extension of Cooper's
(9) earlier study, which had been subsumed in the
present investigation, and the 955 employees in these
plants who were known (o be alive on 31 December
1972 were not fotlowed any further. For the rest,
follow-up was attempted (0 death or 31 December
1982, whichever was the earlier. On this basis 92.7 %
of the men were successfully (raced, Those who were
untraced were excluded (rom the last date of conact,
which was usually the date when employment ceased.

Almuost halfl of the men (46 %) were {irst employed
before 1955. A large proportion was, therefore, ob-
served more than 25 years alter first exposure (and in
many cases (or more than 30 years) when diseases with
a long Ia(ency period might be expected to be seen.

Shori-terin workers had been excluded l'rom the
cohun and nwst of the men had conatipued in em-
ployment for. .many yeari two-thjrds being employed
for 10 years or more and ‘the average duration of em-
ployment being 16 years.

Filicen hyndred and thirnty-six men were found (o
have died. In 1 439 cases, the cause of death was ob-
tained from the death certificate, but no cause was vb-
tained for the other 97 persons (6.3 Ya).

The numbers of deaths expected {rom each of 18

, €auses of groups af ‘causes. were obtained by mulsi-

plymg the person-years. at risk by the, dnscﬁse-spccrl“ c

‘national rates for white males, (or the corrcspondmg '

age groups and five-vear periods of the study.

This important study is open to three minor criti-
cisms, which are unlikely to0 have had any maierial
effects on the results. Firse, the lists of employees were

. compiled by company personnel from company re-
*. ooeds without any independem check. Second, the as-
T}Tmmpuon that all the employees were white will have

:l% ‘eaused the expecied deaths (o have been very slightly

i

*underestimated, as the few black employees are likely
{0 have had higher mortality rates and there is no
. reason for supposing that the small sample from which
the proportion of black employees was estimated was
oecessarily representative, Third, an element of uncer-

RN

l

£ tainty was introduced by the failure to trace as many
'+ as 7. % of the empioyees.

Tweo other cruicisms are more important. First, the
expected numbers of deaths were caleulated on the as-
sumption that the men would have experienced the
same mortality rates as the white male popuiation of

the whole country at the corresponding dates. The use
of national rates 1s common practice in studies of 1n-
dustrial populations and tends to result in an over-
estimation of the expected numbers of deaths so that
the employees appear to be unusually healthy. This
“*healthy worker effect’’ is well known and has been
taken into account in my discussion of the results. A
mote serious objection to the use of national rates is
the way mortality varies from one part of the country
to another, due to differences in the prevalence of en-
viconmental and social {actors unrelated to the occu-
pation of interest. It 13, therefore, generally preferable
to use state (if not county) rates in place of national
rates. With 37 plants, however, it might be thought
that their geographic distribution would be sufficiently
wide to make the use of national rates appropriate,
Unfortunately 22 of the plants were located in the
south, and a check would have been desirable to see
whether their location could have caused any material
distortion of the results.

Second, causes were not obtained for 97 of the 1 536
deaths. This deficiency was allowed for in the calcu-
lation of the overall mornality by the inclusi n of deaths
due to unknown causes. It was not ajlowed for, how-
ever, 1n the calculation of the disease-specitic mortality
rates and will have caused the standardized moriality
ratios to be underestimated by an average of 6.3 .
For the present purpose, therefore, the numbers of
deaths aunbutcd 10 specific diseases have each been

multiplicd by 1.0674 (1007(1—97/1536)} and rounded

of to the nearest integer..

UK situdy. The study reported by Jones (25 and un-
published) on behalf of the British Health and Safety
Executive covered 5 498 men who were empioyed for
at least one year in jobs that involved potential expo-
sure t0 VCM for at least 25 T of the work week and

" who were first employed in the period 19401974, De-
-lails of the 'men were compiled from the personnei-’

records of nine chemmical plants manufacturing or poly-
merizing vinyl chloride, and the vital status of the men
was determined at the end of 1984 from the records
of the National Health Service Central Register. Five
thousand four hundred and ninety-eight men were
traced (98.9 %s). Seven hundred and eighty deaths were
identified, and copies of the death certificates {coded
to the eighth revision of the International Classifica-
tion of Diseases (ICD) if they occurred before 1979
and to the ninth revision if they occurred later) were
sent 1O the investigators,

Several specific points about the study need to be
noted. First, national mortality rates (or England and
Wales were calculated for five-year age groups over
quinquenmial periods for 66 causes of death, and these
rates were used in the estimation of the numbers of
deaths that might have been expected in the cohort by
muluplying them by the corresponding numbers of
person-years under observauon. Some dilficulty which
could have been related to the causes of death being
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coded according to the e¢ighth and ninth revisions of
the 1CD was, however, experienced in obtaining suii-
able rates for all causes of death, and rates for a rela-
tvely late period had (0 be used for estumating the
numbers of deaths from many diseases that might have
been expected to occur in earlier periods. For two
catcgorties the carliest available rates were 1960-— 1964,
for one they were 1965—1969, {or 24 they were 1970~
1974, and for one they were 1975-—1979.

Second, an attempt was made (o classily men ac-
cording (o whether they had high, intermediate, or law
exposure 10 VCM or PVC dust, and each man's em-
ployment history was recorded according to 12 job
hitles with advice from the piants concerned. The men
«~ere then grouped according to whether exposure (0
VCM was likely 10 have been high (group A), expo-
sure ta PVC dust was likely to have been high with
expoasure to YCM low (group B), or exposure to VCM
and PVC dust was intermediate and intermitient
{group C). All other men, who would generaily have
had low exposurc (0 both YCM and PVC dust, were

“tlassed as group D, ‘Within all the groups, exposure
to VCM was likely to have been higher if it had begun
before 1956.

The study makes an important contribution to the
knowledge concerning the iong-term effects of vinyl
chloride, The use of nauonal rates to calculate the ex-
pected numbers of deaths may be justified on the
grounds that the men were employed in nine plants,

which were prcsumablydutrlbmcd about (hc coumry. g

. but no details of their locition aré given. In general,

mortality rates tend 1o be higher in the parts of Britain
where heavy industry 1s located than in other parts of
the country so that the expected numbers of deaths are
maore Lkely (o ba bisscd downwards than upwards; but
whether this is 30 or not needs to be shown.

The use of recent rates to calculate expected num-
bers of deaths from many specific causes of death was
presumably necessary if the discases were 1o be studied
individually and will have done no harm if the inci-

dence and fatality of the diseases in question remained

stable. {t would have been desirable, however, for the
diseases 10 have been specified so that the reader would
know which were liable to be distorted,

The system used 10 ¢lassifly the men into four expo-
sure groups is the sort of system that is commonly used
if precise measures of exposure are not available. It
creates some difficulties in the statistical analysis if men
move fram one job 10 another and are classed (as in
this instance) as having had high exposure if they have
ever had a particular type of employment (eg, ever been
employed as an autoclave worker). No evidence is pro-
vided to show that the person-years at risk before a
man entered the category have been subtracted and
added 10 another exposure group before the numbers
of expected deaths were calculated. Movement from
one fub (o another was said to have tended to be out
of groups A and B into D, but even 30 it must be

presumed that the expected numbers of deaths in the
first (wo expasure categories are likely 10 have been
overestimated.

Canadwn study. The Canadian study (46) was limited
10 employees of a aingle plant in Shawuwnigan, Quebec.
The plant, which was situated in an ndusirial com-
plex, was opened in 1943, YCM and PVC were both
made unul the late 1960s, when the production of
VCM ceased, while the production ol PVC continued.
An attempt was made 10 trace all the production work-
ers whose names appeared on the unions’ lists or the
payrolls of the companes in the whole industnal com-
plex, including the vinyl chioride plant, beiween )
January 1948 and 31 December 1972, and contact was
made with the worker or his next-of-hin in 1 611 ot
of 1 659 instances (97.1 *). Detailed occupationad and
srmoking histories were gbrained by questionnasre, and
156 men who had been employed by the companies
for less than'{ive years werg excluded. The remaining

.men were categorized as (1) éxposed 1o VCM i they

had worked on the production of VCM or PVC lor
3t least five years (451 men), (ii) unexposed 10 VCM
if they had worked similarly for fess than six months
(870 men), and (1) other men {134 in 10tal), The last
group was excluded from the study, Follow-up was
closed on 31 December 1977, Copies of the deuath cer-
tificares were obtained, and the causes for all who had
died (59 exposed and ’31 ‘unexposed) avere coded ac-

'cordmg to the esgmh rovmon ‘of the ICD. Informa-
“tion was also soughl for histblogical or cytological con-

firmation of all the diagnoses for all the exposed men
who had died of cancer.

The results were examined in two ways. First, the
nortaiities of the exposed and uncxposed men were
compared after standardization for tive-year perwods
of the study and [ive-year age groups. Second, the mor-
tality of the exposed men was compared wuth thag ex-
pecied if the men had had the sex- and age-specific
mortality rates recorded 1n Quebec for the year {971,
In both comparisons the causes of death used were
thase specified on the death certificate, and the addi-
tional pathological information was used later only for
interpretation of the results.

