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Dear Bruce:

As discussed with you, Thome and Andy today, I enclose a copy of the article on vinyl chloride
epidemiology. As I told you, after many calls to government offices of NIOSH, CDC, etc., I was able to
determine that this article by Sir Richard Doll published in 1988 is the last scientific joumal article
summarizing mortality and carcinogenic effects from exposure to vinyl chloride in the work place.

I have obtained a copy of a report to the US Department of Health and Human Services dated April
1993 on the Toxicological Profile for Vinyl Chioride which was prepared by Clement International
Corp. This is the report I mentioned which says NIOSH continues to do cpidemiology updates. That
proves not to be true, according to those | was able to contact. However, this document may be of
interest to you. It appears to contain a wealth of information that will be useful if the going gets heavy
on this matter. So that you can decide, I include copies of the cover page, Contents, Forward, and the
Table 2-5 which led me to believe NTOSH was still working on epidemiology. As you will see, the
report is about 165 pages long. I'd be happy to send it to you to copy if you wish to do that. I'd like to
get it back for my files if you do. Just let me know.

Best wishes,

v 7
[ )

Richard Fleming

RE/ta
Enclosures
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REVIEWS

Scand J Work Environ Heaith 14 {1988) 51 —78 .

Effects of exposure to vinyl chioride

: An assessment of the evidence

by Sir Richard Doll, FRS'

DOLL R. Effects of exposure to vinyt chtoride: An assessment of the evidence. Scand J Work Environ
Hegith 14 {1988) 61 —78. This paper revicws the possible effecis of vipyl chioride on the mortality of oc-
cupationally exposed men and ihe carcinogenic effects that might be observed in the general populauan
as a result of environmental poitutron with vinyl chioride. The resvlts of four studies fulfilling the critena
of providing substaniial numbzrs of ebscrvations more than 25 years after first exposurs and covering
a peniod Jong enough for more than 10 P of the workers 1o have been =xpected to die constitute the basis
for the assessient of the occupational hazards. Other studies grovide only supplementary information.
The data permit (wo conclusions. First, men occupationally exposed 10 vinyl chloride have experienced
2 specific hazard of angiosarcoma of the liver. Second. any other nccupationat hazards that may have
existed have been small. No posinve cvidence of 2 hazard of any nonmatignam disease or any type of
cancer other than angiasarcoma of the liver has been found except possibly for a small hazard of lung
cancer when exposure was heavy. More dsfinite conclusions might be reached if those who have studied
exposed employees could present ther results 1o appropriate and comparable ways. A very small risk of
angiosarcoma may have occurred as a result of vinyl chioride ¢scaping into the environment around plants
handling vinyl chloride in rthz past. but the evidencs indicates that the current risk to the general public
(if any) must be nagligible.

Key terms: angiosarcoma of the liver, cancer, lung cancer, mortality, polyvinyl chloride, review, vinyl
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chloride monomer,

For many years the inhalasion of farge amounts of
vinyl chloride has baen rzcognized as pawentially haz-
ardous. Concentrations af the order of 10 000 ppm in
the air induce unconsciousness and cardiac arrhyth-
mia, while prolonged exposure tc concenirations an
order of magnitude lower have been liable to cause a
specific pathological syndrome. This "'vinyl chloride
iliness’” has beep characterized by four cardinai signs,
namely, enfargement of the liver and splesn with a
specifc histotogical appearancz, patchy wnfiltrution of
the skin resembling scleroderma, bony changes in the
tips of the fingers described as acroosteotysis, and
peripheral circulatory changes identical with the clas-
sical picture of Raynaud's disease. These pathologi-
cal reactions may occur singly or together and may pos-
sibly be accompanied by other less charactenstic #f-
fects. They can, however, be completaly avorded il ex-
pasure never exceeds the fevel of a few hundred parws
per million, i¢, the level to which exposures were
generally reduced in the mid-1960s.

One other serious effect has, howaver, been observed
that may not be avoidable in the same relatively easy
way, namely, the production of angiosarcoma of the
liver, 1t must, indeed. be presumed that some risk of
develaping the disease will persist fram exposurs to
' Imnerial Cancer Research Fund, Cancer Epidemiolozy and

Clinical Trniais Unit. Radeliffe Infirmary. Oxford. United

Kingdam.

Repnint requests to: Sir R Doll, Impenal Cancer Research
Fuad, University of Oxford, Gibson Building, The Radeliffe
Infirmary, Oxford OX2 6HE, United Kingdom.
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doses that are even fower than the current industrial
levels of § ppm or less, as vinyt chioride has been shown
10 act as a mutagen (23), and it cannot be assumed that
a threshold exists below which no carcinogenic risk
persists. Moreover, the possibility has o be considered
that vinyl chloride may cause some cancsrs other than
angiosarcoma of the liver, partly because laboratary
studies have shown that it causes other cancers in
animal experiments and partly becausz the initial
studies demonstraning the production of angiosarcoma
of the liver in humans were inadequate in size to ¢x-
clude a material increase in the risk of cancer in com-
mon sites, such as the lung and large bowel. Since no
threshold dose can be postulated, it also follows that
some cancers may have been produced in the general
public by the smal? amounts that have escaped into the
general environment.

Consideration also necds 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 animal experiments (by, for example,
producing chronic respiratory disease), and, asitisa
mutagen, there is also a possibility that it may act as
a leratogen and cause cangenital malformations in
offspring.

In this review I have not examinad rhe possibility
that viny! chloride acts as a terarogen or that it causes
mutations in germ cells, as there is too little serious
evidence to justify inciusion. Reviews carried out for
sections of the industry by Downs et al (unpublished
report to the Society of Plastic Industries Inc in 1977)
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angd by MacMahon (unpublished report (0 tha Chemi-
cal Manufacturers Association in 1977) concluded that
the few reports of positive elfects could not be sub-
stantiated, and no additional evidence was found in
a simisar later review by Bars {unpublished report 10
Air Products and Chemicals Inc in 1981), apart from
a report that embryos were absoroed and skeletal os-
sification was produced when pregnant rats werc ¢x-
posed to doses appreciably lower than those that had
been used by other workers without any such effects
being observed. The report of absorbed embryos (345
could nol be evaluared thoroughiy, however, as the ex-
perbment was inadzquately described. | have, therefore,
examined only the possible effects on the personal
health of men occupationally exposed to vinyt chlo-
ride, other than those refated to their reproductive
capacity, and the carcinogenic effects that might con-
ceivably be observed in the general population as a
result of the widespread distribution of vinyl chiloride
as a pallutant. -

Occupational hazards

Many studies of workers exposed to vinyl chloride in
the manufacture of viny! chloride monomer (VCM)
and polyviny} chioride (FVYC) have bzen undertaken
since 1t was first found that vinyl chloride could cause
cancer in animais (28, 48) and man (10). These inves-
tigations have confirmed that exposure causes a haz-
ard of angiosarcoma of the liver and, in several in-
stances, have shown excess incidence or monality rates
that were conventionally statistically significant for
other discases. Conventional tests of statistical signifi-
cance are, hawever, designed 1o help answer single
questions dafined beforehand, and several findings that
might be expected to occur by chance alone once in
{say) 20 times must be expecied 1o occur if dozens of
rates are examined in each of several sets of indepen-
dent data. Scientists have, therefore, been faced with
the probiem of deciding whether the ¢xcess rales thart
have been observed in individual studies are due 0 oc-
cupational hazards ar to the vagaries of chance.
This problem can be solved tn part wf;h an exami-
nation of the results of a sumation of dawa from com-
parable studies, that is, by a2 comparison of the sums
of the numbers of deaths observed and expected in
cach study. This procedure does not require the as-
sumption that the exposures kave been he same in each
study any more than the same assumption is required
far each individual when the results of each study are
considered alone. It does require however thart each
exposed population has bzen observed over a period
when its members were at risk of developing disease
(if a genuine hazard existed) and that in cach study
the reference population from which the cxpected num-
bers of deaths were derived was appropriate (that is,
al the same risk of developing disease as the exposed
popuiation would have been in the absence of expo-
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sure). These requireriencs do not introduce an: new
complexity, as both are, of course, also required i¥ cor-
rect conclusions are (0 be drawn from the resulis of
the individual studjes’ whcn they arc :xamm-d on their
owa,

Sources of information
Four studies meet the aforementioned requirements,
namely, two large national surveys, one feported by
Jones (25) for the United Kingdom (UK) and the other
by Environmental Health Associates (14) for the
United States (US), and studies of individual plants
in Canada, reporred by Thériault & Allard (46} and
in Italy, reported (as a part of a national study) by Belli
et al (4). All four include observations on men more
than 25 years after their first exposure, and the =x-
pected number of deaths is, in each case, greater than
10 % of the toral number of employees, a value indi-
cating a long average period at risk. Earlier observa-
tions on UK and US employees (6, 9, 12, 16, 20, 36,
39, 40, 45, 50) have been subsuened in the national sur-
veys and now serve only as sources of hypotheses and
of some detailed information not included in the na-
tional reports. Studies of German (49), Norwegian
(22), Swedish (7}, French (4], and unpublished repon
of Laplanche ct &l), Japanese (33, 37), and some other.
lalian (4) workers provide some supplementary infor-
mation, but, in general, the periods of observation
bave not 'heen long enough far useful epidemiologic
data to be obtained about diseases that are unlikely
to occur within 20 years of first cxPosurc. or they
report only selected results which arg difficult to in-
terprel. as only excess ratcs tend (o have been selected.

