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Effects of ekposure to vinyl chloride

An assessment :{

by Sir Richard Doll

FRS'

f the evidence

DOLL R. Effefts of exposure to vinyl chioride An assessment of the evidence Scand / W ork Environ

Health 14 (198

)61 —"R8. This paper reviews the possibie effects of vinvi chloride on the mortaluy ot oc-

cupalnonall,\‘e\poﬂed men and the carcinogenic =ffects that might be observed in the general population
as a resuft of empironmental pollution with vinyl chlornide. The results of four stuaies fuifilling the ctiteria
of providing substannal numbers ol abservations more than 25 vears alter first exposure and covering

aperiod long ef]

ough lor more than 10 Ta of the workers {0 have been expecied 10 die consutute the basis

for the assessmpnt of (he occupauonal hazards. Other studies provide onlv supplementary information.
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For many vears the irfhatation of large amounts of
vinyi chloride has been|recognized as potentially haz-
ardous. Concentrationg of the order of 10 000 ppm in
the atr induce unconscjousness and cardiac arrhyth-
miti, while proionged qxposure (o concentrations an
order of magnitude loWer have been liable to cause a
specific parhelogical svndrome. This **vinyl chloride
iliness™” has been charadterized by four cardinal signs.
namety, enlargement off the liver and spleen with a
«pecific histological appearance, patchy infiltration of
the skin resembling sclefoderma, bony changes in the
tips of the fingers des¢ribed as acroosteolysis, and
penpheral circulatory cfanges identical with the clas-
sical picture of Raynauld's disease. These pathologi-
cai reactions may occur gngiy of 1ogether and may pos-
sibly be accompanied ather less characteristic ef-
fects. They can, howevet, be completely avoided if ex-
posure never exceeds the level of a few hundred paris
per million, ie, the levyel to which exposures were
generally reduced in the¢ mid-1960s.

One other serious effedt has, however, been observed
that mav not be avoidalfle in the same relatively easy
way, namely, the produgtion of angiosarcoma of the
liver. It must, indeed, b¢ presumed that some risk of
devetoping the disease will persist from exposure to

' imperial Cancer Research|Fund. Cancer Eprdemiology and
Chaal Trials Unit, Rad{litre Intirmary, Oxford, United
Ningdom.

Repring reguesis (o: Sir R [oll. imperial Cancer Research
tund, Universuy of Ovlord| Gibson Busiding, The Radchffe
Intirmary, Oxford OX2 6HE. United Kingdom.

two conclusions. First. men occupatiunally exposed to vinyt chioride nasve experienced
[d of angiosarcoma of the liver. Second. any other occupational hazards that mav have

doses that are even lower than the current industrial
levels of § ppm or less. as vinyl chioride has been shown
to act as a mutagen (23), and it cannot be assumed that
a threshold exists below which no carcinogenic risk
persists. Moreover, the possibility has to be considered
that vinvl chloride may cause some cancers other than
angiosarcoma of the liver, partly because faboratory
studies have shown that it causes other cancers in
animal experiments and partly because the iniual
studies demonstrating the production of angiosarcoma
of the liver in humans were inadequate in size (0 ex-
clude a material increase in the risk of cancer in com-
mon sites. such as the lung and targe bowel. Since no
threshold dose can be postulated, it also follows that
some cancers may have been produced in the general
public by the small amounts that have escaped into the
general environment.

Consideration also needs to be given to the possi-
bility that expasure to vinyl chioride over a long pe-
riod may have noxious eifects on humans that cannot
be seen easily in animal experiments (by, for example,
producing chronic respiratory disease), and, as 1L is a
mutagen, there is also a possibtlity that it may act as
a teratogen and cause congenital maiformations in
offspring.

in this review | have not examined the possibility
that vinyl chloride acts as a teratogen or that it causes
mutations in germ cells, as there is 100 little sertous
evidence to justily inclusion. Reviews carried out for
sections of the indusiry by Downs et al (unpublished
report (o the Society of Plastic Industries inc in 1977)
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and by MacMahon (unpublished report to the Chemi-
cat Manutacturers Association in l977)congtudcd that
the few reports of positive effects could npt be sub-
stantiated, and no additional evidence waq found in
a similar later review by Barr (unpublished report (o
Air Products and Chemicals Inc in 1981), apart from
a report that embryos were absorbed and skeletal os-
sification was produced when pregnant rat} were ex-
posed to doses appreciably lower than thos¢ that had
been used by other workers without any suph effects
being observed. The report of absorbed embryos (34)
could not be evaluated thoroughly, however Jas the ex-
periment was inadequately described. | have, [herefore,
examined only the possible effects on the| personal
health ot men occupationally exposed to v|nyl chio-
ride, other than those retated to their repfoductive
capacity, and the carcinogenic effects that might con-
ceivably be observed (n the general populagion as a
result of the widespread distribution of vin;Tchloridc
as a pollutant.

Occupationa! hazards

Many studies of workers exposed to vinyl cHloride in
the manufacture of vinyl chioride monomet (VCM)
and polyvinyl chloride (PVC) have been unglertaken
since il was first found that vinyl chloride codld cause
cancer in animals (28, 48) and man (10). These inves-
tigations have confirmed that exposure causes a haz-
ard of angiosarcoma of the liver and, in sejeral in-
stances, have shown excess incidence or mortaity rates
that were conventionally statisticaily signififant for
other diseases. Conventional tests of statistical signifi-
cance are, however, designed (o help answer single
questions defined beforehand, and several findjngs that
might be expected to occur by chance alone|once in
(say) 20 uumes must be expected to occur if dpzens of
rates are examined in each of several sets of fhdepen-
dent data. Scientists have, therefore, been faged with
the problem of deciding whether the excess rates that
have been observed in individual studies are dge 1o oc-
cupational hazards or to the vagaries of chance.
This problem can be solved in part with arj exami-
nation of the results of a sumation of data frgm com-
parable studies, that is, by a comparison of the sums
of the numbers af deaths observed and cprchcd n
each study. This procedure does not requirj the as-
sumption that the exposures have been the samq in each
study any more than the same assumption is required
for each individual when the results of each study are
considered alone. 1t does require however that each
exposed poputation has been observed over & period
when sy members were at risk of developingldisease
(1 a genuine haczard existed) and that in ¢ach study
the reterence population trom which the expectdqd nuin-
bers ut deaths were detived was appropriate (ghat is,
at the samie risk ot developing discase as the dxposed
popaiation would hase heen i the absence of expo-
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sure). These requirements Jo not introduce any new
complexity, as both are, ol course, also required it cor-
rect conclusions are 1o be drawn trom the results o!
the individual studies when they are examined on their

own.

Sources of (nformation
Four studies meet the aforementioned requirements.
namely, two large nauonat surveys, one reported by
Jones (25) for the United Kingdom (UK) and the other
by Environmental Health Associates (14) lor the
United States (US), and studies of individual plants
in Canada, reported by Thénault & Allard (46) and
in ltaly, reported (as a part of a nauonal study) by Belli
et al (4). All four include observations i men more
than 25 years after their first exposure, and the ex-
pected number of deaths is, in each case, greater than
10 % of the total number of employees, a value 1ndi-
cating a long average period at risk. Euarlier observa-
uons on UK and US employees (6, 9, 12, 16, 20, 36,
39, 40, 45, 50) have been subsumed in the nationat sur-
veys and now serve only as sources of hypotheses and
of some detailed informauon not included 1n the na-
tional reports. Studies of German (49), Norwegian
(22), Swedish (7), French (41, and unpublished report
of Laplanche et al), Japanese (33, 37), and some other
{talian (4) workers provide some supplementary infor-
mation, but, in general, the periods of observation
have not been long enough tor usetul epidemtologic
data 1o be obtained about diseases that are unlikely
to occur within 20 years of lirst exposure, or they
report only selected results which are difficult to in-
terpret, as only excess rates tend (o have been selected.
Studies of makers of PVC produclts have not been
inciuded, as the workers have had niuch iess exposure
1o vinyl chloride than those employed in the manutac-
ture of YVCM or PVC anc any occupational hazard (o
which they may have been exposed is more hikely to
have been produced by PVC dust.