Most of the exposed men were exposed {or more
than 10 years (75 %), the average length of exposure
was approximately 17 ycars, and 44 % were observed
mare than 25 years after first exposure.,

Although small, 1the study makes a uscful contribu-
tion 10 the overall results, The histological review of
the cancer cases is particularly helpful. It showed that
all eight cancers diagnosed as liver cancer {including
two specified as hepatoma and one specified as angio-
sarcoma) were angiosarcomas of the fiver, as well as
one that had been diagnosed as angiosarcoma ol the
peritoncum. Two other cases af angiosarcoma of the
liver were found to have been certified as hepatic cir-
rhosis. 11 t$ also helptul to bave a compatison between
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1kes a useful contribu-
histological review of
helpful. it showed that
liver cancer (including
one specified as angio-
of the liver, as well as
15 angiosar¢oma of the
of angiosarcoma of the
cerufied as hepatic cir-
¢ 2 comparison between

the ceposed and ““unexposed’” employees ol the same
companies as it shows that the low mortality observed
for all nonmalignant diseases could be attributed to
8 hcalthy worker effect and was not due to bias in the
recording of exposure (relauve tisk for ali nonmahieg-
nant causes compared to that of the "‘unexposed’’ men
0.95).

- One aspect of the study has to be criticized however,
le, the use of provincial rates for one year (1971) to

&, caleulate expected mortaliy spread over a 30-vear

"-

" size (and even the direction) of which is impaossible to -

~

L .' -h
& o
-_ ,."‘ ** death was attributed to liver cancer when 0.1 was ex-

peniod (1948 (0 1977 inclusive). Deaths will have tended
to bunch up towards the end of the period of obser-
valion $0 that the rates for this particular year may
have been fairly representauve, but it must have caused
some distornion of the expected numbers of deaths, the

astimate. For most disease groups the distortion is un-
likely to have been large.

ltalian studv, A study of all men employed in the pro-
duction of vinyl chloride and PVC in nune Htalian planes
was begun in 1983, All men were included who were
emplayed (or at least six months at any time from the
start up of the plant to the end of 1981, The study is
sl incomplete, but results are now available for men
in three plants (4). Two plants (in Ferrara and Ro-
signana) bcuan operation in 1953, Four hundred-and
thirty- seven men were employed inone plam and REAN
in the other. All but three (from the Ferrara plant) were
followed 1o the end of 1984. Expected deaths were est-
mated by multiplying the person-years at risk by the
corresponding national mortality rates for each five-
year age group and each five-year period of the study.
The 10tal expected deaths in each case amounted to
more than 10 7 of the employces in the 1wo plants
(12.4 and 12.8 %).

-Clinical’ mforl:nauon was sough; abou the causg of -
death of al) the 55 emptoyces of the Ferrara plant who -

had dicd. Revised diagnoses. which were not used for
vompanson with the expected deaths, revealed four
deaths ftom cancers of the liver in place of one,
The Ravenna plant did not begin operation unti
19129 Six hundred and thirtv-ight men were employed.
2, All but four were traced to the end of 1983, and 17
‘were (ound 10 have died. No man could have been fol-

dpal analyses. It may be noxcd however, that one

- O1Aer sources. The Norwegian study (22) provided ob-

servations on 454 men who had been employed in a
plant in Telemark where VCM had been manufactured
from 1950 to 1971 and PVC from 1950 to the end of

-

the study period. Every man was incliuded whose name
was recorded in the company's personnel register and
health department records who had ever peen em-
ployed from the stait of production 10 the end of 1969
and had worked for at least one year. The men were
followed from 1953 10 1979 inclusive. Deaths and cases
of cancer were identified from the records of the Cen-
tral Bureau of Statistics and the national cancer regis-
try. No reference was made 10 any men being lost to
follow-up, but it can be assumed that the number (if
not zero) was small. as all citizens have an identity
number which is used by both employers and central
agencies. Fifty men were found to have died against
59.)4 expected if the sex-, age-, and quinquennium-
specific national mortality rates had operated. Twenty-
one men were found to have developed 23 cancers
against 20.16 cancers expected from the comparable
natuonal incidence rates, thé use of which was justi-
fied by the finding that the incidence in the county in
which the plant was situated was between 90 and 95 %
of the rate of the country as a whole. One man who
liad been employed 1n PVC production developed an-
glosarcoma of the liver. The observed and expected
numbers of cases were given (or cancers of the lung,
coion. and thyroid. for meianomas, and for all can-
cers, but no expected numbers were given for other
types of cancer. |t is evident that several other types
of cancer must ha\.e been in deficit, as there were eight’
cases in-all agamsl 14.93 expected, and it is difficult
10 know what weight to give the excesses observed for
the reported types of cancer, as they seem likely to have
been reported specifically because the numbers were
in excess of those expected. The authors noted that
ane further case of melanoma had occurred afier the
closure of the study and that one “‘incipient case” was
also known to them,

The German study (49) included the following three

- groups: (i) 7 021 men who had been exposed 1o VC ..
.in the caurse of their, cmploymcm in.any of the 11 ..
‘plants in which VC and PVC-had been produccd in

the Federal Republic of Germany, (i1) 4 820 men who
had been employed in seven chemical plants without
having had any exposure to vinyl chlonde, and (iii)
4 007 men employed in two other plants where PVC
was processed. Employees were inciuded oniy if they
were of German or Austnian nationality, and they were
regarded as exposed (o vinyl chloride if they were
production workers or other skilled workers or faborers
assigned regularly to the plants. but not il they were
employed in them only occasionally. All the men were
included from the tme of opening of the plants to the
end of 1974, and they were followed to the end of 1974,
Many of the men were therefore observed for only a
few years after first empioyment, and oniy 14, 36, and
19 7, respectively, of the three groups were first em-
ployed before 1954 and were therefore capable of con-
tributing person-years at risk more than 20 years aiter
frst employment, when an occupational hazard of can-
cer could be expecied 1o be observed.
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Of the exposed group 93.2 % were successiully fol-
lowed, and causes of death were discovered for 92.8 %
of the 414 men discovered t0 have died. The propor-
tions for the other two groups were respectively 89.8
and 88.7 % for the unexposed and 92,1 and 86.9 %
for the PVC process workers. The failure 10 obtain
causes of death for all the men who had died was
allowed for in the subsequent analysis by the weight-
ing of the numbers auributed (0 each cause by a sys-
tem which took account of the age group and calen-
dar peniad in which death with an unknown cause oc-
curred. The expected numbers of deaths from each
cause was calculated by multiplying the person-years
at sk by the sex-, age-, and cause-specific mortality
rates for the Federal Republic of Germany. National
data beforc 1968 used an idiosyncrauc classification
system, and the 1968 rates had to be used 1o multiply
all the person-years at risk up ta the end of 1968, For
subsequent years (1969 to 1974) the person-years at risk
were multiplied by the carrcspondmg rates for xhe same
calendar year.

Epidemiologic studies are more d|f ficult to carry out
in the Federal Republic of Germany than in North
America, the Unitedd Kingdom, or Scandinavia because
the medical cause of death is not recorded publicly,
and there 1s no central system which can be used for
checking whether an individual is alive or dead. [n
these circumstances, the German authors have made

vahant efforts to obtan reliable data, and the propor-
-tions of menin (he exposed proups who weré not sHCe -

cessiully followed (6.8 %) and the proportions of
deaths for which the cause was not obtained (7.2 o)
were sirmilar to those in the study of the Environmental
Health Associates (14).

Two defects, however, make the data less useful.
First. no nauonal mortality rates were available before
1968, and the use of the 1968 rates to estimate the num-
bers of deachs 1n and before 1968 will have overesti-
mated the numbers atteibutable to diseases that were
becoming more prevalent or were being diagnosed
more often and underestimated those due to diseases

that were becoming less prevalent. Sccond, and more-

importantly, a large proportion of the men had been
first employed less than 10 years before the follow-up
ended. Therefore the useful observations on the few
men who had been exposed long enough 10 have had
much chance of developing an occupational disease
with a fong latency period must have been swamped
by a mass of other observations thar had little 1o con-
tribute. The expected deaths amounted to only 6.2 T
of the exposed men, and there is, therefore, little to
be gained. and something to be lost, by including the
German data in the overview. It may be noted, how-
ever, that 12 deaths were atiributed to cancer of (he
liver among the workers exposed 1o vinyl chioride
against 0.9 expected and that smaller excesses were also
observed among the unexposed chemical warkers (4
obsersed avainst 1.1 expected) and the PVC process
workers 11 deaths agiaunst 0.8 expected).