Studies of makers of PVC products have nat been
included, as the workers have had much less exposure
fo vinyl chioride than those employed in the manufac-
ture of YCM or PVC ang any occupational ha.zard [O
which they may have becn exposed is more likely 10
have been produced by PVC dust.

US srudy. The study carried out by Environmental
Health Associates (14) on behalf of the US Chemical
Manufacturers Association is the largest and most in-
formative investigation thus far \zndcrtakcn [t cov-
ered 10 173 men who had worked in 37 plants owned
by 17 companies — | 214 men in 11 plants that
produced only YCM, 6 848 men in 18 plants thal
produced only PVC, 935 men in three plants that
produced bath, and | 176 men in five piants that
produced homopolymers and copolymaers, with or
without VCM ar PVC.

Twenty-two of the plants were in  the southcm parl
of the country, 14 were lh the northeastern or nortk
central parts, and one was in the west,

Men were included if they had been exposed 1o vinyl
chloride for at least a year before 31 December 1972
and had been employed in 1942 or subsequently {the
first year depending on the date the plant began making

-——a v
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or using vinyl chioride and the carliest date that per-
sonnel records were deemed to be complete, whichever
was the later), Individuals who mel these criteria were
identified from company r:cords by company per-
sonnel.

Racial characteristics were known only for 686 men,
97 % ol whom were white, and it was presumed, for
the purpose of estimating the number of expected
deaths, that all 10 173 men were white,

Follow-up data were obtained from plant and Se-
cial Security Administration records and (for men who
disd aftar 1979) from the National Death [ndex. Five
plants did not collaborate in the extension of Cooper's
(9) eariier study, which had been subsumed in the
present :nvestigation, and the 955 employees in these
plants who were known to be alive on 31 December
1972 were not followed any further. For the rest,
follow-up was atempted to death or 31 December
1982, whichever was the earlier. On this basis 92.7 T
of the men were successfully traced. Those who were
untraced were excluded from the jast date of contact,
which was usually the date when employment ceased.

Almost hal{ of the men (46 %) were first employed
before 1955. A large proportion was, therefore, ob-
served more than 25 years after first exposure (and in
many cases for more than 30 years) when diseases with
a long laency period might be expected to be seen.

Short-term workers had been excluded from the
cohort, 2nd most of the men had continued in em-
plovment for many years, two-thirds being employed
far 10 years or more and the average duration of em-
ployment being 16 years.

Fifteen hundred and thirty-six men were found to
have died. In | 430 cases, the cause of death was ob-
tained from the death certificate, but no canse was ob-
tained for the other 97 persons (6.3 o).

The numbers of deaths expected from each of 38
causes or groups of causes were obtained by multi-
plying the person-years ar risk by the disease-specific
national rates for white males, for the corresponding
age groups and five-year periods of the study.

This important study is open to three minor criti-
cisms, which are unlikely to have had any material
cffects on the results. First, the lists of employees were
compiled by company personnel from company re-
cords without any independent check. Second, the as-
sumption that all the employees were white will bave
caused the expected deaths 1o have been very slightly
underestimated, as the few black employees are likely
to have had higher montality rates and there is no
reasan for supposing that the small sample from which
the proportion of black employees was eslimared was
necessarily represerntative. Third, an clement of uncer-
tainty was introduced by the failure to trace as many
as 7.3 % af the employees.

Two other criticisms are more important. First, the
expecied numbers of deaths were calculated on the as-
sumption that the mea would have experienced the
same mortality raies as the white male population of

the whole country at the corresponding dates. The use
of national rates is common practice in studies of in-
dustrial populations and Lends to result in an over-
ssiimation of the expected numbers of deaths so that
the empioyees appear 1o be unusuaily hcat[hy This
“‘tsaithy worker effect”” is well known and has been
taken into account in my discussion of the results. A

more serious objection to the use of national races is

the way mortality varies from one part of the country
to another, due to differences in the prevalence of en-
vironmental and social fagtors unrelated to the occu-
pation of interest. It is, therefore, generally preferable
to usc state (5f not county) rates, in place of national
rates. With 37 pianes, however, it might be thought
that their geographic distribution would be sufficiently
wide 10 make the use of national rates appropriate.
Unfartunately 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 th= results. e .

Second, causes were not obtained for 97 of the ! 536
deaths. This deficiency was allowed for in the calcu~
lation of the overall mortality by the inclusion of deaths
du¢ to unknown causes. It was not allowed for, how-

ever, in the calculation of the disease-specific mortality

rates and will have caused the slandardlzcd | mortality
ratios to be underestimated by an average of 6.3 %,
For the present purpose, therefore, the numbers of
deaths attributed to specific diseases have each been
multiplied by 1.0674 (100/(1--97/1536)) and roundcd
off to the nearest intzger.

UK study. The study rcpértcd by Jones (25 and un-
published) on behalf of the British Health and Safery
Executive cavered 5 498 men who were employed for
at jeasl one year in jobs that involved potential expo-
sure to VCM for at least 25 @ of the work week and
who were first employed in the period 1940-—-1974, De-
tails of the men were compiled from the personnel
records of nine chemical plants manufacturing or poly-
merizing vinyl chioride, and the vital status of the men
was determined ar the =nd of 1984 from the recards
of the National Health Service Central Register. Five
thousand four hundred and ninety-eight men were
rraced (98.9 %). Seven hundred and eighty deaths were
identified, and copies of the death certificates [coded
to the cighth revision of the International Classifica-
tion of Diseases (ICD) if they occurred before 1979
and to the ninth revision xf they occurrcd la!cr] werc
sent to the investigarors.

Several specific points about the study nesd 10 be
noled. First, narional mortality rates for England and
Wales were calculated for five-year age groups over
quinquennial pcnod.s for 66 causes of death, and these
rates were used in the estimation of the numbers of
deaths that might have bccn expected in the cohon by
multiplying them by the corrcspondmg 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 obtaining suit-
able raies for all causes of death, and rates for a rela-
tively late period had to be used for ecstimating the
numbsers of deaths from many diseases that might have
bezn expected to occur in earlier periods. For two
categories the earliest available rates were 1960—1964,
for one they were 19651969, for 24 they were 1970—
t974, and for onec they were 1975—1979.

Second, an attempt was made to classify men ac-
cording (o whether they had high, intermediate, or low
exposure 1o VUM or PVC dust. and each man’s em-
ployment history was recorded according to 12 job
titles with advice from the piants concerned. The men
were then grouped according to whether exposure to
VCM was likely to have been high {group A), expo-
sure 10 PVC dust was likely to have been high with
exposure 10 VUM low (group BI, or expasure to VCM
and PVC dust was intermediate and intermittent
{group C). All other men, who would generally have
had low expasure 10 baoth VCM and PVC dust, were
classed as group D, Within all the groups, exposure
to VCM was likely 1o have been higher if it had begun
befare 1956.

The study makes an important contribution to the
knowledge concerning the long-term effects of vinyl
chloride. The use of national 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 presumably distributed about the country,
but no details of their location are given. In general,
mortality rates tend to be higher in the parts of Britain
where heavy industry is located than in other parts of
the country 50 that the expected numbers of deaths are
more likely to be biased downwards than upwards; but
whether this is so or nol needs (0 be shown,

The use of recent rates to calculate expected num-
bers of deaths from many specific causas of death was
presumably necsssary if the diseases were to be studied
individually and will have done no harm if the inci-
dence and fatality of the diseases in question remained
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 inta four expo-
sure groups is the sort of system that is commonly used
if precise measures of exposure are not available. It
creates some dif ficulties in the statistical analysis if men
move from one job to another and are classed (as in
this insiance) as having had high exposurs 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 thar the person-years at risk before a
man entered the category have been subtracted and
added to another exposure group before the numbers
of expected deaths were calculated. Movement from
one job to another was said 1o have tended to be out
of groups A and B into D, but even so it must be

presumed that the expected numbers of deaths in the
first two exposure cetegories are likely to have besn
overestimated. .

Canadian study. The Canadian study (36) was iimag
o employees of a single plant in Shawinigan, Quebe:,
The ptant, which was situated in an industrial com-
plex, was opened in 1943, VOM and PYC were both
mads until the late 1960s, when the production of
YCM ceased, while the production of PVC continued.
An attempt was made 1o trace all the production woik-
ers whase names appeared on (he unions' lists or the
payrolls of the companies in the whole industrial com-
plex, includirg 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
smaking histories were obtained by questionnaire, and
156 men who had been empioyed by the companizs
for less than [ive years were ¢xcluded. The remaining
men were categorized as (i) expased to VCM il they
had worked on the production of VCM or PVC for
at least five years (451 men), {ii) uncxposed to VCM
if they had worked similarly for less than six months
(870 men), and (iii) other men (134 in total). The last
group was excluded from the study. Foliow-up was
closed on 31 December 1977, Copies of the death cer-
tificates were obtained, and the causes for all who had
died (5% exposed and 233 unexposed) were coded av-
cording to the eighth revision of the ICD. Iaforma-
tion was also sought for histological or cytological con-
firmation of all the diagnoses for ail the exposed men
who had died of cancer,

The results were examined in two ways, First, the
mortalities of the exposed and unexposed men were
compared afier standardization far five-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 vear 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 anly for
interpretation of the results.

