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SUMMARY

The results are Teported of a reviaw of: (L) the possible effects of
vinyl chloride (¥C) oa the p:ilcnal health of men exposed toc ir by virtue
of thelr occupation, other than the early effects of the very high
concentrations £o which men were expossd when the indoarry ;Il First
developed {unconscicusness, cardiac arthythaias, and the characteristic
'vinyl chloride illness’) and (1i1) rhe carcinogeniz effects that might
conceivahly'be observed in the general population, as a tesplt of the
widegpread digeribucion of VC s8 a polluzanct. The posstbiii:y that V¢
might act zs a teratogen of might cause nutations {n the gera cells has mot
bean examined, as the li{ttle evidence that has been adduced rzelating to
such possible effects has besn ravieved eloevhare and the conclusion
reached thst no such effects have been demonstrated.

Many groupt of wotkers exposed to VC in the msnufacture of vinyl
chloride acnomer {VCM) or polyvinyl chloride (PVC) have been studied since
the carcinogenic po:en:iai of VC was first recognized. The resultz have
shown that cccupstional exposure can cause anglosarcoma of the liver and
some have suggested that 1T may czxuse several other types of cancer a3
well. Vhether this is so or nef can be decided only by examining all the
evidence and, in paréicullr, the conbined results of those studies that
includa a substantial proportion of obsarvations on men more than 25 years
after their first axposure and cover a loang enough period for more tham 10
per cent of the employees to have been expected to die.

The rasulrs of four studies can be usefully combited in this wvay:

_;9Nk,:;nely, two ostfonal studies {n the USA and the UK and tvo studles of '
enployees in one plant {n Canads and two plants i{n Italy. The results of
other studies i{n the Federal Republic of Garmany, Norway, Sweden, Italy,
France, and Japazn can be used only to provide supplementary Iinforastion.

THe many earlier reports of exposad workers in tha USA and the UK relate to
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men covered more cozpletely in the Cwo recent nacicnal studies and their
Tesults serve only as sourc;s of hypotheses.

Minor criticisas can be made of three of the four most useful
studies. They do not seriously affect tha vslue of the resulrs, exXcept
that allowancs has tc be made for the faillure ta d;:ernine the cause of
65,32 of the deaths recorded in the US study. Three of the studies uaze
pationgl rates to estimate the numbers of deaths that might have been
expected to occur in the absence of any special cccupational hazard and the
fourth (Canadfan) study uses tates for the province in which the plant was
situvated. It ?psc, therefore, be kept in mind that the rates used may hot
have Lesn whoi;y sppropriate for tha locglities in which the plants were
situated. This is potentially important for the US study vhich covered
vorkers in 37 plants, 22 of which were situated in the south of the
country. The other less informative studies are, for the most par:, open
to more sarious criticism and the value of each set of results needs to be .
assessed separately {p relation to each dissase.

The combined resu;ts of the tgur principal studies show that the
standardized n&éfall:y ratic (SMR), reflecting the ratio between the
numbers of deaths cbserved and those expected Iin the absence of an
occupational hazard multiplied by 100, has been: (1) 7f for accidents and
other vial;nct, {14) 54 fof disesses other thav cancer, snd (14{1) 102 for
cancers other than cancer of the liver. A&l thesze results are whaz aight

© be anticipated for an-industry devoid of any specific occupaticnal hazard,
The low ratic for disesses other than cancer reflects the 'haslthy worker
effact’, which results from the selection process that inevitably excludes
t- he hanr ~ifgime of the less healthy seabits of the popul::iﬂi'fiéi {ndustrial
eaployment and {s compatible with a higher ratio for cancar zs the
mortality from c;uc;r 11 not poraally subliect to such an effect, apart from
the firar two or threes ysars imaediately following the start of eaployment.
o
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The mortality from cancar of the liver was nearly seven times thar
expected. Most of the 51 excess deaths were known to be due to angic
sarcoma, even though this disgnosis wes net recorded on the death
certificate. The excess corresponds a2lmost exactly with the 49 deaths due
to angiocsarcoma reported to the Internatiomal Rezister of Angiosarcoma
Cases at occurving in employees of the plants con;erned during rhe periods
they were kept under observetion. All the men who developed the disease
are likely to have been exposed to concentrations of VO of several hundred
Ppa or ;ore.

Three other types of cancer, which, it was suggested soon after the
discovery of the carcinogenicity of VC, aight be caused by VC, aTe cancers
of the lung, brain, snd lymphatic and haemavopoietic systems. The combined
data for the mortality from respiratory cancer fail to support the .
hypothesis regarding lung cancer (5MR 97). Higher ratios for lung cance:
have, however, been observed consistently in the subgroups of men in vhom
the effect of an occupational hazard would be mosr likely o be seen {that
i3, men employed for more than !0 yesrs, expoeed o higher than average

concentrations, or obssrved more than 20 years after firsr exposure), In

two of the supplementary studies it was a2ls¢ noted that the mortality from

“lung cancer was specifically inereased in the nost hesvily exposéd. Th;

conbined data show small excesses in the mortality from cancers of the
brain and of the lyaphatic snd haematopoisric aystems: dut the excesses are
not scatistically si;uific*nt and there {s nothing to suggest that they are
occupational in origin. An exception i{s the observation of an incressed
mortality from csncers.of tha lymphatic and hsematopoietic systems in :hé
supplementary study from tha Federzl Republic of Germany.

Two ‘types of cancer were :fpo:tcd to be ian excess Iin the Norwegian
study: namely, thyroid cancer and melancma. The significance of this

finding 1s difficult to sssess because vary litetle information about these
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cancers iz provided by other gtudies. .

Suggesticns that VC mighr cause cancers of the digestive tract have
failed to take xccount of the econtributioe of angicsarcoms of the liver.
When this disease is excluded, the mortality from digestive tract cancer is
found to have been below average (SMR for the four principal studies, 82),

A suall excess mortality from the h;:lrogcneous gtauﬁ af "other
cancers’ in the combined results of the four principal stud{es is
staci{stically marginally gignificant (83 deaths against 65.25 expecrad,
p<0.05). Some of the excass is likely to havs been due to the miscliss—
ification of angiosarcomas &3 secondary cancers of the liver or carcinoma-
tosis, site unknown. .

Thtee nor-malignant causes of death hava rYequired special examin
ation: ecirrhosis of the liver bacause of the damsage to the liver that
occurrad as part of the ‘vinyl ;hloridc illness', nos~malignant respiratory
disease because of the changes iz lung function and x-ray appearance L
obgerved in men exposed to FVC dust, and wyccurdial infarction from anzlogy .
with the effect of other halogenated hyﬂ:ocarbons and because of szome
oblervlﬁions on Swedish PYC fabricators.

Far from being raised, the mortzlity from cirrhqsi: of the liver was
less than expcc:nq in the three principal studies and Iin one of the two
supplesentary studies vhich gave separite figures for the disease (SMRs of
69 baged an 46 dcaéhn and of 82 based on 15 dsnths) vhile in the other

. supplementary ctudz tha increass wvas zrivi;l.