Two Swedish plants have produced VCM and PVC,
one since 1945 and the other since 1971, and employees
of the first plant have been studied by Byren et al (7).
All persons who had ever been employed when expo-
sure (0 VCM could occur were listed from the per-
sonnel liles of the factory. Twenty-one were excluded
because they were foreigners who left the countey after
a short period of employment. The remaining 750 were
foliowed to October 1974, Expected numbers of deaths
were estimated by multiplying the person-years at risk
by the corresponding age-specific mortality rates for
the whole country, and the expected numbers of can-
cer cases from 1958 to 1971 inclusive (during which
period ail cancer cases had been registered nationally)
were estimated by muitiplying by the national age-
specific cancer incidence rates. In both instances, the
rates used were those recorded in 1969, Fifty-eight
deaths were found, but no figure was given for the ex-
pected number. Detailed figures were given only for
the numbers of deaths and cases observed and expected

. for cancer of the lung and for cancers of the liver and

pancreas combined and for the numbers of deaths
from brain cancer and three categories of cardiovas-
cular disease. Two men known 10 have anglosarcoma
of the liver were certified as having died of liver can-
cer or pancreatic cancer, and a third man died of
angiosarcoma of the fiver l7 months aficr rhc close
of the follow-up.

Two French studies prov:de the results of a long- -
lcrm follow-up. of men employcd in one plnm 1)) and’

of a short-term follow-up of men employed in |2 plams
{Laplanche e1 al, unpublished). “The first provided ob-
servations on | 311 men exposed 1o vinyl chlonde in
the production of VCM and PVC uand n selected an.
cillary operations from the opening of the Tavaux plant
in 1953 10 the end of 1976 (41). Six other employees
were excluded (rom the study because of lack of oce-
cupational histories and 160 men because their vital
status at the end of the study period was undetermined.
Twenty-five men were found to have dicd against 48.75
expected (rom contemporaneous sex- and age-specific
national mortality rates (3.7 " of the men at risk). One
death was attributed to angiosarcoma of the liver, in
a man who had been exposed for more than 15 years,
The reported data are so incomplete and cover such
a relatively short period from the opening of the plant
that they add nothing of epidemiologic value to the
results of the other studies, apart from the addition
of a further case of angiosarcoma.

The second study provided observations on 1 100
men aged 40 to 55 years who, in 1980, were exposed
or had been exposed to vinyl chloride in 12 plants,
which constituted **most of the French VCM polym.
erisation plants'’ (Laplanche et al, unpublished). Many
of the men were, or had been, employed at Tavaux
and were presumably survivors of the cohort studied
by Pierre et al (41). The men were tollowed 1or tive
years, and their morbidity und mortality were vom-
nared with those obaeryed fon T T e ot e ALY
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sbservauons on 1 100
«n 1980, were exposed
chlonde in 12 plants,
« French VCM polym-
al, unpublished). Many

. employed at Tavaux

s of the cohort studicd

were followed for five

d mortaliy were com-
| 100 men of the same

s ( £ 2 yoars) who were empioved i the same plants

. but who had never been exposed to VCM, The men

. i both groups were uucrviewcd pcrsonally. and in-

dnnkmg habits, which were found (o be similag in the

3 .fwo groups. The men 1n the expused group had been

it exposed for an average of about }4 years and had
“fhrit been employed in the plant about 18 vears previ-

‘f, ouly. Morbidity and mortality data were recorded an-

'muy by the plant physician, who successfully traced

i 98 % of the exposed men and 96 Y of the referents.
«’-4\1_ Oxe of the exposed men, but none of those unexposed.
g'ldtvdoped an angiosarcoma of the liver, Data were not
& ,‘ given separately for different peniods after first em-

° pbymcm and it is impossible o assess the significance
‘of the finding that six of the exposed men developed

F: _'hng cancer against two of the referents, which may

vdl reflect a chance occurrence of unusually few cases
A" 14 the reference group, as the proportion of all lung

] l’ﬂ""_‘ﬂno:ﬂ in that group (2 out of |5} was unusually low,
L 1% ff ‘Oue exposed man developcd a cancer of the lympho-

t" A Japanese study has teported the mortality ex-

persence of 4 524 men employed for at least one year
before 1965 in 25 Japanese plants which began pro-

" dwing VCM or PYC between 1942 and 1964 inclu-,
_ wve (37). The men were followed to 31 October 1975.

Tucnty-eight percent of the men were observed more

© rran 0 years after first employment, but none was ob-

wrved more than 26 years, Quly 0.6 % of the men were
wiracad, and copies of the death certificates were ob-
tamad for ail the 209 men who had died (4.6 % of the
wutal cohart). Individuals were classified according

-ty the jab in which thev had been longest employed
7 stahe termination-of their follow-up, and data svere

rven- separasely for thic 2 546 men classed a&employcd
 PVC production and | 978 others (mcludmg 900

i chased as VCM production workers).

If this study is conunued for another 10 years, it

5 sbwubd provide useful additional informauon, but the

pluull data include (0o lew observations on men more

X M 2 years atter first exposure to be ol any material

They confirm the evidence of a hazard of liver
per with six deaths among the PYC production
ers against 2,54 expected from national rates,
_only one such dcath was observed among the
it workers aganst .82 cxpected. One of the six
hs from liver cancer among the PVC production

" wurkers was certified as due 10 angiosarcoma of the

hu and at least onc of the ather liver cancer dcalhs

“was due (o the same cause. Lung cancer deaths were

o 1a excexs (2 observed in PYC workers against 2.33

",;‘phauc and hematopoietic systems, for cancer of the
_. an or thyrowd, or for melanomas. The mortality
. trpavind by Ninsudn (13) for 3OS Japanese vinyl chio-

ride warkers has presumably been subsumed in Na-
kamura's (37) later and larger study.

Hazards of cancer

The results of the four most useful studies are listed
individually in tables 1 and 2. The overall results for
all causes, liver cancer, and three broad groups of con-
ditions are shown in table 3, and those lor 10 types,
or classes, of cancer are presented in table 4. Data have
not been reported for each type of cancer in each study,
and the sources of the data are, therefore, specified
separately for each type. Additional information ob-
tained from four other less informative studies (4, 7,
22, 49) is given in 1able 5 for seven types or classes of
« cancer.

Table 3 shows that. apart from cancer of the liver,
the overall mortality is what would be anucipated for
an industry without any major hazard of accident or
disease. tn particular the standardized mortality ratio
(SMR) of 84 for discases other than cancer is typical
of the rauos that are commonly observed for groups
of emploved men. A low SMR of this order reflects
the "*healthy worker effect,’’ which results fr m the
selection process that inevitably excludes some of the
least healthy members of the population from indus-
trial employment. This effect does not, however, nor-
mally affect the monality from cancer beyond that ob-
served inthe first few years after the start of employ-
ment, and an SMR of 102 for cancers other than can-
cer of the liver is compatible bath with the absence of
hazard and with SMR values of 84 for other diseases
and 77 {or accidents, poisonings, and violence,

Angiosarcoma. Death certificates are an unretiable
source of information about the histology of cancers
. that cause death, but there is no reason to. Suppose that
l-h¢ excess mor(aluy aunbutcd 10 lm:r :am:cr {or, in
the US.series, liver and galibladder cancer)'is not entire-
ly accounted {or by the known hazard of angiosar-
coma. Filteen of the 37 deaths® attributed to cancers
of the liver and gallbladder in the US series are known
to have been due to angiosarcoma of the liver (14),
In the UK series, seven ol the |1 deaths attributed (0
liver cancer, not specified as secondary, were known
to be angiosarcomas, and they all occurred in auto-
clave workers against 0.18 expected liver cancers of all
types (P < 10=% (25). In the Canadian senies. histo-
logical review showed that seven of the eight so-called
liver cancers were angiosarcomas (one had been de-
scribed as an angiosarcoma on the death certificate,
two as hepatomas, and five as unspecified liver can-
cers). One so-called liver cancer death was found to
have been due to cancer of the sigmoid colon, while
one death attributed to angiosarcoma of the perito-

I Increased (0 39 in table | 1o 1ake account of the 97 exira
deaths fram an unkadwn ceuse.
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Tabie V., Ohserves ang sxpecied numoets 0l geaihs trom drtlerent cancers reponed in tne Icur pnNCIpal studies (4, 14, 25,
461 1O = onservea number of deains, € = expected nymber of aeathsy

Unitea States United Kingacm Canaga taty

T r ctass of cancer

ype o 33 of cance o P P c o € o €
Buceal cavity and pharyna 13 1155 4 .58 0 064 1 08
Esophagus 7 807 6 1434 ' 06
Stomach 1" 16 01 26 2.9 J 30
Large intasting 21 2879 9 1394 [+] 12
Rectum R 3] 10 49 . ,
Liver " 194 8 014 1 06
Liver ana gatiblacder 39 5.717 . .
Pancreas b4 18.40 H 984 0 07
Other aigestive , 3 526
Larynx . . 4 b3 1 09
Lung 118 11587 81 9212 2 5.78 12 61
QOther reapiratory ] 6.28
Bane 2 18
Skin thonmetanoma 6 7.36
Melanoma | . 2 174 . 0 02
Prosiate 16 15.20 12 949 ! 07
Testis . 2 118 .
Blagger 5 8.48 14 -800 \ 11 1 a7
Kidney 12 5.06 3 (R .
Other and unspeacified unnary . . . . 3 429 . . . L
Bain - ‘ b4 SN o { - S 4 8:18 ’ .86 060 .
Eye and cenfral narvous system. . . . . . :
Thytoua . . . 2 043
Lymopnho- and reticulosarcoma 12 7.98 4 2.35 .
Hodghin's giseasa 3 5.45 3 2.50 0 04
teukemta 14 13.94 7 516 1 167 ] 071
Multiple myetoma 2 235 . .
Other iymphatc " 8.37 . . .
Othet a5 40.50 18 8.12 2 095 9 45
All cancers 3831 J4a173 225 22880 20 16 37 30 211

