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Effects of exposure to vinyl chloride
An assasement of the evidance
py Sir Richard Dolf, FR3"

. . part appesred.

DOLL R. Effects of &xposure to viny! chioride: An assessment of the evidence, Scand J Work Environ
Health 14 {1988) 61—78. This paper reviews the possible effects af vinyl chlorde on the mortadicy of oc-
cupatioaally exposed men and the carcinogenic effects that might be obsstved fa chic genarad populadion
as 4 resul) of envicoamental pollution with viny! chiaride, The reculs of four studies fulfilling the criceria
of providing substantia! nembers of obscrvasions morce than 25 years after first exposurs snd covering
1 perlod Jong cnough for more thar 10 %h of the workers 16 have been expected 1o dic constitute the basks
for the assessment of the occupationa! harards. Other studies provide aly supplemeatary information,
The data pecmit two conclutions. First, men occupativaally exposed 10 vinyl chioride have experienced
a specific harard of wngiotarcoma of the liver, Sacand, any otter ocaupations! hazards that may have
existed have been small, No positive evidancs of « kazard of any neamalignant ditcase or any type of
cancer other than snglomrcoms of the liver has been found exoept possibly far a small hamrd of lung
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For many years the inhalation of large amounts of
vinyl chioride has been recognized as potentaily haz-
ardous. Concentrations of the order of 10 000 ppm in
the air induce umconsciousncss and cardise arrhyth-
mia, while protonged exposure to concentrations an
arder of magnitude Sowet have been fiabie to cause »
specific pathalogical syndrame. This **vinyl chloride
illnesc™ has been chiaracterized by four cardinal signs,
namely, enlargement of the liver and spleen with
specific histological appearance, patchy infiltration of
the skin resembling scleroderma, bony Shanges in the
tips of the fingers described as acroosteolysis, and
peripheral circulatary changes identical with the clas.
sica) pictuce of Raysaud's discase. These pathologi-
<l reactlons may occur singly oc Logether and may pos-
bl be accompanied by other less characteristic ef-
fects. They car, however, be completely avoided {f ex-
nasure never exceeds the leve] of & few hundred pany
ner million, ie, the level 10 which cxpasures were
generally reduced In the mid-1940s.

Onc other serlous effact has, however, becn abxerved
that mwy not be avoiduble in the same relatively easy
way, namely. the production of angiosarcoma of the
aver; It must, indeed, be presumed that some risk of
developing the disease will persist from cxposure 10
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doses that arc even lower than the corvent industriel
levels of $ ppm or Less, a3 vinyl chloride hasbeen shown
10 #c¢ 83 & mutagen (23}, xod it cannot be assumed that
u threshold exists below which no carcinogenle risk
persists. Morcover, the passiblity has to be considered
that vinyl chlorid¢ may cause some cancers othes 1han
anglasarcoma of the liver, partly because laboratory
studies have shown that it causes other cancers in
aimal experiments and party because the itdtial
studies demonstrating the production of angiosarcoma
af the liver in lummans were inadequite (n stze (o ex-
clude a maierial increase in the risk of cancer In com-
mon sltes, such as the lung and Jarge bowel. Since no
threshold dose can be postulated, it aise follows thaz
some cancers may have bean produced in the genenil
public by the emall anaunts that have escaped into the
general eavironment,

Congideration also needs 10 be given o the possi-
bitity thac exposure to viny! chloride over a long pe-
riod may have noxious ¢ffects on humans that cannot
be scen easily in animal experiments (by, for example,
producing chronic respiratory discase}, and, asitisa
mutagen, there is also & possibility that it may act as
a teratogen and cause congeanital malformatioas in
offspring.

In this review 1 have nol cxamined the possibility
that vinyl chloride acts as & teralogen or that it causes
mutations in germ cells, as there is (oo little serious
evidence 1o justify inclusion. Reviews carried aut for
sections of the industry by Downs et al {unpublished
report 1o the Society of Plastic Industries Ing in 1977)
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and by Machiahkoa {unpublished yeport to the Chemi-
cxl Manufacturers Associstion ln 1977) concluded that
the few ceports of positive effects could aot be sub-
stantiated, and no additional evideace was fouynd in
a similar later review by Barr (unpublithed report to
Air Products and Chemicals lac I 1981), apart from
& report that embryos were absorbed and skeletal os-
sification wais produced when pregnant rats were ex-
poscd 10 Soses appreciably lower than those that hed
been used by other workers without eay such effects
being observed. The report of absorbed embryos (34)
could ncx be evaluated thoronghly, however, as the ex-
perimem was inadequetely describied. I have, therefore,
oxamined only the possible effecis on the personal
ticalth of men occupstionally exposed to viny! chio-
rids, other than those related to thelr reproductive
capacily, aad the carcinogenic effects that might con-
ceivably be observed in the general population as a
result of the widespread distribution of vinyl chloride
2z & poliutant.

socupationat hiazarde

Many studies of workers exposed to viayl chlocide In
the manufacturs of vinyl chloride mopomer (VCM)
and polyviny| chloride (PVC) have been andertaken
since it was first found that vinyl chloride could cause
cancer in animals (28, 48) and man (10). Thece inves-
tigations bave confirmed that exposre causes a haz-
&rd of angiosarcams of the tiver and, in several in-
stances, bave thouwn excess incidence ar mortality rates
that wire coaventionally statistically significant for
other digexsas, Conventional tests of statistical aignifi-
canee are, however, desigued to help answer single
quesdons defined beforehand, and several findmgs that
might be expected to accur by chance alage once in
{say) 20 times must be expected 1o occur if dozens of
rates are examinad in each of several scts of indepen-
dent dats. Scientlsts have, therefore, been faced with
the problem of deciding whether the excess rates that
have been observed in individual studies are dueto oc-
cupational hazards or to the vagaries of ¢hance.
This probleru can be solved in part with g exami-
nation of the results of a sumation of data from com-
parable studies, that is, by a compatison of the sums
of the nembers of deaths observed and expected in
each study. This procedure does tot require the as-
suraption that the exposures have been the same in cach
study any rpore than the same assymption is required
for each individual when the results of cach study are
considered alone. 11 4ok require however that each
expased population has been observed over a period
when its members were at rick of developing disease
{if & genuine hazard existed} and cthat in each stady
the reference popuiation from which the expected num-
bers of deaths were derived was appropriate (that is,
at the same risk of doveloping discase a5 the exposed
papulstion would have beea in the absence of expo-
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sure}. These requirements do not inoroduce any new
oxmmiexity, as both are, of course, also required If cor-
rect conclutions are to be drawn from the results of
the individue! studies wien they are examained on their

own,

Saurces of laformation

Four studies meet the gforementioned sequirements,
namely, two farge natonal sucveys, one reperied by
Jones (25) for the Unlied Kingdom (UK) and the other
by Environmental Health Associzies (14) for the
Unfted States (US), and studies of individual plants
in Canada, cepacted by Thérlaalt & Allardt (46} sad
in Italy, reported (as & part of a national study) by Belli
&1 & (4). All fonr tnclude abservatians on men more
than 25 ycars after their first exposuce, and the exs
pected aumber of deaths is, in each case, greater than
10 G of the total number af employees, a value indi-
cating & long sverage period #t tisk. Earlier observas
tions on UK and US employecs (6, 9, 12, 16, 20, 36,
39, 40, 45, 50) bave been subnuned in the national sur-
veys and now serve onty s sources of hypotheses and
of some dewlled information not locluded tn the na-
tional ceports. Studles of German (49), Norwegian
(22), Swedish (7), French (41, and unpublished report
of Laplanche &1 al), Japanesc (33, 37). aad some other
Italtan (4) workers provide some supplementary infor-
mation, but, in general, the periods of observation
have not been long enough for useful epidemiotogic
data to be obtained about diseases that are unlikely
to aeour withia 20 years of (irst exposure, or they
repart anly selocted reyults which are difficult to in-
terpret. as only exeess rates tend to have been selected.
Studies of makens of PVC products have not been
included, 8¢ the workers have had much less exposure
to vinyl chloride than those employed in the manufac-
ture of VCM or PVC and sy occupationsl hazard 1o
which they mey have been expaosed is more likely o
have been produced by PVC dust,

U$ study. The study carried out by Eavironmental
Health Associntes (14) on behalf of the US Chemical
Manufacturers Association it the fargest and most In-
formative investigation thus fer undernaken. It cov-
¢ced 10 173 men who had worked in 37 piants owned
by 17 companies — ¥ 214 men in §{ plants that
produced only VCM, 6 848 men in 18 planis tha
produced only PVC, 935 men in theee plants that
produced both, and § 176 men in five plantt that
produced homopolymers and copolymers, with or
without YCM ar PVC,

Twenty<wo of the plants were in the southern part
of the country, 14 were in the sortheastern or north
central parts, and oae wes in the west.

Men were iocluded if they had been expased to vinyl
chioride for a1 least a year before 31 Decernber [972
and had been employed it 1942 or subsequently (the
first yrar depending on the daie the plant began making
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or using vinyl chloride and the earfiest date that per-
sonnel recards were deemed 10 be complete, whichever
was the iater). individuzls who met these criteria were
{dentified from company recaords by company per-
sonnel.

Raclal churactetistics were known only for 686 men,
97 % of whom were white, and it was presumed, for
the purpase of extimang the aumber of expectad
deaths, that all 10 173 men were white,

Follow-up data were obtained from plant and So-
dal Security Administrasion records and (for i who
died after 1979) from the Nazional Death fndex. Five
plants did not collaborate in the exiension of Cooper's
(9) cardier study, which had been subsumed o che
present javestigadon, and the 955 cmployees ia these
plans who werr known to be alive on 31 December
1972 were not followed any further. For the rest,
follow-up was agempted to death or 31 Decemtiber
1982, whichever was the earfier. On this basic 92.7 %
of the men were successfully iraced, Those who were
uatraced were excluded (rom the tast date of contact,
which was ususlly the date when employment ceased,

Almast half of the men (46 %) wore fist employed

_ before 1955. A large peoportion was, therefare, ob-

served moce than 28 years after first exposure (and in
many cases for more than 30 yeirs) when diseases with
a long latency period might be expected 2o be secu.

Short-term workers had been excluded from the
cohort, and moxt af the men had continued in em-
ployment for many years, twa-thirds being emplayed
for 10 years or more and the average duration of em-
playment being 16 yes.

Fifieen hundred and thirty-six men were found to
hiave died. fn 1 439 cases, the cause of death was ob-
tained (rom the death certificate, but no cause was ob-
tained fox the other 97 persons (6.3 %).