Data for myocardial infarction have not been raporied separately, but

ayocardial {nfaretion accounts for most of the deaths attributed to

iy 8chaenic heart disesse end there is 2o svidence that sither ischaeaie - -

heart disease or cardiovascular disesszse as a whole was unduly comon (SMRs

of 90 and 92) or related to occcupational exposuras.
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The data for the third cactegory of non-malfgnant disease (noa~
malignant respiratory disease) are confusing, Decause the two large
national studies give conflicting results. The coabined data for the four
prineipal studies show the low mortalicy :Qlt is commonly found in healthy
industrial populations (SMR 80). This, however, hides an increased
mortality from chromic obstructive lung disease (SMR 120) which includes
eaphysema and i3 dus to a grossly increased mortalicy a::ribu:ek to

enphysema in the US study (SMR 193). The corresponding morzality {n the UK

study, vhich was preferentially described as bronchitis, i3 less than

-expected (S5MR 82} as {g the nortality fron pneumonia {SMR 50) and other

respiratory diseases (SMR 46) in the US study. There is no consistent
evidence that the mortality from emphysems or bronchitis was specifically
occupational and it seens poasible that the reported excess in the US study
13 an artefact due to mosological difficulties Iin the use of the 7th
Tevigion of the International Classificacion of Disesses.

Reviev of the massive datz now available relating to the long term

health of men cccusptionally exposed to VC lesds to two clear conclusions.

First the zen have experienced a specific hazard of the normally extremely

—————

rate angiosarcoma of the liver. Approximately I In 335 of the men exposed

in the 4% plants has died of the disease and approximacely 2I of observed
deaths have baen attributed to it. 1In the course of time the numbers of
cases of anglosarcoms must be expec:edKCo ba increased 2 to 3 timesn,

Sccoﬁﬁly,iihc_norctlity from all other causes has been typical of that in

normally healthy industrial workers. 1f any orher hazard has existed its

effect has baen small.

st The data provide po reason to think that any hazard other than one of

cancer has been averlooked. It 1z, houvever, still d44fficult to decide
vhether VC does produce risks of.cancer {n sites other than the liver that

aTe small compared to thoss dua £6 noo-occcupational causes, but which

GENC 001261
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might, in total, cause 2lmost zs cany deaths a1 anglosarcoms of the liver. .

There ia too little evidence either to confirm or refute the
suggestion that VC =might cause melanoma or cancers of the thyroid, brain,
and lymphatic and haesatopoietic systens. None of the small excessges that
have been recorded point specifically to an occupational hazard, apart from
thar attri{butable to cancers of the lymphatic and haematopoletic syscems in
the German study, and aost ate likely to be the sort of chance effect thac
is certain to be cbserved when many types of cancer are examined in many-
different studies. I

The lack of any incressed aortality from lung cancer {a the coambined
results of the four prinecipal studies does not axclude the possibilicy thac
there may have been a smsxll occupational hazard of divelopinz the disease,
as geographical variations ian the incidence of the diseass throw doubt an
the validity of using national rvates for estimaiing the expected numbers of
deaths. The greater mortality in groups of workers who would be more
likely to show an cccupstional hazard than in other groups, suggests that a .
szall hazard maxy have existed. The evidence is, hovever, wveak and the
existence of 2 hazard is not proven.

Clearer ansvers to scae of the questicns that have been posed in this
review might be obtained if the various groups ¢f investigators could
present their results ia more appropriste and comparable wvays. .

As VC 1s a sutagen in laboratory experiments and g proven human

. carcinogen, the minute dosas that have escaped into the general environment

as pollutants must ba presumed to have caused comparably ainute risks to

—— -

the genaral public. No such risk could possidly be datected, other than

one of qpsicsarcnﬁi of the liver which is normally an extremely rars

S P USSR V. -

disease. Several surveys have sought evidence of the existence of such an
effect, and suggestive avidencs that such an effrct may have occurred at &
tize vhen envirommental pollution was much grestar than it is now has been

found in ouc..
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. INTRODUCTION

The inhalation of large amounts of wvinyl chloride (VC) has been

Tecognized to be porencially harardous for meuy years. Concentrations of

the order of 10,000 ppm in air induce uncensciousness and cardiac
arrhythmia, while prolonged exposure to ccncentrations an order of
magnitude lower have been lizble to cause a specific pathological svndrone.

//fhia-“vihyl chloride 1llness™ has been characterized by four cardinal

/ !iEE?: namely, enlargement of the 1iver and spleen with 2 specific
>, histelogical appearance, patchy infiltration of the skin resembling
sclercderza, bony changes in the tips of the fingers descridbed a3 .
acro—osteclysis, and peripheral circulatory changes {dentical with the

\\slqslical plerure of Raynaud's disease. These pathological resctions may

oceur singly or together and may possibly be accompanied by other less

characteristic effects. They can, howevar, bs completely aveided by

ensuring that exposure never exceeds a few hundred ppam, to which level

. exposures vere generally reduced in the mid 1960s.

One other serious effect has, however, been observed that may not be
avoidable in the saze relatively easy vay: namely, the production of
angiozarconma of the liver. It must, {ndeed, be presunsd that some risk of

——— -
developing the disease vill persist from exposure to doses that are even

‘lower than the curreat industrial levels of S ppa or less, as VC has been

shown to act xs 2 sutagen (International Ajency for Resesrch o¢n Cancer,

11979) and it cannot be sasumed that a thresheld exists below which no

—~ carcinogecic risk persists. Moreover, the possibility has tc be considered

) that VC may cause some cancers other than anglosarcoma of the liver, partly

_ % ‘" bacause laboratory studies have shown that it doas this ia animal

) - ‘ experiments and partly because the initisl studfaes, which demonstrated the
\ ‘prodpctfcn 6£_nngiosarco=4 of the liver in Man, wetre inadequatse In size to

exclude a matarial increase in the risk of cancer in common sites, such as

GEMC 001z453
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the lung aud large bowel. Since no threshold dose can be postulated it .
also follows that scme cancers may have been produced in the generzl publice
by the small amcunts that have egéaped {ioto the general environnent,
Consideration also needs to be given to the poasibili:y.:ha: exposure
to vinyl chloride acting over a long period msy have noxicus effects on Man
that could not easily b; seen in snimal expariments {by, for example,
producing chronic respiratory disease) and, &1 it is a2 mutagen, there is
also & possibilicy that 1; may act as & teratogen and cause congenital
malformations {n éhc-offspring. |
In this review I have not exazined the possibility that Vc.aéts as =
ter&:ogeﬁ nor that it causes mutations in germ calls, as there is too
litele serious evidence to requirs it. Revieus carried cur for sections of
the i{nduystry by Downs et al. (1977} and by MacMahon (1977) concluded that
the fev reports of positive effacts could not be substantisted and no
additicoal evidence vas found in a similar later reviev by Rarr (1981),
apart from & veport that embryos were absorbed and skeletsl ossificaction .
produced when pregnant rats were sxposed to doses appreciably less than
those that had bean used by other workers without any such effects being
observed. The report of absorbed embryos (Mirkova st al.,, 1978) could not
be evaluated theoroughly, however, as the experiment wa; inadequately
‘ée-cribcd. I have, therefore, examined only the possible effects on the
pe:sonni health of men occupationzlly a:pq:ed to ¥C other than on thelir
" - Teproductive capacity, and the careinogenic affects that might conceivably
be observed in the general population as & rtesult of the widespread
distgibugian of VC as a pollutant.