* Observed deaths multiptied by 1 0674 and rounded off {0 1Ne nearest integer (0 Allow (of Qeaths withoul discovered Cause. |

N - B . LR . Cte T,
et e T e . Lo - "

Table 2. Numbers of deatns Irom nonmahignant and il causas reponted In tha lour principal studies (4,14, 25, 46) (O = abservea
aumper of Seatns. £ 3 expecied number of deaths)

Lriieg States United Kingaom Canaca italy

Cause of geath

Qs E o} E 0 £ (e} £
Benign ana other unspecifiag
tumaors 4 5.08 . [4] 0.5
Carebrovascutar disease 15 91 9) . ) :
fsenemic hean gisaase ¥4 597.73 276 288 } 25 3167 } 9 274
Qther circtatory diseasa 157 12355 105 141 '
Branchitis® 44 22.8) 36 14
Prnaumonia 16 J14 0 1 ] b 1n } 3 50
Other resowralory disesss 15 ¥R
Cirrhoars of tne hiver 37 56 06 5 5 4 52

4 385
Other olgesiive disease 27 39.52 . - k| 27
Dissase ol the ganitounnary syatem 1" 20.41 . . . . . .
Other aisesses 87 11558 4 75 2 540 T2 10
Suicide 49 52.78 1 09
10.58

Accidents ang other violence 130 173.19 - } 0 e 2 0.5 4 17
All nonmangnant causes 1153 136054 545 665 39 54 76 b} 56.4
All causes 1538 170527 780 894 59 11.07 66 115

* Sae lootnote (o {abie 1.

® Emphysema in data lrom the United Slates.

¢ Incluges two cazes certified 83 cirfnodia of the liver which proved 1o be angiosarcoma of Ihe liver.
% tncludes one case with cause UNKNAwN,

tributed to cancer of the liver (for a total of four), but
only one of the four was desenibed as an amgosiarconsa

neum was found 10 have been due to angiosarc ma
of the liver (46). In the lialian study, further evidence

revealed that three further deaths should have heen ar. r4y

Toble 4. Mon
10 z observen
e

Type or clazs »

I

Uouth ang phs
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Table 3. tiar Wil lien Faneer of INR Livel and Oiner Causes AMAON vINYI CRIGHAN wOry mes on 49 1) an1s
1 the QU DHOC AL Stuies combpned ¢, 14 28 46) (O = oDserved number of geains £ = expecieq
Aumper of ceains, SMA x stancar0iIzea Mortalily ratig)

Woslane e

e e
Haly

Cause of geaIn Q E . SMA

Q
Cancer of the hiver? 59 B45 98
Cancer ot oiher sites 509 . 53925 102
Other diseases 1547 1 844 89 84
Accidents, DOISONINGS, and violence 26 295.15 17

All causes 2 441 2747 84 89

* Including cancers of the gallbladder In the Senes {rom the United Stales.

abie 4 Mortalily from vanous cancers among vinyl chlonde workers in 49 plants in the four prncipal Stuaies compbined.
 JO0 & obearved number of deatns, £ = axpo3ed number of aeaths, SMA = standardited monaiity ratal

c SMR Source of

or ciass ol cancer Q inlormation

o lhun and pharyns 18 . 1687 109
ML DEcmalive sy3tem (other than tiver) 154 59 81
5~ Raspuatory aystam 223 229.36 97
- 21t 21409 29
10 62.81 11y

2 194
29 19 54 148

2 04
57 %0 87 w2
83 61.24 1

H
[ W N

v re u wauou
-

. H

at ot B ot BD b b o at an

- -

NiNe NanaNeNS

-~

fu atfe (han Of the fver 509 599.35 102

¢
7.
e

wout i3covered cluse.

14 25. 46). (O = obrserved

Italy L Fedecat

g Aeputlic Norway Sweden fraty Four counines combined
of Germany (1 plany) (1 plant) (1 plant) {14 planty)

(¥ plants)

0 € Q o o ' € SMR

o.gnlm system R
R soechucing he tiven 350 218 . ) . 13
’“‘v - 235 248 84 1.78 . . _ 103
FA IR - B
5 | pstatic and hemato-
n’l amaLC SyRiOm 16.% 77
Qrewr texciuding the liver) 107 243

mao ing tiver ar.u 897

32avry

" _‘ and cases in the Nomequn study.
. of the intestine only.
ol the jung and brain only.

sarcoma Cases (maimained on behalf of the Associa-

p tion of Plastics Manufacturers in Europe by the im-

. ~ <A be altnibuted principaily if not wholly to the known  perial Chemacal Industry PLC) before the end of the

for a total of four), but ‘hﬂd of angiosarcoma is obtained in a comparison  follow-up period (Bennett, unpublished). Filty-one ex-
bed as an angiosarcoma ' cess liver cancers are recorded in the combined data,
and 49 angiosarcoma are recorded in the Register for
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Table 6. Mortailly from tung cancer in the senes from 1ha
Uniteq States (US) (14) and the United Kingaom (UK) (25) by
cnaractensiics relevant [0 an occupalional hazara. (O = ob-
sorved number of deaths, E = expected number of ceains,
SMRA a standardized mortality ratio)

Category 2
o] ] E SMR

Category 1
o E SMR

Data
charactenstic®

QObservea 20 years

or mare aller hirst
employment (1), —
othara (2}

Empioyea 10 yeers

or more « the US

{1}, others in

the US ()

Emotoyea balore

1956 10 tne UK (1),
others in thae UK {2) 52
Ever emplayed a3
Jutociave worker

in the UK (1),

others o the UK (D) 16

14 11198 100 85 934 N

55 52.45 105 6) 6144 99

51.39 29 4050 72

1708 94 65 7482 87

¢ The numbars n paranthasas dasignaie the category.
** Ses loainote 10 1able 1 {or observed deaing in the US,

the relevant periods for the three countries and the two
Italian plarus' that are covered by the survey.
None of the 120 cases yet recorded in the Register
were in men who were first exposed after 1969, and
none of the 45 men affected in North America were
first exposed after 1964. All may, thereloce, have been

_ exposed to concentrations of scvcral huﬂdred parts’per -
million, and many may have been exposed 10-concen- -~

trations appreciably higher (unpublished report by Barr
to Awr Products and Chemicals Inc in (981).

Lung cancer. The idea that exposure to vinyl chloride
might cause cancer of the lung was suggested by Mon-
son et al in 1974 (36), when they noted 13 cases against
an expected number of 7.9 in a study of proportional
mortality, The combined data shown in table 4 do not
provide any support for the hypothesis, either for res-
piratory cancer as a whole (SMR 97) or (or the speci-
fied data for lung cancer in the US, the UK, and ltaly
(SMR 99). There are, however, consistently higher risks
in the subgroups of men in the US and UK series, in
which occupational hazards would be more likely to

! Twenty-nine were registered as occufring in the United
States agamst an cxcess of 3): only 20, however, were iden-
tshable in both serics. Inquiry has, as yet, failed 10 reveal
information about the histology of the remaining 13 in the
cahort study and the origin of the nine extra deaths in the
register, Nine deaths were registercd as occurring in the
United Kingdom against an excess ol nine, but one of the
registered cases was certified as due to 2 benign hemangioma
and not related 10 the liver (code 227 in the cighth revision
ol the internauonal Classificauon ol Diseases). Ten cases
were registered as occurring in Canada against an excess
of exght; two were recorded as being in men who had been
employed {or five years, and it is possible that the actual
durgtion had been shightly less than tive yeues wuh con-
seyuent exclusion from the Canadian cohort. One case was
regiivred as occurning i one ol the two ltalian plants
avatiat i oveesy ot lesy than one

be seen than in other groups. This circumstance is
illustrated by table 6, which shows that the SMR values
are slightly higher for men observed 20 years or more
after first exposure than for men observed earlier, (or
men employed before 1956 in the UK than for men
first employed after 1955 (when exposure levels are
believed to have been lower), for men employed for
longer than for shorter periods in the US, and for
autoclave workers in the UK (among whom the angio-
sarcoma cases have mostly occurred) than for other
workers. The differences are all small or very small,
They are, however, all in the same direction, and the
probability that the rates should all be higher 1n the
groups in which an occupauonal hazard is more like-
ly to be seen in each of the four pairs ol groups is |
in 16,

Additional information from other sources is given
in table 5. A totai of 30 deaths (or cases) was observed,
and this figure increases to 34.5 when allowance is

* made (or the number of deaths due to unidentified

causes in the German study (SMR becoming 103). In
the German study the SMR was higher for the men
who had been exposed tor 10 years or more than for
those who had been exposed {or shorter periods (111
against 79), and, in the Norwegian study, (our of the
five cases observed occurred in men whose occupations
were regarded as involving high exposure agamst 1.82
of the 2,84 expected. Boath the German and the Swed-

"ish studies derived the expected -numbers of deaths
-from nmmna'l mortality rates Jor.a single: year towards

the end of the study pcnod The éxpected numbers of
deaths are likely, therefore, (0 have been overestimated
and the SMR values correspondingly underestimated
as the mortality (rom lung cancer had been rising
throughout the period of observation.