The numbecs of deaths expacted from each of 38
causss or groups Of causes were abrgined by multi-
plying the person-years at risk by the discase-apexific
natlanal rases for white males, for the corresponding
age graups and {ive-year periods of the study,

This important seudy is open to three minor eritl-
cisms, which are unlikely to have had any marerial
effacts on the results, First, the lists of emplayees were
compiled by company personnel from company te-
<ords withaut any independent cheek. Second, the as-
sumption that all the employces were white will have
cauted the expected deaths to have been very slightly
underestimated., as the few black employees arc Jikely
o have tad higher mortality rates and there s no
reason for supposing that the smali sample fram which
the proporrion af black ¢mplovees was cstimated was
negessarily representative. Third, an clement of uncer.
tainey was introduced by the failure ta trace 23 many
as 7.3} % of the ¢mplovers.

Two grher criticisms are more important. First, the
expected numbers of deaths were calculated on the as-
surnption that the men would have experienced the
same morality rates as the white male population of
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the whote country at the corresponding dates, The use

af national reics s common practioe ia studies of in-
dustria) populations and tends to result in an gver-
estimation of the expected numbers of deathis so thar
the employess appear to be unusually hesithy, This
*‘healthy worker effect’’ is well imown and has been
taken lato account ln my discussion of the results. A
mare serious objection to the ase of national rates is
the way mortality varies from onc part of the country
to anather, due to differences in the prevalence of en-
viroumental snd social factors warelated to the occu-

pation of jnwerest. It i, thercfore, g=nerally preferable
to use xtate (if not county) rases in place of aational
cares. With 37 plants, however, it might be thought
that their geographic distribution woeld be suffisfendy
wide 10 make tha use of national rates appropriate.
Unfortunately 22 of the plants were located in the
sooth, and s check would have besn desirabie 1o see
whether their oeadoa could have caused xny coaterial
distortion of the results,

Sccond, causes wene not obtained for 97 of the 1 536
deathy, This deficiency was allowed for in the calou.
Lation of the overall mortality by the inclution of deaths
due to uniknown ceases, it was not allowea for, how-
ewer, in the caleulatson of the discasc-specific martality
iex and will have caused the starklardived moratity
ratios to be underestimated by sa average of 6.3 %.
For the present purposa, Lherefore, the aumbers of
deathis attributed to tpecific diseases have each been
multipbed by 1.0674 {100/(1—97/1516)] and rounded
off to the nearcst {nteger.

UK .study. The study repoeted by Jones (25 and un.
published) on behalf of the British Health and Safety
Executive coverad 5 493 men who were employed for
at least one year in jobs that lavolved potential expo-
sure 10 YCM for at least 25 %% of the work week and
who were first employed in the period 1940—1974. De-
ity of the men were compilod from the personnel
recards ol nine chemical plants manufacturing or paty-
merizing vinyl chlaride, and the vital status of the men
was determined at the end of 1984 from the records
of the National Health Service Central Register, Five
thoustand four hundred and nincty-cight men wére
traced (98.9 ). Seven hundred and eighty deaths were
identified, aad copies of the death certificates [coded
o the eighth revision of the International Classiflca-
tion of Discases (ICD) If they occutred before 1979
and 0 the ninth revislon if they occurred later] were
senl to the investigators,

Scveral specific points about the study need to be
noted. First, national mortality rates for England and
Wales were caiculated for five.ycar age graups over
quinquennial periods for 66 causes of death, and these
rates weee used in the estimation of the aumbers of
deaths that might have been expacted in the cohort by
multiplying them by the comresponding numbers of

person-years under observation, Some difficulty which |

could have been related to the causes of death being
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coded sccording (o the ¢ighth and ninth revisions of
the ICD was, bowever, experienced in obtaining soft-
able rates for afl causes of death, and rates for & rela-
tively late period had to be used for estimating the
numbers of deaths {rom many disrasey (hat might havce
been expected 10 occur in earlier pertods. For two
categorics the earliest avallable rates were 1960—1964,
for one they were 19651969, for 24 they were 1970
1974, and for one they were 19751979,

Second, an attempt wis mede 1o classify men ac-
cording 1o whether they had high, intermedizte, or low
exposure 10 VCM ar PVC dust. and each man's em-
ploymeat hiztory was recorded according to 12 job
titles with advice from the plants concerned. The men
were then grouped according 1o whether exposuve to
VCM was likely to have been high (group A), expo-
sure to PVC dust was likely to huve beea high with
exposure to YCM law (gtoup B}, or exposure to VCM
aud PVC dust was intermediate and intermigrent
(group C). All other men, whe would generally have
* 4low expasure to bath VCM and PYC dust, were

ad as group D, Within all the groups, exposure
ZCM was likely to have been higher f it had begun
before 1956.

The stody makes an limporaat contcibution to the
knowladge concerning the long-term effects of vinyl
chiocide. The use of nstional rates 1o caleulats the ex-
pected cumbers of deaths may be Justified on the
grounds that the men were employed in ninc plaats,
which were presumably distrituted about the country,
but no detalls of ther location are given. Jo general,
mortality rates tend 1o be higher in the parts of Britain
where heavy industry is located than in other parts of
the cogntry 3¢ thas the expected nurnbers of deaths are
more likely to be biased downwards than upwards; but
whether this is s0 or not needs to be showu.

The use of recent rates to calealate expected num-
bers of deaths from many specific canses of death was
presumably necessary if the diseascs were 10 be wudied
individoally and will have done po harm if the inci-

" dence and fatality of the discases in question remained

stable, It would have been desirable, however, for che
diszases 10 have beeu specified so that the reader would
kuiow which were liuble t¢ be distorted.

The system used to classify the men into four expo-
surc groups is the sort of systean that is cammonly used
if precise measures of exposure are not available. [t
ereates some dificulties in the scatistica] analysis if men
move from one job 10 grother and are classed {as in
this instance) as having had high exposure if they have
ever had @ pasticular type of employment (¢g. cver been

mployed as dn autoclave worker), No evidence is pro-
vided to show that the person-years at risk before a
man ¢ntered the category have been subtracted and
added to another exposure group before the numbers
of expected deaths were calculated. Movemeat from
one job to another was said 10 have tended to be out
of groups A end B into D, but even 0 it must be
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preaumed that the expasted aumbers af deaths in the
first WO exposure camtegorics are fikely to fiave been
averestimazed,

Cardadian study, The Canadian study (46) waa lislted
to emplovess of a single plant in Shawinigan, Quebec,
The plant, which was sicunted in an industrial com-
plex, was opendd in 1943. VCM and PYC were hoth
made until the Iste 19605, when the production of
VM ceased, while the producdon of PYC continued.
An gitempt was made to trace 8l the production work-
ers whose pames appeared on the unions” lists or the
payrolls of the companies in the whok industrial com-
plex, including the vinyl chloride plant, between |
Janusry 1948 and 31 Dacember 1972, and coalact was
made with the worker or his pexicofkin in { 651 ow
of | 659 instances (§7.1 ¥e). Detailed occupational and
smoking historics were obisiood by questionaaire, 1ad
156 men who had been employed by the companies
for less than five years were excluded. The remaiaing
men were categorized as (1) exposed to VOM If Lhey
had worked on the production of YCM or PVC lor
at least flve years (451 men), (i) unexposed to VOM
if they had worked gimilarly for legs than six months
{870 toen), and (1il) other men (134 in totaf). The last
group wes excluded from the study. Follow-ug was
clased on 31 December 1977. Cagics of 1he death cer-
tificates were obtained, and the causar for all who had
died (59 exposed and 233 unexposed) were caded ac-
cording to the cighth revision of the ICD. {nforma-
tion was giso sought for histolagical or cytological con-
fermation of all che diagnoses for all the exposed men
who had died of cancer.

The recults were examined fn twa wage, First, the
mortalities of the exposed and wmexposed men were
comparad aftezr standardlzation for five-year periods
of the study znd five-year aga groups, Second, the mor-
taliry of the exposed £xXn was compared with that ex-
pected if the men had bad the sex- and age.specific
meortality rates recorded in Quebec far the year 1971.
1n both comparisons the causes of demth used were
those specified on the death certificate, and the rddi-
tiotial pathological {nformation was used lates only for
ititerpretation of the results.

Most of the exposed mea were exposed for more
than 10 years (75 %), the average kngth of cxpasure
was approximately 17 years, and 44 % were observed

more than 25 years after first exposure.

Although small, the study makes y useful contribu-
tion o the overal] results. The histological review of
the cancer cases i particularly helpful. [t showed that
all cight cancers disgnosed as liver cancer (including
two specified 2t hepacoma and one specified as angio-
sarcoma} were anglosarcomas of the liver, ns well as
one that had been diagnosed as gngiosrreoma of the
peritoneum, Two other cases of angiosercoma of the
{{ver were found to lave been certified as hepatic cir-
rhosiz. It is also helpful 10 have 3 comparison between

i aa 5

el

- A

the expated and “unexpased* ¢
companies as it shows that the I
for all nonmalignent diseases .
a healthy worker effect and wa:
recording of exposure {relative
nant causes compared (o that of
0.95).

One aspect of the study has to
ie, the use of provinclal rares 1
calculate expecied moriality s.
period (1948 1o 1977 inclusive}. ¢
to bunch up owards the end ¢
vation 30 that the rates for th
have been faicly represenative, 1

— .

PYR R P et T

— A Sm—

'

i " 1ome distonion of the expected

X iz (and even the direction) of
{ § cstimate. For mos disease grou
b lkely 10 have been Jarge.

duction of vinyl chioride and PV
{ was hegun i 1983. All men w
- & employed lor at least six montt.
i start up of the plant to the end
stifl incomplese, bul resuits are
; in three plaats (4). Two plant
i signaua) began operatian in [9
. thirty-seven men were employe
2 i the other. Al but three (from
followed to the end of 1984, Exg
mzted by multiplying the pers
K sorresponding national mortal
b year age group and each five-ye
s The toral expected deaths ia «
more than 10 % of the emtiplo.
i (12.4 and 12.2 ).
Clinical information was sou
cath of ali the §$ employees of
d died. Revised diagnosas, w
nparison with the expected
deaths from cancers of (he Uy
The Ravenna plant did not
1959, Six hundred and thirty-elg
but faur were traced to th
‘were found 1o have died. No m:
lowed for more than 24 yeacs,
(3.9 % of the work force) were
this plant have not, therefore,
J<ipal analyses, It may be not
¥ death was attsibuted to liver of

, P Tialian srudy. A study of all me.