US study. The study carried out by Environmental
Health Associates (14) on behalt of the US Chemical
Manufacturers Associauon is the largest and most in-
formative investigation thus far undertaken. it cov-
ered 10 173 men who had worked in 37 planis owned
by 17 companies — | 214 men in 11 plants that
produced -only VCM, 6 848 men in 18 plants that
produced only PVC, 935 men in three plants that
produced both, and 1 176 men in five plants that
produced homopolymers and copolymers, with or
without VCM or PVC.

Twenty-two ot the plants were in the southern part
of the country, !4 were 1n the northeastern vr north
central parts, and one was 1n the west.

Men were included if they had been exposed to vinyl
chlonide for at least a year betore 31 December 1972

and had been employed i 1942 or subscyuentiv (the
Hiest year depending on the dare the plant bezan oaaking
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identified from company records by company per-
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Racial characteristigs were known only ror 686 men,
97 % of whom were white, and it was presumed, for
the purpose of estimating the aumber of expected
deaths, that all 10 17B men were whute.

Follow-up data wefe obtained trom plant and So-
cial Security Administfation records and (for men who
died after 1979) from fhe National Deach {ndex. Five
plants did not collaborate in the extension of Cooper's
(9) earlier study, whikh had been subsumed in the
present investigation, nd the 955 employees in these
plants who were known to be alive on 31 December

1972 were not follow
follow-up was attemg
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. ¢ords without any inde|
o - sumption that all the ethpioyees were white will have

have died. In 1 439 casps. the cause of death was ob-
tained from the dearh c¢rtificate, but no cause was ©o-
tained for the other 99 persans (6.3 7).

The numbers of deajhs expected from each of 38
causes or groups of causes were obtained by multi-
plying the person-years|at risk by the disease-specific
national rates for whitg males, for the corresponding
age groups and five-yepr periods of the study.

This important study is open to three minor criti-
cisms, which are unlikely to have had any material
effects on the results. Fifst, the lists of employees were
compiled by company personnei irom company re-
ndent check. Second, the as-

the »hole country at the corresponding dates. The use
of national rates 1s common practice in studies ot 1n-
dustrial populations and tends 10 result in an over-
estimation of the expected numbers ot deaths so that
the employees appear to be unusually healthy. This
“‘healthy worker effect’’ is wetl known and has been
taken into account in my discussion of the results. A
more serious objection to the use of national rates s
the way mortality varies from one part of the country
to another, due to differences in the prevalence of en-
vironmental and social factors unrelated to the occu-
pation of interest. It s, 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 distnbution would be suffictently
wide to make the use of national rates approprniate.
Unfortunately 22 of the piants were located in the
south, and a check would have been desirable to see
whether their location could have caused any matenial
distortion of the results.

Second. causes were not obtained for 97 of the [ 536
deaths. This deficiency was allowed for in the caicu-
lation of the overall mortality by the inclusion of deaths
due to unknown causes. It was not allowed for, how-
ever, in the calculation of the disease-specific mortality
rates and will have caused the standardized mortality
ratios to be underestimated by an average of 6.3 %.
For the present purpose, therefore, the numbers of
deaths attributed 10 specific diseases have each been
muitiplied by 1.0674 {100/(1—97/1536)] and rounded
off to the nearest integer.

UK study. The study reported by Jones (25 and un-
published) on behaif of the British Health and Safety
Executive covered 5 498 men who were empioyed for
at least one year in jobs that involived potenual expo-
sure to VCM for at least 25 % of the work week and
who were first empioyed in the period 1940—1974. De-
tails of the men were compiled from the personnei
records of nine chemical 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 Heaith Service Central Register, Five
thousand four hundred and ninety-eight men were
traced (98.9 %o ). Seven hundred and eighty deaths were
identified, and copies of the death certificates (coded
to the eighth revision of the International Classifica-

JURp S5 S

en in 11 plants that
nen in 18 plants that
1 in three plants that
en in five plants that

tion of Diseases (ICD) if they occurred before 1979
and to the ninth revision if they occurred later] were
sent to the investigators.
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Several specific points about the study need to be
noted. First, national mortaiity rates for England and
Wales were calculated for five-year age groups over
quingquennial 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
multiplying them by the corresponding numbers of
person-years under observation. Some difficulty which
could have been related to the causes of death being
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coded according to the eighth and ninth revisions of
the ICD was, however, experienced in obtdining suit-
able rates for all causes of death, and rates|for a rela-
tively late period had to be used for est
numbers of deaths from many diseases that

for one they were 1965—1969, for 24 they were 1970—
1974, and for one they were 1975—1979.

Second, an attempt was made to classify men ac-
cording to whether they had high, intermedigte, or low
exposure to VCM or PVC dust, and each han’s em-
ployment history was recorded according fo 12 job
titles with advice from the plants concerned| The men
were then grouped according to whether exposure to
VCM was likely to have been high (group A), expo-
sure to PVC dust was likely to have been high with
exposure to VCM low (group B), or exposurg¢ to VCM
and PVC dust was intermediate and intprmi
(group C). All other men, who would gene

to VCM was likely to have been higher if it hpd begun
before 1956.

The study makes an important contributipn to the
knowledge concerning the long-term effectq of vinyl
chloride. The use of national rates to calculaje the ex-
pected numbers of deaths may be justified on the
grounds that the men were employed in ninf plants,
which were presumably distributed about thelcountry,
but no details of their location are given. In|general,
mortality rates tend to be higher in the parts 4f Britain
where heavy industry is located than in other parts of
the country so that the expected numbers of dpaths are
more likely to be biased downwards than upwhrds; but
whether this is so or not needs to be shown.

The use of recent rates to calculate expect
bers of deaths from many specific causes of d
presumably necessary if the diseases were to
individually and will have done no harm if fhe inci-
dence and fatality of the diseases in question rgpmained
stable. It would have been desirable, however, for the
diseases to have been specified so that the reader would
know which were liable to be distorted.

The system used to classify the men into foyr expo-
sure groups is the sort of system that is commohly used
if precise measures of exposure are not avaijable. 1t
creates some difficulties in the statistical analysts if men
move from one job 10 another and are clas: (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 evidencp is pro-
vided to show that the person-years at risk YJefore a
man entered the category have been subtracjed and
added to another exposure group before the qumbers
ol expected deaths were calculated. Movemept from
one job to another was said to have tended td be out
of groups A and B mto D, but even so it thust be
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presumed that the expected numbers of deaths in the
first two exposure categories are likely to have been
overestimated.

Canadian study. The Canadian study (46) was limited
10 employees of a single plant in Shawinigan, Quebec.
The plant, which was situated in an industrial com-
plex, was opened in 1943. VCM and PVC were both
made until the late 1960s, when the production of
VCM ceased, while the production of PVC continued.
An attempt was made to trace all the production work-
¢rs whase names appeared on the unions’ lists or the
payrolls of the companies in the whole industrial com-
plex, including the vinyl chloride plant, between !
January 1948 and 31 December 1972, and contact was
made with the worker or his next-of-kin in 1 611 out
of | 659 instances (97.1 ). Detailed occupational and
smoking histories were obtained by questionnaire, and
156 men who had been employed by the companies
for less than five years were excluded. The remaining
men were categorized as (i) exposed to VCM if they
had worked on the production of VCM or PVC for
at least five years (451 men), (ii) unexposed to VCM
if they had worked similarly tor less than six months
(870 men), and (iii) other men (134 in total). The last
group was excluded from the study. Follow-up was
closed on 31 December 1977. Copies of the death cer-
tificates were obtained, and the causes for all who had
died (59 exposed and 233 unexposed) were coded ac-
cording (o the eighth revision of the ICD. Informa-
tion was also sought for histological or cytological con-
firmation of all the diagnoses l'or all the exposed men
who had died of cancer.

The results were examined in two ways. First, the
mortaiities of the exposed and unexposed men were
compared after standardization for tive-year periods
of the study and five-year age groups. Second, the mor-
tality of the exposed men was compared with that ex-
pected if the men had had the sex- and age-specific
mortality rates recorded in Quebec for the year 1971,
In both comparisons the causes of death used were
those specified on the death certificate, and the addi-
tional pathological information was used later only for
interpretation of the resuits.