Brain cancer. The idea that vinyl ¢chloride might cause
brain cancer was also suggested by Monson et al (36)
when they reported five cases aginst 1.2 expected. The
combined data that are shown in table 4 provide some
support for this hypothesis. The cases of Monson et
at (36) were, however, observed in US workers and
must be presumed 10 be included in the 1otal reported
by Environmental Health Associates (14); therefore
they will have contributed a substanrial proportion of
the total in table 4. As a test of the hypothesis the data
of Monson et al ought, therefore, to be subtracted
from those in the table. Their investigation was not
a cohort study, and their expected deaths do not cor-
respond exactly to those in table 4. If, however, the
observed and the expected cases are both subtracied
from the totals, twenty-four observed deaths remain
against approximately (B.) expectied, a difference
which might easily occur by chance (P one-tailed =
o.n.’

411 the study of Waxweiler et al (50} is regarded a3 1he origin
of the hypothesis, 26 deailis are el aganat 1,98 evpecied
(P ane-taded =0 0TY
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Addittonat wilormanan o twa ather Lourees 15
given m table 5. The small excess reported provides

" littde further evidence of an occupational hazard. as

one of the two deaths observed in the Swedish study
occurred in @ young man who had been employed (or
less than a year when the diagnosis was made, while
the excess death rate for brain cincer observed in the
German siudy was less than that observed among
chemical workers not exposed to vinyl chloride (2.9
deaths after allowance {or deaths from unknown
causes agamnst 1.6 expected) and among workers in the
PVC fabrication industry (5.9 deaths alter ailowance
for deaths from unknown causes against 1.1 expected).

Cancers af Iviuphatic and hemataopaietic tissues. The
idea that vinyl chloride might cause cancer of the lym-
phatic and hematopotetic tissues — more specificaily
the lymphatic tissue — was sugpested by Tabershaw
& Galfey (45) and by Waxweiler ¢t al (50) in two cohort
studies. when they tound, respectively, five deaths
from lymphomas in the most heavily exposed workers
aganst 2,54 expected and Tour deaths from cancers of
the lvinphatic and hematopoienc tissues against 2.5 ex-
pected. These small gxcesses nught have been ignored
if the laboratory (indings had not been interpreted as
suggesting that lymphomas were produced experimen-
tally i anunals exposed o vinyl chloride by inhala-
non (291 The idea that similar exposure naght also
cause Ivimphomas in humans, therefore. merits seri-
ous conuderation. The data (rom the four principal
studies that are summarized in table 4 provide little
support tor the hypothesis when all cancers of the
lymphatic and hematopoietic tssues are considered to-
wether (37 deaths apunst $0.87 expecied. SMR 112)
and very little more 1s obtamed (rom the separate data
for cancers of the vimphatic sysicm { Tabershaw & Gal-
fev's detimuon of 1C{) list numbers, eighth revision,
200201 and 205 being used) that are shown in table
I (35 deaths against 29.40 expecied). The position is,
morcover: hardlv altered if the dam.iu.Tabcrs_ha\il' &
Galfey's imtal report are subtracted (29 deaths agamst
23,36 expecied, SMR 124),

Little additional information s provided by the
results of the German study (49). (See tabie 5.) This
study obtained an SMR of 214 for exposed workers
(based on 15 observed deaths, increased to 16.5 when
allowance 15 made for the number of deaths from un-
known causes) against SMR values of 77 and 34 {or
an unexposed group of chemical workers and a group
of PVC labricators. 1t showed that the excess of the
exposed workers was present only for men who had
been exposed [or more than one vear and that this ex-
vess was most marhed for wen who had been eaposed
for five years or more (10,7 deaths alter allowance {or
the number of deaths from unknown causes against
4.0 expected, SMR 268, I’ one-tailed «0.01),

AMelanoma. An excess of melanoma was reported for
Norwegian workers by Heldaas cu al (22), who raised

the possibility thar vanyl chionde might have produced
the disease. Four cases were observed when U.79 were
expected, and three of the four were in men wiy se oc-
cupations invoived the highest exposures (aganst 0.51
expected). At the time of the writing of their report,
one [urther case had been detected with onset three
years after the closure of the study. Subsequent studies
in other countrics have, 50 far, reported only (wo
deaths against 2.0 expected. (See tables | and $.)

Thyroid cancer. An excess of thyroid cancer was also
reported in the Norwegian study (22), in which (wo
cases were observed against 0.16 expected. The inves-
tigators were not aware of any other studies indicating
an excess of this type of cancer, and they drew no con-
clusion from their observation. Two of the three major
studies that have been reported since the Norwegian
observation was made gave no data for thyroid can-
cer; the third reported two deaths against 0.43 ex-
pected. (See table 1.) One death [rom thyroid cancer,
it may be noted, was reported in the US by Monson
et al (36).

Cancers of the digestive tract. Suggestions that vinyl
chioride might cause cancers of the digestive tract in
general have sometimes been made, but they have not
1aken adequate account of the contribution of cancers
of the liver to the total number of cancers of the
digestive system, particularly when it is borne in mind
that some liver cancers ace likely (o be misdiagnosed
as cancers of other organs. The combined daia from
the four principal studies shown in table 4 weigh
heavily against the idea that any such effect has been
produced.

Other cancers. One of the remawing types, or classes,
of cancer listed in table 4 shows a stanstically signifi-
cant excess, namely, the heterogeneous group of

*“other cancers™ (83 observed deaths against 65.24 ex
- pected, P two-sided ‘< 0.05). This excess 1s only mar-

ginally significant and may be a chance observation.
The most likely explanation is, however, that a few
angiosarcomas of the liver were not recognized and
were diagnosed as secondary liver cancer or carci-
nOmatosis, siic uiiknowi, iie number of deaths in this
category thercfore being increased,

Hazards of nonmalignant disease

No previous study has suggested that any nonmalig-
nant cause of death other than cirrhosis of the liver
would be likely to be increased as a result of exposure
1o vinyl chionde, and cirrhosis of the liver 1s presumed
to be increased only because of the liver changes that
were observed as part of the "'vinyl chloride illness*”
(24, 31, 33). Two other possibilities have, however,
been raised, namely, the production of nonmalignant
respiratory disease, because of the changes in lung
function and radiographic appearances that have been
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Table /. Monahty ‘rom selected nonmahgnant causes and ai
causes i1 the toyr principal studiea comtuned, (O = observed

number ol deaths, € zexpoctad number of deainhs,
SMR = standaraized mortaity 1ana)

Source ot
Typa ot disease 0 13 SMR inlormation *
Broncnity,
empnysema® 80 6883 120 1,2
Qther respiratory
diseasse A 125.78 56 1,2
Al razplratary
diseaze 180 200.82 80 1,2, 34
ischermic hean
disease 797 8AS.7] 90 1.2
Qther circuiatory
disease® 252  254.55 9 1.2
All cwzulatory
diseases 1303 120935 9 1, 2.3 4
Circhosis of tha liver 46 6626 69 1 2,4
Other oisease 228 XBO? 65 1,2, 4
All nonmangnant
disaase 1547 184450 B4 1,2, 3,4
AN extarnal causes 226 295.15 77 1,234
All nonmatignant
Causes 1773 213965 85 1, 2,3, 4
Al causes 2441 274785 89 1,23, 4

¢ 1z United States 3uady (14), 2 =z Umitea Kingdom stuay (25),
3 = Canadian study (46), ana 4 = itahan study (4).

* Broncnins in the Uniteg Xingdom study, emphysema in (he
Uniiea States study.

¢ Includes carebrovascular diseasa in the United Kingaom ana
Haban studies. . .

Table 8. Mortahty from cnronic obstructiva lung dizsease* in
the senas Irom tne United States (US){14) and the United King.
dom (UK} (29} Dy Characienitics relevant 10 an occupational
hararg. (O = cbserved numbaer of deaths, £ = expecied numobar
of deaths, SMR = standardized montality ratio)

Category 2
SMR

Date Category !
charactanstic® o E SMR 0O €

Observed 20 years

or more atter Hrst
employmaent in

the Us (1),

othary ta the US

{2y 0
Emotoyea 10

yaars or more in

thae US (Y,

otheratnthe US () 18

Employed betore

19548 In tha UK (1),
oihars inthe UK (2) _ 28
Ever amployed a3

an auiociave

warker in the UK (1),
othersinthe UK ('¢ ]

158 190 11 7.0 157

10.9 147 25 120 ‘208

3097 84 10 1160 74

655 48 N N2 8

¢ Deacribed as emphysema in the US study and as bronchius
i the United Kingdom siudy,

° The numpers in paranthesss designate the category.