Sources. The Norwegian :
ations on 454 men who ht
it in Telemark where VCM )
1950 10 197] and PVC £

PBSEL THM



UA/l‘J/’:)d 12:14

a dy (46) was Umited3
i aawinigan, Quebeg, 1

race all the production work-g
«d on the unions' lists or the
1 in the whole industrial com-
1 chioride plant, between (
ember 1972, and contect was
¢ his next-of-kin in 1 611 out
}. Detailed occupational ead
beained by questionnaire, and
employed by the compagies §
vere excluded. The remainiog 3
¢ (i) expored to VCM if they 4
duction of VCM or PYC {or 3K
mett). (Il) unexposed 1o VCM
{larly (or less than six months S|
er men (134 in total). The last ¥
am the study. Follow-up was
1677, Copies of the death ctr-
and the causes for alt who had
33 unexposed} were coded ac- I
evision of the ICD. Informa- 3N
histologicat of cytological con- S8
gnoses for ail the exposed men
.

min= in two ways. First, the
e nexposed men were
T for five.year perlods
ar age groups, S¢cond, the mor-
wn was compared with that ¢x-
. had the sex- and age-specific
:d in Quebec for the year 1971,
the causes of deuth used were
death certificate, and the add!-
>rmation was used later only for
results.,

:d men were exposed (or more
the average lengh of exposure
vears. and 44 ¥y were obsened
fier first exposure.

: study makes & useful contribu-

wits. The histologival review of

ticulariy helpful, It showed that
nased as liver cancer {including
oma and one specified as angio-
arcomas of the liver, as well as
ignosed as angiosarcoma of the
er cases of angigsarcoma of the
ave been certificd gs hepatic cir-
ul ta heve & comparison berween

'5‘119 382 8842

the exposed md “uncxpcsed" cmployces oflhcu.mc
companies as it shows that the low moriality observed
(or sll nonmalignant discascs could be atributed to
a tiealthy worker effect and was not dus to bias in the
recording of cxposure (relative rigk for all noamalig-
namt causes compared to that of the “unexposed™ mien
0.95).

QOne aspect of the tudy has to be criticized however,
i, the use of provindal rates for ane year (1971) to
calculate expected mortality pread over 8 3)-year
period (1948 to 1977 Inclusive). Deaths will have tended
10 bunch up towards the end of the period of gobser-
vgtion so that the rates for this panticular year may
have been falrly representative, but it must have caused
some distortion of the expected numbers of desthy, the
size (and even (he direction} of which Is impossible to
cstimaete. For mast disease groups the distortion is un-
likely w0 heve been large.

lialian study. A study of all men employed in the pro-
ducticn of viayf chloride and PVC in nine 1tafisn plants
was begun in 1983, All men were included who were
amplayed Cor at least six months af any tim¢ (rom the
siart up of the plant to the end of 1951, The study is
still iIncomplete, but results are now availsble for men
in three plants (4). Two plants (in Ferrars and Ro-
signana) began operstion in 1933, Four hundred and
thicty-seven men were employed in one plant and 181
in the other. All but theee (from the Fecrara plant) were
{ollowed to the end of 1984, Expected deaths were csti-
mated by multiplying the person-years at risk by the
corresponding national moctafity rates {or each five-
year age group and cach five-year period of the study.
The wtal expected deuths in each case amounted to
more than 10 % of the employees in the two plants
112.4 and 12X ).

Clinical information was sought about the cause of
death of all the 55 employces of the Ferrara plant who
had died. Revised diagnoses, which were not used for
vomparison with the expected deaths, revesied four
Jeaths [rom carkers of the tiver in plaoe of ane.

The Ravenna plant did not begin operation until
1949. Six hundred and thirty-cight men were employed.
All but four were traced to the end of 1983, and 17
were found 1o have died, Na man could have been fol-
Jowed for miore than 24 years, and aonly 5.1 desths
13.9 %% of the work force) were expected. The data for
this plant have not, therefore, been used in the pein-
cipal analyses. It may be noted, however, that ane

~geath was attributed to liver vancer when 0.1 wis ex-
pected.

Other sources, The Narwegian study (22) provided ob-
senvations on 454 men who had been emploved in a
plaar in Telemark where VCM had been manuafactured
from 1950 to 1971 and PVC from 1950 10 the &nd of

HCO nuu»orw Lum

the ntudy pcnod‘ Evc:y man was mcludod whoqc sme.

was recorded (n the campany's personnel cegister and
health department records who had ever been em-
ployed from the stant of production to the end of 1969
and had worked for at least one year, The mea wore
followed from 1953 to 1979 incdusive, Deaths and cgses
of cancer were Identfied from the records of the Can.
tral Buresa of Statisties und the nations) cancer regis-
try. No reference was made to any men being lost to
{ollow-up, but It can be assumed that the number (if
not zera) was small, us all citizens hiave an {dentity
nurnber which is used by both cmployers and centrsl
agencies, Fifty men were found to have died against
59.34 expected if the sex-, age-, and Quinquenpjum-
specific national maoctality rates bad aperated. Twenty-
one men were found to have deveaped 23 cancers
against 20.16 cancers expectad from the comparable
natlosal incidence rates, the use of which was justi-
fied by the finding that the {ncidence in the county in
which the plant was situated was between 90 and 95 %
of the rate of the country as a whole, One man who
%0d been employed in PVC production developed an-
giasarcoma of the liver. The observed and expected
aumbers of cases were glven for cancers of the lung,
colon, and thyroid, for nielanomas, and for all cane
cers, but 00 expected numbers were given for other
types of cancer. It s evident that several otier types
of cancer must have been in deficit, as there were cight
cases in all againat 14.9) expected, and it is difficult
{0 know what weight to give the excesses observed for
the reported typxes of ctneer, 25 they seam likely to have
been reponted specifically because the numbers were
in excecs of thote expected. The authors noted that
one further case of melinoma had ocurred after the
clasure of the mudy 2ad that one “incipien case" was
also known to them.
The German Rudy (49) incloded the following three
wgroups: (i) 7 021 wieq who had been exposed to VC
in tha course of their employment in any of the 11
plants in which VC and PVC had been produced ia
the Federal Republic of Germany, (i) 4 820 men who
had been employed [n seven chiemical plants without
having had any «xposure to vinyl chloride, and (i)
4 007 men employed in two other plants where PYC
was processed. Employess were included oaly if chey
were of German or Austrian nationality, and they were
regarded as exposcd to vinyl chloride if they were
production workers or other skilled workees or laborers
asslened regularly to the plants, but not if they were
employed in them oaly ocessionally. All the men were
included from the time of opening of the planis to the
end of 1974, and they were follawed Lo the end of 1974.
Many of the men were therefore obscrved for only a
few yecars after first employment, and only 14, 36, and
19 %A, respectively, of the three groups were first ¢m-
ployed before 1954 and were therefore capable of coa-
tributing person«yetars at visk more than 20 years after
first emiployment, when an occupational hazard of can-
cer could be expected to be observed.
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Of the exposed group 93.2 % were succawsfully fol-
lowed, and causes of death were discovered for 92.8 %
of the 414 men discovered to have died. The propor-

tions for the ather 1wo groups wers 89.8
and 88.7 % for the unexpased und 92.1 and 869 %
for the PYC process workers. The failure to obtala
causes of death for all the men who tizd died was
allowed far io the subsequent analvsis by the weight-
{ng of the numbers attributed to each cause by a sys-
tem which took accaunt of the age group and calen-
dar period in which death wick an unknown cause oc-
curred. The expected numbers of deaths from each
cause was culculated by multiplyisg the personyears
at risk by the s&x-, age-, and cause-specific mortallty
racs for the Federal Republic of Germany. National
data before (968 used un idiosyncratic classification
system, and the 1963 rarcs had vo be used o multiply
21l (he person-years at risk up to the and of 1968, For
subsequrat years {1969 10 1974) the person-years st rigk
were multipied by the corresponding tates for the samc
calendar yoaur,

“pidemislogic studies are more difficult to casry out

1o Federal Republic of Germany then @ North
__aerict, the United Kingdom, or Scandlinavia because
the medicel cause of death & not recorded publicly.
andtha:hnoomtm;ystemwhkhmbcuedfor
checking whether an individual is aiive or deed. in
these circumstances, the Gerraan suthors bave made
valiant efforts to obtaln relisbic dace, and the peopor-
ticns of meu in the exposed groups who were 8ot suc
cessfully followed (6.8 %) and the proportians of
deaths for which the cause was not obtalned (7.2 %)
were simitar 10 those in the study of the Emvi
Health Assoclares {14).

Two defects, however, make the data less useful.

First, na nagional mortality setes were available before
1968, and the use of the 1968 rates 10 estirnate the may-
bers of desthe in and before 1968 will have overcite
mated the nambers zttributable 10 discases tha were
becoming more prevalent of were being diggnoted
more often and vnderesiimated those due ta dissases
that were becoming fess prevatent. Second, and more
importantly, a large proportion of the men had been
first emplayed less than 10 years before the follow-up
ended. Therefore the useful observations 0a the few
men wha had been exposed Jong cacugh to have had
much chance af developing an occupational disease
with 4 tong latency period must have heen swamped
by & muss of other ohservations that had little to con-
tribute, The expacted desths amounted to only 62%
of the sxposed mes, and there iz, therefors, tictle to
e gained, aud something 1o be lost, by including the
German datz (0 the overview. It may be nated, how.
ver, that 12 deaths were attributed to cancer of the
liver amaong the workers exposed ta vinyl chiaride
against 0.9 expected and that smaller excesses were also
observed among the unexposed chemical workers (4
observed agzinst 1.1 expected] and the PVC process
workers (1 deaths againgt 0.8 expected).
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Two Swedish plants have produced YOM and PVC,
ome sinoe 1945 and the other since 1971, and employess
of the first plant have beea studied by Byren et al (7).
All persons who had ever been employed whea expo-
ture to VOCM could occur were lined from the per~
saxnet files of the factory. Tweniy-cue were excluded
because they were forclgnas who left the country after
a shon period of employment. The remaiming 750 wese
followed 10 October 1974, Expected numbers of deaths
were estimeted by multiplying the person-years &t risk
by the corresponding 4ge-spedfic mortality rales for
the whole country, and the expected numbers of can-
cat cases from 1958 to 1971 inclusive (during which
period &1l caneer cases hed been registered natonally)
were estimated by multiplying by the nationa] age-
specific cancer incidence rates. Ia both instances, the
rates uted were those recorded in 1969. Fifty-cight
deaths were found, but no figure was given for the o-
pected number. Detalicd figures were given only for
e aumbers of deaths and cases observed and expected
for cancer of the lung and for cancers of the Hver and
pancreas combined and for the numbers of deaths
from braln cancer and three categories of cardiovas-
cular dlsease, Two mea known ta bave anglosarcoma
of the tiver were certified as having died of liver can-
cer or papcyentic cancer, and a third men died of
augiosaccoma of the liver 17 months afier the closc
of the follow-up. :

Two French sfudies provide the results of = jong-
term follow-up of mex smpioyed in one plaat {41) and
of a shortterm follow-up of mea employed in 12 plants
{Laplanche et al, unpubliched), The first provided ob-
servations on 1 311 men exposed 10 vinyl chforide in
the production of VCM and PYC and in selocted an-
dlwqmulomfromth:opwiuoﬂhc‘hvm plant
in 1953 to the ¢nd of 1976 (41). Six other employess

were excluded from the study because of lack of oc-

cupational historiss and 160 mea because thelr vical
stats at the end of the study period wes undetermined,
Twenty-five men were found to bave dicd againx 48.75
expectad from Contemporancouy yex- and age-specific
oationsl mortality cates (3.7 % of the men st risk). One
death was aitributed to angiosaccoms of the liver, in
& man who had been exposed for more than 15 years.
The reported data are so mcompleuc and cover such
& relativaty short period from the apening of the plant
tha( they add nothing of epidemiologic value 10 the
results of the other studics, apart from the sddition
of a further case of angiosarcoma.