Most of the exposed men were exposed for more
than 10 years (75 "), the average length of exposure
was approximately |7 years, and 44 % were observed
more than 25 years after first exposure.

Although small, the study makes a useful contribu-
tion to the overall results. The histological review of
the cancer cases is particularly helpful. {t showed that
all eight cancers diagnosed as liver cancer (inciuding
two specified as hepatoma and one specified as angio-
sarcoma) were angiosarcomas ol the liver, as well as
une that had been diagnosed as angiosarcoma of the
peritoneum. Two other cases of angiosarcoma of the
liver were found to have been certitied as hepatic air-
rhosis. 1tis also hetptul to have a compison between
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in three plants (4). T
signana) began operat
thirty-seven men were
in the other. All but thr
followed to the end of
mated by multiplying
corresponding nationa
year age group and eac

more than 10 % of th

the end of 1981. The study is
ults are now available for men
o plants (in Ferrara and Ro-
on in 1953. Four hundred and
Pmployed in one plant and 181
ke (from the Ferrara plant) were
984. Expected deaths were esti-
he person-years at risk by the
mortality rates for each five-
h five-year period of the study.

b employees in the two plants

The total expected deThs in each case amounted to

{12.4 and 12.8 %),
Clinical information

was sought about the cause of

death of all the 55 emplbyees of the Ferrara plant who
had died. Revised diaggoses, which were not used for
comparison with the ekpected deaths, revealed four

deaths from cancers o
The Ravenna plant
.. 1948 Six hundred and ¢

the liver in place of one.
Hid not begin operation until
hirty-sicht men were empioyed.

2, All but four were tracqdd to the end of 1983, and 17
\were found to have died. No man could have been fol-
o for more than 2@ years, and only 25.1 deaths
3.9 % of the work forde) were expected. The data for
4 $his plant have not, therefore, been used in the prin-

pexted.

OvAer sources. The Nor
servations on 454 men

be noted, however, that one

wegian study (22) provided ob-
vho had been employed in a

plant in Telemark where|VCM had been manufactured

trom 195010 1971 and

PVC from 1950 to the end of

the study reriod. Every man was incuded whose name
was recorded in the company's personnei regisier and
heaith department records who had ever been e¢m-
ploved from the start of production to the end of {969
and had worked for at least one vear. The men were
loilowed from 1953 to 1979 inclusive. Deaths and cases
of cancer were idenuified from the records of the Cen-
tral Bureau of Statstics and the nationai cancer regis-
try. No reference was made to 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 emplovers and central
agencies. Fifty men were found to have died against
$9.34 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
nationai incidence rates, the 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
had been employed in PVC production developed an-
giosarcoma of the liver. The observed and expected
numbers of cases were given for cancers of the lung,
colon. and thyroid, for melanomas, and for all can-
cers, but no expected numbers were given for other
types of cancer. It is evident that several other types
of cancer must have been 1n deficit, as there were eight
cases in ail against 14.93 expected, and it is difficuit
to 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
one further case of meianoma had occurred after 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 to VC
in the course of their employment in any of the 11
plants in which VC and PVC had been produced in
the Federal Republic of Germany, (ii) 4 820 men who
had been empioyed in seven chemical plants without
having had any exposure to vinyl chloride, and (iii)
4 007 men employed in two other plants where PVC
was processed. Employees were inciuded oniy if they
were of German or Austrian nationality, and they were
regarded as exposed to vinyl chloride if they were
production workers or other skilled workers or laborers
assigned regularly to the plants, but notif they were
employed in them oniy occasionally. All the men were
included from the time 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 alter first employment, and only 14, 36, and
19 %, 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 after
first employment. when an occupational hazard of can-
cer could be expected to be observed.
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Of the exposed group 93.2 Yo were succespfully fol-
lowed. and causes of death were discovered pr 92.8 T
of the 414 men discovered to have died. The propor-
tions for the other two groups were respect{vely 89.8
and 88.7 % for the unexposed and 92.1 anH 86.9 %
for the PVC process workers. The failure o obtain
causes of death for all the men who had Hied was
allowed for in the subsequent analysis by the weight-
ing of the numbers atiributed to each causelby a sys-
tem which took account of the age group apd calen-
dar period in which death with an unknown tause oc-
curred. The expected numbers of deaths fom each
cause was calculated by multiplying the pergon-years
at risk by the sex-, age-, and cause-specific fortality
rates for the Federal Republic of Germany. National
data before 1968 used an idiosyncratic classjfication
system, and the 1968 rates had to be used to ultiply
all the person-years at risk up to the end of 1p68. For
subsequent years (1969 to 1974) the person-yeaFs at risk
were multiplied by the corresponding rates for the same
calendar ycar.

Epidemiologic studies are more difficult to qarry out
in the Federal Republic of Germany than ifi North
America, the United Kingdom, or Scandinavia|because
the medical cause of death is not recorded gublicly,
and there is no central system which can be gsed for
checking whether an individual is alive or dead. In
these circumstances, the German authors haye made
valiant efforts to obtain reliable data, and the propor-
tions of men in the exposed groups who were fiot suc-
cesstully followed (6.8 %) and the proportjons of
deaths for which the cause was not obtained {7.2 %)
were sirntlar to those in the study of the Envirogmental
Health Associates (14).

Two defects, however, make the data less |useful.
First, no national mortality rates were availablg before
1968, and the use of the 1968 rates to estimate the num-
bers of deaths in and before 1968 will have oyeresti-
mated the numbers attributable to diseases tht were
becoming more prevalent or were being diagnosed
more often and underestimated those duc to discases
that were becoming less prevalent. Second, angl more
importantly, a large proportion of the men hagd 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 to hafe had
much chance of developing an occupational Jisease
with a long latency period must have been swimped
by a mass of other observations that had little tp con-
tribute. The expected deaths amounted to only .2 7
of the exposed men, and there is, therefore, liftie to
be gained, and something to be lost, by includipg the
German data in the overview. It may be noted| how-
ever, that {2 deaths were atiributed to cancer pi the
liver among the workers exposed to vinyl chloride
against 0 Y expected and that smaller excesses wege also
observed among the unexposed chemical workiers (4
obsersed avanist 11 expected) and the PV ptocess
workers 3V deaths aganst 0.8 expected).

Oy

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 Byrenet al (1)
All persons who had ever been employed when expo-
sure to VCM could occur were listed from the per-
sonnel files of the factory. Twenty-one were exciuded
because they were foreigners who lel't the country atter
a short period of empioyment. The remasning 750 were
followed to October 1974, Expected numbers of deaths
were estimated by multiplying the person-years at risk
by the corresponding age-specific mortality rates tor
the whole country, and the expected numbers of can-
cer cases from 1958 to 197! inclusive (during which
period all cancer cases had been registered nationally)
were estimated by multiplytng by the nauonal 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 ot the liver and
pancreas combined and for the numbers ol deaths
from brain cancer and threc categories of cardiovas-
cular disease. Two men known to have angiosarcoma
of the liver were certified as having died ot liver can-
cer or pancreatic cancer, and a third man died of
angiosarcoma of the liver 17 months after the close
of the follow-up.

Twao French studies provide the results of a long-
term follow-up of men employed in one plant (41) and
of a short-term follow-up of men employed in 12 plants
(Laplanche et al, unpublished). The first provided ob-
servations on i 311 men exposed to vinyl chioride in
the production of YCM and PVC and in selected an-
cillary operations from the opening of the Tavaux plant
in 1953 to the end of 1976 (41). Six other employees
were excluded from the study because of lack at oc-
cupational histories and 160 men because their vital
status at the end of the study period was undetermined.
Twenty-five men were found 0 have died against 48.75
expected from contemporaneous sex- and age-specific
national monality 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 at 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 | 100
men aged 40 1o 55 years who, in 1980, were exposed
or had been exposed to vinyl chioride in 12 plants,
which constituted ‘*‘most ot the French YCM polym-
enisation plants’ (Laplanche et al, unpublished). Many
of the men were, or had been, emptoyed at Tavaux
and were presumably survivors of the cohort studied
by Pierre et Jdl (41). The men were tollowed tor tive
years, and thewr morbdity and mortality were com-
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Hazards of cancer

The results of the four most useful studies are irsred
individually in tables | and 2. The overall resuits for
ail causes, liver cancer, and three broad groups of con-
dittons are shown in table 3, and those for 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 table S for seven types or classes of
cancer.