OCCUPATIONAL HAZARDS

Hany studies of workers exposed to VC in the manufacture of vinyl

chloride monomer (VCHM) and polyvinyl chloride (PVC) have beea undertaken

GEMD BD12464




tince it was first found that VC could ciaune cancer in animals (Vicla et
xl., 1971; Malroni et al., 1974} and in Man {Creech and Johnsom, 1974),
These have confirmed that exposure causes 1 hazard of angiosarcoma of the
liver and, in several instances, have showr excess Incidence or mortality
races from other diseases, which were conoventionally statistvically
significant. Conventional tests of statistical significance are, however,
designed to help aoswer gsingle gquestions dafinad beforehand and several
findings that wmight be expected 2o accur by chance alone once in {say) 20
tizes must be expected to oceur 'if dozens of rates are exzmined i{n e;ch of
several sets of independent Fnca. Ve have, therafore, baen faced with the
problen of deciding whether the sxcess rates that have been observed in
individual studies ars dus to occupational hazards or to the vagaries of
chance,

This problez can be sclved in part by e:aﬂiniﬁg the oveé;ll resulets,
vhen the data from comparable studies are summed: cthat is, dy adding
together the nuabers of deaths observed and expected in each study, and

comparing the totale. This does not require the gasumption chat the

-éxp0lutelrhavc beesn tﬁc same Iin each study, any more than it does for each
individual when the results of each study are considered alone., Whas if
doas requires {s-chlt esch exposed population should have been observed over
2 perioa when its aembers vere at risk of developing disease (if a genuine
hazard existed) and that in esch study the eontrol population from which
the expected nuabers of deaths were derived w:s appropriate (that is, at
the same risk ;2 developing disesse as the exposed population would have
. .. basn in the sbsance of exposure). This does ot fntroduca any new
e ) complexity, as both thesa cooditions are, of course, also required if
correct conclusions are to ba dravn from the results of the individual

studies whem they ate examined on their own.

) _ BENC 001245
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Sources of information

Four studies meet there requiremencs: onamely, the two large national
surveys reported by Jones (1985) for the UK and by Eavironmental Health
Associztes (1986) for the USA, and studies of individusal plan;s in C:naéa
reported by Thériault and Allfrd (1981) and in ITtaly reported (as a part of
a national study) by Belll et al. (19868). All four include observacions on
aen more than 25 years after their first exposure and the expected pumber
of deacths is, in each case, greater than 10 per cenr of the total nupber of
emploiees indicacing & iong average period at visk. Earlier ob;ervatiohs
on UK aad USA employees reported by Monsern et xl. (1979}, Tabershaw and
Gaffey (1974), Duck et al. (1975), Nicholsoro et al., (1975), Ott et al.
(1875), Waxveiler et al. (1976}, Fox and Collier 1977), Equitlgic
Enviroomental Healzh (1978}, Buffler st a1, (1979, and Cooper (1581) are
subsumed in the nstiomal surveys and now serva cnly n; sources of
hypotheses and to provide some dct;iled information not included in the
national reports. Studies of German workers (Grelser et 21., 1982), ’
Horwegian workers (Heldaas et al., 1984), Swedish workers (Byrem et al.,
1976}, French vorkers (Pierre et al,, 1979 and Laplasche et 2l., 1987),
Japanese workers (Masuda, 1979 and Makamura, 1981) and some other Itzlian

wvorkers (Belll et al. 1985) provide some supplementary informarion but, in

- ‘gederal, the periods of observation have not beea long enough for yseful

epideniological data to be obtained about §1;¢A|¢t that are unlikely to
oceur within 20 years of firat ezponuie. or they raport only selected
tesults vhich are difficuylt to {nterpret a3 only eXcess rates tend to have

been selected.

T e o Studies of PVC fabricators are not included as the workers will have

had nuch less exposure to VO than those employed in the manufacture of WCM
or PYC and any cccupational hazard td which they mey have been exposed is

more likely to have been produced by PVC dust.

®
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UsS Study .

The study carried cut by Environmental Health Associates (1986) on
behalf of.:he US Chemical Manufacturers Associastion i{s the lrargest and most
informative. It covers 10,173 men who had worked in 37 plants owned by 17
companies ~ 1,214 in 11 plants that produced only VCM, 6,848 in 18 plants
that preduced oaly FVC, 935 in 3 plants that produced both; and 1,176 in 5
plants that produced homopclymers and copolymers, with or without VCM or
PVC.

Twenty—two of the plants were in the Southern part of the country, 14
in the North easters or Horth central parts, and one in the Wes:z.

Men were Iincluded 1f they had'been exposid te VC for at leas? a year
before 31 December 1972 and had been employed in 1942 or subsequently (the
first year depending ;n the date the plant began making or using VC and the
earliest date that personnel records were deemed re be complete, whichever
was the later). Individuals who met these cfitaris vere fdentified from
company recqrds by ¢ompany personnel.

Racial characteristics were known cnly for 686 men, 97 per cen: of
wvhom vere white and 1t was presuned, fo; the purpose of escimating the
aunber of expected deaths, that all 10;173 en Htt; white.

Follow-up was ¢btained from plant and Socfal Security Administration

Records and (for asn wvho died aftar 19?9) from the National Death Index.

" Pive plants did not cocllaborate i{n the exte¢nsion of Ccoper's (1981) earlier

study and the 955 employees in these planty wvho were kanown to be alive on
k) Decenyer 1972 vere not followved any furthear. PFor the rest, follow—qp
ﬁii¢;f:€aptid to death or 31 Becenﬁcr l§82, vhichever was the earlier. On
this basis 92.7% of the men vere successfully traced. Those who were
untraced were excluded from the last date of contact, vhich wag usually the
date vhen enploymant cessed.

Alnost half the men (46X) were first eaployed before 1955. A large

GENG 001267
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proportion was, therefore, observed more than 25 years afcer first £Xpasures
(and in many cases for more than 30 years) vhen dissases with a long latent
periced might be expeczed to be seen, )

Short term workers had been excluded from the cohor:t and most of the
;en had continued in employment for msny years: two-thirds were employed
for 10 years or more and the average duration of employment was 16 years.