The second stady provided observatlons on i 10
men aged 40 to 35 years wha, IB 1980, were exposed
or had been exposed to vinyl chioride in 12 plants.
which constituted “most of the French VCM polyra-
erisation ptants™ (Laplanche et al, unpublished). Many
of the men were, o¢ had been, emplayed at Tavaux
and were presumably curvivocs of the cohort studied
by Pierre &t al (4]), The men were followed for five
vears, and their morbldity and mortality were com-
pared with those observed for 1 100 men of the came
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ages {22 years) who were ¢mplayed in the same plants
but who had never been exposed (0 VCM. The men
in both groups were {nterviewed personally, and ka-
faormation was obtained about their smokiss and
drinking habits, which were found to be simflar in the
1wo groups. The men in the exposed group had been
fiest exposed for na sveruge of about 14 yesrs and had
first boen employed In the plant aboyt 18 years previ-
onsly. Morbiilty and mortalicy data were 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 aone of those wnexposed,
developed an angiosarcoma of the liver, Dais were not
given scparately for different periads after first cm-
ployment, and & is Impastible to assesg the significance
of the findling that six of the ¢exposcd men devcloped
lung cancer againit two of the referents, which may
well reflect & chanee accurrencs of unususlly few cases
in the reference group, as the proportion of all lung
cancers in that group (2 out of 15} was umesually low.
One exposed man devetoped & cancer of the byropho-
hematopoictic sysiem against none of the referents, but
aone of the men in either group were known o have
developed melanoraas ar cancer of the brain or thy.
ro¥d.

A Japanese study has reported the morality ex-
perience of 4 524 men employed for at keast onc year
before 1965 in 25 Japanese plants which began pro-
ducing VCM or PVC berween 1949 and 1964 inclu-
sive (17). The maa were followed to 31 October 1975.
Twenty-eight percent of the men were observed more
than 20 years after first employment, bux none was ob-
served more than 24 years. Only 0.6 % of the men were
uncraced, and copics of the death certficates were ob-
talned Cor all the 209 men wha had died (4.6 i of the
intcial cohort). [ndividuals were classified according
10 the job in which they had been longest employed
a1 the lerminatign of their follow-up. and data were
2iven scparately for the 2 346 men classed as etiployed
in PVC production and ! 978 others (inctuding 900
classed as YCM production workers).

{f this study s continued for another 10 years, it
should provide useful additionat information, but the
present data inciude wo few obsérvations on men more
shan 20 vears after first exposore (o be of any material
use. They confirm the ¢vidence of @ hazard of liver
suncer with six deaths smong the PVC production
«orkers againg 2.54 expected {rorm national rates,
while anly one cuch death was observed among the
otficr workers against 1.82 expected. One of the six

~Jeaths from liver cancer amang the PVC production
workers was certified as due to angiosarcoms of the
tiver, and at Icast one of the other liver cancer deaths
was due 10 the same cause. Lung cancer deaths were
101 in oxcexs (2 gbserved in PVC workers against 2.33
cxpected), No data were given for cancers of the lymn-
phalic and hematopoictic sysiems, (or cancer of the
araia or thyroid, or for melanomas. The mortality
reparted by Masuda {33} (or 305 Japanese vinyl chlo-
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ride workers has prasumably boen subsumod in Na-
kamura's (37) later and larger study.

Hazards of cancer

The results of the four most uselul studies are listed
Individually in wables | gad 2, The overall tesults for
il caupes, liver cancer, and three beoad graups of coa-
ditions are shown in table 3, and thoss for 10 types,
ar classes, of cancer are prescated in table 4. Data have
not been reported for each type of cancer in each study,
and the sources of the data are, therefore, specificd
ssparately for each type. Addicional information ob-
rained (rom four other less informative studics (4, 7,
22, 49) i1 given in wable § [or seven types or dasces of
canoer,

Table 3 shows that, apart from cancer of the liver,
the overall mortatity is what would be anticipated for
2a industry without any mejor barard of accldent or
discasc. [n particular the standardized mortality rmio
(SMR) of 84 for discascs other thaa cancer ix typical
of the ratios that are commoanly observed for groups
of employed mata. A low SMR of thic order refiects
the “*heslthy worker effect,’ which results from the
selection process that inevitably cxcludes some of the
least healthy saembers of the population from indus-
trial employment. This effect does not, however, nor-
mally affoct the maortality from cancer beyond that ob-
served in the first fow years after the start of employ-
ment, and an SMR of 102 for cancers Other than can-
cer of the liver s comparible both with the absence of
hezard and with SMR valucs of 84 for other discases
and 77 for mccidents, potsonings, and violence.

Angiosarcoma. Death certificates are an unreliabie
source of faformatian ahout the histology of cancers
that cause death, buxt there is no reason to sugpase that
the excess mortality attributed to liver cancer (or, in
the US sexies, liver and galibladder cancer) s not entire-
ly accounted for by the known hazard of angiotar-
coma. Fifteen of the 37 deaths? anributed to cncers
of the liver and galibladder in the US serles arc known
10 have been duc e engiosarcema of the liver (14).
In the UK seri¢s, seven of the 11 deaths attributed w0
liver cancer, not specified as secondary, were knownt
to be angiosarcomas, and they all occurred in auto-
ciave workers agzinst 0.38 expected fiver cancers of all
types (P< 1075) (25). In the Canadian serics, histo-
logical review showed that seven of the elght so-called
liver cancers were angiosarcornas (one had been de-
scribed as an angiosercoma on the death certificate,
w0 2s hepatomias, and five as unspecified liver can.
cers). One so-called liver cancer death was found 10
have been due to cancer af the sigmold colon, while
one death attributed to angiosarcoma of the perito-

* Increased (0 19 in table 1 (o take accouat of the 97 extra
deaths from en unknown cause.
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Teble 1. Observed and axpected

rumbars ol daathe from oittermat cancers rppartead (n the four princlpal Studies (. 14, 25,
48). (0 =obostvad number of dexths, Ea expostad number

of deaths}
* claas of ¢ United States United Kingaom | Canace faty
yoe o i YR o ¢ o € a €
Bucceat oavity and. nx. b 1156 4 358 ] 0.64 i oa
Esophagut phery 17 407 e 1AM ‘. . {.. 08
Carge in n =R % B Do s 12
intesti 1 . .
Reclum estine . . u 1049 - . . .
Uver . . k| 154 4 0.4 1 08
Liver and gaflbladdar a» 877 . . ‘ - .
Fancress 7 18.40 7 as8e . . ) 0.7
Other digestive . . . . 6 828 .
Lasynx . 4 221 . 1 as
Lung 8 11587 81 g1z } 2 878 12 €1
Other regpiniory a3 - N N -
aone 2 181 . . . . . .
Skin {netymelanoma 8 T8 . . . . .
Melanoms . . 2 174 - o 02
Proatute 1@ 1520 12 050 1 or
prada & 848 1-2! % 1 Y]
Siadiciar 1
Kidoay . € oo0e $ 0 ) AR . .
and vaspecified urin . . 420 . .
l.uhm cantrsd nd 24 1276 4 618 ! o oso . .
b Ap— — : oy i e S : :
208 reticuiosarcoms 12 . .
Febn's diseaze 1 g 3 1% 0 04
mw 4 16 g ﬁ: 1 187 0 or
wisitiple . B
Siher hrmgnatic | e .. . :
Other 6 40.50 18 &2 2 0.9 9 AL
Afl cancen 383 M3 < S 1 K 2 Wy » 211

& OCosarved Bosthe multiplied bty 10874 and mounded off 1o the nearest integer o allaw tor deatns withoul discovered Cavae.

Tuble 2. Numbera o1 daaths from noamelignant snd all causas reported In mww'uwuma 14, 25, 48). O = ctearved
rumber of deaths, €= axpacted number af deaths)

United States Unlted Kingdom Cansde Haly

of daetn Q" € Q E o E (2] E
Banign and othar unapecified
tvmgc 4 $.00 . B - ] Q1
Corobrovasculal divosse - 1% 9193 N . -
Ischemic haert dizonss ‘s W ne wa | % na .

1 274
Other cireutatory diseata 187 1283 ws 141
Bronchitis® A4 2243 38 a“
Preumonia 10 A1.84 } 0 o1 } 8 az ‘ 3 a0
Other respltetory disease 16 32.84
Clanosia of the liver 87 6806 s 5 . 4 6.2
4 363

Qttor digastivs dlegsee 27 38882 . - ] 27
Diseace of the geaitaurinary aystem 11 2B.41 . . . . . .
Other dissesas a7 11688 o] 78 > G.40 e 70
Sulckde 45 278 10.58 1 o8
Accidants and other violenoce 0 17349 i @ %0 2 4 77
Afl nonoelignant cayses 11531 136354 645 083 agd 64.78 3 8.4
All catugn 1636 170527 me B 1) 1107 66 ns

= Sae logtnote to table 1.
L4 ¥ I data from the United Btai:

o8
Includds twa craes cartifisd aa clrrhosis of I bver whith praved o be angloearcema of the liver.
ncludos ane case with osues .

neum was found 1o have been due to angiosarcoma  tributed o cancer of the liver (fot & total of four), b
of the liver (46). In the [talian study, further evidence  only one of the four was described as an angioserooma
rovealed that three further deaths should have been ot (4).
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| ¥ Table 8. Mortailiy* from variows ¢
twumber of desths. € = expected nt
|2

Table 3. Mortality tror
4 11 the 'Our princip o
number of deatns, 8N

Cause of doalh

HE Cances of thy Fvers

‘Accidents. poisaning

R All causes

f * Inctuding cancers ¢

Tatte 4. Morailly Trom varioys
(O = observed number of dulm.cg

Type or clast of crnces

3
¥ MNouth mnd pharynx
i Digestive system attwr than liveq
Hespteatory system
| & Qenltourinary system
. Melanoma
Sain

Thyrokd
% Lymphatic mnd hematopoietic gyet

AN othec than of the liver

* 1= United Glates study (14), 21

. @ t G
R Wpl oc class of cancer ‘2“
A o]
system
g the liver) 36.C
234
21

Lymphatic and hemate-
:ﬁ baletic system 16.€
Other (exciuding the ivan 107

3. AN exctuding the iiver 87.¢
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hiorkds waakers in 49 plants
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othar q vl
tn tha four principal ctudies combined (4, 14, 28, 46). (O =odserved :rmtm of deathg, £ = axpectad
of & SMR = dardized motaiity i)

Causs of desth [e] E SMR
Cancar of tha liver® € 8.45 [ ]

Cancar of othet sites s 69936 "2

QOthey diseases 1847 104482 e84

Accidents, polscnings, and violance 20 285,15 ”

All qaveos 2441 274,84 -]

* Including cancers of tha Quiibladder n the sares from the Unitad Surtes.