Table 3 shows that, apart from cancer of the liver,
the overall mortality 1s what would be anuctpated for
an industry without any major hazard of accident or
disease. in particular the standardized mortality ratio
(SMR) of 84 for diseases other than cancer is typical
of the ratios that are commonly observed for groups
of employed men. A low SMR of this order reflects
the **healthy worker effect.”” which results from 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 mortality from cancer beyond that ob-
served in the 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 both with the absence of
hazard and with SMR values of 84 for other diseases
and 77 for accidents, poisonings, and violence.

Angiosarcoma. Death certificates are an unreiiable
source of information about the histology of cancers
that cause death, but there is no reason to suppose that
the excess mortality attributed to liver cancer (or, in
the US sertes, liver and gallbiadder cancer) is not entire-
ly accounted for by the known hazard of angiosar-
coma. Fifteen of the 37 deaths* attributed (o 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 of the 11 deaths attributed to
liver cancer, not specified as secondary, were known
to be angiosarcomas, and they ail occurred in auto-
clave workers against 0.38 expected liver cancers of all
types (P < 107%) (25). In the Canadian series, histo-
logical review showed that seven of the eight so-cailed
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 sigmaid coion, while
one death attributed to angiosarcoma of the perito-

! [ncreased to 39 in table 1 to take account of the 97 extra
deaths from an unknown cause.
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Tabie 1. Observed and expected numbers of deaths ifom differant cancers reporied in the fcur pnncipal studies (4. 14 25,
46) 1O = observed number ot deains, € = expected nurhber ot deatnhs)

United States Uniteg Kingdom Canaaa itaty
Type or ctass of cancer

o* 3 [¢] € o] 3 o] 3
Buccal cavity and pharynx 13 11.59 4 358 Q 064 1 038
Esophagus 7 8.07] 6 14 34 ! 06
Stomach 1" 16.01 26 239 3 30
Large intestine 21 28.79 9 13 94 0 12
Rectum 1 10 49
Liver R 1" ) 94 8 014 1 06
Liver ang gatibiaader 39 5.77 . .
Pancreas 17 18.40 7 9488 . o] 07
Other digestive . . 6 526
Larynx . . 4 221 . 1 09
Lung 118 11587 81 9212 } 2 578 12 81
Other respiratory 5 6.28 .
Bone 2 1.81
Skin {nonmeianoma 6 7.36 .
Melannoma . . 2 1.74 0 02
Prostate 16 15.20 12 9.59 ! a7
Testis 2 1.38
Bladaer 5 8.48 14 800 } 1 133 1 o7
Kidney 12 9.06 3 410
QOther and unspecified unnary . 3 429
Brain 25 12.76 ] 6.18 ! 0 060
Eye and central nervous system . . !
Thyroid . . 2 043
Lymphno- and reticulosarcoma 12 798 4 235
Hodgkin's disease 3 5.45 3 2.50 0 04
Leukemia \L] 13.94 7 516 1 167 0 0.7
Muitipie myetoma } 11 8.37 2 2.35
Other lymphatic . R . .
Other 46 40.50 18 8.12 2 095 9 45
All cancers 383 34173 235 228.60 20 16.37 30 211

* Observed deaths muitiplied by 1.0674 and rounded off o the nearest integer to allow for deaths without discovered cause

reported in the four principal studies (4, 14, 25, 46) (O = ocbserved

Table 2. Numbers of deatns from nonmalignant and all
number of ceaths, € = expected numbder of deaths)

United States United Kingaom Canada Italy
Cause of death
Qe E 0 € 0 E 0] 3
Benign ana other unspecitied
tumors 4 5.08 o] 0.5
Cerebrovascular disease 75 91.93 . .
Ischemc heart disease 521  597.73 278 288 l 25 3187 } 19 274
Other circulatory disease 157 123.55 105 141
Bronchutis® 44 2283 a8 44
Pneumonia 18 31.94 } © 81 ‘ 6 3 ] 3 50
Other respiratory disease 15 32.84
Cirrhosis of the liver 37 58.06 5 5 } . 188 4 5.2
Other gigestive disease 27 39.52 . . ' 3 2.7
Disease of the gemitourinary system n 20.41 . . . . .
Other giseases 87 11568 43 78 2° 5.40 2 70
Suicide 49 52.78 1 0.9
10.
Accigents and other violence 130 173.19 } 40 %0 2 58 4 7.7
All nonmatignant causes 1153 1383.54 545 665 39 54.76 36 56.4
All causes 1538 170527 780 894 59 7107 66 775

* See footnote to table 1.
5 Emphysema in data from the Uniteg States.

¢ Includes two casey certitied as cytrhosis of the tiver wh
9 Inctudes one Case with cause unknown

neum was found to have been due 10 angiosarco
of the liver (46). In the ltalian study, turther eviden
revedled that three turther deaths should have been a

6x

ch proved to be angiosarcoma of the liver

tributed to cancer of the liver {for a total of four), but
e only one of the four was described as an angrosarcotia
- (3).
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Table 3 ¢

s een cancer A ine iver 3N 3Rer TAUSeS AMANg ANy SR e Anrears

T g

rine four JrentipAl Atuies ComDineg 14 14 25 46) Dz oDsarveqd numper 2t JRalrs £ : eepacinn
number of featns. SMR = standargized mortanty rangs

Cause of agatn 3 = SM‘R
Cancer of ‘he liver? 59 345

5

Cancer of gther sites 509 £99 35 gg
Other diseases 1547 1844 89 84
Accigerts, boisonings, and violence 226 295.15 77
Ali causes 2 441 2747 84 39

—r

¢ Including|cancers of the gailbiadder in the sasries [rom the United Stales.

abbe 4 Mortality from Marious cancers among vinyl chiornde workers in 49 plants in the four principal studies combined.
®0bserved number of Heatns, E = exposed number of deaths, SMR = standardized mortatity ratio}

e

Source of

of class of cancer (0] E SMR
information ®
7. Mwth and pharynx 18 16 57 109 1,23, 4
[LIpestive system (other than liven 125 154 59 81 1,2.3. 4
tory system 223 229 36 97 1.2.3. 4
- 211 21409 99 1.2, 4
oz Owvcurinary system 70 62.81 1 1.2.3. 4
Mutanoms 2 194 2.4
29 19 54 148 1,23
xS 2 043 2
‘.‘é Lsemonustic ang nematopoletic system 57 5087 112 1,2.3. 4
: Quher 83 63.24 131 1.2,3, 4
o
AR ather than of the liver 609 599.35 102 1.2,3.4

Tete §. Mortaitty® from
- et Ol deaths, £ =ex

(14), 2 = United Kingdom study (25), 3 = Canadian study (46), and 4 = itanan study (4).

arious cancers among vinyi chioride workers: Suppiementary evidence (4, 7, 22, 49). (O = observed
ecled number of deaths, SMR = standardized mortahty raho)

Federal
Republic Norway Sweden Italy Four countries combined
=’ Tyem o¢ class of cancer ol Germany (1 plant) (1 plant) (1 plant) (14 piants)
. {11 plants)
o E o} 3 o € [0} 3 o} € SMA
’n;% - Ohgestrve system
. - geechading the liver) 350 318 3° 1.44% . 1 1.2 39.0 34 44 13
- 235 246 5 2.84 ] 1.78 0 15 N5 3072 103
. 4 0.79 . 0 0.1 40 0.89
2.1 13 . 2 033 41 163
! 2 016 2.0 0.16
paohetic and hemato-
SNt System 165 77 0 o7 16.5 84 196
57 Ot texciuding the liver 107 243 8 1483 « 20 227 4143 55
878 897 22 20.18 5¢  2.11¢ 5 5.7 1198 117867 102

oeciucing the liver

and cases in
of the intestine
of the lung and

‘ommoer (or liver and gall
‘o be atinbuted princi
pard of angiosarcom|

he Norwegian study.
pnty.
brain only.