¢ Men ever employed a3 a bagger Or drier, OCEUPaNons which
wOuld Nave Caused (he gredtest ocCupalional expasure 10
PAlyvinyl chionue dust, expenanced one death trom pron.
Chis uganst & 98 expecied

recorded for men exposed to PVC dust (2, 26, 27, 44),
and acute cardiac death, fram analogy with the eflecs
of other halogenated hydrocarbons (25) and the ob-
servation of an increased mortality from myocardial
infarction in the few vears following the cessation of
exposure in the Swedish PVC processing industry (35).
Relevant figures {or the numbers of deaths from these
and other nonmalignant causes that are obtainable
from the four principal studies were given in table 2,
and they have been summarized n table 7.

Cirrhosis of the liver. Three of the four principal
studies gave separate figures {(or cirrhosis of the liver,
none of which showed an increased mortality (1able
2); in combination they gave an SMR of 69 based on
46 deaths, The fourth study, which did not give sepa-
rate data for circhosts of the liver, reparted four deaths
from all diseases of the digestive systern combined
against 3.85 expected and noted that the four included
twao that were certified as due to cirrhosis of the liver,
but actually due (0 angiosarcoma (46). {n the two sup-
plementary studies in which data were given for this
disease, the SMR was 82 in one, based on 15.] deaths
alter allowance for the number with unknown causes
(49), and 133 in the ather, based on seven deaths (37).

Noamalignant respirasory disense, The data for non-
malignan( respiratory disease are confusing in that the
total SMR from the combined data for the fous prin-
cipal studies is 80 and is the sort of figure that is com-
monly found in healthy industrial populations, yet the
U8 siudy recorded a substantially increased mortality
from emphysema (41 deaths and an SMR of {80 be-
fore any allowance was made for deaths from un-
known causes), No such excess was found in the UK,
where 36 deaths (rom bronchitis gave an SMR of 82.
tnternational comparisons af chromic nonmahignang
respiratory disease are complicated by the usage of dif-
ferent terms to describe what it is now agreed 15 best
called chronic abstructive lung (or pulmonary) disease,
but which in the past tended to be cailed emphysema
in the US and chronic bronchitis in the United King-
dom. It must, therefore, be presumed that the (wo
categories of ““emphysema’’ and ‘*bronchitis'’ used re-

spectively in the 1wo large national studies were meant -

to describe the same thing. One must assume, there-
fore, that the experniences in the 1wo countries were very
different, despite the fact that both refated to cohar
that had very similar expericnces of angiosarcoma of
the liver and so, presumabty, fairly similar exposures
1o vinyl chlonide,

Separate figures are shown in table 8, where avail-
able, for the mortality observed am ng men with dif-
fereat durations and intensities of exposure. Unlike the
data for cancer of the {ung that were shown in table
6, they provide no consisient evidence of a greter risk
in the groups in wiech an ovcupational hazgnd wounld
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s, 26, 27,444, RLry Lo, e expeciedd to be concentrated. The authors of the En-
wh the effect " tal Health Associates report (14) were unable
.; and the ob- "give any explanation for the increased mortality
from myocardial emphysema, and they point out that it could
z the cessation of be due to excess cigarette smoking, as there was
sing industry (35). b overall eacess for cancer of the lung. It is striking, .
Jeaths from these er, that the excess is more than compensated for  DiScussion
at are obtainable deficiencies in the other categories of nonmalignant
« given in table 2, gory disease (pneumonia 15 deaths,’ SMR 47.0;
| table 7. ¥ respiratory disease 14 deaths, SMR 42.6), and
‘quettion arises whether the emphysema excess
be a ciassificatory artifaci. Environmental
Famih Associates (14) list all the 41 deaths which show
they were coded under ICD number 527 which,
 thee out-of-date seventh revision that was used for
axting of all deaths in the study, was the code for
¥ rexpiratory disease not otherwise classified”* and
sported lour deaths d emphysema. Under that revision, however,
. system combined ! i that was associated with bronchitis should
st the four included " INSEYIIN chaaificd with bronchitis under (CD numbers 500
-rhosts of the hver, ™ "’.h XL, and the possibility may be considered that some
263, In the two sup-
were given for this
1sed on 15.1 deaths
th unknown causes
4 seven deaths {37).

the unexposed chemical workers and the PVC fabri-
cators (SMR values of 127, 131, and 138 based on 97.2,
126.7, and 109.7 deashs. respectively, after aliowance
fot the number of deaths from unknown causes).

The information that has now been obtained about the
long-tertn health of men occupationally exposed ta
vinyl chioride is massive and compares favorably with
that available for any other occupational group. Two
facts are outstanding. First, the men have experienced
a specific hazard of a type of cancer that is normally
extremely rare, namely, angiosarcoma of the liver. The
, tarity of this disease under other conditions made the
detection of the hazard easy; but the long latency
period before the discase appears after first expasure
{(almost always more than 10 years and usually more
than |5 years) meant that a large number of men had
been exposed before the hazard was detected and that
- it will still be many years before the extent of the pr -
tection provided by the reduction in exposure in the
1960s and that of the further reduction that followed
the recognition of the hazard in 1974 are known. There
is, unfortunately, no effective treaument for the dis-
case, and the number of cases is reflected in the num-

ber of deaths. Some 50 deaths have occurred among
o monamy from **bronchitis; emphysema,  the’16 740 men;who were followed in the four prin-

. The data for non- - wad suthena’’ was observed in the German study (SMR  cipal studies that have beed reviewed in this teport, .
‘-.onﬁ:smg in thatthe - ;,.--Il wuh 6.3 deaths observed after allowance for the 0 that approximately | in 335 men have been affected. -~
o e four prin- 'm of deaths from an unknown cause) (49). 2 % of the deaths having been due (o this one cause.

re that is com- Eventually many more men must be expected to de-

populations, yet the = velop the discflse. One estimate (38) suggests that the
. increased mortality -GG Cammsrascvior disease. Data {or ischemic (or artetio- lO(?I may be increased lo'umex. but a2 more realistic
" 2n SMR of 180 be- R YGE Yarotic) heart disease (which may be presumed o in-  €stimate is (wo to three times (19).
or deaths from un- ] : the vast majority of all deaths certified as due The second outstanding observation is that the mor-
-as found in the UK, dome cardiac discase) were given only by the two  tality of the exposed men, other than that die to
gave.an SMR of 82. T WAg swonial studies, and they provide no evidenceof - angiosarcoma of the liver, is typical of the normally
" ome nonmahgnant - hmuuﬂ moruh_ly “The SMR vaiugs of 90 for this . hcauhymdusmal worker — that i is not to say that no
-1 by the usage of dil- p ol Jdncases and of 91 for all cardiovascular dis-  other h§z:lrd exists, but that the effect of any other
s pow agreed 1s best "h rxovded in the four principal studies are typicat  hazard is Slf‘lﬂﬂ- _ .
+ pulinonary) discase. ,ﬂm SMR valyes of heaithy industrial populations. The massive d'ata thai are now available provide no
~e called emphysema A el Xhvere 13 0o suggestion of any occupational hazard ~ feason for thinking that any hw_u-d other than one of
s the Umiled King- Won mobaifiary analysss providad by the twg national cancer has |?een overinoked. It is, however, still dif-
csumed that the (wo . ln particufar, there is no evtdencc of an in- [ficult to decide whether vinyl chloride produces a risk
“pronchitis'* ysed re~y wonality within one month of leaving em-  Of developing cancer other than angiosarcoma of the
12l studies were meant® i {n the UK study cither for all workers (52  liver which might be small compared to the risks
- must assume, theres SNR 61) or for the most heavily exposed auto-  broduced by nonoccupational causes, but yet abso-
w0 COUntries were very . W pkers (9 deaths, SMR 42). lutely almost as large as the risk of developing the nor-

e four principal
rhosis of the liver,
-d mortality (table
R of 69 based on

. did not give sepa-

= vome category of respiratory disease other than ICD
- mmmbret 327, 11 this were the situation, it could account
Both the excess mortality from emphysema and the
deficient mortality from other nonmalignant

‘oth refated to cohorts % Incease in ischemic heart disease mortal-  mally very rare angiosarcoma.
=5 of angiosaccoma of 3 recorded for the exposed workers in the Ger- One of the many hazards suggested can be dismissed,
aurly sunilar exposures >

as there is no evidence to support it, namely, that of
vinyl chloride as a cause of any cancer of the diges-
stnbuted to different groups of respiratory dis.  ‘iVe tract other than angiosarcoma of the liver. Two
amd the corresponding SMR values that are cited in - hazards (of meianoma and cancer af the thyroid) have

#mciion for the US study are as given by the Environ-  been suggested only very recently, and few of the avail-
Manlth Axsaciates (14) and have not been adyusted

for the number of deaths from an unkhown able studies have prov1dFd information about mcng.
. 1o Uke mcount of these deaths. the observed deaths 1 here 15 no good theoretical reason or laboratory evi-
o MMR valucs can both be multiplied by 1.0674, dence to suggest that either should be produced by

'n:ﬂy‘wn. but it was less than that recorded for

7]
n 1able 8, where avaikey
4+ among men with dif-
of exposure. Unlike the
al were shown in 1able
.idence of a greater risk 3
ipational hazard would ¢
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vinyl chloride. and, in light of present evidence, the
simplest explanation is that the reported excesses are
the chance effects that must be expected when many
different types of cancer are studied in several different
populations. So far as melanoma is concerned, it has
10 be remembered that the discase has become much
more common in recent years in Scandinavia (where
the excess was reported) due, it is believed, to the
popularity of sunbathing and the increased oppor-
tunities for Scandinavians 1o travel to the warmer parts
of Southern Europe and North Africa. The extent to
which this change may have affected the observation
in Norway needs to be examined.