‘rouht HMoftaiity from varicys cancers anang vinyl chioride

warkers in 40 plsata in the lowr pANCIpe studico combinad.
hndﬁm moctality mily

w obtarved numbser of dexihi, Esoxposed aumber of deaths, SMA =

Tya Or clasy ot cancer o E sma K v Ao 8
Wy«h‘ N (other than Ttveq 1;2 !H& "ul: I %i:
) m o
Resifatsry system o 2 28 w7 1,234
Ly T 20408 29 v2.4 -
Gmmdm aystem 0 G281 " 1.23,4
Melanoma 2 184 . 2.4
Braln n Ws4 148 W29
Wumm amatopoiatio system o 53# 12 T2.34
and hamat iatic e v
Otner & 6324 13 .2.34
All oftwat than of the Sver 609 60038 AL 1,%3,4

* e United States study (t4), 2x United Kingdom siudy {255, $ = Canadlan study (48), and 4 = flaller study -

Table 5. Moratity* {rom various cancers
aumbar of daths, £« expected aumber of

vinyt chilorlde workers: § tary evidence (4, 7, 22, 48). (O = obearvedt
e

Fedort
dag:wlb gom gm«! o naly Four mgrm opmbxined
plany plany placts)

Type ot class ol cancer i m

Q € Q 4 o E Q € (o] E SMA
Digestive system
raxcluding the Hvag 350 318 3 tan . B 1 12 %8 M4 113
Lung N5 M5 5 am 1.78 /] 15 N xr: 1063
Melanama . . 4 0N . . [ X 40 o8¢ .
Grain 21 u . . T o . . (R hF .~ -
Thyroid . . 2 0 . . . . 20 03¢ .
Lymphatic and hanato-
DOIEHC YSiem %5 W7 . . [ ¥ 4 ns &4 198
QOthar fexcluding the tved) 07 223 8 wx . . 4 20 27 4149 55
All exsiyding the Rver ars ee? & Wve & 211 $ 87 1198 14787 102

* lncidenca and cases In the Norwegian atudy.
S Cancar of (¢ inteatine only.
T Cancar of the fung and brain OAly.

Further evidence that the excess mortality from fiver
canicer {0f Hver and gallbladder cancer in the US sacies)
<an be attributed principally If not wholly 1o the known
huzard of anglosarcoma is obtained in 2 comparison
of the excess deaths with the numbers of deaths from
angiosarsomas recorded in the Register of Liver Angio-

streoma Cates (maintained on behalf of the Associa-
tion of Plastics Manu(acturers in Europe by the {m-
perigl Chemical Industry FL.C) before the end of the
follow-up period (Bennett, unpublished). Fifty-one ex-
cess liver cancers are recorded in the combined data,
and 49 angiosarcams are recocded in the Register for
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Tabls & Monallty {rom aanear in the seres from tha

United Stetes US) (14) and United Kin [ gw oy

characteriotios retevant o an ncoupat hazyrd. {1 =0b-

sarvad number of deaths, Exoxpactad number of

B/MR e sland arcized mortality ratio)

Dats Category 1 Category 2

characioristic® O E BMR O' € G&MA
20 yoarn

of mome after firut

eyroent

:t'r:um a 114 11385 W00 85 VB B

Employed 10 yeary

of more lrllthll us

1), Gthers In

ih’c us & 66 §245 105 €3 634 W

Employ#d betore

1056 in the UK (1),

athersinthaUK(@ 62 8199 10 ADSD 72

Ever amploped

o o UK (T

n the

othara inthe UK 16 1708 G4 65 7482 &

* The humbers in mwdcﬁmﬂ!ﬂhecﬂm 5
¥ Sae fostnote 1o table 1 for obesrved daaths in

efevant periods for the three counteics and the two
_fizn pisnts? that arc covered by the gurvey.
None of the 120 cases yet recorded in the Reglster
were is men who were first exposad after 1969, and
none of the 4% men affected in North Americs were
first expoted after 1964. ALl may, therefare, bave beea
expoted to cancentrations of several bundred parts pee
million. and many may bave been exposed to concen-
trations appreciably kigher (utipublished report by Barr
10 Air Products and Chemicals Ine In 1981).

Lung cancer, The ides that exposure ta vinyl chloride
might eause cancer of the lung was suggested by Mop-
son et al in 1974 (36), when they noted 13 cases againet
an expectd number of 7.9 in a study of proportianal
aoctality. The combined data showat in tabie 4 do not
provide any support for the hyposhesis, either (or res-
piratoty canicer as & whale (SMR 97) or for the speci-
ficd data for lung cancer in the US, the UK, and lfaly
{SMR 99). There are, however, consistently higher risks
in (be subgroups of men in the US and UK series, in
which occupational hazards would be more likely to

3 Twenty-fninc were registered as occurring is the United
States agminet 2n excess of 33; only 20, bowever, were iden-
tfiable In both series, fnqulry has, ms yet, foiled ta reveal
information about the bistology of the remaining 13 [n the
cohort study and the arigin of the nine exura desthe in the
register. Nine deaths were registered as occurring in the
United Kingdom against an exoess of ane, but one of Ihe
registered cases was certified s dust 10 & benign bemanglons
and not relmed 10 the liver (code 217 1n the eighth revisioa
of (be International Clasef of Discases). Tea cases
were registerad ac occurring in Kt A AXORSS
of cight; two were recarded as belng in mer wha had been
cmployed for five yeare, and it is possibile thar the actuat
durstion had been glightly tess then five years with coo-
sequent exclusion from the Canadian cahon, One case was
registered a3 occurring in one of the twa lwlian plani
agulngt an excess of less than one.

it

e e by

be zeen (haa in other groups. This circurastance Is
{flustrated by table 6, widch chows that the SMR values
are slightly higher for men observed 20 years or more
after first exposura thas for men observed earlier, for
men employed before 1956 in the UK thanr for men
first employed afier 1955 (when exposure levels arc
believed to have been Jower), for men smployed for
longer than for shorter periods in the US, and for
autoclave workers in the UK (among whom the angio-
sarcami cases have mostly occurred) than for other
workers. The differences are all small or very small,
They are, bawever, all in the same direction, and the
probability that the raes should all be higher in the
gtoups in which an occupational hezard ks mocc like-
ly 10 be seem in each of the four pairs of groaps is {
in (6.

Additional information from other saurces is given
in mble 5. A total of 30 deaths (of cases) wat observed,
and this figure increwses to 31.S whea allowance Is
made (or the nurnber of deaths due to unidentified
causes in the German gtudy (SMR becoming [03). In
the German swudy the SMR was higher for the men
who had been exposed for 10 ycars or mare thaa for
thase who had been exposed for sharter periods (111
ageinst 79), and, in the Norwegian szudy, four of the
five cases observed occurred In engn whose ocoepetions
were regarded as involving high expasure aguing 1,82
of the 2.84 expected. Both the Germiaa sad the Swed-
fch studits derived the expected numbers of deaths
from national mortality rates for & tingle year towards
the end of the study period. The expected aumbers of
deaths are Fkely, therefore, 1o have been overestimated
and the SMR values correspondingly undercsticaated
as the morality from lung cancer had been rising
throughout the period of observation.

Brain cancer. The idey that vinyl chloride might cause
brain cancer was giso sugeested by Monsan et al (36)
when they reported five cases against 1.2 expected, The
combined daia that are shown in table 4 provide some
support for this hypothedis. The cases of Monzon et
&l (36) were, however, observed in US workers and
aust be presumed to be included in the total reported
by Environmental Health Associates (14); therefare
they will have contributed & substanifai proportion of
the to1a! in table 4. As a test of the hypothesis the date
of Monson 2t al ought, therefore, to be subtracted
from those in the table. Their investigation was not
a cohort study, and their expected deaths do not coc-
respand exactly to those in table 4. If, however, the
abserved and the expected cases are both subtracted
from the totals. tweaty-four observed deaths remain
againgt approximately 18.3 expected, a difference
which might ¢aslly poour by chanee (FF one-milad =
6.8

* 4f the study of Waawciler ¢t al {50) is regarded 8 the origin
of the hypothesic, 26 deaths are lefi againgt 18.9¢ expecied
(P one-mled =0.07).
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Additional information from two other sourens is
given in table 5. The small cxoess reported pravides
fintle further evidence of an nccupational hazard, as
one of the twa deaths observed {n the Swodish study
occurred in 2 young man who had beea employed far
jass than a year when the dingnoais was made, while
the excess death rato for brain cancer obterved in the
German study was Jess than that observed among
chemical workers not exposed to vinyl chioride 2.9
deaths after mllowance for deaths from unknown
csuses againgt 1.6 expected) and among workers in the
PVC fabrication Industry (5.9 deaths afics allowance
for deaths fram imknown causes against 1.1 expocted).

Caticers of ymphatie and kematopotetic tissues. The
jdea that vinyl chioride might cause cancer of the Iym-
phadc and kematopoletic tissucs ~= moxe specificatly
the tymphatic tissuc — was suggested by Tabershaw
& Gaffey (45) and by Waxweiler et al (50) in two cohiort
studies, whea they found, respectively, five deaths
frora lymphomas in the most heavily exposed workers
against 2.54 expected and four deaths from cancers of
the ymphatic and hematapoletic tissues againgt 2.5 ex-
pected. These small excesses might have been ignored
If the laboratory findings had not been interpreted as
suggesting that lymphomas were produced experimen-
(ally in animals exposed to vinyl chioride by inhala-
tion {29). The idex that similar exposure might also
cause lymphomas In humans, therefore, merits seri-
aus consideration. The data from the four principal
studics that arc summarized ln table 4 provide little
support for the hypochesis when all cancers of the
{vmphatic and hematopoietic tizsues are considered 10-
pether (57 deaths against 50.87 expected, SMR 112)
and very fittle mare Is obtained from (e separate data
for cancers of the lymphatic system (Tabershaw & Caf-
fey's defimition of ICD list numbers, eighth revision,
200—203 and 205 belng uted) that are shown ia 1able
1 (35 deaths against 29.40 expected). The position Is,
moreaver, hardly altered if the data in Tabershaw &
Gaffey's initfal report axe subtracted (29 deaths against
23,36 expecied, SMR 124),

Littic additional informaiion is provided by the
results of the German study (49). (See table 5.) This
<tudy obtained aa SMR of 214 for exposed workers
tbased on 15 observed deathis, {ncreased o 16.5 when
allowance is made for the number of deaths from un-
Kknown Causes) against SMR values of 77 and 34 for
an unexposed group of chemical workers and 2 group
of PVC fabricaiors. It showed that the excess of the

~exposed workers was present only far men who had
heen cxposed for morc than one year and that this ex-
s W s most marked for men who had been exposed
for five ycars or mare {10.7 deaths after allowance for
the number of deaths {rom unknown eauses against
1.0 expected, SMR 268, P anc-tailed <0.01).