Most of the exposed men were exposed for more
than O years (75 %), the average length of exposure
was approximately 17 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 revisw aof
the cancer cases is particularly helpful. 1t showed thai
all eight cancers diagnosed as liver cancer (including
twao specified as hepatoma and one specified as angio-
sarcoma) were angiosarcomas of the liver, as well as
one thal had been diagnosed as angiosarcoma of the
peritoneum. Two other cases of angiosarcoma of the
liver were found to have been certifisd as hepatic ¢ir-
rhosis. it is also helpful to have a comparison between
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the exposed and “‘unexposed’’ empioyees of the same
companies as it shows that the low mortality observed
for all nonmalignant diseases could be attributed to
a healthy worker effect and was not due te bias in the
recording of exposure (relative risk {or all nonmalig-
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
calculate expected morrtalicy spread over a 30-year
period (1948 10 1377 inclusive). Deaths will have tended
to bunch up (owards the end of the period of obser-
vation so thai the rates for this particular year may
have been fairly representative, but it must have caused
some distortion of the expected numbers of deaths, the
size (and even the direction) of which is impossible to
estimate. For most disease groups the distortion is un-
likely te have been large.

[talian study. A study of all men employed in the pro-
duction of vinyl chioride and PVC in nine [talian plants
was begun in 1983. All men were included who were
employed for al jeast six months at any time from the
start up of the plant to the end of [981. The study is
still incomplete, but results are now available for men
in three plants (4}. Two plants (in Ferrara and Ro-

‘signana) began operation in 195). Four hundred and

thirty-seven men were employed in one plant and 18|
in the other. All but three (from the Ferrara plant) were
followed to the end of 1984. Expected deaths were esti-
mated by multiplying the person-years at risk by the
corresponding natonal mortaticy rates for each five-
year age eroup and each five-year period of the study.
The total expected deaths in each case amounted (o
more than 10 % of the employees in the two plants
(12.4 and 12.8 '%).

Clinical information was sought about the cause of
death of all the 55 employees of the Ferrara plant who
had died. Revised diagnoses, which were not used for
comparison with the expecied deaths, revealed four
deaths from cancers of the liver in place of one.

The Ravenna plant did not begin operation until
1959. Six hundred and thirty-eight men were emplayed.
All but four were traced to the end of 1933, and 17
were found to have died. Ne man ¢ould have been fol-
lowed for more than 24 years, and only 25.1 deaths
(3.9 % of the work force) were expected. The dara for
this plant have not, therefore, been used in the prin-
cipal analyses. [t may be noted, however, thal one
death was atiributed e liver cancer when 0.1 was ex-
pected.

Other sources. The Norwegian study (22} provided ob-
servations on 454 men who had been employed in a
plant in Telemark where YCM had been manufactured
from 1950 to 1971 and PVC from 1950 to the end of

the study period. Every man was included whase name
was recorded in the company's personnel register and
health department records who had ever teen em-
ploved from the start of production to the end of 1949
and had worked for ar least one year. The men were
followed from 1953 10 1979 inclusive, Deaths and cases
of cancer wera identified from the records of the Cen-
tral Bureau of Statistics and the national cancer rags-
try. No reference was made (0 any men baing lost to
follow-up, but it can be assumed that the number (if
nol zero) was smalt, as all citizens have an identity
number which is used by both employers and cenrtral
agencies, Fifty men were found 0 have died against
59.34 expected if th= 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
national 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 courtry 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 tha lung,
colon, and thyroid, for melanomas, and for ail can-
cers, but no expected numbers were given for ather
types of cancer. It is evident that several other types
of cancer must have peen in deficit, as there were cight
cases in all against 14.93 expected, and it is difficult
to know what weight to give the excesses observed {or
the reported types of cancer, as they seem likely to have
been reparted specifically because the numbers were
in excess of those expected. The authors noted that
one further case of melanoma 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 1]
plants in which YC and PVC had been produced in
the Federal Republic of Germany, (ii} 4 820 men who
had been employed in seven chemical plants without
having had any exposure Lo vinyl chioride, and (iii)
4 007 men employed in two other plants where PVC
was processed, Employees were included only if they
were of German or Austrian nationality, and they were
regarded as exposed to vinyl chloride if they were
production workers ar other skilled workers or laborers
assigned regularly to the plants, but not if they were
employed in thern only occasionally. All the men were
included from the time of opening of the plants to the
end of 1974, and they were followed ta the end of 1974,
Many of the men were therefore observed for only a
few years after 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 couid be expected to be observed.
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Of the exposed group 93.2 % were successfully fol-
lowed. and causes of death were discovered for 92.8 %
of the 414 men discoversd to have died. The prapor-
tions for the other two groups were respectively 89.8
and B8.7 % for the unexposed and 92.1 and 86.9 %
for the PVC process warkers. The faiture to 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 attributed (o cach cause by a sys-
tem which took account of the age group and calen-
dar period in which death with an unknown cause oc-
curred. The expected numbers of deaths {rom each
cause was calculated by multiplying the person-years
at risk by the sex-, age-, and cause-specific mortality
rates for the Federal Republic of Germarny. National
data before 1968 used an idiosyncratic classification
system, and the 1968 rates had to be used to multiply
all the person-years at risk up to the end of 1968. For
subsequent years (1969 1o 1974) the person-years ar risk
were multiplied by the carresponding rates for the same
calendar year.

Epidemiologic studies are more difficult to carry out
in the Federal Republic of Germany than in North
America, the United Kingdom, or Scandinavia because
the medical cause of death is not recorded publicly,
and there is no central system which can be used for
checking whether an individual is alive or dead. [n
these circumstances, the German authors have made
valiant efforts to obtain reliable data, and the propor-
tions of men in the exposed groups who were not suc-
cessfully foltowed (6.8 %) and the proportions of
deaths for which the cause was not obtained (7.2 %)
were similar to those in the study of the Environmental
Health Associares (14).

Two dafects, however, make the data less useful.
First, no national mottality rates were avaitable before
1968, and the use of the 1968 rates to estimale the num-
bers of deaths in and befars 1568 will have averesti-
mated the numbers attributable ta diseases that were
becoming ‘more prevalent or were being diagnosed
meore often and underestimaced those dus Lo discases
thal were becoming less prevalent. Second, 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 1o have had
much chance of developing an occupational disease
with a long latency period must have been swamped
by a mass of other observations that had iiule 10 con-
tribute, The expected deaths amounted to only 6.2 %
of the exposed men, and thers is, therefore, little o
be gained, and someathing 1o be lost, by including the
German data in the overview. It may be noted, how-
ever, that 12 deaths were attributed 10 cancer of the
liver among the workers exposed to vinyl chloride
against 0.9 expected and that smaller excesses were also
observed among the unexposed chemical workers (4
observed against |.1 expectad) and the PVC process
workers (3 deaths against 0.8 sxpected).
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Two Swedish plaats have produced VCM and PVC,
one since 1945 and the other since 1971, and emplovees
of the first plant have been studied by Byren <t al (7}
Al} persans who had ever bzen emploved when 2xpo-
sure to VCM could occur were listed from the per.
sonnel files of the factory. Twenly-one were excluded
because they were foreigners who left the country after
a short period of empioyment, The remaining 750 were
followed to October 1974. Expected numbers of deaths
were estimated by muliplying the person-ycars at risk
by the corresponding age-specific mociality rates for
the whole country, and the expected numbers of can-
cer cases from 1958 to 1971 inctusive (during which
period all cancer cases had been registered nationaliy)
were estimated by multiplying by the national age-
specific cancer incidence rates. In both instanges, the
rales used were those recorded in 1969. Fifty-eight
deaths were found, but no figure was given for the ex-
pected number. Deuailed figures were given only for
the numbers of dearhs and cases observed and expecied
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 to have angiosarcoma
of the liver were certified as having died of liver can-
cer or pancreatic cancer, and a third man died of
angiosarcoma of the liver 17 manths after the close
of the follow-up. .

Twao French studies provide cthe results of a long-
term follow-up of men employed in one plant (41) and
of a shorn-term follow-up of men employed in 12 plams
(Laplanche et al, unpublished), The first provided ob-
servations on | 311 men exposed te vinyl chloride in
the production of YCM and PYC and in selected an-
cillary operations from the opening of the Tavaux plant
in 1953 to the end of 1976 {41}. Six other empioyees
were excluded from the study because of lack of oc-
cupational histories and 160 men because their vital
status a1 the end of the study period was undetermined.
Twenty-five men were found to have died against 48 75
expected from contemporaneaus sex- and age-specific
national mortality rates (3.7 % of the men at risk). One
death was attributed ro angiosarcoma of the liver. in
a man who had been exposad for more than 15 years.
The reported data are so incomplete and caver such
a relatively short period from th= opening of the plant
that they add nothing of ¢pidemiclogic value to the
results of the other studies, apart from the addition
of & further case of angiosarcoma.