Two other hazards (of lymphoma and brain cancer)
were suggested by the early results of some of the US
studies. That vinyl chloride might produce a hazard
of lymphoma was initially supported by the prelimi-
nary results of animal studies, but the complete resuits
of the many investigations that have been undcrnken

" (see reference 29) do not suggest that lymphoma or any
. other cancer of the hematopoietic system is liable to-

be produced. Theré is, however, some evidence that

brain tumors can be produced in rats {29). The hypoth-
eses that lymphomas and brain cancers might be
produced by vinyl chloride have been supporied by the
observation that both these types of cancer have caused
death more often than might be expected from national
mortality rates, but the excesses observed in the com-
bincd data from the four principal studies in this re-
view are small and not stausucally signilicant, and the.

" hypothesés remain unproved. The small éxcess of Brain. I

cancer 15 particularly difficult o evaluate, as mortal-
1ty rates from this disease have changed rapidly over
nme as methods of diagnosts have improved and the
suspicion of an occupational hazard (which was raised
in 1975) could have influenced the findings. What ex-
cess has occurred has been limited to the US and Ger-
many, and the German {indings carry little weight, as
the excess was found in each of the three occupational
groups studied, irrespective of the chemicals to which
they were exposed, The supplementary data from the
German study showing an increased mortality from
tymphatic and hematopoietic cancers are more impres-
sive, particularly as the excess was the most marked
for men who had been employed for at least five years,
In these circumstances, judgment must sull be sus-
pended until the data {or each study arc analyzed for
cach specific type of cancer, by intensity and duration
of exposure, and by time since exposure began,
There remains the suggestion that vinyl chloride
might cause lung cancer, At firse sight, this possibil-
ity is ruled out by-the SMR of 97 for the combined
data for respiratory cancer for the four principal
studies. Lung cancer is, however, normally so com-
mon (accounting { r about 8 % of the expected deaths)
that an increase in mortality that was half as impor-
rant {(numenically) as the increase in mortality from
angiosarcoma of the liver might easily be overiooked
{95 % conlidence limits of the SMR 85—112). The in-

cidence of the disease varies morcover within a coun- giosascor
try. and there must be doubts as to whether the na- maily so

tional experience provides a suitable reference for men to one of
employed in plamts that are not evenly distributed dioxide, ;
about the country. ln these circumstances one cannot annual in
exclude an occupational hazard unless it can be shown In these ¢
that the mortality of the exposed men is independent inaman

of the factors that might be expected to influence it tide was
if some of it were occupauional in origin, namely, the controllec
intensity and duration of exposure and the time since of the eff
exposure began. It is not possible to examine these Severai
relationships in detail, as the reports da not provide whether a
all the necessary information. Such information as they . - and Elind.
do provide, which was summarized in table 6, supports e~ vicinity of
the idea that expasure 1o vinyl chloride involves a small 4t . and Swede
hazard of lung cancer. Taken in conjunction with the e Al (1) fou
knowledge that lung tumors have becn produced in sev- 1 10 thorour:
eral species of animals exposed (o vinyl chiloride by in- A~ with vinyl

halation (29), it would seem that a smail hazard of lung w2 - thom of the
cancer probably did occur. The evidence 1$ not, how- . 8L (3) found |
ever, strong enough to conclide that it definitely did. .°3 1 2.year pes
If it did; the hazard was evident only for men who had =Y Lved half

been employed for many years at a time when expo- =s.  plant, and,
sures of several hundred parts per million or more were 3 Beady er a|
common, and any persisting risk can be only minute » Wbutedio:
and incapable of detection, ﬂg |.\,m‘ “

The questions that have been left unanswered by this
discussion might well be answered definitely if (1) all
the exposed men could be followed to (say) the end
of 1984, {ii) the mvcsugmors could present their data
in compnublc ways, lakmg aceount of durauon QI’ :
employment and time since first employment and’
presenting data separately for men first employed be-
fore (say) 1965 and between 1965 and 1974, and (iii) -
estimates could be made of the effect of correcting the
results for each group of employees for the locality in
which they lived and woried,

Hazards to the general population

As vinyl chloride has been proved 10 cause cancer in
man and is a mutagen m laboratory experiments, it -'.
must be presumed that even the minute doses that i
escaped into the general enviconment from production

materials will have caused some risk of cancer 10 the
general public. These risks must, however, have been @l
very small, as air concentrations of vinyl chloride, even JEs
within a kilometer of plants handling vinyl chloride,§
used (o be (in or arocund 1975) of the order of 10 toj
40 ppb (1, 3, 15), and this level is about one-ten thou-3
sandth of the concentration that has caused an occu
pational hazard. it is obvious, therefore, that it would '.
be impossible to detect the risk of any cancer that might
be produced by vinyl chloride other than a risk of §
angiosarcoma of the liver, as it has proved so diffi--
cult to detect any other risk among men who were ex- %
posed occupationally. The position with regard to an- ¥
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airolled may be regarded as presumptive evidence
_the effect of environmenal poilution.
Several surveys have been undertaken to determine

" and Sweden and found none. in Holland Dalderup et
al (11) found eight confirmed cases not attributable
%0 thorotrast or arsenic and could trace *'no contact

‘tion of the patient's place of residence. Baxter et al
;‘.-‘(J) found 14 conlirmed cases in Great Britain over a
. 12-ycar period, one of which was in a2 inan who had
: bved hal{ a kilometer from a PVC manufacturing
. plant, and. 1n New York State over an |§-year period,
- Beady et al (5) found 19 cases that ¢ould not be at-

Last two studies were not unduly high, but the octcur-

L. tence of as many as six cases among people living so
i.'- «dose 10 manufacturing plants is surprising. Brady and . .

7 his colleagues, moreover, compared their serics of pa-

trents with matched referents and found that none of
the referents lived equally close to a plant. Two of these
ux neighborhood cases (one in England -and one in
New York State) cannot be attributed to environmental
" pallution with vinyl chiloride, as the men who devel-

* oped the discase had lived near the plants for six and
T aght years, respectively, before developing the disease,
" and this period is too short 10 allow for the necessary

latency . The other-foyr cases, however; all acrurred :

*_ after i or more years of local residence. and the dis-

wvery of these cases strongly suggests that pollution
. of the environment around plants manefacturing VCM

,"‘ oc PVC inay have caused a minute hazard (o the gen-
N aal public,

14}

Current concentravions around plants handling vinyl
;-;hlo:idc are certainly much lower than those reporied

jpteviously by the US Environmental Protection
%

PRIEEL, for three of five plants, the readings at the two others
2'1' being 20 ppb (100 m outside the boundary lence) and

W
.“'/“-

8 ppb (Jusi inside i1) (47), although substantiaily
, bigher values were recorded on two occasions asso-
‘. cdated with putting one plant inio operation and with

¢... * The figure of 1.4 - 10-* cued by Heath et 3l (21) seems (0

have been a musprint for 1.4« 10=7,

an accwdent at the other. According to any reasonable
criterion the hazard to the general public (if there 1
any at all) must be negligibie (42),

No other hazard 1o the general population, other
than a hazard of cancer, can reasonably be poswulated.

Summary

This paper reviews (i) the possible effects of vinyl
chloride on the personal health of men exposed by
virtue of their occupation (other than the early effects
of the very high concentrations to which men were ex-
posed when the industry was [irst developed — uncon-
sciousness, cardiac arrhythmia, and the characteristic
**vinyl chloride iliness'’) and (ii) the carcinogemc
effects that might conceivably be observed in the gen-

" eral population as a result of the widespread distribu-

tion of vinyl chloride as a pollutant. The possibility
that vinyl chioride might act as a teratogen or might
cause mutations in the germ celis has not been exam-
ined, as the little evidence that has been adduced
relating to such possible effects has been reviewed else-
where and the canclusion was reached that no such ef-
fects have been demonstrated.

Many groups of workers exposed $o vinyl chloride
in the manufacture of VCM or PVC have been studied
since the carcinogenic potential of vinyl chloride was
first recognized. Some results have shown that occu.
pational exposure caa cause angiosarcoma of the liver,
and others have suggested that it may cause several
other types of cancer as well, The actual sitvation can
be determined only in an examination of all the evi-
dence, especially the combined resuits of (hose studies
that include a substantial proportion of observations
on men more than 25 years after their first exposure
and cover a long enough period for more than 10 %
of the employees 10 have been expected to die.