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

L I S Ty

the possibility that viay] chloride might have produced
the diseass. Four cascs were obsorved whien 0.79 were
cxpocted, and three of the four were in men whose oc-
cupations involved the highest cxposures (against 0.51
expocted). At the time of the writing of their report,
ane further case had been detected with onsct chree
yeass after the closure of the rudy, Subsequent studics
io other ¢auntries have, 30 far, reported caly two
deattis againgt 2.0 expocted. (Sce tables 1 and §.)

Thyroid cancer. An excress of thyrold cancer was also
reported in the Norweglan study (22). in which two
cases were observed againat 0.16 expected. The inves-
tigators were not aware of any other studies indicating
an excess of this type of cancer, and they drew no con-
cdusion from their observation. Two of the three major
studies that have been reported since the Norwegian
observetion was made gxve no data (or thyraid can-
cer: the third reported two deaths againat 0.43 ox-
pected. (Sce table 1) One death (rom thyroid cancer,
[t may be noted, was reported in the US by Monson
et ol (36).

Cancers af the digestive tract. Suggestions that vinyl
chioride might cause cancers of the digestive tract in
general have sometimes boen made, but they have not
taken adequate aecount of the contribution of cancers
of the liver to the totsl number of cancers of the
digestive system, particularly when it is boroe in mind
that some liver cancers are Ykely 1o be.misdiagnosed
as cancers of other organs, The combined data from
the four principal studies shown in table 4 weigh
heavily egainst the idea that any such effect has been
produced,

QOther cancers. One of the remalning types, or classcs,
of cancer Histed in table 4 shows a statistically signifi-
cant excess, namely, the heterogencous group of
“ather cancers' (83 abserved deaths agaings 65.24 ex-
pected, P two-sided <0.05). This excess is only mar-
ginally significant and may be & chance observation.
The most likely explanaiion is, however, that a few
angiosarcomas of the liver were not recagnlzad and
were dizgnosed as secondary liver cancer or ctrci-
pomarosis, site unknown, the number of deaths i this
category therefore being increased.

Hazards of noamalignant disease

No previous study has suggested that any noamalig-
nant cause of death other than cirrhosis of the liver
would be likely to be increased as 2 result of expasure
to vinyl chloride, and cirrhosis af the Gver i3 presumed
ta be increased only because of (he liver changes that
were observed as pan of the **visy! chloride iliness™
(24, 31, 33). Two other possibilities have, however,
been raised, namely, the production of noamalignant
respiratory disease, because of the changes in lung
function and rediographic appearances that have been
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Yerle 7. Honaitty ‘rom -l.cuunoﬂuil&
cayses In the four principal studies
number of deathiz, E:up«mﬂ nymder of deathe.
SMA = slandardized moctality meiio}

Type of loasse © E MR Douredl
Bronchitis,
smphysemat BC &6E1 120 1.2
Qthar cespiratary
Jlgoase 71 12878 & 1.2
All recpiratory
dizaate 160 Z00682 80 1.23.4
Ischemic hesd
digonse TV 8857 W 12
Othor giraulatery
disewc® 232 28485 06 12
AR clrcylstory
dhezses 1103 120036 91 1, 2,34
Clrhoniz of the Tver 48 6628 &9 124
Dithet disoase 232 307 6 1,224
All nonoalignant
dlsesse 1847 180480 ™ 1,232
Affextemal cavess 226 29515 T 12,3 ¢
| nonmaiignant

wusor 1773 213385 &5 1.2.2.4

All caurses 441 274788 8 (234

s 1-umml States ttudyﬂl;. !:un!hd I(hoaom study (23}
= Canadian

study {4).
. ammuu intnou?.’n odmnqdom-hﬂy emphyserna in the
un(tos Strtew atudy.
tncludeg pombrov,

ascular disaisd In tha United Kingdom snd
tuun tud 5.

Takbla L Morlality from chranlc obstuctive Iuna disense® in
series from tha United Steles (US) (14) and the United Kings

dom (UK (25] by chasactenstice nl«nt 10 an owupctlond
hazsed, {0 =observed numbar of o rRImber
of deaths, SMA = standardizad most: lhr

Category 1 Category 2
&  3MA [+ ] E ©&MR

2

Dsta
charactedetial )

escaployment In
the Us (1),
athars o the US
@ 3¢ 158 0 11 70 157
Empioyed 10

YEASS Of tam (n

the US (1),

oifrerd mihe US(2) 16 100 147 23
Emplayed before
19568 tn the ux (1),
atheru inthe UK ()

120 208

4 017 B, 10 W80 M

worket in the UK (1),

olherainthaUK(¢ 3§ €5 4 N N2 W

* Deacrided a2 amphyssmain Ina US atudy and as dronchitia
in the United Kingdom siwdy.

* The numbers In pdnnthcm dulonsu the category.

¢ Men aver smptaysd &s a bag arler P % which
would have caused the omlm oocuww exposure o
potyvinyl entonce dust, experianced cae death tiom droo-
chitis ageinst 4.%8 expocicd.

PRIV L8 3] 2P

reoorded for men expated to PVC dust (2, 26, 27, 44),
and acute cardiac death, from anglogy with the effect
of other halogenated hydrocarbons (25) and the ob-
servaton of an Increased mortslity (rom myocardiat
lafarction in the few years following the cessation of
exposure I the Swedish PVC processing industry (35).
Relevant figures for the numbers of deaths from these
and other nonmalignent causes that are obtainable
from the four principal studies were given in table 2,
and they have been sumimarized in table 7. -

‘Cirrhosls of the liver. Three af the four principal

studics gave separate figures for cirhosis of the Hver.
noat of which showed an increaged mortalily (table
2); in combination they gave an SMR of 69 basgd on
46 deaths. The fourth study, which did not give sepa-
rate data for cirrhosls of the liver, reported four deaths
from all discases of the digexive sysiem combined
against 3.85 expected and noted that the four includad
Two that were certified as due to cirthosis of 1he tiver.
but actually due to angiosarcoma (46). 1n the two sup-
plementary studies in which dais were given for this
disense, the SMR was 82 in one, based on 15,1 deaths
after allowance £or the number with uaknown causes
{49, and 133 im the other, based on ceven dearhis (37).

Nonmallgnant respiratory disease. The data for noa-
malignam respiratory disexse are confusing in that the

- total SMR from the combined data for the four prin.

cipal studies is 80 2ad Is the soct of figure that is com-
monly found in healithy industrizl populadons, yet the
US study recarded a substantially Increased mortality
from emphysema (41 deaths 2nd an SMR of 180 be-
fore any sllowance was made for deaths from un-
knowa causes). No such excess was found in the UK.
where 36 deaths from broachitis gave en SMR of £2.
International comparisons of chronic nonmalignant
respicatory disease are complicated by the usage of dif-
ferent terms 10 describe what it is aow agreed is best
called chronic obstructive ung (or pulmanary) disesse.
but which in the past tended 10 be called emphyserux
in the US mnd chronic bronchits in the United Xing-
dom. it must, therefore, be presumed that the two
categories of “emphysema’ and “bronchitls'® used re-
spectively in the two large national studies were meant
0 describe the same thing. One must essume, there-
fore, that the expericoces in the two countries were very
different, despite the fact that both reiated to cahort
that bad very similur experiences of anglosarcome ot
the liver and so, presumebly. felcly similar exposure
o vinyl chioride,

Separate figures are shown in ceble 8, wherr avail-
able, for the mortality observed among men with dif-
ferent durations and intensities of exposure. Unlike the
data Tor cancer of the lung that were shown {n tablc
6, they provide no consistent evidence of a greater risk
in the groups in which an occupational hazard would

be expeeted to be concentrated.
vironmental Health Assaciates 1
ta give any explanation for 1.
from emphysema, and they p
hardly be due t0 excess cigarette
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£ No excess mht)' from *“bu
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Cardiovascular disease. Data fc
crotic) heart disease (which n
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national studies, and they 1
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be cxpected to be concentrated. The guthors of the En-
vironmental Health Associates ceport (14) were unable
10 give any explanation for the increased mortality
from emphysema, and they poiot out that it could
hardly be due (0 excess cigarette smoking, aa there was
no overall excéss for cancer of the lumg. It is striking,
however, that the excess is more thin compenseied for
by deficiencics in the other categorics of nonmalignaat
cespiratory disease (pneumonis 15 deaths, SMR 47.0;
other respiratory disease 14 deaths, SMR 42.6), and
the question arises whether the emphiysema exceoss
could be & classificatory artifact. Envirotimenual
Health Associates (143 list all the 41 deaths which show
that they were caded under ICD sumber 527 which,
in the out-of-date zeventh revision that was used for
the coding of all deaths in the study, was the code for
*other respiratory disease not otherwise classified™ and
included emphysema. Under thae revision, however,
emphyscma that was associsted with bronchith should
be classified with bronchitis under 1CD nuzmberz S00
10 502, and the possibility may be considered that same
of the emphysema deaths should have been clamified
in same category of respiratory discase other thaa ICD
nuraber $27. £f this were the situatioa, it could accoynt
for both the excess mortality from eesphyeema and the
grossly deficient mortality from other nonmalignant
respiratory diseases.

No excess mortality from “bronchitls, emphysems,
and axthms™ was observed in the German study (SMR
44 with 6.3 deaths observed afier allowance for the
number of deaths from en unknown cxuse) (49).

Cardiovascular disease. Data foc ischemle [or arterio-
«cleratic) heart disease (whick may be presumed o in-
clude the vast majority of all deaths certified as due
to acute cardiac disease) were glven only by the two
big netional studies, and they pravide sa evidence of
an increased mortality. The SMR vatues of 90 for this
group of diseases and of 91 for all cardiovascular dis-
cuse recarded in the four principal studics zre typical
of the SMR values of healthy industria! populatons,
and there is no suggestion of any occupational hazard
in the subsidiary analyres provided by the two nationat
qudies. Jm particular, theee Is no evidence of an In-
creased mortality within one month of leaving em-
ployment in the UK study elther for all workers (52
deaths, SMR 61) or foc the most heavily exposed auto-
siave workers (9 deaths, SMR 42),

A slight increase in ischemic heart disease mactal-
-ty was recordad for the exposed workess in the Ger-
man study (49}, but it was less than that recorded for

" The deaths atribated 10 Af{crem groups of respiratory dis-
2sscx and the corresponding SMR values that are cited in
his saction for the US jtudy are as given by the Eaviron-
mental Health Adsociacs (14) and have not been adjusted
o aceount for the number of dcatha from an unknown
<ause, To teke acxount of these deaths, the observed deaths
ad SMR values can both be multiplicd by 1.0674.
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rh¢ unexposcd chemical workers and the PVC fabri-
Guars (SMR valucs of 127, 131, and 158 based 00 97.2.