The second study provided observations an | 100
men aged 40 10 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 ar Tavaux
and were presumably survivors of the cohorr studied
by Pierre et al (41). The men were foliowed for {ine
years, and their morbidity and mortality were com-
parced with those observed for 1 100 men of the same
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ages (% 2 years) who were employed in the same plants
but who had never been exposed to VCM. The men
in both groups were interviewed personally, and in-
formation was obtained about their smoking and
drinking habits, which were found o be similar in the
two groups. The men in the exposed group had been
first exposed for an average of about 14 years and had
first been employed in the plant about 18 years previ-
ously. Morbidity and moralily data wer recorded an-
nually by the plant physician, who successfully traced
98 % of the exposed men and 96 % of the referents.
One of the exposed men, but none of those unexpaszd,
developed an angiosarcoma of the liver. Data were not
given separately for differsnt periods after first em-
ployment, and it is impossible 10 assess the significance
of the finding that six of the exposed men developed
lung cancer against two of the referents, which may
well reflect a chance occurrence of unusually few cases
in the reference group, as the proportion of all fung
cancers in that group (2 out of 13} was unusually low.
One exposed man developed a cancer of the lympho-
hematopoietic system against none of the referents, but
none of the men in either group were known to have
developed melanomas or cancer of the brain or thy-
roid.

A Japanese study has reported the mortality ex-
periencz of 4 524 men employed for at least one year
befare 1965 in 25 Japanese plants which began pro-
ducirg YCM or PVC between 1349 and 1964 inclu-
sive (37). The men were followed to 31 October 1975.
Twenly-eight percent of the men were observed more
than 20 years after first employmen:, but nane was ob-
served more than 26 years. Only 0.6 %e of the men were
untraced, and copies of the death certificates were ob-
tained for all the 209 men who had died (4.6 % of the
initial cohort). Individuals were classified according
1o the job in which they had been iongest employed
at the termination of their fallow-up. and data were
given separately for the 2 546 men classed a5 employed
in PYC production and I 978 others {including 900
classed as VCM producrion workers).

If this study is continued for another 10 years, it
should provide useful additional information, but the
present data include too few observations on men more
than 20 years after first exposure to be of any material
use. They confirm the evidence of a hazard of liver
cancer with six deaths among the PVC production
workers against 2.54 expected from national rates,
while only one such death was observed among the
other workers against 1.82 expected. One of the six
deaths from liver cancer among the PVC production
workers was certified as due (o angiosarcoma of the
liver, and at teast one of the other liver cancer deaths
was due to the same cause. Lung cancer deaths were
nat in excess (2 abserved in PVC workers against 2.33
expected), No data were given for cancers of the lym-
phatic and hematapoietic systems, for cancer of the
brain or thyroid, or for melanomas. The nortality

_ reported by Masuda (33) for 305 japanese viny! chlo-

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

Hazards of cancer

The results of the four most useful studias 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 tabke 3, and those for 10 types,
or classes, of cancer are presentzd in 1able 4. Data have
Rot been reported for each type of cancer in each study,
and the sources of the data are, therefore, specified
separately for each rype. Additjonal information ob-
tained from four other less informative studies (4, 7,
22, 49) is given in table § for seven types or classes of
carncer.

Table 3 shows that, apart from cancer of the liver,
the overall mortality is what would be anticipated for
an industry without any major hazard of accident or
disease. fn 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 emploved men. A low SMR of this order refiects
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 orher 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,

Angiosgrecoma, Death certificates are an unreliabie
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 series, tiver and gallbladder cancer) is not entire-
ly accounted for by the known hazard of angiosar-
coma. Fifteen 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 serics, seven of the 1t deaths attributed to
liver cancer, not specified as secondary, were known
‘0 be angiosarcomas, and they all occurred in auto-
clave workers against 0.38 expected liver cancers of all
types (P <10~%) (25). In the Canadian series, 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 heparomas, 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, wiile
one death attributed to angiosarcoma of the perito-

? Increased t0 3% in table | to take account of the 57 extra
deaths from an unknown cause.
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Table 1. Obsarved ana expected numoers of geatnhs from different cancers reported in the four prncipal studies 14, 324, 25,
46}, {Q = observed number of deaths. £ = expected sumber ol dealhs}

® Observed deaths muitiplied by 1.0674 and rounded off o the nearesfinteger to atlow for geaths without discovgred cause.

umteg States Unned Kingoom Canada Itaty
Type ar class of cancer
O+ E Q 3 o} [ Q 3

Buccal cavity and pharynx 13 11.55 4 a3.58 [ Q.64 1 c.8 ‘

Esophagus 7 8.07 [ 14.34 . . 1 (=

Stomach 3 16.01 26 23.91 3 d.e

Large 1ntestine 21 28.79 9 13.94 ] 1.2

Rectum . . 1 10.49 . . . . .

Liver 11 1.94 ] 0.14 1 0.5 ;

Liver and gailbladaer 33 5,77 . , . . . .

Pancreas 17 18.40 7 9.88 . . 0 0.7

Other gigestive . . . & 5,26 E

Larynx . . 4 221 . 1 09 .

Lung 118 11587 81 9212 } 2 5.78 12 8.1 X

Other respiratory 5 6,38 . . . . '

Borne 2 181 . . . . . 1

Skla (nonmelanama 6 7.36 . . X

Matanoma . . 2 1.74 ] Q2 !

Prostale 1€ 15.20 12 8.59 . i] 0.7

Testls . . 2 1.38 !

Bladder 5 §.45 14 8.00 4 133 1 0.7 '

Kisney 12 3.06 3 4.10 g . H

Other and unspeciliad urinary . 3 4.29 .

Brain 25 1276 4 6.18 } 0 050 . ‘ ;

Eye and cantrat nervaus system . . . - 6 . . .

Thyroid . . 2 0.43 . . . . !

Lympho-"and reflculosarcoma 12 7.53 4 2.35 . )

Hodgkin's dissase 3 5.45 3 2.50 0 04 !

Leukamia 14 13.94 7 5.16 1 1.67 0 0.7

Muitiple myeloma } 11 8.37 2 2.35 . ’

Other lymphatic : . . . . !

Other 46 40.50 18 8.12 2 085 g 45 !

Al] cancers 383 341.73 235 22860 - 20 1637 30 211 j
!
1

Tabia 2. Numbaers of deaths from nonmabgnant and all causes reportad in the lour principal studies (4, 14, 25, 45). (O = observed
number of gealhs. € = expected numberc of caaihs)

United Slales United Kingaom Canada ltaly ;

Cause of death '
o € 0 € o] E o E '

Benign and ather unspecifiad ;
tumors ' 4 5.08 . . . . 0 a5 :
Cerebrovascular disease 75 91.93 ‘ . . . :
ischemic heart disease 521 597.73 276 288 } 25 31.67 } 19 274 i
Other circulatory disease 157 12358 105 141
Bronenhis® 44 2283 a6 44 !
Pneumonia 15 3194 o &1 ) 8 3.21 } 3 5.0 '
Qther respiratory dlsaase 13 32.84
Climhosis of the liver 37 56,06 5 5 E « 185 4 5.2
Other digasiiva disease 27 3952 ’ 3 2.7
Dissass of the genitourinary system 1% 20.41 . . . . .
Othar diseases 67 1!588 43 76 2 5.40 2 7.0 '
Sufcide 45 52.78 1 0.2 !
Accidents and other violence 130 173.19 ] 0 50 2 1058 A 7.7
All nonmatignant causes 1153 138354 545 565 39 54,76 38 56.4 !
All causes 1836 1705.27 780 894 59 7107 66 77.5

® Sae foolnole to tabis 1.
* Emphyserna in data from the United Siates.
¢ Includes two cases certlified as cirthosts of the liver whieh proved to be angiosarcama of the liver.

9 Inciudes one case with cause unknown.

neum was found to have been due to angiosarcoma tributed 1-o cancer of the liver (for a total of four), but
of the liver (46). In the [talian study, further avidence  only one of the four was described as an angiosarcoma
revealed that three further deaths shoyld have been at-  (4). . ;

;
3
'
£
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studtes (4, 14,25,

Italy

o E
1 0.8
1 0.6
3 3.0
i} 1.2
1 0.6
0 0.7
1 09
12 8.1
0 0.2
i 0.7
1 0.7
0 0.4
o 07
9 25
30 211

1scovered cause

8).{O = observed

Italy

o} E
e 0.5
9 27.4
3 5.0
4 5.2
3 27
7.0
1 0.9
17
a6 §6.4
66 775

al of four), but
1 angiosarcoma

Table 3. Monality from cancar of the livar and other causes amang vinyl chiafride warkess in 48 nlants
in the four principal studies combrned (4, 14, 25 46). (O = observed numper of geaths, E = expected
aumber of geaths, SMA = standardized momrtality ratio;

Cause of dealn 8] =3 smMA
Cancer of tne liver* 59 8.45 698
Cancer af othar sites 609 599.35 102
Cther diseases 1547 1844.89 84
Accidents. poisonings, and vioience 226 295.15 77
All causes 2 441 2747.84 a9

* including cancers of the galibladaer 14 the senes from {ne United States.

Tabla 4. Mortalily from various cancers among vinyl chlaride workers in 49 plants in the four principal studies combined.
(O = observed number of deaths, E=exposad aumber of deaths, SMR = stangardizad mortallty ratlo)

Type of class of cancer e} E SMR in?g?ncﬁca%g; .
Mouth and pharynx 18 16.57 108 1,2.3, 4
Digestive system (ather than liver) 125 154.53 31 1,2, 3, 4
Aespiratory sysiem 223 229,36 97 1,234
Lung 211 214.09 99 1.2 4
Genitourinary system 70 6§2.81 111 1,23, 4
Malanoma 2 1.94 . 2,4
Brain 29 19.54 148 1,213
Thyroid 2 0.43 . 2
Lymphatic and hamatopoletic sysizm 57 50.87 112 1,23, 4
Other 83 63.24 131 1,2.7.4
All ather than of the liver 609 $99.35 102 1,2.3. 4

® 3y = United Slales study {14}, 2 = United Kingdom study (25, 3 = Canadian sludy [46). and 4 =tatian s\udy (4).