the excess mortality from liver
bladder cancer in the US series)
ally if not wholly to the known
is obtained in a comparison
the numbers of deaths from
in the Register of Liver Angio-

sarcoma Cases (matintained on behalf of the Associa-
tion of Plastics Manufacturers in Europe by the Im-
perial Chemical Industry PLC) before the end of the
follow-up period (Bennett, unpublished). Fifty-one ex-
cess liver cancers are recorded in the combined data,
and 49 angiosarcoma are recorded in the Register for
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Table 6. Mortality from lung cancer in the senep from the
United States (US) (14) and the Unmited Kingaom (LK) (25) by
charactensuics reievant to an occupational hazagad. (O = ob-
serveg number of deaths, € =expected number [o! deains,
SMR = standardized mortality rauo)

Data Category 1 Catggory 2
charactenstic® o° € SMR O°b E  SMR

Observea 20 years
or more atter tirst
employment (1),
others (2)
Emptoyed 10 years
or more in thea US
(1), others in

the US (2) 55
Employed before

1956 tn the UK (1),
others in the UK (2) 52
Ever employed as
autociave worker

n the UK (1),

others in the UK (2) 16

114 H:!..% 100 85 838 9N

52.45 105 63 6344 9

5139 101 29 4450 72

1708 94 65 7482 87

* The numbpers in parentheses designate the category.
° See lootnote to table 1 for observea aeatns in the US,

the relevant periods for the three countries ang the two
ltalian plants’ that are covered by the survgy.
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 Amerjca were
first exposed after 1964. All may, therefore, have been
exposed to concentrations of several hundred garts per
million, and many may have been exposed tokoncen-
trations appreciably higher (unpublished report by Barr
to Air Products and Chemicals [nc in [98])

Lung cancer. The idea that exposure to vinyl fhloride
might cause cancer of the lung was suggested y Mon-

son et al in 1974 (36), when they noted |3 cased against
an expected number of 7.9 in a study of propertional
mortality. The combined data shown in table ¢ do not
provide any support for the hypothesis, ¢ither|for res-
piratory cancer as a whole (SMR 97) or for tHe speci-
fied data for lung cancer in the US, the UK, ahd lialy
(SMR 99). There are, however, consistently higher risks
in the subgroups of men in the US and UK sgries, in
which occupational hazards would be more ljkely to

! Twenty-nine were registered as occurring in the United
States against an excess of 33; only 20, however, wgre :den-
tifiable in both series. {nquiry has, as yet, failed jo reveal
information about the histology of the remaining |13 in the
cohort study and the origin of the nine extra deatps in the
register. Nine deaths were registered as occurriflg in the
United Kingdom against an excess of nine, but ol: of the
registered cases was certified as due to a benign hempngioma
and not related to the tiver (code 227 in the eighth}revision
of the International Classification of Diseases). Tjen cases
were registered as occurring in Canada against ap excess
of e1ght; two were recorded as being 1n men who fad been
empioyed for tive years, and it 1s possible that (He actual
duranion had been siightly less than tive yeurs whth con-
seyuent exclusion trom the Canadan cohort. (ne fase was
revivicred ay oceurning i one ot the two ltabiaf ptants
deanei il caweess o sy than one.

t

be seen than in other groups. This circumstance is
illustrated by table 6, which shows that the SMR values
are shightly higher for men observed 20 years or more
after first exposure than for men observed earlier, for
men employed before 1956 in the UK than for men
first employed atter 1955 (when exposure levels are
believed to have been lower), for men employed tor
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 ail be higher 1n the
groups in which an occupational hazard is mnore like-
ly to be seen in each of the four pairs ol groups ts |
in 16.

Additional information from other sources is given
intable 5. A total of 30 deaths (or cases) was observed,
and this figure increases to 31.5 when allowance is
made for 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 tor shorter periods (111
against 79), and, in the Norwegian study, four of the
five cases observed occurred in men whose occupations
were regarded as involving high exposure against 1.82
of the 2.84 expected. Both the German and the Swed-
ish studies derived the expected numbers of deaths
from natonal mortality rates for a single year towards
the end of the study period. The expected numbers of
deaths are likely, therefore, to have been overestimated
and the SMR values correspondingly underestimated
as the mortality from 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 against |.2 expected. The
combined data that are shown in table 4 provide some
support for this hypothesis. The cases ol Monson et
al (36) were, however, observed in US workers and
must be presumed ta be included in the total reported
by Environmental Health Associates (14); therefore
they will have contributed a substanual proportion of
the total in table 4. As a test of the hypothesis the data
of Monson et al ought, therefore, 1o 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 subtracted
from the totals, (wenty-four observed deaths remain
against approximately 18.3 expected, a difference
which might easily occur by chance (P one-tailed =
0.0

¢ If the study ot Waxwerler ¢t al (50Y s regarded das the onen
ot the hypothesis, 26 deathis are lett avaiast 13 93 cypecied
(P one-taded - 0 07)
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The small excess reported provides

little further evidence of an ofcupational hazard. as

one of the iwo deaths observe
occurred in a young man who

the excess death rate for brain

B in the Swedish study
had been employed f'or

jcancer observed in the

less than a year when the dlagrom was made, while

Cerman studvy was less than
chemica!l workers not exposed
deaths after allowance for d
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PVC fabricauon industry (5.9
for deaths from unknown causel
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idea that vinvl chloride might g
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the lvmphatic tissue — was su
& Gaffey (45)and by Waxweller

that observed among
to vinyl chlonde (2.9
eaths from unknown
among workers in the
Heaths aflter allowance
b against i.] expected).

bropoienic tissues. The
use-cancer of the ivm-
s — more specifically
peested bv Tabershaw
et al (50) in two cohort

studies, when they tound, respectively, five deaths
from lymphamas in the most hdavilv exposed workers

against 2.54 expected and tour ¢
the lymphanc and hematopoieti

eaths from cancers of
tissues against 2.5 ex-

pected. These small excesses mnf_:ht have been ignored
it the faboratory findings had ot been interpreted as

suggesting that lyinphomas werd

produced experunen-

tally sn ammals exposed 10 vinpl chloride by inhala-

tion (29). The 1dea that sunila
cause lympbamas w humans,
ous consideration. The data fr
studies that are sununanized in
support tor the hypothesis wh
tymphatic and hematopoictic us
gether (87 deaths against 50.87
and very little more 1s obtained |
for cancers of the Ivinphatic svsid
fev's definitton of 1CD list nun
200—203 and 205 being used) t}
1 (35 deaths against 29,40 expey
moreover, hardly altered if the
Galfey’s initial report are subtrad
23.36 expected, SMR 124).

Little additional informatios

exposure might also
herefore, meris seri-
hm the four principal
tabie 4 provide little
ki alt cancers of the
ues are considered to-
expected, SMR 112)
rom 1the separate data
m (Tabershaw & Gaf-
bers, eighth revision,
at are shown in table
ted). The position is.
jlata 1 Tabershaw &
ted (29 deaths agatnst

is provided by the

results ol the German study (49). (See table 5.) This

study obtained an SMR of 214

for exposed workers

{based on 15 observed deaths, increased 10 16.5 when

allowance is made tor the numb
known causes) against SMR va
an unexposed group of chemicali

br of deaths from un-
ws of 77 and 34 for
workers and a group

of PVC fabricators. {t showed that the excess of the
exposed workers was present ojly for men who had

been exposed for more than one
cess was most marked for men w

vear and that this ex-
ho had been exposed

for five vears or more (10.7 deatl}s atter allowance for
the number of deaths from unkphown causes against
4.0 expected, SMR 268, P one-jailed <0.01).