126.7, and 109.7 desths, respectively, after allowance -

for the oumber of deaths from usknown causcs).

Diseussion

The information that has now been otrained about the
long-term health of men occupationslly exposed w0
vinyl chloride & massive and compares favorably with
thar available for any other occupational group. Two
facts are ourstanding. First, the men have experienced
a specific hazard of a type of cancer that is nortmally
extremely rure, namely, angiosarcoms of the liver. The
rvarity of this disease under other conditions made the
detection of the harrd casy: bue the long latency
period before the dlscase appears after first exposuce
(almost aiways moce than 10 years wnd usually more
than 15 years) meant that a iarge ausmber of mep had
been exposed before the hazard was detected and that
It will stlif be many years before the extent of the pro-
tection provided by the reduction in exposure in the
13605 and that of the further reduction thet followed
the recogoition of the hazard in 1974 are known. There
Is, unfortunately, no effective treatment for the dis-
caec, and the number of cascs ix reflocted in the aum-
ber of deaths, Some 50 deaths have occurmed among
the 16 740 men who were followed in the (our prin-
cipal studies (thar have been reviewed in this report,
30 that spproximately I in 335 men have been affected,
2 % of the deaths having been due (o this one cause.
Eventually many mors aten must be expected to de-
velop the disense, One estimate (38) suggests that the
total may be increased 10 times, bt a2 more sealistic
extimate it two to three times (19).

The second outstanding observation i that the mor-
tality of the exposed wiea, other than that gue to
angicsarcoma of the liver, Is typical of the normaly
healthy industrial worker — that ls not to say that no
other harard exists, but that the effect of any other
bazard i small,

The massive data that are now available provide no
reasam for (hinking that any hazard other than one of
cancer has been overlooked. It is, however, still dif-
ficult to decide whether vinyl chlocide produces a risk
of developing cancer other than angicsarcoma of the
liver which might be small compared to the risks
produced by noroccupational causes, but yet abso-
lutely slmost as large as the riek of developing the nor-
mally very rare angiosarcoma.

One of the many hazards suggested can be dismissed.,
as there is no evidence to support {t, namely. that of
vinyl chloride &s 2 cause of any cancer of the diges-
tive tract other than angiosarcoma of the liver, Two
hazards (of mclanoma and cancer of the thyroid) have
been suggested only very recemitly. and few of tite gvall-
able studies have provided informacion about them.
There is no good theoreticaf reason or laboratory evi-
dence to suggest that either should be produced by
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vimyl ehloride. and, in Heht of present evidence, the
simplest explanation is that the reported exoosses are
the chance effects that must be expectad when many
different types of cancer are studied in several difYeren:
populations. So far s melanoma is concerned, it has
to be remembered that the disease has become much
more common in recent years in Scandinavia (where
the excess was reported) due, bt is belioved, to the
papulerity of suabathing snd the increased oppor-
tunitles for Scandinavians to truvel to the warmer parts
of Southern Eurape and North Africa. The extent to
which this change may have affected the observation
in Norway nceds to be ¢xamined,

Two other harards (of lyraphonia and brain eencer)
were suggostod by the early results of some of the US
studics. Thae vinyl chloride might produce & hazard
of lymphoms was initislly supported by the prelimj-
nary tetults of animal stidies, but the complete results
of the many investigations that have been undertaken
(soc reference 29) do not suggest thae lymphoma or any
oilver cancer of the hematopoleti¢ system is firble (0
-~ produced. There i, kowever, some cvidence that

1 tumoxs can be produced La razs (29). ‘The hypothe
that lymphomas and brain cancers might be
produced by vinyl chloride have been supported by the
observation that both these types of cancer have cauted
death more often than might be expected from national
mortality rates, but the excesses observed in the com-
bined data from the four principat studies in this re-
view are small and oot statisticatly siguificant, and the
hypotheses remain unpeoved. The small excess of brein
cancer is particnlady difficult to evaluste, 22 moctsl-
ity sates from this disense hiave changed rapidly over
time as methods of diagnosis have improved and the
suspicion of an cccupational hazard (which was reised
itt 1975) could have influeniced the findings. What ex-
cess has occurred has been limited (o the US atid Ger-
many, and the Germen findings carry Kitle weight, as
the excess was found in each of the theee octupationat
groups studied, irrespactive of the chemicals to which
they were exposed. The supplementary data from the
German study showing an incressed mortality from
hymphatdc and hematopaoictic caneers wre more impees-
tive, particularly a3 the exccss was the most marked
for men wha hed been employed for at least five years.,
in thege circumstances, judgment must still be sus-
pended untif 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 vinyl chloride
might cause lung cancer, At fing sight, this possibif-
ity In cufed out by the SMR of 97 for the combined

4ata for respiratory cancer for the four principal

udies. Lung cancer is, however, nonmally so com-
.son {accounting Tor 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 overlooked
{85 O confidence limits of the SMR 85112}, The in-

cidence of the ditease varies moreover within a coun.
try, and there mugt be doulxs a3 0 whether the na-
tional experience provides a suitable reference for men
coployed in plants that are nor evenly distributed
about the country. la these cirtumstances Of¢ cannol
exclude an occupationaf hazard unless it can be shown
that the mortafity of the exposed men is lndependent
of the factors thar might be expected to influence it
if some of it were occupational in origin, namely, the
intensity and duration of expasures and the time since
cxpasure began. [t is not postible to exemine these
relationships i detuil, as the reports da noy provide
al! the necessary informarion. Such Information ws they
do provide, which was summarized in table &, supports
the Wea that exposure 10 vinyl chloride involves a small
hazard of lung cancer, Taken in conjunction with the
knowledge that lung tumors have been produced in seve
eral gpecies of anitals exposed (o viayl chloride by in-
halation (29), it would szem that a small hazard of g
canoer piobably did occur. The evidence is not, how-
evey, strong coough to canclude thet it definitely did.
If s did, the hazard was evident only for men who had
been emplayed for many years at & time when expo-
sures of sevexs! hundred pares per million 0f more were
common, and any persistiag risk can be only minute
and incapable of detectioa.

The questions that kave been left unanswered by this
discyssion niight well be answered definitely if @) ait
the exposed meu coudd be followed to (s3y) the end
of 1924, {if) the knvestigators could preseat their dasa
in comperable ways. taking accousst of duration of
employmem and toe sinee first emplaymedt sad
presenting data scparately for mea first employed be-
fore (say} 19€5 and betwesn 1965 and 1974, and (lil)
ertimates could be made of the effect of correcting the
results for each group of employses for the locality In
which ey lived and warked.

Hazards to the general population

Az vinyl chilaride has been proved 1o cause cancer in
man and is 2 muagen In laboratory experiments, it
muast be presumead that even the minute doses that
escaped into the genersl envitonment from production
plants o (in the early dayx of manufacture) from PYC
materitls will have caused some risk of caneer to the
general public. These risks must, however, have beea
very small, as alr concentrations of viny! chloride, even
within a kilometer of plans handling vioyl chloride.
used to be (in or around 1975) of the arder of 10 10
40 ppbi(t, 3. 15), and this level is about one-ten thou-
sarith of the concentration that has caused an occy-
pational hazard. it is obvious, therefore. that & would
be impossible to detect the risk of any cancer (hat might
be produced by vinyl chloride other than a risk of
angfosarcoma of she liver, as it has praved so dif(i-
cult ta detect ay other risk among men Who were ex-
nosed occupatioaaily. The position with regard ta an-
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glosarcoma of thae livar is different. This discase is aor-
mally 50 rare that, in the absence of specific exposure

to one of the known causes (vinyl chloride, thorium
diovide, and arsenic in pestickdes and medicines), the

annual incidence is oa the order of 12 - 107 (5, B).§

In these cireumstances the discovery of even one case
{n & man living close to a factory In which vinyt chlo.
ride was used in the days belare exposure was tightly
controlied may be regarded &5 presumpive evidence
of the effect of environmenta! pollution.

Several surveys have boen undertaken to determine
whether any such cases have oceurred. Surie et af (43)
and Elinder & Pearchagen (13) sought for cases in the
vicinity of plants handling vinyl chloride ia Yugoslavig
and Sweden and found none. In Holland Dalderup &
af {(11) found cight confirmed cascs nat attributadle
ta thorotrast or ansenic and could trace *00 cootact
with vinyl chloride,”™ Ini thoy made no specific men.
ilon of the patient’s place of residence. Baxter ¢t &l
(3) found 14 confirmed cases in Great Britain over a
11.year period, one of which was in a man who had
lived haif & kilometer from a PYC manufacturing
plans, and, In New York State over an 18-year period,
Brady et at (5) found 19 cases that could not be at-
tributed to any known cause, five of which were in peo-
plc Eving within & mile of plaats manufactucing or
using vinyl chiocide. The overall incidence rates in these
last (wo studies were not unduly high, but the occur-
rence of &3 many as six cascs among people living so
close o manufacturing plants is surprizing. Brady and
his colleugues, moreover, corapared their setics of pa-
tiants with matched referents and found thet goge of
the referents lived equalty close o 4 piaat. Two of these
six nelghborhood cases (an¢ in Eggland and one
New York State) cannot be astributed to environmantal
poliution with vinyl chloride, a¢ the men who devel-
oped the disexse bad lived near the plaats for six and
cight years, respectively, before developing the disase,
and this period is 100 short tn allow for the necessary
{tizncy, The other four cases, however, all occurred
afier 1§ or more years of {ocal resldence, and the dis-
covery of these cases sirongly suggests thm pollution
of the cnvironment atound plants menufacturing VCM
or PVC may have caused a minute hazard to the gen-
erul public.

Current concenitrations arcund plants handling vinyl
chiaride ar¢ cerfainly much lower than those reported
proviously by the US Enviconmeatal Protection
Agency, Recent Batish measurements made within a
faw hundred meters of the VCM areas have given aver-

~age values below the dafly imit of detection (S ppb)
fur three of five plants, the readings a1 the (wo others
bying 20 ppb (100 m outside the boundary fence) and
82 ppb (just inside it) (47}, alihough substantialiy
higher values were recorded on two ocmasions asko-
sidted with puiting one plant into operation and with

" The tigure of 1.4 - 10-% ciced tw Heath et & (21) scems ta
have becn & mispring for 1,4 - 10-",
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an sccident st the other. According 10 any reasanzbile
criterion the hazard to the gencral public Gf there i
any &t all) must be ncgligible (42).