Fifteen hundred sand thirty six men were found to have died, In 1,439
czses, the cause of death was obtained frea the death certificate, but no
cause wvas obrzined for 97 (6,3%).

The numbers of deaths expected from esch of 38 zauses or groups of
causes were obtained by multiplying the persoo~years at risk by the
disesse=specific national rates for vhite males, for the cortesponding age
groups and quinqucnnin.

This i{mportant study is copen to three alinor crigicisms, which are
ualikely to have had ;ny zaterial effects eon the vesults, First, the lists .
of employees were compiled by company personnel from company records
without any independent check. ‘Secondly. the assumption that all the
ezployees were wvhite will have caused the expected desths to have been very
slightly underestizated, as the few black eaployees are likely to have had

higher mortality rates anod thers is no reason for supposing that the small R

;anplc, frow whichk the proportion of black saployees wvas estimated, wvas

necessarily reprasentative. Thizrdly, an element of uncertaincy is .

-~

ih:foduced by the failure to trace as many as 7.3T of enployees.

Twvo other criticizms are aore important. Pirstc, the expected numbers
of deaths have been caleculated on the assumption that the men would have
Ll LEAEER 47 - &ET . experienced the same wortdlity rates as the white male popuf;tion of the
vhole country at the corvesponding &attt. The use of nstional rates ix

common practice in studles of industrial populmtions and tends to result in

an over—estimation of the expected nuabers of daaths, so that the employees

gENT 001280
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appear to be unusually healthy. This "heslthy worker effect” i3 well kanawn
and will be taken inte account fa the discussion of the results. A more
serious objection to the use of pational rates is the way mortality varies
froz one part of the country to snother, due to differences in the
prevalence of envircumental and social factors unrelated to the oc¢cupation
of interest. It 1:; therefore, generzlly preferable teo use State (if not
county) rates in pl:;e of nlg;annl races. With 37 plants, however, it
might be thought that their geagraphiénl distribution would be sufficlently
vide to make the use of national rates appropriate. Unfortunately 22 of.
the plants were located in the South and a check would have Le;n desirable
to see whether this could have caused any ssterial distoration of the
resulrs.
Secondly, causes were not obtained for 97 of the 1,536 deaths. This

vas allowed for in the calculatfon of the overall mortality by including
_dea:hs dus to unknown causes. It was not sllowed for, howvever, in the
caleulation of the disease specific mortality rates and will have caused
the standardized mortalicy ratlios (SMRs) to be underestimsted by, on
average, 6,32, PFor the present purpose, therefore, the numbers of deaths
attribured co specific digeases have each been nnltip%}nd by.1.067&
(100/(1=-97/1536)) aad Tounded off to the nesrest integer,

UK Study )
) 7+The study repc::nd by Jones (1986) cn behalf of the UK Health and
Ssefety Executive covers 5,498 men vho were employed for at lesst one year |
-1n jobs that involvcd po:cn:isl exposure to VCH £er at least 252 of the i
workiug ‘week and vho vctc first enploycd in thc period 1940=74. Details of
the men were coppiled from the personnel tacords of 9 chemical plants
manufacturing or polymerising VC and the v{tal status of the men were

deternined at the end of 1984 from the records of the Natiounal Health

Service CentrTal Register. Five thousand four hundred and ainety eight men

- o GﬁNC'DQ126?
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wvere traced (98.9%). Seven hundred and eighty deaths were identified and 6
coples of the death certificates wefe sent to the investigators coded to
the 8th ICD revision of the list ef causes of desath Lf they occurred before
1979 and to the 9th revision if they occurred later.
Several specific points about the study need to be noted. First,
national morkllity rates for England and Wales were calculsted by five year
age groups for quinquennial periods for 66 causes of death and these ware
used to esiin&:e the numbers of deaths that might have been expected in the
cohort by multiplying them by the corresponding numbers of person-years
under observation. Sone difficulty was, yovevet, cipérienced in obtaining
suitable rates for all caune; of death, which could be related to the
causes of death coded according to the 8th and 9th revisions of the ICD
l1isz, and rates for a relatively late period had to be usad for estimating
the nuabars qf deaths from llnyldillllll that might have been expected to
occul Lo earlisr pericda. For 2 categories the earliest available cates -
were 1960-64, for 1 they were 1965-69, for 24 thay were 197074, and for 1 .
they were 1975-79.
Secondly, an atteapt was made to classi{y uen according to whether
they had high, ipteraediate, or lowv exposure to V(M or PVC dust and each

zan's ezployment history was rTecorded with advice from the plants

. concernad, under 12 Job titles. The men ware theo grouped according to

whether exposure to VOM wvas likely to have besn high (group A), exposure to

PYC dust vas likely to have been high with exposure Lo VCM low (group B),

f

or expeosure to VCM and PVC dust wvas ianteraediate and intermittent {group

C). All other men, vho would generally have had lov exposura to both VCX

and PVC dust, were classed ss group D. Within all groups, exposure to VOM

Loy

was likely to have been higher {f it had begun before 1956,
The study makes at importaat costributios to the sua of knowledge

concerning the long term effects of VC. The use of naticnal rates to
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calculate the expected numbers of deaths mxy be justified on the grounds
that the meg were cuployed in 9 plancs, which were presumably distributed
about the councry, but no details of their location are given. 1In general,
mortslity rates tend to be higher in the parts of Britain vhere heavy
industry is located than in ocher parts, sc that the expected numbers of
deaths are mora likely o be bisssd downwards than upwards; but this needs
to be showm. .

The use cf recent rates to caleulate expected numbers of deaths from
zany specific causes of desth wes p;ésun;hly necessary, 1f the diseases
were to be gtudied individually ind will have done no harm 4f the incidence
and fatality of the digesses in qu;stiﬂn have remaiped stable. It would
have been desirable, however, for the discazes to have been specified so
that the rezder would know which were liable to be distorted.

The system used to classify men into four exposure groups iz the sort
of systea thnﬁ is caunonly_ultd Lif precise measures of exposure are not
available. It creates some difficulties in the statistical analysia 1f men
move from one job to another and are classad (as in thisg inscance) as
having had high exposure if they have ever had a particulsar type of
ezployment (e.g. aver been eaployed as an sutoclave vorker), No evidence
1s'€ra§idii :§ show that the peTsor~years at risk before a man eatered the
calegoty hava been gubtracted and sdded to snother exposure group before
another are said to have tended to be out of groups A and 3 into D, but

even go it must be prasumed that the expected nunbers of deaths in the

£4rat twa exposurs categories are likely to be over-estimated.

Capadian Study
The Canadian study (Thé%iaﬁ}t and Allard, 1981) was limited to

eaployees of a single plant in Shawioigen, Quebec. The plant, which was

situated in an industrial complex, was 0§¢nnd in 1943. VCM and PVC were
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both made until -the late 1960s, vhen the production of VCM ceased, while
the producticn of PVC continued. An attempt was sade to trace all
production workers whose names appeared on the unions' )lists or the
companies’ payrolls of the whole industrial complex including the VC plant
between | January 1948 and 31 December 1572, and contact was cade with the
wvotker ot his next of kin im 1,611 out of 1,659 instances (97.1X%).