The results of four studies can be useflully combined
for'this purpose. They are two national studies, one
from the US and the other from the UK, and two "
studies of employees in one plant in Canada and two
plants in ltaly. The results of other studies from the
Federal Republic of Germany, Norway, Sweden. ltaly,
France, and Japan can be used only to provide sup-
plementary information. The many earlier reports of
exposed workers in the US and the UK concern men
covercd more completely in the two recent national
studies, and their results serve only as sources of hy.
potheses.

Minor criticisms can be made of three of the four
most uscful studies. They do not seriously aflect the
value of the resuits. except that allowance has to be
made (or the failure to determine the cause of 6.3 7
of the deaths recorded in the US study. Three of the
studies use national rates (o estimate the numbers of
deaths that might have been expected to occur in the
absence of any special occupational hazard, and the
fourth (Canadian) uses rates (o the province in which
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the plant was situated. It must, therefore, be kept in
mand that the rates used may not have been wholly ap-
propriate for the locafities in which the plants were
situated. This circumstance is potentially important for
the US study, which covered workers in 37 plants, 22
of which were situated in the southern part of the
country. The other less snformative studies are, for the
most part, open (0 more serious criticism, and the value
of each set of resuits needs to be assessed separately
in relation 1o each disease.

The combined results of the four principal studies
show that the SMR values, reflecting the ratios between
the numbers of deaths observed and those expected in
the absence of an occupational hazard multiplied by
100, have been (i) 77 (or accidents and other violence,
(i) 84 (or diseases other than cancer, and (iii) 102 {or
. cancers other than cancer of the liver, Ali these results
are what might be anucipated for an industry devoid
of any specific occupaunonal hazard.. The low ratio for
discases ather than cancer reflects the healthy worker
effect,'* which results from the selection procéss that
inevitably excludes some of the less healthy members
of the population from industrial employment and is
compatubie with a higher ratio for cancer, as the mor-
tality from cancer 1s not normally subject to such an
effect, apart from the first two or three years imme-
diately following the start of employment.

The mortainy from cancer of the liver was nearly’

seven times that expected. Most of the §1 excess deaths
were known to be due to angiosarcoma, even though
this diagnosis was not recorded on.the death certifi-

- cate. The excess corresponds closely with the 49 deaths
due 10 angiosarcoma ceported to the Internanonal
Register of Angiosarcoma Cases as occurring in em-
ployees of the plants concerned during the pertods
under observation. All the men who developed the dis-
case were likely 10 have been exposed to concentrations
of vinyl chlonde of scveral hundred parts per mitlion
or more.

Three other types of cancer which have been sug-
gested to occur as a result of exposure to viny! chlo-
ride are cancers of the lung, brain, and lymphatic and
hematopoietic systems. The combined data far the
mortality from resptratory cancer fail, at first sight,
to support the hypothesis regarding lung cancer (SMR
97). Higher ratios for lung cancer have, however, been
observed consistently in the subgroups in which the
cffect of an occupational hazard would be most like-
ly to be seen (that is, men employed for more than 10
ycars, exposed to higher than average concentrations,
or observed more than 20 years after first exposure).
[n two of the supplementary studies it was also noted
that the mortality from fung cancer was specificaily
increased among the most heavily exposed workers.
The cambined data show small excesses in the mor-
1ality from cancers of the brain and of the lymphatic
and hematopoietic systems. The excesses are, however,
not staustically sigmificant, and there is nothing to sug-
gest that they are occupational in origin. An excep-

lion is the observation of an increased moriality from
cancers of the lymphatic and hematopoietic systems
tn the supplementary study from the Federal Repubtic
of Germany.

Two types of cancer were reported 1o be in excess
in the Norwegian study, namely, thycowd cancer and
melanoma. The signiticance of this finding is ditTicult
to asscss because very little information about these
cancers has been provided by other studies.

Suggesuions that vinyl chloride might cause cancers
of the digestive tract have failed 10 account for the
contribution of angiosarcoma ol the liver. When this
disease is excluded, the mortality from digestive (ract
cancer decreases 10 below the average (SMR 82 for the
four principal studies).

A smali excess mortality from the heterogeneous
group of **other cancers’' in the combined results of
the four principal studies was statisucally marginally
significant (83 Jeaths against 65.25 expected, P <0.05),
Some of the excess was likely 10 have been due 10 the
misclassification of angiosarcomas as secondary can-
cers of the liver or carcinomatosis, site unknown,

The foliowing three nonmalignant causes of death
have required special examination: cirrhosis of the liver
because of damage 1o the liver in **vinyl chionde ill-
ness, ' myocardial infarction (from analogy with the
¢ffect of other halogenated hydrocarbons and because
of some observations from Swedish PVC labricators),
and nonmalignant respiratory disease because of

'Lhangcs in lung funciion and the rndnograpmc appears
-ance of. the fungs obscrvcd in men- exposed- 1o PVC:

dust, Far from bcmg raised, the mortality from cir-
rhosis of the liver was less 1than expected in the three
principal studies and wn one of the two supplementary
studies which gave separate figures (or the disease
(SMR values of 69, baced on 16 deaths, and 32, Sased
on 15 deaths), while in the other supplememary study
the increase was trivial,
Data for myocardial infarction have not been re-
ported separately. But myocardsal infarction accounts
foc most of the deaths attributed 10 ischemic heart dis-

case, and there is no evidence that either ischemic heart 5

disease or cardiovascular disease as a whole was un-

duly common {SMR values of 90 and 92, respective.

ly) or related 1o occupational exposure.

The data for the third category of nonmalignant dis- 53

ease (nonmahignant respiratory-discase) are confusing,
because the two large nauonal studies give conflicting

results. The combined data for the four principal ,

studies show the fow monality that is commonty found

in healthy industrial populations {SMR 80). This fig- "8
ure hides, however, an increased mortality from -
chronic obstructive lung discase (SMR [20), which in -

cludes emphysema and is due 10 a grossly increased
mortality atiributed to emphysema in the US study
(SMR {93). The corresponding mortality in the British
study, which was preferentially described as due 10
bronchitis, was less than expected (SMR 82), as was
the mortality from pneumonia (SMR 20) and other res-
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piratory diseases (SMR 46) in the US study. There is
no consistent evidence that the mortality from em-
physema or bronchitis was specifically occupational,
and it seems poassible that the reported excess in the
US study was an arnfact due to nosological difficul-
ties with the use of the seventh revision of the ICD.

Review of the massive data now available on the
long-term health of men occupationally exposed to
vinyl chioride leads to two cicar conclusions. First the
men have experienced a specific hazard of the normally
extremely rare angiosarcoma of the liver. Approxi-
mately | in 315 of the men exposed in the 49 plants
studied died of the disease, and approximately 2 % of
the observed deaths were attributed to it. In the course
of time the numbers of cases of angiosarcoma must
be expected to increase (wo to three times. Second,
the mortality from ail other causes has been typical
of that of normally healthy industrial workers. If any
hazard has existed, its effect has been small.

The data provide no reason to think that any haz-
ard other than one of cancer has been overlooked. It
is, however, still di{{icult to decide whether vinyl chio-
ride produces small risks of cancer, compared to those
due to nonoccupational causes, at sues other than the
liver, and, if so, whether, in total, these risks might
cause almost as many deaths as angiosarcoma of the
liver.

There is 100 little evidence either to confirm or refute
the suggestion that vinyl chloride might cause mela-
noma or cancers of the thyroid, brain, and lymphatic
and hematopoietic systems. None of the smali excesses
that have been recorded point specifically to an occy-
panonal hazard, apart from that attributable to can-
cers of the lymphaue and hematopoietic systems in the
German study reviewed, and most are likely to be the
sort of chance effect that 13 certain 10 be observed when
many types of cancer are exammined in many different

The lack of any in¢creased mortality from lung can-
cer in the combined results of the four principat studies
revicwed does not exciude the possibility that there may
have been a small occupational hazard of developing
the disease, as geographic vaniations in the incidence
of the disease thraw doubt an the validity of using
national rates [or estimating the expected numbers of
deaths. The greater mortality in groups of workers who
would be more likely to show an occupational hazard
than ather groups suggests that a small hazard may
have existed. The evidence is, however. weak, and the
existence of a2 hazard has not been proved.

Clearer answers to some of the questions that have
been posed in this review might be obtamed if the
various groups of investigators could present their
tcsults in more appropriate and comparable ways,

As vinyl chionide 1s a mutagen in laboratory expen-
ments and a proved human carcinogen, the minute
doses that have escaped into the general environment
as pollutants inust be presumed to have caused com-
parably. minute risks to the general public. No such

2

risk could possibly be detected. other than one of
angiosarcoma of the liver which is normally an ex-
tremely rare disease. Several surveys have sought evi-
dence of the existence of such an effect, and sugges-
tive evidence that such an effect may have occurred
at a time when environmental pollution was much
greater than it 1s now has been found in one,
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