Table 5. Mortatity * from varigus cancers among vinyl chioride workers: Supplementary evidence (4, 7, 22, 49). {0 = observea
aumper of deaths, E =axpacted number of deaths, SMR = slanoardized mortality ratio)

Federal
HgDubllc Narway Sweden Italy Four countries combinec
. of Germany (1 plann (1 piant) {1 plant) (14 planis)

Type or citass of cancs 111 plants)

o E ] E o] E o] E o E SMR
Digestive sysiem
{excluding the liver} 350 318 3 1440 . . 1 1.2 39.0 34.44 13
Lung 235 248 5 2.84 3 1.78 o 15 a1.5 36.72 102
Malancma . . 4 0.79 . . [ 0.1 4.0 0.89
Brain 21 1.3 2 0.33 4.1 1.63
Thyroid . . 2 0.5 2.0 0.16
Lymgpnatic and hemato-
poistic systam 165 7.7 . . 0 0.7 165 84 136
QOther (axcluding the liver) 107 243 a 14393 4 20 22.7 41.43 5%
All exciuding the liver 87.8 B9.7 22 2016 5e  2.11¢ 5 5.7 1188 117.87 152

® |ncidence and cases In trh Norwegian study.
@ Canger of tne intestine anly.
¢ Cancer of the iunp and brain only,

Further evidence that the excess mortality from liver
cancer (or liver and gallbiadder cancer in the US series)
can be attributed principally if not wholly to the known
hazard of angiosarcoma is obtained in a comparison
of the excess deaths with the numbers of deaths front
angiosarcomas recorded in the Register of Liver Angio-

sarcoma Cases (maintained on behalf of the Associa.
tion of Plastics Manufacturers in Eurape by the Im

perial Chemical Industry PLC) before the end of ine
follow-up period (Bennett, unpublished). Fifty-onc ev-
cess liver cancers are recorded in the combined data.
and 49 angiosarcoma are recorded in the Register tu-
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Tabie 6. Monallty from iung cancar in tha sarles from the
United States (US; (141 aa¢ the United Kingaom {UK) {25 by
chara.iurstics relevant 1o sn occupational hazard. {O = ob-
servea number ol deains. € = axovectea number ol dsatns.
SMR = standardized Mmortality ratioy

Data Carggory ! Category 2

charactertstic® o E SMR ©® £ SMR

Qpserves 20 years
or more aftar first
employment {1},
others (2)
Employed 10 years
Qor more in the US
{1), others 1n

the US (2) 55 52.45 105 53 844 99
Employed before

1956 in the UK (1),

othars in the UK {2) 52 5§t39 101 29 4050 T2

Evar amployed as

avtociave worker

in the UK (1),

others In the UK {2) 16 17.08 &

114 113,96 100 BS 93B3 ¢

65 7482 87

2 The numbers in parantneses designare the category.
® See footnole ‘v \able 1 for observad geaths in the US.

the relevant periods for the three countries and the two
Italian plants? that are covered by the survey.

Nomne of the 122 casas yet recorded in the Register
were in men who ware first exposed after 1969, and
none of the 45 mzn affected in North America were
first exposed after 1564. All may, therefore, have been
exposed 10 concentrations of several hundred parts per
million, and many may have been exposed to concen-
trations appreciably higher (unpublished report by Barr
to Air Products and Chemicals Inc in 198]).

Lung cancer. The idea that exposure to vinyl chioride

might cause cancer of the lung was suggested by Mon-
son et al in 1974 (35), waen they notad 13 cases against
an expecied numbear 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 37) or for the speci-
fied data for lung cancer in the US, the UK, and italy
(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 Lkely to

3 Twenty-nine were regisiered as occurring in the United
States against an excess of 33; anly 20, however, were iden-
tifiable in both senezs. tnqQuiry has, as vet, failed to reveal
information about the histology of the remaining 13 in the
cohort study and the origin of the ninc exwra deaths in the
register. Nine deaths wers registered as occurring in the
United Kingdom against an zxcess of ning, but one of the
regisiered cases was certified as due (0 a benign hemangioma
and not related ta the iver {cade 227 in the eighth revisian
of the International Classification of Diseases). Ten cases
were registered as oecurmiang in Canada against an excess
of sight; two were recorded as being in men who had been
employed for five years, and it is possible that the actual
duration had been shightly less than five years with con-
sequent exclusion from the Canadian cohort. One case was
regisiered as ogcurring in one of the two ltalian plants
against 8n excess of less than one.
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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 lirst exposure than for men observed carlier, for
men employed bafore 1956 in the UK than for men
first employed after 1955 (when sxposure 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 smail.
They are, however, al] in the same direction, and the
probability that the rates should all be higher in the
groups in which an occupational hazard is more like-
ly 10 be seen in each of the four pairs of groups is |
in 16.

Additional informartion from othes sources is given
in table 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). [n
the German study the SMR was higher for the men
who had been exposed for 10 years or more than for
those who had been exposed for 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 {.82
of the 2.84 expected. Both the German and the Swed-
ish studies derived the expected numbers of deaths
from national mortality rates for a single year :owards
the end of the study period. The expected numbers of
deaths are likcly, therefore, 10 have been overestimated
and the SMR values correspondingly underestimated
as the mortality from lung cancer had besn rising
throughout the period of observation.

Brain cancer. The idea that vinyl chioride might cause
brain cancer was also suggesied by Monson et al (36)
when they reported [ive cases against 1.2 expected, The
combined data that are shown in tabie 4 provide some
support for this hypothesis. The cases of Monson et
al (36) were, however, observed in US workers and
musl be presurned to be included in the total reported
by Environmental Health Associates (14); therefore
they will have contributed a subsiantial proporion of
the total in table 4. As a test of the hypothesis the daia
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 subtracted
from the totals, twenty-four onserved deaths remain
against approximately 8.3 expected, a difference
whiclr might easily occur by chance (P one-ailed =
0.1}

* If the siudy of Waxweiler e1 2t (50) is regarded as the origin
of the hypothesis, 26 deaths are teft against 18,94 expested
(P ane-tailed = 0.07),
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Additional information from twa other sources is
given in tabie S. The small excess reported provides
little furthar evidence of an occupational hazard, as
one of the two deaths observed in the Swedish study
occurred in a young man who had been employed for
less than a year when the diagnosis was made, while
the excass death rate for brain cancer observed in the
German study was less than thal observed among
chemical workers not exposed 1o vinyl chioride (2.9
deaths after allowance for deaths from unknown
causes against 1.6 expected) and among workers in the
PVC fabrication industry (5.9 deaths after allowance
for deaths from unknown causes against 1.1 expected).

Cancers of [ymphatic and hemaropoieric tissues. The
idea thal vinyl chloride might cause cancer of the lym-
phatic and hematopoietic tissues — more specifically
the lymphatic tissue — was suggested by Tabershaw
& Gaffey (45) and by Waxweiler et al (50) in two cohort
studies, when they found, respectively, five deaths
from lymphornas in the most heavily exposed workers
against 2.54 expecied and four deaths from cancers of
the lymphatic and hematopoietic tissues against 2.5 ex-
pected. These small excesses might have been ignored
if the taboratory findings had not been interpreted as
suggesting that lymphomas were produced experimen-
tally in animals exposed to vinyl chloride by inhala-
tion (25). The idea that similar exposure might also
cause lymphomas in humans, therefore, merits seri-
ous consideration. The data from the four principal
studies :hat are summarized in table 4 provide little
support for the hypothesis waen ail cancers of the
Iyraphatic and hematopoietic tissues are considered to-
gether (57 deaths against 50.87 expected, SMR 112)
and very little more is obtained from the separate data
for cancers of the lymphatic system (Tabershaw & Gaf-
fey's definition of ICD list numbers, eighth revision,
200203 and 20S being used) that are shown in tabie
1 (35 dearhs against 29.40 expected). The position is,
moreaver, hardly aliered if the data in Tabershaw &
Gaffey’s initial report are subtracted (29 deaths against
23.36 expected, SMR 124).

Little additional information is provided by the
results of the German study (49). (See table 5.) This
study ottained an SMR of 214 for exposed workers
(based on |5 observed deaths, increased 1o 16.5 when
altowance is made for the number of deaths from un-
known causes) against SMR values of 77 and 34 for
an unexposed group of chemical workers and a group
of PVC fabricators. It showed that the excess of the
cxposed weorkers was present only for men who had
been exposed for more than one year and that this ex-
cess was most marked for men who had been exposed
for five years or more (10.7 deaths after allowance for
the number of deaths from unknown causes against
4.0 expected, SMR 268, P one-tajled <90.01).

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

e =

the possibility that vinyt chloride might have produced
the disease. Four cases were observed when 0.79 were
expected, and three of the four were in rnen whose oc-
cupations involved the highest exposures (against 0.5}
expected}. At the time of the writing of their reporm,
one further case had been detected with onset three
years after the closure of the study. Subsequent studies
in other countries have, so far, reparted only two
deaths against 2.0 expected. (See tables | and 5.)