Detailed cccupational and smoking histories vere obtained by questionnaire
and 154 men who hsd.been employed by the companies for less than 5 years
werse excluded. The remaining men were categurized as (i) exposed to VCM if
they had werked on the production of VOM or FVC for at least S years (451
men), (1L) unexposed o VCM Lf ihey had vorked similarly for less than 6
menths (870 men), and (i11) other men (134 in total), The last were
excluded from the study. Follow-up was closed on 31 December 1977. Coples
-of the desth certificates were obtained and the causes coded according te
the 8th revision of the ICD list for all who had died (5% exposed and 233 .
unexposed). Infarm;:ion was also sought for histological or eytelogical
confirzarion of all the disgnoses for all the exposed men who had died of
caANCET .

The results were examined in two ways. TFirat, the mortalities of the
exposed and unexposed were comparad after lt{ﬁd&tdt:&éiou for quinquennium L.
;nd 5 ye:f age group. Secondly, the mortsality of the exposed men was
cozmpared with that expected 1if the men hadlcxpcriencld the sex and age
specific nortili:y Tates recordaed in Qutpec for the yaar 1971. In both
cozparisons the causes of death used vere those specified on the death
certificate and che additional pa:holo;ical 1n£or=-:10n vas used later only .

e in:crprc:a:ion of the results. o ’
Most of the exposed men were zxposed for more than [0 yesrs (75X},
the avetage length of exposuTe was approximately 17 years, and 44T were

observed nore than 25 vears safter first exposule.
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Al:h?pgh szall, the study makes a upeful contribution to the averall
Tesults., The histological review of the cancer cases i particularly
helpful, This showed that nil 8 cancers diaguoged a3 liver cancer
(including 2 specified as hepstoms and one specified as angiosarcoma) were
angiosarcomas ¢f the liver as vell as oune that had been diagﬁoaed as
anglosarcoma of the peritoneum. 7Two other cases of anglosarcoms of the
liver were found to have been cerzified &1 hepatic cirrthosis. It is also
helpful to have a comparison between exposed and "unexposed” eaployees of
the same companies as this shows that the low mortslity observad for all
non-zmalignant diseases could be attributed teo & hc;lthy worker eff;c: and
was not due te bias in the ;ecording of exposure (relative risk for all
non-malignant causes coaparsd to "unexposed” men 0.95).

One eritiecisz has to be made: namely, the use of provincial rates
for one year (1971) 2o ecalculate expected mortality spread over a 30 year
period (1948 to 1977 inclusive).’ Dé&tht will have tended to bunch up
towards the end of the period of cbservation go that the éu:es for this
particular year oay have been fairly represencative, but it must have
caused some distortiosn of the expected numbers of deaths, the size {and
even tha Eirec:ian) of which is impossible 0o estimate. For most disease

_groups the distortion 1s unlikely to have bean large.

Italiano Study \
’ A study of zll men eaploye& in the production of VC and PVC in 9
Italian plants was begun in 1983, All men wera included vho were enployed

for at lesst 6§ months at any time from the start up of the plant to the end

aEEdEE -0 0f 1981, The study is still incomplete, but results are now available for

men in three plants (Belll et al., 1986). Two placts {in Ferrara and
Rosignana) began operations in 1853, TFour hundred and thirty seven aen
vare employed in the cne plant and 181 In the other. All but three (from

the Perrara plant) vere followed to the end of 1984, Expected desths were
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escipeted by multiplying Che persom—years a: rTisk by the corresponding
nationsl mortality rates for each 5 year age group and quinquennium. Total
expected deaths in each case sacunted to more than 10 of the smployees
(12.4% and 12.3%).

Clinical information vas soﬁghfrabou: the cause of death of all the
55 employees of the Ferrara plant who ﬁad died. Revised diagnoses, which
wvere not used for comparison with the expected de;éhs. revealed four .deaths
from cancers of the liver is place of one.

The Ravenna plant did not begin operations until 1959. Six hundt;d
and thirty eight men wers amployed. All but 4 vers traced to the end of
1983 and 17 wera found to have died. No asn could have been followed for
more than 24 years and oély 25.1 desths (3.9% of rhe workforce) vere
eiéec:ed. The data for this plnné bave noz, therefore, baen used in :hé,

principal znalyses. It zay be noted, however, that one death wvas

attributed to liver cancer when 0.1 was expected. .

Other Sources

The Norvegian study (Heldzas at al., 1984) provided observations on
454 men who had been exployed in » plant in Telemark whers VCX had been
manufactured from 1950 to 1971 and PVC from 1350 to the end of the scudy
pericd. All wvere ineluded whose oszes vere recorded on the Coapany's
per:onnel.resiltcr and health departaent rggordm who had ever been emploved
Y from the start of production to the and of 15569 and had worked for at least

one year. Men ware folloved from 1953 to 1979 inclusive, Deaths and cases

of caocer were {dentified frow the records of the Central Bureac of

LT
X

e i o8 ve. TEEELT gtacisedcs and the natfonal cancer registry. No reference i?'iid: to any
men being lest to follow-up, but it can te assumed that the mumber (if not
zero) vas s2sll as all citizens have an identity nuaber vhich is used by
both ezployers and the central agencies. PFifty men ware found %o have died

againat 59.34 expected 1f the sex—- zge~ and quinquennium—-specific national .
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mortality rates had cperated. Twenty-one men were found to have developed
23 cancers agszinst 20.16 cancers expected from the comparable national
ineidence rates, the use of vhich was justified by the finding that the
incidence in the county in which the plant was situated was between %0 and
95 per cent of the rate in the country a3 2 whole. One man who had been
employed on FVC production developed angicsarcoma of the liver, Observed
and expected nunbers of cases are given for cancers of the lung, colon, and
thyroid, éor aelanczas, and for all canéerl. But no expected numbers are
given for other types of cancer. It is evident that several other types of
- : cancer must have been in deficit, as there wers 8 cases 1in 2ll againsc
. i6.93 expected, and it is difficult to koow what weight to give the
txXcesses observaed for the reportad types of cancar ag they geea likely to
have besn reportad specifically beczuse the nimbars were {n excess of those
expected., The guthors note that ¢ne further case of melanoma had occurred
. : afcer the closure of the study and that ou..n 'ﬁncipicn: cage' wvas 2lso known
to them.
The German study (Greiser et al., 1982) included three groups: (1)
7,021 aen who hzxd been exposed to VC in the course of their employment in
any of the 1l placts in which VC and #VC had been produced im the Federal
Tieme iR ‘paisublie of Cermany, (i;) 4,820 men vho had been employed in 7 chemical

plants without havipg had any exposure to VG, and (1i1) &,0d7 men employed

l'q

" in 2 other plants whers PVC was processed. ?mploycel vere included only 1if
they_ver: of Garman or Austrian vationality a;d were regarded as exposed to
VC 1if they wvere production workers or other skilled workers or labourers

e kAL W L XATEassigned regularly to the plants, but not if they wers employed in them

only occasionally. All aen were included from the time of opening of the

plants to the end of 1974 and wvere followed to the end of 1974, Many of
the nen vare, in consequences, ob;crvcd for only a few years after first

exployment, and only 14Z, 36X, and 197 respectivaly of the three groups
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vere first employed before 1954 and so capable of concribucing person-vears ‘
at risk more than 20 years after first employment, when an occupational
hazard of cancer could be expected to be observed.