Melanomu. An cxcess ol melang
Norwegian workers by Heldaas

ma was reported for
bt al (22), who raised

the possibifity that vinsi chlorde might have produced
the disease. Four caes were observed whent) ™9 were
expected. and three of the four were in men whose oc-
cupations invoived the highest exposures tagainst 0.51
expected). At the ume of the writing of their report,
one further case had been detected with onset three
vears after the closure of the study. Subsequent studies
in other countries have, o far, reported only two
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 two
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 {or thyroid can-
cer; the third reported two deaths against 0.43 ex-
pected. (See table t.) One death from 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
taken adequate account ot the contribution of cancers
of the liver 1o the total number of cancers of the
digestive system, particularly when it i1s borne in mund
that some liver cancers are likely to be misdiagnosed
as cancers of other organs. The combined data 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 remaining types. or classes,
of cancer listed in table 4 shows a statistically signifi-
cant excess, namely, the heterngeneous 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-
NOMALosis, sii¢ unknowii, i€ nuinber of deaihs in s
category therefore 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 chloride, and cirrhosis of the liver is presumed
10 be increased only because ol the liver changes that
were observed as part of the *‘vinyl chioride 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 /. Mortality 'rom selected nonmalignant ¢ausas and all
causes i1 the four principai studies combined. O = observed

number of deaths, £ =expectied rnumper| of deaths,

SMR = standaraized mortahity ratio)

T ( Source of
ype of disease o € SMR [ tormation®

8ronchitis,

emphysema? 80 6883 120 |1, 2

QOther respiratory

disease n 125.78 56 2

All respiratory

disease 180  200.82 80 1,234
Ischemic heart

disease 797 88573 90 2
Other circulatory

disease* 252 26455 95 2

All circylatory

diseasec 1103 120935 9N .23, 4
Cirrhosis of the liver 46 6626 69 L2, 4
Other disease 238 36807 65 ,2,3, 4
Al nonmatignant

disease 1547 184450 84 . 2,3, 4
All external causes 226 28515 77 .2,3, 4
All nonmatignant

causes 1773 213965 85 1234
All causes 2441 274785 89 12123, 4

* 1 =United States study (14), 2 = United Kingdogn study (25),
3 = Canadian study (46), and 4 = Itatian study (
° Bronchitis in the United Kingaom study, emphysema in the
United States stugy.
¢ Incluges cerebravascular disease in the United Ringdom and
itatian studies.

Tabile 8. Montality from chronic obstructive lungjdisease * in
the sernes from the United States (US) (14) and the United King-
gom {UK) {25) Dy charactenstics reievant to an ofcupational
hazarg. (O = observed number of deaths, E = expegted number
of deaths, SMR = stanoardized mortaiity ratio)

Category 1 Catpgory 2
SMR Q € SMR

Data
characteristic? 0 €

Observad 20 years ,
of more after tirst
employment in
the US (1),

others in the US
[t4] 0 158 190 1 70 157

Employed¢ 10
yaars or more in
the US (1),
others inthe US (2) 18
Employed before
1958 in the UK (1),
others in the UK (2)
Ever empioyed as
an autociave
workes in tne UK (1),
others in the UK (2\¢

109 147 25 120 208

28 3017 88 10 360 74

3 855 48 3 722 89

* Descnbed as smpnyseman the US study and as{bronchitis
In the United Kingdom study.

° The numbers In parentheses designate the catdgory.

- Men ever employed as 3 bagger or arier, occupatfons which
wou'q have caused the greatest occupational ejposure to
potyvinyl chionae aust. expenenced one death [rom bron-
chitry sgainst 4 98 expected

recorded for men exposed to PVC dust (2, 26, 27, 43,
and acute cardiac death, from analogy with the effect
of other halogenated hydrocarbons (25) and the ob-
servauon of an increased mortality from myocardial
infarction in the few yvears following the cessauion of
exposure in the Swedish PVC processing industry (}5).
Relevant figures for the numbers of deaths rrom these
and other nonmatignant causes that are obtarnable
from the four principal studies were given in table 2,
and they have been summarized in table 7.

Cirrhosis of the liver. Three of the four principal
studies gave separate figures for cirrhosis of the liver,
none of which showed an increased mortality (table
2); in combination they gave an SMR of 69 based on
46 deaths. The fourth study, which did not give sepa-
rate data for cirrhosis of the liver, reported four deaths
from all diseases of the digestive system combined
against 3.85 expected and noted that the tour included
two that were certified as due (o cirrhosis of the liver,
but actually due to angiosarcoma (46). In the two sup-
plementary studies in which data were given for this
disease, the SMR was 82 in one, based on {5.1 deaths
after allowance for the number with unknown causes
(49), and 133 in the vther, based on seven deaths (37).

Nonmalignant respiratory disease. The data for non-
malignant respiratory disease are contusing in that the
total SMR from the combined data tor the four prin-
cipal studies is 80 and is the sort of figure that is com-
monly found in healthy industrial populations, yet the
US study recorded a substantiaily increased mortality
from emphysema (41 deaths and an SMR of 180 be-
fore any allowance was made tor deaths from un-
known causes). No such excess was found in the UK,
where 36 deaths from bronchitis gave an SMR of 82.
International comparisons of chronic nonmalignant
respiratory disease are complicated by the usage of dif-
ferent terms to describe what it is now agreed is best
called chronic obstructive lung (or pulmonary) disease,
but which in the past tended (0 be calied emphysema
in the US and chronic bronchitis in the United King-
dom. It must, therefore, be presumed that the two
categories of ‘‘emphysema’’ and *‘bronchitis’’ used re-
spectively in the two large national studies were meant
10 describe the same thing. One must assume, there-
fore, that the experiences in the two countries were very
different, despite the fact that both related (o cohorts
that had very similar experiences of angiosarcoma of
the liver and so, presumably, fairly similar exposures
to vinyi chlonde.

Separate figures are shown in table 8, where avail.
able, for the mortality observed among men with dif-
ferent durations and intensities of ¢exposure. Unlike the
data for cancer of the luny that were shown i table
6, they provide no consistent evidence ol & yreater rink
1 the groups i whnch an occupational hazard would
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<. B expected (0 be concergrated. The authors of the En-
g ' tal Heaith Assqciates report (14) were unabie
‘give any explanation] for the increased mortality
emphysema, and [they point out that it could
be due to excess c|garette smoking, as there was
R gverall excess for carjcer of the lung. 1t s striking,
et, that the excess s more than compensated for
deficiencies in the othpr categories of nonmalignant
tory disease (pnewynonia | S deaths.’ SMR 47.0;
) respiratory disease¢ 14 deaths, SMR 42.6), and
‘Queestion arises whdther the emphysema excess
i be a classificatgry artifact. Environmental
el Associates (14) lis} all the 41 deaths which show
> they were coded under ICD number 527 which,
 the oul-of-date scven%h revision that was used for
coding of all deaths ij the study, was the code for
Y respiratory diseasd not otherwise classified’’ and
eded emphysema. Under that revision, however,
gt that was assaciated with bronchitis should
o chmailicd with bronchitis under |CD numbers 500
! .ﬂl and the possibility|may be considered that some
2wl the enphysema deachy should have been classified
;"ua(cgory of respirimory disease other than ICD

Jumber 527. 11 this were the situation, it could account
Both the excess mortality from emphysema and the
deficient mortalify {rom other nonmalignant
R meaatory discases.
¢ii, M@ excess mortality frgm *‘bronchitis, emphysema,
B--gad mthma’’ was observefl in the German study (SMR
L wuh 8.3 decaths obserped after allowance for the
an unknown cause) (49).
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rovided by the two national
¢ is no evidence of an in-
.mortality within pne month of leaving em-
{n the UK study either for all workers (52
SMR 61) or for the most heavily exposed auto-
(9 deaths, $MR 42).
_ increase in ischemic heart disease mortal-
pecorded for the exposed workers in the Ger-
{49), but it was|less than that recorded f{or

asbaidiary analyses
- in particular, th
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attnbuted to different groups of respiralqry di;-
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ved among mcnU like the S amxxdon for the US study are as given by the Environ-
«es of exposure. LUnl ; Hhalth Asociates ({4) and have not been adjusted
that were shown 1n table “NNEIRS Ry sgpwes (o the number of deaths from an unknown
‘ eater risk’ Yo ubke account of these deaths, the observed deaths
{ evidence of a gr .
nal hazard would V& MWMR values can both pe multiplied by 1.0674.
pauio )

n in table 8, where avay

<Cu

RO

the unexposed chemical workers and the PVC {anri-
cators (SMR values of 127, 131, and 158 based on 97.2,
126.7. and 109.7 deaths. respectively, after allowance
for the number of deaths from unknown causes).