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 ngt aware of any other studies indicating
an excess of this type of cancer, and they drew no con-
clusion from their observation. Twe 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 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
chloride might cause cancers of the digestive tract in
general have sometimes been made, but they have not
taken adequate account of the contribution of cancers
of the hiver to the total number of cancers of the
digestive system, particularly when it is borne in mind
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.

Cther cancers. One of the remaining types, or classes,
of cancer listed in table 4 shows a statistically signifi-
cant excess, namely, the heterogeneous group of
‘*other cancers'’ (83 observed deaths against 85.24 ex-
pecied, P two-sided < 0.05). This excess is only mar-
ginally significant and may be a chance observalion.
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, site unknown, the number of deaths in this
category therefore being increased.

Hazards of nonmalignant disease

No previous study has suggested that any nonmalig-
nane cause of death other than cirrhosis of the liver
would be likely to be increased as a result of exposure
to vinyl chlonide, and cirrhosis of the liver is presumed
to be increased only because of the liver changes that
were observed as part of the “viny] chloride itiness”’
(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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Yable /. Morality ‘rom selecied nonmahgnant causes and alt
causes in the four principat studies comowned (O = observed
number af dgeaths, E=expectea numbaer of ceatns,
SMR = stanaardized montaiily ranoy

Source of
Type ot disease o E SMR infarmation
Bronchiths,
smpnysermna® 8¢ 66.83 120 1 2
Other respiratory
disease 71 125.78 56 1,2
AH respiratory
disaase 180 200.82 B0 1,2 34
Ischemic haart
disease 797 885.73 90 1,2
Other circutatory
diseasef 252  284.55 95 1.2
All sircutatory
disease < 1103 1203.35 k2l 1,2.3. 4
Cirrhosis of the tivar 45 66.26 69 1.2 4
Othar disease 238 388.07 65 1,2 3.4
Al nonmallgnant
disease 1547 184450 84 1.2 3,4
All extemal causes 226  295.15 77 01,23, 4
All nonmaiignant
causas 1771 2139.65 B85 1,2, 3. 4
All causes 2441 274785 83 1,23 4

® 1 =United Slates study {14], 2 = Umited Kingdaom sltudy (25},
3 =Canadian stycy {45}, and 4 s !taban study (4)
b Bronchitis in the United Kingdom siudy, emphysemain the

United Siates study.
° inciudes corebrovascular disease in the United Kingdom ana

ltaliap siudies,

Tabie 8. Monallty trom chronic cbsiructive lung disease*in
the series Irom the Unitad States (US} (14} and tha United King-
dom (UK) (25} by charactarstics relgvant 1o an occupational
hazard. (O = observad number of deaths, E = axpactad number
of geatns, SMA = standardized monality ratio)

Calegory 1 Category 2

Data
characterlstic® o E SMA o E SMR

Qbserved 20 years

or more after first

amployment in

the US {1},

others in the US

2 a 158 1% 11 1.0 157

Employed 10
ysars ar more in
the US (1),
athers in the US (2] 16 10.9 147 25 12.0 208
Employad bafore
1856 In the UK (1),
others in the UK (2)
Ever employad as
an autoclave
worker in the UK (1),
others in the UK (¢ 2

26 30.17 B6 10 1360 74

855 4% 33 372 89

* Dascribed as emphysema in the US siudy and as bronchitls
In the United Kingdom study.

® The numbers In parentheses designate the calegory.

¢ Men ever amployed as a bagger ar drier, occupations which
would havs Caused the greatest occupalional exposure to
polyviny) chioride dust, axperienced ans death {rom bron-
chitis against 4.88 expected.

n :

recorded for men exposed to PVC dust {2, 26, 27, a4y,
and acute cardiac death, from analogy with the ={fext
of other halogenated hydrocarbons (25) and the ob-
servation of an increased moreality from myocardial
infarction in the few years following the cessation of
exposure in the Swedish PVC processing industry (35).
Relevant figures for the numbers of deaths from these
and other nonmalignant causes that are obtainable
from the four principal studies weee given in table 2,
and they have been summarized in table 7.

Cirrhosts 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 discases of the digestive systern combinzd
against 3.85 expected and noted that the four includsd
twa that were certified as due to 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 15.1 deaths
after allowance for the number with unknown causas
{49}, and 133 in the other, based on seven deaths {317).

Nonmalignant respirarory disease. The data for non-
malignant respiratory disease arc confusing in that the
total SMR from the combined data for the four prin-
cipal studies {s 80 and is the sort of figure that is com-
monly found in healthy industrial popularions, yet the
US study recorded a substantiaily increased mortality
from emphysema (41 deaths and an SMR of 180 be-
fore any allowance was made for deaths from un-
known causes). No such excess was found in the UK,
where 36 deaths from bronchitis gave an SMR of 82.
Internationai comparisons of chronic nonmatignant
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 to be called 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
to 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 vinyl chloride,

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 fung that were shown in table
6, they provide no consistent evidence of a greater risk
in the groups in which an occupational hazard would
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be expected 10 be concentrated. The authors of the En-
vironmental Health Associates report (14) were unabiz
to give any explanation for the increased mortality
from emphysema, and they point out that it could
hardly be due to excess cigaretie smoking, as there was
no overall excess for cancer of the lung. [t is striking,
however, that the excess is more than compsnsated for
by deficiencies in the other categories of nonmalignant
respiraiory disease (pneumonia |'S deaths,” SMR 47.Q;
othey respiratory disease {4 deaths, SMR 41.6), and
the question arises whether the emphysema excess
could be z classificatory artifact. Environmental
Health Associates (14) list 21l the 41 deaths which show
that they were coded under ICD number 527 which,
in the out-of-date seventh revision that was used for
the coding of all deaths in the study, was the code for
“‘other respiratory discase not otherwise classified”” and
included emphysema. Under that revision, however,
emphysema that was associated with bronchicis should
be classified with bronghitis under ICD numbers 500
to 502, and the possibility may be considered that some
of the emphysema deaths should have besn classified
in some catcgory of respiratory discase other than ICD
number 527. if this were the siruation, it could account
for bosh the excess mortality from emphysema and the
grossly deficient mortality from other nonmalignant
cespiratocy diseases,

No excess mortality from *bronchitis, smphysema,
and asthma’’ was observed in the German study (SMR
44 with 6.3 deaths observed after allowance for the
number of deaths from an unknown cause} (49).

Cardiovascular disease. Data for ischemic (or arterio-
sclerotic) heart disease (which may be presumed to in-
clude the vast majority of all deaths certified as due
to acute cardiac disease) were given only by the two
big national studies, and they provide no zvidence of
an increased mortality, The SMR values of 90 for this
group of diseases and of 91 for all cardiovascuiar dis-
ease recorded in the four principal studies are rypical
of the SMR values of bealthy industrial populations,
and there is no suggestion of any occupational hazard
in the subsidiary analyses provided by the two national
studies. [n particular, there is no evidence of an in-
creased mortality within one month of leaving em-
ployment in the UK study either for all workers (52
deaths, SMR 61) or for the most heavily exposed auro-
clave workers (9 deaths, SMR 42).

A shight increase in ischemic heart disease mortal-
ity was recorded for the exposed workers in the Geasr-
man study (49), but it was less than that recorded for
! The deaths antributed to differem groups of respiratary dis-

cases and the corresponding SMR values that are cited in

this section far the US study are as given by the Environ-
mental Health Associates (14) and have not been adjusted

10 accaunt for the number of deaths fram an unknown

cause. To take account of these deaths, the observed deaths
and SMR values can both be multiplied by 1.0674.

-

the unexposed chemical workers and the PVC fabri-
catars (SMR values of 127, 131, and 158 based on 97.2,
125.7, 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
tong-term health of men occupationally exposed to
vinyl chioride is massive and compares favorably with
that available for any other occupational group. Two
facts are outstanding. First, the men have experianced
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
(atmaost always more than 10 years and usually more
than 1S years) meant that a large number of men had
been exposed before the hazard was detected and that
it will still be many years befare the extent of the pro-
tection provided by the reduction in expasure in the
1960s and that of the further reduction that followed
the recognition of the hazard in 1974 are known. There
is, unfortunaitly, no effective treatment for the dis-
case, and the number of cases is reflected in the num-
ber of deaths. Some 50 deaths have occurred amang
the 16 740 men who were {ollowed in the four prin-
cipal studies that have been reviewed in this repori,
so that approximataly 1 in 335 men have been affected,
2 % of the deaths having been due to this one causz.
Eventually many more men must be expected to de-
velop the discase. 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 observarion is that the mar-
tality of the exposed men, other than that due to
angiosarcama of the liver, is typical of the normalily
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 overlooked. It is, however, still 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 almost as large as the risk of developing the nor-
maily very rare angiosarcoma.

One of the many hazards suggested can be dismissed,
as there is no evidence to support it, namely, that of
viny! 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 inTormation about them.
There is no good theoretical reason or labaratory evi-
dence 10 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 excesses are
the chance ¢ffacts that must be expected when many
differsnt typas of zancer are studied in saveral different
populations. So far as melanoma is concerned, it has
to be remembered that the disease has become much
more common in recent yzars in Scandinavia (where
the excess was reported) due, it is belicved, to the
poputarity of sunbathing and the increased oppor-
tunities for Scandinavians to {ravel to the warmer parts
of Southern Europe and North Africa. The extent to
which this change may have affected the observation
in Norway needs 10 be examined.