93.2% of the exposed 3rou§ wvers successfully followed up and causes
of death wvere discovered for 92.8% of the 414 men discoversd to have died.
The proporticns for the other two groups were respectively 89.8% and 83.7%
for the unexposed and 92.1% and 86.9% for cthe PVC process workers. The
failute to obtain causes of death for all the men who had died was allowed
for fn the subsequent znalysis by weighting the puabers actributed to each
cause by & system which took account of the age group sad calendar period
in which death with an unknown cause occcurred. The expected nuabers of
deaths from each cause was calculsted by multiplying the person-years at
tisk by the sex, age, and cause specific mortality rates for the FRG.
National data before 19658 used an idicsyncratic classification system and
the 1958 rates had to be used to wultiply all the person-years at risk up
te the end of 1968, For subsequent years (196Y% to 1974) the person years .
at risk were multiplied by the corresponding tates for tha zane calendar
Year.

Epideaiologicfl studies sre more difficult to carry out in Germany
than i{n N. Aucrizn, the UK, or Scandinavis because the sedical cause of
death i{s not racorded publicly and there is no cencral systea which can be
used for checkirg whether an indviidual Illaliv1 or dead. In the
circumstances, the German suthors have nld;‘thinn: efforts to obtain
reliabhle daca snd the proportions of men in the expossd groups who were not
successfully followed up (6.8X) and the proportions of deaths for which the
cause wis not obtained 5?};;)ngrg_liu;lqr,5o those in the Enviroomental

T ome M e L

Health Asscclates (1986) study.

Two defects, howaver, make the data less useful, Yirst, no nstional

mortality rates wers available before 1968 and the use of the 1968 rates to
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estimate the aunbers of deaths io and before 1968 will have ovarestimatad
.the nunbers attributable to disezses that vere becoming more prevalent or
diagnosed more often and vili have underestimeted those due to diseases
that were becoming less prevalent. $Secondly, and more Importantly, a large
propertion of the men had been first employed lass than 10 years before the
follow up was ended. It follows that the observations eo the few men who
had been first exposed long enough before to have had much chance of
developing an occupstional disease with a long latent pericd must have been
svamped by observacions that had little to contribute. The expected deaths

amounted to only 6.2% of the exposed men and there is, therefore, little to
be gained, and something to‘bt losz, by including the Garman dsta in the
overview. It asy be noted, however, thx£ 12 deaths were attributed to
caucer of the liver smong the VC axposed vorkaers agsinst 0.9 expected and
that snllier excesses were also observed in the unexposed chemfczl workers
(5 observed against 1.l expected) and in the PVC process workers (3 dezths
againsz 0.8 txﬁcctcd).

"Two Swedish plants have produced VOM and PVC since 1945 and 1971
respectively and employees of the first ﬁ:ve béln studied by ByTen et al.
(1976). All ;etsunj who had ever been exployed vhép exXposure to VCX could
oceur were listed from the personnel files of the fsctory., Twenty-one were
excluded because they were forelgners who left the country after & short
pericd of aaployment. The remaining 730 wvore followsd to Qctober 1574.
Expectad punbers of deaths were estimated Dy multiplying the perscn=yvears
at risk by the corrasponding agt-ap;cific nortality rates for the whole

country uad the ;xpcc:ed uunbcrs of cancer cases. frol 1958 o 1971

_', - R — e

1n=1ulivc (dutin; which peried 311 cancar cases had beer registered
nationsally) were estizated by multipiying by the matioral age-specific
cancer incidence rates. In both iostances, the ratas usaed vare those

recorded in 1969, Fifty-eight deaths vera found but no figure is given for
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the ‘expected nunber. Detailed figures aras given only for the nusbers of
deaths and cases observed and expectad for cancer of the lung and for

cancers of the liver sud pancreas conbined and for the numbers of deaths

from brain cancer and three categories of cardiovascular disease, Two men

known to have anglosarcoma of the liver were certified as dying of liver
canéer or pancreatic zancer respectively, and a third man died of the
diseass 17 nonths after the follﬁv up closed,

Two French studies provide the results of a long Cemn :ollow up of
men enployed in one plant (Plerre et al., 1979} and of a shot: terz follow
up of men employed in 12 plants (Laplanche et al., 1987). The first
provided observaticns on 1,311 men axposed to YC in the productlion of VOH
and PVC and in selected ancillary cperations from tht.openlng of the Tavaux
plant in 1953 to the end of 1976 (Plerre ot al., 1979). S5ix other
eaployees vere excluded from the study because of lack of cccupationmal
histories and 160 men because their vital status at the end of the study
period was undeternined. Twenty-five men were found to have died agzinst
43.75 expecred from contsmporanecus sex and gge-specific national mortality
rates (.77 of the nen at risk). One death was attribgted te angicsarcoma
of the liver in 2 uwan whe had been exposed for nore :hfn 15 years. The
reported data are g0 incomplete and cover such a4 relstively short pericd
from the opening of the plant that they add nothing of epidemiologiczl
value to the reasults of the other studies,ifpar: from the addicicn of a
further case of angiosarcoma. -

The seccad provides observaticons on 1100 men aged 40 to 55 years who,
1o 1980, wers exposed of had been exposed to VC in 12 plants, which

contstituted "most of the French VO polymerisation planca” (Laplanche et

al., 1937). Moy of the men were, or had been employed st Tavaux sod vere

presunsbly survivors of tha cchort sgudied by Pierta at al. (197%). The

man wvare followed for 5 years and thelr worbidity and mortsliry compared

@
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vith that observed in 1100 men of the same ages (+2 years) employed in the
same plants, but vho had never been exposed to VCM. Men in both groups
vere interviewed perscnally and informaticon obrained about their smoking
and drinking habits vhich were found to be similar in the two groups. Men
in the exposed group had been first exposed on sverage about 14 years and
had firat been exployed in the plant about 18 yesrs previously., Marbidicy
and morrality data wvers recorded sanually by the plant physician who
successfully traced 98X of the exposed men and 96X of the controls. One of
the exposed men but none of the unexpcsed developed an anglosarcoma of the
liver. Datz are not given separately for dif?ertn: pericds after first
enployment and Lt is impossible to assess Che significance of the findinog
that 6 of the exposed men developed J:un; cincer againat 2 of the controls,
vhich =ey well reflect 2 chance occurrence of unusually fev‘calen in the
control groups =3 the proporticn of all cancers in the control group that
srose from the lung (2 ocut of 15) is unususlly low. One exposed man
developed a cancer of the lyapho~haematopoieric zystem againgt none aof the
controls, but no men in either group vere known to have developed melznozas
or cancer of the brain or thyroid.