Discussion

The information that has now been obtained about the
long-term health of men occupationally exposed to
vinyl chloride is massive and compares favorably with
that availabie 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
rarity of this disease under other conditions made the
detection of the hazard easy: but the long latency
period before the disease appears after first exposure
{aimost 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 pro-
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
15, unfortunately, no effective treatment for the dis-
ease. and the number of cases is reflected in the num-
ber of deaths. Some 50 deaths have occurred among
the 16 740 men who were foliowed in the four prin-
cipal studies that have been reviewed in this report,
50 that approximately 1 1n 335 men have been affected,
2 7 of the deaths having been due to this one cause.
Eventuailly many more men must be expected (o de-
velop the disease. One estimate (38) suggests that the
total may be increased 10 times, but a more realistic
estimate is two to three times (19).

The second outstanding observation is that the mor-
tality of the exposed men, other than that due to
angiosarcoma of the liver, is typical of the normally
healthy industrial worker — that is not to say that no
other hazard exists, but that the effect of any other
hazard is small.

The massive data that are now available provide no
reason for thinking that any hazard other than one of
cancer has been overiooked. It is, however, stiil dif-
ficult to decide whether vinyl chloride produces a risk
of developing cancer other than angiosarcoma of the
liver which might be small compared to the risks
produced by nonoccupational causes, but yet abso-
lutely aimost as large as the risk of deveioping the nor-
mally very rare angiosarcoma.

One of the many hazards suggested can be dismissed.
as there is no evidence to support it, namely, that of
vinyl chloride as a cause of any cancer of the diges-
tive tract other than angiosarcoma of the liver. Two
hazards (of melanoma and cancer of the thyroid) have
been suggested only very recently, and few of the avail-
able studies have provided information about them.
There is no good theoretical reason or faboratory evi-
dence to suggest that either should be produced by
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vinyl chloride, and, in light of present evidence, the
simplest explanation is that the reported ekcesses are
the chance effects that must be expected when many
different types of cancer are studied in severpi different
populations. So far as melanoma is concerped, it has
to be remembered that the disease has becpbme much
more common in recent years in Scandinayia (where
the excess was reported) due, it is believed, to the
popularity of sunbathing and the increaged oppor-
tunities for Scandinavians to travel to the wdrmer parts
of Southern Europe and North Africa. The extent to
which this change may have affected the
in Norway needs (0 be examined.

Two other hazards (of lymphoma and brhin cancer)
were suggested by the early results of somd of the US
studies. That vinyl chloride might producp a hazard
of lymphoma was initially supported by the prelimi-
nary results of animal studies, but the comglete results
of the many investigations that have been yndertaken
(see reference 29) do not suggest that lymphema or any
other cancer of the hemaitopoietic system Js liable to
be produced. There is, however, some evidence that

observation that both these types of cancer

death more often than might be expected from national
mortality rates, but the excesses observed ih the com-
bined data from the four principal studies|in this re-

view are small and not statistically significapt, and the
hypotheses remain unproved. The small excgss of brain
cancer 1s particularly difficult to evaluate, Jas mortal-
ity rates from this disease have changed rapidly over
time as methods of diagnosis have improvpd and the
suspicion of an occupational hazard (which|was raised
in 1975) could have influenced the findingg. What ex-
cess has occurred has been limited to the UB and Ger-
many, and the German findings carry littlelweight, as
the excess was found in each of the three ockupational
groups studied, irrespective of the chemicals to which
they were exposed. The supplementary datp from the
German study showing an increased morgality from
lymphatic and hematopoietic cancers are m¢re impres-
sive, particularly as the excess was the mqgst marked
for men who had been employed for at leasq five years.
In these circumstances, judgment must s{ill be sus-
pended until the data for each study are anjaiyzed for
each specific type of cancer, by intensity angd duration
of exposure, and by time since exposure began.
There remains the suggestion that vinyl chloride
might cause lung cancer. At first sight, thfs possibil-
ity is ruled out by the SMR of 97 for the]combined
data for respiratory cancer for the foug principal
studies. Lung cancer is, however, normally so com-
mon (accounting tor about 8 % of the expeded deaths)
that an increase in mortality that was half] as impor-
tant (numericatly) as the increase in morqality from
angrosarcoma ol the liver might casily be rvcrlookcd
(95 Yo contidence tumits of the SMR 85—112). The in-

"4

cidence of the disease varies moreover within a coun- giosarcom..
try, and there must be doubts as (0 whether ‘xhe na- mally so ra
tional experience provides a suitable reterence for men 10 One or -
employed in plants that are not evenly distributed dioude, a-
about the country. [n these circumstances one cannot annual inc.
exclude an occupational hazard unless it can be shown In these cir
that the mortality of the exposed men is independent inamani.
of the factors that might be expected to intluence 1t ride was us.
if some of it were occupational in origin, namely, the controlled -
intensity and duration of exposure and the time since of the effe.
exposure began. It is not possible to examine these Severa) ;.
relationships in detail, as the reports do not provide whether an..
all the necessary information. Such information as they and Elinder
do provide, which was summarized in table 6, supports vianity of »
the idea that exposure to vinyl chloride involves a small and Sweder
hazard of lung cancer. Taken in conjunction with the -~ al(Il) four
knowledge that lung tumors have been produced in sev- v 1o thorotras
eral species of animals exposed to vinyl chloride by in- with vinyf ¢-
halation (29), it would seem that a small hazard of lung :‘ tion of the -

cancer probably did occur. The evidence ts not, how-

ot (M found 1<
ever, strong enough to conclude that it definstely did. 3

12-year peric

If it did, the hazard was evident only for men who had bved half 3
been employed for many years at a time when expo- .-.  plant, and, i;
sures of several hundred parts per million or more were ~ Brady e af .
common, and any persisting risk can be only minute tnbuted t0 an
and incapable of detection. Ne tiving wi(

The questions that have been left unanswered by this waing viny! ch
discussion might well be answered definitely if (i) all two stud,
the exposed men could be followed to (say) the end teace of as m
of 1984, (ii) the investigators could present thetr data <dose to many
in comparable ways, taking account of duration ot & colleagues.
employment and time since first employment and x,. DeOts with ma

R e referents |-

presenting data separately for men first employed be-
;’r X neighborh

fore (say) 1965 and between 1965 and 1974, and (i)

estimates could be made of the effect of correcting the 3+ New York Sar
results for each group of employees tor the locality in > podlution with
which they lived and woried. eved the Qisca

Hazards to the general population

As vinyl chloride has been proved to cause cancer in .
man and is a mutagen in laboratory experiments, it &
must be presumed that even the minute doses that
escaped into the general environment from production :
plants or (in the early days of manufacture) from PVCg
materials will have caused some risk of cancer to the§
general public. These risks must, however, have been
very small, as air concentrations of vinyl chloride, even
within a kilometer of plants handting vinyl chloride,§
used to be (in or around 1975) of the order of 100§
30 ppb (1, 3, 15), and this level is about one-ten thou-3
sandth of the concentration that has caused an occu-
pational hazard. [t is obvious, therefore, that it would 3
be impossible to detect the risk of any cancer that might g
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 occupationatly. The position with regard to an-

*ligure of |
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“Hﬁnndc. and arsenic 1 pestictdes and medicines), the
the order of | —2- 107 (5, 8).%
& these circumstanceq the discovery of even one case
t‘, 4 man living close tp a factory in which vinyl chlo-
(e was used in the d3vs before exposure was tghtly
poatrolled may be regprded as presumpuve evidence
@ Whe effect of envirgnmental pollution.
been undertaken (o determine

Several surveys have
&9’ whether any such case

have occurred. Saric et al (43)

: tm Elinder & Pershagen (13) sought for cases in the

: wicinity of plants hand
fek and Sweden and found
‘al (11) found eight coh
7w thorotrast or arsenik

-0
G (3) found 14 confirmed
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and could trace ''no contact

with vinyl chloride,”” Hut they made no specific men-
ton of the patient’s pjace of residence. Baxter et ai

cases in Great Britain over a
which was 1n a man who had
from a PVYC manufacturing

’ plant, and. in New York State over an i8-vear period,

9 cases that could not be at-

el

tnibuted to any known dause, five of which were in peo-
e of plants manufacturing or
e3> wung vinyl chloride. Th

overall incidence raies in these

last two studies were npt unduly high, but the occur-

) tence of as many as iy

cases among people living so

dose to manufacturing|plants is surprising. Brady and

v - his colleagues, moreovdr, compared therr series of pa-

%= tents with matched refprents and found that none of

the referents lived equaliy close to a plant. Two of these

six neighborhood case:
New York State) cannof

(one in Engiand and one in
be attributed to environmentai
oride, as the men who devei-
ed near the plants for six and
before devetoping the disease,
ort 10 allow for the necessary
cases, however, all occurred
f local residence, and the dis-

covery of these cases stifongly suggests that pollution

. of the environment aroupnd plants manufacturing VCM
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- oped the disease had li

aght years, respectively

%, and this period is 100 s

% - ltency. The other fou

o after 15 or more years (

®:."" of PVC may have causd

. - eral public.