Two other hazards (of lymphoma and brain cancer)
were suggested by the early resuits of some of the US
studies. That vinyl chioride might produce a hazard
of lymphoma was initially supported by the prelimi-
nary results of animal studies, but the complete results
of the many jinvestigations that have been undertaken
{see reference 29) do not suggest that lymphoma or any
other cancer of the hematopoietic system is liable to
be produced. There 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 supported by the
observation that bath these types of cancer have caused
death morz often than might be expected from national
mortality rates, but the excesses observed in the com-
bined data from the four principal studies in this re-
visw are small and not statisrically significant, and the
hypotheses remain unproved. The small excess of brain
cancer is particularly difficult to evaluate, as mortal-
ity rates from this disease have changed rapidly over
time as mcthod; of diagnosis 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 findings 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
lymphatic and hematopoictic caneers are more impres-
sive, particularly as the excess was the most marked
for men who had been employed faor at least five years.
in these circumstances, judgment must still be sus-
pended until the data for each study are analyzed for
each specific type of cancer, by intensity and duration
of exposure, and by time since exposure began.

There remains the suggestion that viryl chloride
might caese tung cancer. At first sight, this possibil-
ity is ruled out by the SMR of 97 for the combinad
data for respiratory cancer for the four principal
studies, Lung cancer is, howsvar, normally so com-
mon (accounting for about 8 % of the expected deaths)
that an increase in mortality that was half as impor-
tant {numerically) as the increase in mortality from
angiosarcoma of the liver might easily be overiooked
(95 % confidence limits of thg SMR 85—112), Thein-

74

cidence of the disease varies moreover within a coun-
try, and there must be doubts as to whether the na-
tional experience provideas a suitable reference for men
employed in plants that are not evenly distributed
abourt the country. In thess circumstances ane cannot
exclude an occupational hazard unless it can be shown
that the mortality of the exposed men is independent
of the factors that might be expecied to influence it
if some of it were ocgupational in origin, namely, the
intensity and duration of ¢xposure and the time since
exposure began, Jt is not possible to examine these
relationships in detail, as the reports do not provide
all che necassary information. Such information as they
do provide, which was summarized in table 6, supports
the idea that exposure to vinyl chloride involves a small
hazard of lung cancer. Taken in conjunction with the
knowledge that lung tumars have been produced in sev-
eral species of animals exposed to viny! chloride by in-
haiation (29, it would seem thar a small hazard of lung
cancer probably did occur. The evidence is not, how-
cver, strong enough to conclude that it definitely did.
[fitdid, the hazard was avident only for men who had
been emplayed for many years at a time when eXpo-
sures of several hundred parts per million or more were
common, and any persisting risk can be only minute
aand incapable of detcction.

The questions that have been left unanswered by this
discussion might well be answered definitaly if (i) all
the exposed men could be followed 1o (say) the ¢nd
of 1984, (ii) the investigators could present their data
in camparable ways, taking account of duration of
smployment and time since first cmployment and
presenting data separately for men first employed be-
fore (say) 1965 and berween 1965 and 1974, and (iii)
estimates could be made of the effect of correcting the
results for each group of employess for the locality in
which they lived and worked.

Hazards to the general population

As vinyl chloride has been proved 1o cause cancer in
man and is a mulagen in laboratory experiments, it
must be presumed that even the minute doses thart
escaped into the general environment from production
plants or {in the early days of manufacture) from PVC
materiats will have caused some risk of cancer 1o the
general public. These risks must, however, have been
very small, as air concentrations of vinyl chloride, even
within a kilometer of plants handling vinyl chloride,
used to be (in or around 1975) of the order of 10 to
40 ppb (1, 3. 15), and this level is about one-ten thou-
sandth of the concantration that has caused an oc¢cu-
pational hazard. It is obvious, therefore, that it would
be impossibie 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-
culr to detect any other risk among men who were ¢x-
posed occupationally. The position with regard to an-

=
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gosarcoma of the liver s different. This disease is nor-
mally so care :hat, in the absence of specific exposure
to ane of the known causes (vinvl chloride, thorium
dioxide. and arsenic in pasticidss and medicines), the
annual incidence is on the order of 1—2 - 1077 (5, 8).®
In these circumstances the discovery of even one case
in a2 man hving close to a factory in which vinyl chlo-
ride was used in the days before exposure was tightly
contrallcd may be regarded as presutuplive evidence
of the effect of environmental pollution,

Sevaral surveys have been undertaken to determine
whether any such cases have occurred. Saric et al {(43)
and Elinder & Pershagen (13) sought for cases in the
vicinity of plants handling vinyl ¢hloride in Yugoslavia
and Sweden and found none. In Holland Dalderup et
al (11) found eight confirmed cases not attributable
to thorotrast or arsenic and could trace ‘*no contact
with vinyl chloride,”” but they made no specific men-
tion of the patient's place of residence. Baxter et al
(3) found }4 confirmed cases in Great Britain over a
12-year period, on¢ of which was in 2 man who had
lived half a kilometer from a PVC manufacturing
plaat, and, in New Yark State over an [8-year period,
Brady et al (5) found 19 cases that could not be at.
tributed o any known cause, five of which were in peo-
pie living within a mile of plants manufacturing or
using vinyl chloride. The overall incidence rates in these
last two studies were not unduly high, but the eccur-
rence of as many as six cases among people living so
close o manufacturing plants is surprising. Brady and
his coliezgues, moreover, campared their series of pa-
tients with matched referents and found that none of
the referents lived equally close to a plant. Two of these
six neighborhood cases (one in England and one in
New York State) cannot be attributed to environmental
pollution with vinyl chloride, as the mern who devel-
oped the disease had lived near the plants for six and
eight years, respeciively, before developing the disease,
and this period is 100 short to allow for the necessary
latency. The other four cases, however, all occurred
after IS or more years of local residence, and the dis-
covery of these cases strongly suggests thar polfution
of the environmeni around ptanis manufacturing VCM
or PYC may have caused a minute hazard 1o the gen-
eral public,

Current concentrations around plants handling vinyl
chloride are certainly much lower than those reported
previously by the US Environmental Protection
Agency. Recent British measurements made within a
few hundred meters of the YCM areas have given aver-
age vaiues below the daily limil of detection (5 ppb)
for three of lve plants, the readings at the two others
being 20 ppb {100 m outside the boundary fence) and
88 ppb (Just inside it) (47), although substantially
higher values were recorded on two occasions asso-
ciated with putting one plant into operation and with

* The figure of 1.4+ 103 cited by Heath =t al (21) seems to
have been a misprint for 1.4 10-7.

an accident at the other. According (o any reasonabie
criterion the harard to the general public (if there is
any at all) must be negligible (42).

No other hazard 10 the general population, other
than a hazard of cancer, can reasonably be postulaced.

Summary

This paper revicws (i) the possible cffects 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 (ii) the carcinogenic
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 viny! chloride might act as a teratogen or might
causc 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 demonsrrated.

Many groups of workers expased to 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-
paticnal 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 to die.

The results of four studiss can be usefully combined
for this purpose. They are 1wo national siudies, one
from the US and the other from the UK, and two
studies of employees in one plant in Canada and ;wo
plants in Italy. The results of other studies from the
Federal Republic of Germany, Norway, Sweden, Italy,
France, and Japan can be used only to provide sup-
plementary information. The many carlier 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 anly as sources of hy-
potheses.

Minor criticisins can be made of three of the four
most useful studies. They do not seriously affect the
value of the results, except that allowance has to be
made for the failure 1o determine the cause of 6.3 %
of the deaths recorded in the US study. Three of the
studies use national rates to estimate the numbers of
dcaths 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. It must, therefore, be kept in
mind that the rates used may not have been wholly ap-
propriate for the localities in which the plants were
situated. This crcumstance is potentially important for
the US study, which covered workers in 37 planis, 22
of whick were situated in the southern part of the
country. The other less informative studies are, for the
most part, 0pen [0 more serious criticism, and the value
of zach set of results needs to be assessed separately
in relation to each disease.

The combined resulis 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 for accidents and other violence,
{ii) 84 for diseases other than cancer, and (iii} 102 for
cancers other than cancer of the liver. All these results
are what might be anticipated for an industry devoid
of any spacific occupational harzard. The low ratio for
diseases otner than cancer reflects the “healihy worker
effect,’ which results from the selection process that
inevitably excludes soms of the less healthy members
of the popuiation from industrial employment and is
compatibie with a higher ratio for cancer, as the mor-
tality from cancer is not normally subject to such an
effect, apart from the first two or three years imme-
diately loilowing the siart of employment.

The mortality from cancer of the liver was nearly
seven tmes that expected. Most of the 51 excess deaths
were known (0 be due 10 angiosarcoma, even though
this diagnosis was not recorded on the death certifi-
cate. The excess corresponds closely with the 49 deaths
due :o0 angiosarcoma reported to the [nternational
Register of Angiosarcoma Cases as Occurring in em-
ployees of the plants concerned during the periods
under observation. All the men who developed the dis-
casc were likely to have been exposed L0 concentrations
of vinyl chloride of several hundred parts per million
or more.