A Japanese study reports the mortality expetiénce af 4524 men

‘employed for at least ona yesr bafors 1965 in one or other of 25 Japanese

plants which began producing vinyl chloride monomer (VOM) or polyvinyl

‘chloride (PVC) between 1949 and 1964 inclusive {Nakamura, 1983). The men

vere followed to 31.10.75. Twenty eight per cent of the men were observed

more than 20 years after first eaploysent, but none was observed more than

“26 years. Only 0.6% of the man wera untraced snd copies of the death

certificates vare cbtained for all the 209 men who had died (4.6% of the
initial cohorz). Individuals were classified according to the Job on which
they had been longest employed at the termination of thefr follow up and

deta are given separataly for 2546 men classed zs employed on FVC
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production and 1978 others (including 900 clsssed as VCM productiosn
wvorkers).

If this study is continued for a further 10 years it should provide
useful addicional {aformsation, but the present data include too few
observations on men more than 20 years after first exposure to be of any
materixl use. They confirm the evidence of o hazard of livar cancer with &
deaths {n PVC production workers against 2.5é expected from naticnal rates
while only 1 such death was observed in the cther workers against 1.82
expected. One of the 6 deaths from liver cancer in PVC production wvorkers
was certified ax dus to angiuugcm of the liver and at least one of the
other liver cancer deaths was dus to the sane cause. Lung cancer deaths
were oot in excess (2 observed in PYC vorkers againsr 2.33 expected). No
data zre given for cancers of r.he lyaphatic and haematopoietic systems, for
cancer of the brain or thyroid, or for melzuonas. Tha aortality of 305
Japanese VO workers reported by Masuda (1979) 1is presumably subsumed in .

Nakamura's (1983) later and larger scudy,

Hazards of cancer
The results of the four most useful studies ars listed individuslly
in Tables 1 and 2. The oversll re;ultl for all causes, liver cancer, and
three broad groups of counditicns are shmrn\in Table 3, and chose for 10
. types, or classes, of cancer in Table &. Data have not been reported for
each type of cancer in each study and the lour.uzn of the data are,
:h;u.‘.on, specified geparately for each typa. Additional information 1:3
R T ;;y;lnﬂ_in, Table 5 for 7 types or classes of cancer that has been obtained
from four other less informative studies (the Cerman study reported by
GTelser et al., 1982, the Norwegian study reported by Heldasas et 8l., 1935,

the Swedish study reported by Byran et al., 1976, and the part of the

Itelian study relating tc the Ravenns plant reported by Belll et al., .
i
) GENC 01280

R tret teeme e meaaes o s R . -
odn e R LR el T ~ x »




25

1986).

Table 3 shows that, apart from cancer of the liver, the overall
worcality {s what would be tﬁ:icipttcd for an industry without any sajor
hazard of sccident or disease. In particular the standardized mortaliey
ratio (SHR) of 84 for diseases other than cancer is typical of the ratios
that are comaonly observed in groups of eaployed men. A low SMR of this
order reflects :h; "healthy vorker effect”, which results from the
selection process that inevitably excludes some of the least healthy
mezbers of the population from {ndustrial vaployment. This effect does
not, hovever, normally sffect the mortality from cancer beyond :hgt'
observed in the first few y;ars after the start of employment and an SMR of
102 for cancers other than cancer of the liver iz compatible both with the

absence of hazard and with SHRs.ét 84 for other disesses and 77 for

aceidents, poisonings, and viclence.

Ansiolarcéna

D;a:h écrtificat;n are an unrelizble source of information abou£ the
histology of cancers that cause death, but there i3 no reason to suppose
that the excess mortality sttributed to livar cancer (or, in the 0S5 series,
liver and gsllbladder cancer) is not antirely accounted for by the koown
hazard of :;;iosarca-a. Fifteen of tha 37 deaths* attributed to cancers of
the liver and gallbladdar in the US seéries are koown to hava been due to
"angiosarcoma of the liver (Environmental Henlth Associates, 1938). 1In the .
British series, 7 of the 11 deaths ateributed to liver cancer, not
specified as aecondary, wvere known to be anglosarcomas and all occurred in

autoclave workers against 0.38 expectad liver cancers of all types (P(Id"s,

#Increased to 39 in Table 1, tc take sccount of the 97 extra deaths of

ynknown cause. , -
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Jones, 1986}). In the Cansdian series, histologfcal review showed that 7 of
the & 20 called liver camcers vere anglosarcomas {1 had been described as
&n anglosarcoms on the death certificate, 2 as hapatomas and 5 ac unspec-
ified liver cancers). One so cslled liver cancer death was found to have
been due to cancer of the sigmoid colon, vhile ! death atcributed to anglo-
sarcome of the peritoneun was found to have baen due to angiosarcoma of the
1iver {Thérisult and Allard, 1981). 1In the Itallan study, further evidence
revealed that 3 further deaths should have been attributed to cancer of the
liver (ﬁnking 4 1{n 211), but only 1 of the & wvas described as an anglo-
sarcens (Belll et 2l., 1986).

Further avidence that tha-excess mortality from liver cancer (or
liver and gallbladder cancer in the US saries) can ba attributed whelly to
the known hazard of angiosarcoma is obtained by comparing the excess deachs
with tha numnbers of deaths froam angicssrcoma befors the ends of the
follow-up pericd that are recorded in the Register of Liver Anglosarcoma
Cases maintained on behalf of che Association of Plastics Manufacturers in
Europe by lmperisl Chemical Industry PLC (Bencect, 1985). Fifty cne excess
liver csncers arva recorded in the combined data and &9 anglosarccmas ate
recorded in the Register for the relevant periods for Fhe three countries
and ‘the two Itslian plants* that are coverad by the surv;y.

Nona of the 120 cases yet recovrded oz the legister wvere in men who

. vere firat exposed afrer 1969 and none of the 45 men affected {2 Korth

Amgrics vere first exposed after 1964. All may, thersfore, have been

exposed to concantrations of several hundred ppm azd many mway have been

*Twenty nine are reglstered as occurring in the USA against an estimated
excess of 33, 9 are registered in the UK against 2n excess of 9, 10 in
Canads ageinst sn excess of 8, snd 1 in @ man eaployed in oma of the two
Italisn plancs studied againstc an excess of less than 1. Two of the
Canadlisn cases ars recorded in the Registar as occurring ic men wvho had
been ezployad far 5 years and it i{s possible that the actual duratigo of
eaployment had been slightly less thae 5 years, wvien the men would have
been excluded from the study.