No ather hazard to the general populatian, other
than e hazard of cancer, cant reasonably be poxtulsted,

Bummary

This paper reviews (i) the possible effects of vinyl
chiosride on the personal health of men exposed by
virtue of their occapation (other than the earfy effects
of the very high concenrations to which men were ex-
posed when the industry was first developed — uncon-
sciousness, cardisc arrhythmin, and the characteristic
“vinyl chloride Hiness™) and (@) the carcinogenic
«ffects that might conceivably be obszrved in the gen-
eral population a a result of the widespread distribu-
tion of visy chloride as a pollutant, The possibility
that vinyl chloride might st 8¢ a weratogea or might
cause mutationd {a the geem cells hat not been exant-
ined, s the lide evidence that hes been adduced
relating to sach possible effects has been reviewed else-
where and the conclusion was reachied that no such ef-
fects have been demonstrated.

Many groups of workers exposad to vinyl ch!onde
in the manufacture of YCM or PYC havébeen studied
since the carcinogenic potenitial of vinyl chloride was
first cecognized. Some vesulis have thown that oecu-
pational exposure can cause angiosarcoma of the lver,
and others have suggested ‘that ft may causc scveral
athes types af cancer £5 well, The actual situation can
e determined only in an sxaminxtion of alf the evi-
dencu, especlally the combined results of those studies
that include a substantisl proportion of observationg
on men more than 25 years after their first exposure
ard cover a fong enough period for more than 10 7
of the employees to have been expected 1 dic.

The resalts of four studics can be usefully combined
for this purpose. They are two uational studies, one
from the US and the other from the UK, aand two
studies of emplayees in one plant in Canada and two
planus {n luly. The results of other studics from the
Federal Republic of Genmany, Norway, Sweden, [taly,
Franee, and Japen can be used oaly to provide sup-
plementary information. The many carlier reports of
exposed workers in chie US and the UK conosrn men
covered ore completely In the two recert national
studles, and their results serve only as sources of hy-
potheses.

Minor criticisms can be made of three of the four
mast useful studies. They do not serinusly effect the
value of the results, except that allewance has (o be
made for the fajlure to determine the cause of 6.3 %
of the deaths eecorded in the US study. Theee of the
studies use national rates to estimate the numbers of
deaths that might have besn expected to occur in the
absamce of any special occupational hazard, and the
Fourth {Canadian) uses rates for the provinee in which
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the plant was siwuated. 1t must, thercfore, be kept in
mind that the rates used may not heve been wholly ap-
proprizte for the localitics in which the plents were
situated. This drcumstance is potentially important for
the US study, which covered workers in 37 plants, 22
of which were situated in dhe southern part of the
country. The other 1ess informative studies are, for the
most part, open [0 more serious criticism, and the value
of each set of results needs ta be assessed separatcly
in relation to each disease.

The combined results of the four principal studies
show thar the SMR values, reflecting the rarios berween
the numbers of deaths observed and those expected In
the absence of an occupational hazard muliiplicd by
100, have been {i) 77 for recidents end ather viclence,
(ii) 84 for diseases other than cancer, aad (i) 102 for
cancert other than cancer of the liver. All these results
are what might be enticipated for an indusiry devoid
of any specific occupdtional hazard, The fow ratio for
diseases other than cancer feflects the “healthy worker
effect,” which results (rom the selection process that
inevitably excludes some of the legs healthy members

I the population from industrial employment and is

ompatible with a higher tatio for cancer, as the mor-

tality from cencer it ot nommally subject to such an
affect, apart from the first two or three years imme.
dintely following the start-of cmployment.

The mortality from cancer of the liver was nearly
seven thmes that expected. Mast of the 51 excess deaths
were known to be due to angiosarcoma, even though
this dizgnosis was not recorded po the death certifi-
cate. The excess corresponds closely with the 49 deaths
due 10 sngiosarcoras reported 10 the Ioternationat
Register of Angiosarcoma Cases as occurring In em-
ployees of the plants concerned during the peviods
under observation. Alf the men who developed the dis-
ease were likely to have been exposed to concentrations
of vinyl chiordde of scveral hundred perts por million
r mere, :

Three other types of cances which have been sug-
gested to ocour as & result of exposure to vinyl chlo-
rids are cancers of the lung, braln, and lymphatic and
bematopaictic systems, The combined data for the
mortafity from respiratory cancer fail, at first sight,
0 support the hypothesis regarding lung cancer {(SMR
97). Higher ratios for tung cancer have, however, been
observed consistently in the subgroups in which the
effect of an occupational harard would be most like-
1y to be seen (that s, men employed for morc than 10

years, exposed to tigher than average copetritrations,
or observed miore than 20 years after first exposure}.
In two of the supplementary studios it was also noted
that the mortality from hung cancer was specifically
increased amang the most heavily exposed workers,
The combined data show smaill excesses in the mor-
tality from cancers of the brain and of the lymphatic
and hemetopoictic systems. The excesses ore, however,
not statistically significant, and there is nothing to sug-
gest that they are occuparional in origin. An excep-

tian Is the observauon of an increaved martality from
cancers of the lymmphatic and hematopoietic svstem.
in the supplementary study from the Federal Republic
of Qermany.

Two types Of cancer were reported to be in excest
in the Narweglan study, asmely, thyroid cancer and
meianoma. The significance of this finding s difficuli
10 assess because very little information about thee
cancers has beet provided by other studies.

Suggestions that viny! chioride migh: eause cancer:
of the digestive tract have (ailed to account far the
contribution of anglosarcoma of the liver. When this
discase it excloded, the moctality from digestive trac
cancer decreaces to befow the average (SMR 82 for the
four principat studies).

A small excets mortality from the beterogeneous
group of “other cancers™ in the combined results of
the four principal studics was statistically marginally
significant (33 deaths agains 65.25 expected, P <0.05),
Some of the uxcess wag iikely to have been due 10 the
misclassification of angiosascomas as secondary cqn-
cers of the liver or carcinomatosls, site unknown.

The following three causes of death
bave required specixt axamination: cirrhosis of the Hver
because of damnge €0 the fiver in “viayf chloride il
ness, *' myocardial infarction (from analogy with the
effect of other halogenated sad because
of some abservations from Swedish PVC fabricators).
and nonmafignant respiratory discase because of
changes in lung function and the radiographic appear-
ance of the Jungs observed in men exposed o PVC
duast. Far from being raised, the martality from cir-
rhosts of the fiver was less than expecied la the three
principal seudies knd in ane of the two supplementary
studies which gave separate figures for the disepse
{SMR values of 69, based on 46 denths, and 82, based

on 15 deaths), while in the other supplemencary study -

the Increagse was trivial.

Data for myocerdial infarction have aot been re-
ported separately, But myocardial infaretion accounts
for most of the deaths attributed to ischemic heart dis-
case, and there is 1o evidence that efther ischemic heart
discase or cardiovaseular disease 2¢ & whole was un-
duly common (SMR vaiues of 90 and 92, respective:
ly) or related to ocenpational exposure.

The data {or the third category of sonmalignarn di--
ease (tonmalignant respiratory disease) ase confusing.
because the two large national studies give conflicting
resules. The combined data for the four principat
studies show the low mortality that is commonly found
in healthy industrial popalations (SMR $0). This fig-
ure hides, howevér, an Increased mortality from
chronic obstructive lung discase (SMR 120), which in-
dudes emphysemz and is du¢ (¢ 8 grossly increased
mortality attributed to emphysema in the US study
(SMR 193). The cotresponding mortality in the British
study, which was preferentially described as due s¢
bronchitis, was less than expected (SMR 82), as wun
the mortafity from prcumonia (SMR 50) and other re

: piratonr‘dimm {SMR 46) in
1 , WO consstent evidence that ¢
phyiema or bronchitis was sp.
_and il sectms possible that the
< US study was an artifact due
tics with tht use of the sevent:
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" gicatory discascs (SMR 46) in the US study. There is

a0 consiftent evideace that the monality from em-
ghysema of bronchitiz was specifically occupational,
a0d it Seems postible that the reported cxoqs In the
Us study was an antifact duc to nosological difficul-
ties with the use of the seventh revision of the ICD.

geview of the massive data now availgble on the
tangeterm health of men occupationally expased 1o
vl chloride eads (o two clear conclusions. First the
men have experienced a specific hazard of the nomally
cstremely rare anglosarcoma of the liver, Approxi-
mately 1 in 335 of the men exposed in the 49 plants
sutdied dicd of the disease, and epproximarcly 2 % of
the ubserved deaths were attributed (3 . In the course
of time the numbers of cases of angiosarcoma must
e expocted to Increase two to thres times, Second,
the mortality from alf other causes has been typieal
of that of normally bealthy industrial workers. If any
hazard has existed, lts cffect has boen small,

The data provide no reason o think that any haz.
ard other (han one of cancer has been averioaked. 1t
s, however, still difficult to declde whether vinyl chlo-
ride produces sl risks of cancer, compared to (hose
due 10 nonoccupational causes, at sites other than the
iver. and, if 00, whether, in total, thece risks migit
cause almost as many deaths a3 anglosarcoma af the

gver.

There is too littke evidence efther 10 confim o1 refute
the supgestion that viny! chloride might cause mela-
nama of cancers of the thyroid, brein, and lymphatic
and hematopoletic systems. None of the small excesses
chat have bsen recorded point specifically to as occu-
pations] hazerd, apart from that attribntable 10 can-
cors af the lymphatic and hematopoletic systems kn the
German study revicwed, and most are likely 10 be the
sort of chance effect that & ctriain to be cbserved when
many types of cancer gr¢ examined in many differeat
studies.

The lack of any increased mortality from lung cane
ccr in the combined resutts of the four principal studics
ceviewed does not exclude the possivility that there may
Tave been a small occupational hazard of developing
the discrye, as geographic variatons in the incidence
of rhe disease throw doubt os the validity of wsing
national rates far estimating the expected numbers of
deaths. The greater maortalky in groups of workers who
wouid be more likely 10 show ag occupational hazard
than other prodps suggests thar a small hazard may
hasve existed. The evidence is, however, wezk, and the
aistence of & hazard has not been proved.

_ Clearer answers to some of the questions that have
beent posed tn this veview might be obained if the
various groups of investigators could present their
results in more appropriace and comparable ways.

Ax vinyl chloride is & mutagen in laboratory axperi-
mems and a proved human carcinogen, the minute
do<es that have escaped into the general environment
as polluranty must be presumed (0 have caused com-
parably minutc risks to the general public. No such

]

risk could possibly be detocted, other than one of
angiotaccoma of the liver which {5 gotinally an x-
tremely rare disease. Several surveyy have sought evi-
dence af the existence of such an cffect, and sugges-
tive evidence that such an effest may bave cccurred
o g time when environmental pollution was much
greater than it is now has been feund in one.
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