2y,
L

Sty previously by the US

Pt Agency. Recent British

d a minute hazard to the gen-

Current concentratiors around plants handling vinyi
shloride are certainly mch lower than those reported

Environmental Protection
measurements made within a

S hundred meters of the VCM areas have given aver-

values below the d3

Bt foe three of five plants,
** being 20 ppb (100 m ou
gy - 88 ppb (Just inside it)
;. bigher values were recq
' ¢ated with putting one

N
2 ‘\'..

¢ The figureoi 1.4 - 10-*
have been a misprint o

ily limit of detection (5 ppb)
the readings at the two others
side the boundary fence) and
(47), although substantially
rded on two occasions asso-
blant into operation and with

ied by Heath et al (21) seems to
F1.4-10-".

an accdent at the other . According to any reasonable

criterion the hazard to the generai pubhc (if there 15
any at ath) must be neghigible (32).

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

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 first developed — uncon-
sciousness. cardiac arrhythmia, and the characteristic
“vinyl chioride illness’") and (i) the carcinogenic
effects that might conceivably be observed in the gen-
eral population as a result of the widespread distribu-
tion of vinyl chioride as a poliutant. The possibility
that vinyl chloride might act as a teratogen or might
cause mutations in the germ cells 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 conclusion was reached that no such ef-
fects have been demonstrated.

Many groups of workers exposed to vinyl chioride
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 can cause angiosarcoma of the liver,
and others have suggested that it may cause several
other types of cancer as well. The actual situation can
be determined only in an examination of all the evi-
dence, especially the combined results of those 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 to have been expected (o die.

The resuits of four studies can be usefuliy 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 resuits 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
covered 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 useful studies. They do not seriously affect the
vaiue of the results, except that allowance has (o be
made for the failure to determine the cause of 6.3 7o
of the deaths recorded in the US study. Three of the
studies use national rates to 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 for the province in which
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the plant was situated. [t must, therefdre, be kept in
mind that the rates used may not have bgen wholly ap-
propriate for the localities in which tHe plants were
sttuated. This circumstance is potentially|important for
the US study, which covered workers iff 37 plants, 22
of which were situated in the southerh part of the
country. The other less informative studies are, for the
most part, open to more serious criticism and the value
of each set of results needs to be asses
in refation 1o each disease.

the numbers of deaths observed and thoge expected in
the absence of an occupational hazard frultiplied by
100, have been (1) 77 for accidents and other violence,
(1) 84 for diseases other than cancer, and (iit) 102 for
cancers other than cancer of the liver. Alfthese results
are what might be anticipated for an industry devoid
of any specific occupational hazard. The Jow ratto for
diseases other than cancer reflects the **heplthy worker
effect,’’ which results from the selection|process that
inevitably excludes some of the less healthy members
of the population from industrial employment and is
compatible with a higher ratio for cancer}as the mor-
tality from cancer is not normally subjec} to such an
effect, apart from the first two or three years imme-
diately following the start of employmept.

The mortality from cancer of the liver] was nearly
seven times that expected. Most of the 51 ekcess deaths

of vinyi chionide of several hundred parts
or more.

hematopoietic systems. The combined d
mortality from respiratory cancer fail, at {irst sight,
to support the hypothesis regarding lung cagcer (SMR
97). Higher ratios for lung cancer have, howgver, been
observed consistently in the subgroups in which the
effect of an occupational hazard would be most like-
ly to be seen (that is, men employed for mofre than 10

years, exposed to higher than average conceptrations,
or observed more than 20 years after first exposure).
In two of the supplemeniary studies it was giso noted

that the mortality from lung cancer was sgecifically
increased among the most heavily exposed |workers.
The combined data show small excesses in |the mor-
rality from cancers of the brain and of the ifmphatic
and hematopoietic systems. The excesses are, however,
not staustically significant, and there 1s nothigg to sug-
gest that they are occupational in onigin. An excep-

Th

tion is the observation of an increased mortality trom
cancers of the lymphatic and hcumwpo‘:cm svalems
in the supplementary studyv trom the Federal Repubiic
of Germany.

Two types of cancer were reported to be in excess
in the Norwegian study, namely, thyroid cancer and
melanoma. The sigmiticance of this finding s difficult
to assess because very (ittle information about these
cancers has been provided by other studies.

Suggestions that viny! chloride might cause cancers
of the digestive tract have failed (0 account for the
contribution of angiosarcoma of the liver. When this
disease is excluded. the mortality from digestive tract
cancer decreases (0 below the average (SMR 82 for the
four principal studies).

A small excess mortality from the heterogeneous
group of ‘‘other cancers’” in the combined results of
the four principal studies was statistically marginally
significant (83 deaths against 65.25 expected, P <0.05).
Some of the excess was likely o have been due to the
misclassification of angiosarcomas as secondary can-
cers of the liver or carcinomatosis, site unknown.

The following three nonmalignant causes of death
have required special examination: cirrhosis of the liver
because of damage to the liver in **vanyl chloride 1ll-
ness, '’ myocardial infacction (from analogy with the
effect of other halogenated hydrocarbons and because
of some observations tfrom Swedish PVC fabricators),
and nonmalignant respiratory disease because of
changes in lung function and the radiographic appear-
ance of the lungs observed in men exposed to PVC
dust. Far from being raised, the mortality from cir-
rhosis of the liver was less than expected in the three
principal studies and in one ot the two supplementary
studies which gave separate figures {or the disease
(SMR values of 69, hased on 14 deaths, and 92, basad
on 15 deaths), while in the other supplementary study
the increase was trivial.

Data for myocardial infarction have not been re.
poried separately. But myocardial infarction accounts
for most of the deaths attributed to 1schemic heart dis-
ease, and there is no evidence that either ischemic heart
disease or cardiovascular disease as a whole was un-
duly common (SMR values of 90 and 92, respective-
ly) or related to occupational exposure.

The data for the third category of nonmalignant dis-
ease (nonmalignant respiratory disease) are confusing,
because the two large national studies give conflicting

results. The combined data for the four principal .
studies show the low mortality that is commonly found .y

in healthy industrial populations (SMR 80). This fig-
ure hides, however, an increased mortality from
chronic obstructive lung disease {SMR 120), which in.
cludes emphysema and is due to a grossly increased
mortality attributed to emphysema in the US study
(SMR 193). The corresponding mortality in the British
study, which was preterentially described as due to
bronchitis, was less than evpected (NMR 32), as way
the martalty tram pacumonn (SMR SOy and other res
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no consistent evidence that the mortality from em-
physema or bronchitis was spefifically occupational,
and it seems possible that the Feported excess in the
US study was an artifact due tp nosological difficul-

ties with the use of the seventh
Review of the massive data

revision of the [CD.
now available on the

long-term heaith of men occu pationally exposed to

vinyl chlonide leads to two clear,

conclusions. First the

men have experienced a specific hazard of the normally

extremely rare angiosarcoma d
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The lack of any increased morfality from lung can-

cer in the combined results of the
reviewed does not exclude the pos:

four principal studies
ibility that there may

have been a small occupational fjazard of developing
the disease, as geographic variatjons in the incidence

of the disease throw doubt on
national rates for estimating the

he validity of using
prected numbers of

deaths. The greater mortality in grpups of workers who

would be more likely to show an
than other groups suggests that
have existed. The evidence is, hoV
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h small hazard may
yever, weak, and the
en proved.
questions that have
be obtained if the
could present their
lcomparable ways.
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parably minute risks to the genefal public. No such
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risk could possibly be detected, other than one of

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