Three other types of cancer which have been sug-
gested to occur as a result of exposure to vinyl chlo-
ride are cancers of the lung, brain, and fymphatic and
hematopoietic systems. The combined data for the
mortality from respiratory 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
effect of an occupational hazard would be most like.
ly to be seen (that is, men employed for more than 10
years, exposed to higher than average concentrations.
ot observed more than 20 years after first exposurel,
In two of the supplementary studies it was also noted
that ths mortality from lung cancer was specifically
increased among the most heavily exposed workers.
The combined data show small excesses in the mor-
tality from cancers of the brain and of the lymphatic
and hemaropaoietic systems. The excesses are, however,
not statistically significant, and there is nothing to sug-
gest that they are occupational in origin. An excep-
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tion is the observation of an increased mortality from
cancers of the lymphatic and hematopaiztic systems
in the supplementary study from the Federal Repudiic
of Germany.

Two types of cancer were reported to be in excess
in the Norwegian study, namely, thyroid zaacer and
melanoma. The significance of this finding is difficuit
to assess because very little information abour these
cancers has been provided by other studies.

Suggestions that vinyl chioride might cause cancers
of the digestive tract have failed to account for the
contribution of angiosarcoma of the liver. When this
disease is excluded, the mortality from digestive 1ract
cancer decreases to below the average (SMR 82 for the
four principal studies).

A small excess mortality {rom the heterogeneous
group of “'other cancers” in the combined resuits of
the four principal studies was statistically marginally
significant (83 deaths against 65.25 expected, P <(.05).
Some of the excess was likely to have been due (o the
misclassification of angiosarcomas as sacondary 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 ‘‘vinyl chloride ill-
ness, '* myocardial infarction (from analogy with the
effect of other halogenated hydrocarbons and because
of some observations from Swedish PVC fabricators),
and neumalignant respiratory discase because of
changes in lung function and the radiographic appear-
ance of the lungs observed in men =xposed (0o 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 of the two supplementary
studies which gave separate figures for the disease
{SMR values of 69, bas=d on 46 deaths, and 82, based
on 15 deaths), while in the other supplementary study
the increase was [rivial.

Data for myocardial infarction have not been re-
ported separately. But myocardial infarction accouns
for most of the deaths auributed to ischernic heart dis-
ease, and there is no evidence that either ischemic heart
disease or cardiovascular diseasc as a wholz was un-
duly comman {(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
in healthy industrial populations (SMR 80). This fig-
ure hides, however, an increased mortality from
chronic obstructive lung disease (SMR 120), which in-
cludes emphysemna and is due ta a grossly increased
mortality attributed to emphysema in the US study
{SMR 193), The corresponding meortality in the British
study, which was preferentially described as due (o
bronchitis, wes less than expected (SMR 382), as was
the mortality from pneurnonia (SMR 50} and other res-
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piratory discases (SMR 46) in the US stedy. There is
no consistent evidence that the mortality “rom em-
physema or bronchitis was specificalty occupanonal,
and it seems possible that the reported excass in the
S study was an artifact due 10 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 occupartionally exposed to
vinyl chloride leads to two clear conclusions, First the
men have experienced 2 specific hazard of the nermally
extremely rare angiosarcoma of the liver. Approxi-
mately | in 335 of the men cxposed in the 49 plants
studied died of the discase, and approximately 2 % of
ths observed deaths were attributed to it. [n the course
of tims the numbers of cases of angiosarcoma must
be expected to increase two to three times. Second,
the mortality from all ather causes has bean cypical
of that of narmally healthy industrial workers. If any
hazard has existed, its «ffect 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, scil] difficult to decide whether vinyl chlo-
ride produces small risks of cancer, compared to those
due (0 nonoccupational causes, at sites other than the
liver, and, if so, whether, in total, these risks might
cause almost as many deaths as angiosarcoma of the
fiver.

There is too littie evidence either to confirm or refute
the suggestion that viny! chloride might causs mela-
noma or cancers of the thyroid, brain, and Ivymphatic
and hematopoietic systems. None of the smal] excesses
that have been recorded point specifically to an occu-
pational hazard, apart from that artributable to can-
cers of the lymphatic and hematopoietic systems in the
German siudy reviewed, and most are likely 10 be the
sort of chance effect that is certain to be observed when
many types of cancer are examined in many different
studies.

The lack of any increased monality from lung can-
cer in che combined results of the four principal studies
reviewed does not exclude the possibility that there may
have bezn a small occupational hazard of developing
the disease, as geographic variations in the incidence
of the diszase throw doubt on the validity of using
national rates for estimating the expecried numbers of
deaths. The greater martality in groups of workers who
waould be morelikely (0 show an occupational hazard
than other groups suggests that a smail hazard may
have existed. The evidence (s, however, weak, and the
existence of 2 hazard has not been proved.

Clearer answers to some of the questions thar have
been posed in this review might be obtainad if the
various groups of investigators could present their
results in more appropriate and comparabls ways.

As vinyl chloride is a mutagen in laboratory experi-
ments and a praved human carcinogen, the minute
doses thal have escaped into the general environment
as pollutants must be presumed (o have causad com-
parably minute risks to the general public. No such

2

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

The Superfund Amendments and Reauthorization Act (SARA) of 1986 (Public Law 99-499) extended and
amended the Comprehensive Environmental Response. Compensadon, and Liability Act of 1980 (CERCLA or
Superfund), This public law directed the Agency for Toxic Substances and Diszase Registry (ATSDR) to
prepare toxicological profiles for hazardous substances which are most commonly found ar facilities on the
CERCLA National Priorities List and which pose the most significant potental threat to human health, as
determined by ATSDR and the Environmental Protecton Agency (EPA). The lists of the 250 most significant
hazardous substances were published in the Federal Register on April 17, 1987, on Octwober 20, 1988, on
October 26, 1989, on October 17, 1990, and on October 17, 1991, A revised list of 275 substances was
published on October 28. 1992.

Section 104(i}(3) of CERCLA, as amended. directs the Administrator of ATSDR (o prepare a
toxicological profile for each substance on the lists. Each profile must include the following:

{A) The ecxamination, summary, and interpretation of available toxicological information and
epidemiological evaluations on & hazardous substance in order to ascertain the levels of significant
human éxposure for the substance and the associated acute, subacuts, and chronic beaith effects.

{B) A determination of whether adequate information on the health effects of each substance is available
or in the process of development to determine levels of exposure which present a significant risk to
human health of acute, subacute. and chronic health effects.

(C) Where appropriate. identification of toxicological testing needed to identify the types or levels of
exposure that may present significant risk of adverse health effects in humans.

This toxicological profile is prepared in accordance with guidelines developed by ATSDR and EPA. The
original guidelines were published in the Federal Register on Apri} 17, 1987, Each profile will be revised and
repuiblished as necessary.

The ATSDR toxicological profile is intended to characterize succinctly the toxicological and adverse
health effects information for the hazardous substance being described. Each profile identifies and reviews the
key literature (that has been peer-reviewed) that describes a hazardous substance’s toxicological properties.
Other pertinent literature is also presented but described in less detail than the key studies, The profile is not
intended 10 be an exhaustve document; however, more comprehensive sources of specialty information are
referenced.

Each wxicological profile begins with 2 public health statement, which describes in nontechnical language
a substance's relevant toxicological properties. Following the public health staiernent is information conceming
levels of significant human exposure and, where known, significant health effects. The adequacy of information
1o determine & substance's health effects is described in a health effects summary. Data needs that are of
significance to protection of public health will be identified by ATSDR and EPA. The focus of the profiles is on
health and.toxicological information; therefore, we have included this information in the beginning of the
document,
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Foreword

The principal audiences for the toxicological profiles are health professionals al the federnd. state, and
local levels, interested private ssctor organizations and groups. and members of the public.

This profile reflects our assessment of all relevant toxicological testing and information that has been peer
reviewed. [t has been reviewed by scientists from ATSDR. the Ceaters for Disease Conwol and Prevention
(CDC). und other federal agencies. It has also been reviewed by a panef of nongoveminent peer reviewers and
is being made available for public review, Final responsibility for the contents and views exprussed in this
toxicological profile resides with ATSDR.

J
William L. Roper. M.D..
Adminisaator
Agency for Toxic Substances and
- Disease Regisuy

- .
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2. HEALTH EFFECTS

TABLE 2-5. On-going Studies on Vinyl Chioride*

/\)&U

Research
Investigator Affiliation description Sponsor
D. Brown NIOSH, Updating epidemiclogic studies NIOSH
Cincinnati, Ohio on viny! chloride
""TBEW Y
M. Humayun University of Mechanisms of mutagencsis by NCI
Medicine and cyclic DNA adducts in rabbits
Dentistry of
New Jersey
H. Jiang! University of Effects of vinyl chloride on NA
Maryland pregnancy, parturition and fetal
development among female
workers
B. Singer University of Biochemical mechanisms of vinyl NCl
California, chioride carcinogenesis
Lawrence
Berkeley Lab
J. Taylor NIEHS Molecular epidemiology of NIEHS
cancer susceptibility and
oncogene activation
R. Thurman «ea.. University of Mechanisms of hepatotoxicity by NIEHS

North Carolina
at Chapel Hill

environmental pollutants

*Sources: FEDRIP (1990); SClsearch (1990)

DNA = deoxyribonucleic acid; NA = not availabie; NCI = National Cancer Institute; NIEHS =
Natiopal Institute of Environmental Health Science; NIOSH = Natianal Institute for Occupational Safety

and Heaith
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