6
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exposed to concentrations spprecisbly higher (Barr, 1981).

Lung Cancer

The idea that exposure to VC nighz cause cancer 'of the lung was
suggestad by Mensgon et al, in 1974, vhen they noted 13 cases in a study of
proporticnal mortality against an expected number of 7.9. The combined
data that are shown in Table 4 do vot provide any support for the
hypothesis neicher for respiratory cancer as a wvhole (SMR 97) nor in the
specified data f;r lung cancer irn the O5A, UK, and Italy (SMR 99). There
are, hovevar, consisteatly higher risks in the subgroups of men in the 0US
and UK series ia vhom occupational hazards would be more likely to be seen
than in other groups. This ik seen from Table §, which shows that the SMRs
aTe slightly higher in men observed 20 years or more after firat exposure
than in men obsarved cariier, in men eaployed before 1956 in the UK than in
nen first employed after 1355 (vhen exposure levels ate believed to have
been lowver), in men employed for loager than for a shortar pericds in the
USA, and 1z sutoclave workers in the UK, in whoa the anglosarcoma cases
hsve'uoncly occurred, than in ather workers. The difference: are all small
or wveary saall, but they are all in the same directicn and the probability
that the rates should all bhe higher in the groups iz which an pccupational
hazard is more likely to be seen in each of the four pairg of groups (s 1
in 16: - i

Additional information from othear scurces is given in Table 5.
Thirty deaths {or cases) wara observed in total and thig il-riiltd to 31.5,
vhen zllovance is made for the aumber of deaths due to unidentified causes
ir the German study, giving an SMR of 103. In the Geraan study the SMR was
higher in men vhe bad been exposed for 10 yrars or more than in men vho had
been exposad for less (11 a;ainf: 79) and 1o the Norweglan study, & of the
5 casas observed occurred in men vhose occupations vers regarded as

inveolving high exposure against 1.82 out of the 2.85 expected. Both the
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Gerzan and the Swedlish scudies derived the expected numbers of deaths from
aational mortality rates for a single year towards the end of the study
pariod. The sxpected nuabers of deaths are Likely, thersfore, to have been

overestizated and the 5SMRs correspondingly underestimated as the mortalicy

from lung cancer had been risiog throughout the pericd of observation,

Brain Cancer
. The idaa cthat VC might cause brain cancer was suggested by Monson et
al. (1974), vhen they reported 5 casas against 1.2 expected, in the same
paper in which they suggested that VC aight ciuse lung cancer. The
combined data that are shown in Table & provide some support for this
hypothesis. Monson et sl.'s cases “rn; hownrer, ohuw;d in US wvorkers
and oust be presumad to be included in the totsl reported by Eaviroomental
Health Mtociatc; (1986), in which case they will have contributed s
- substantizl propattion of cthe totsl Iin Table 4., To test the hypothesis wve
dught, therefore, to subtract Monson at al.'s data. Their study vas not a .
cohort study and thair expected deaths do nﬁt correspond exsetly to these
in Table 4; wa czn, however, only subtract both the chserved and the
expacted cases from Che present totals. 7This leaves 24 observed againac
approximately 13.3 expected, a difference vhich might sasily occur by
¢hance (2, one~tsiled, = 0.1).*
Additional information {rom two c:heE sources is given in Table 5.
The suall excess reportad provides little further evidence of an occu
pational hazard, as cone of the two desths chserved in the Swedish study
occurred ir a young man who had besn employed ffor less than a year vhen the

diagnosis wvas made, wvhile the excess death rate for brain caacer observed

AIf ve regard Waxweiler et 2l."s (1976) study ss the origin of the
hypothesis we should be Teft with 26 deaths against 18.94 expectad (P,

one-tailed, = 0.07). ‘
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in the German scudy was less than that observed in chemiczl workers not
exposed to vinyl chloride (2.9 desths after allowvance for desths from
unkDown causes lgsinsé 1.6 expected) and in workers in the PVC fabricatios
industry (5.9 deaths after aliowanc: for desths from unknown causes again:

»

1.1 expected).

Cancers of Lymphatic aud Haematopointic Tissues

The ides that VC might cause cancer of the lymphatic and hsemato-
poletic tissues ~ and more spacifically the lymphatic tissue - wasz
suggested by Taberzhawv and Gaffey (1974) and by Waxweller et al. (1976)
when they found, respactively, ia two sohort studies (1) 5§ death; from

lyaphomas in the most heavily exposcd workers against 2.54 expected, and

" (11) 4 deaths from cancers of the lynphatic and haematopoletic tissues

against 2.5 expected. These small ¢xcetzens might have been ignored {f the
laboratary findings had not been interpratad ss.:ussesting that lymphomas
vere produced experimentally {n aninals exposed to vinyl chloride by
inhnli:iqn (Maltoni and Lefeﬁine, 1975). On this basis, the i{dea that
similar exposurs might also csuse lymphomss in Mzn needed gerious consider
ation. The data from the four principal studies that are summsrized in

Table & provide lictla support for the hypothasis vhen all cancers of the

- lyaphatic and hzematopoletic tissues are considared together (57 deaths

against 50.87 expected, SHR 112) snd very lictle more is obtained from the

" saparats data for cancars of the lyaphatic -f:tcl (using Tabershav and

Gaffey's definition of ICD list nuabaers, 8th revision, 200-203 aznd 205)

. that are shown in Table 1 (35 deaths against 29.A0 expected). The position

: is, moreover, hardly altered by subtracting the data {n Tabershav and

Gaffey's initial report {29 deaths against 23.36 expected, SMR 124).
Some litzla sdditional information is provided by the Tesults of the
German study, some of which are shown in Table 5. This obtsined an SMR of

214 for expozed workers (based on 13 cbserved deaths, iucreazed to 16.5
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when allowance is made for the number of deaths of unknowm cause) againat
SMR3 of 77 and 34 for an unexposed group of chemical workers and a2 group of
PYC fabricators and showed that th9 excess in the exposed workers was -
present only for men who had been exposed for more than 1 year and was moat
zatked for men who had been exposed for 5 years or more (10.7 deaths after
allowance for the nuaber of deaths of unknown cause against 4.0 expected,

SMR 268, P one-tailed <0.01}.

Melancma

An excess of melancma was reported im Norwegian workers by Heldaas 35
al. (1984), who raised th; possibilicy that V{ might have produced the
disesse. Four cases vers cbserved vhen 0.79 were expected, three of which
vere in men vhosu)occupationl involved the highest exposures (against 0.51
expected). At the tisme of writing their repor:t one further case had been
detected with cnset 3 ysars after the closure of the ltu&y. Subsequent
studies in other countriss have, so far, reaported ouly 2 deaths against 2.0

expected {see Tables ) 2ad 5).

Thyroid Cancer

An excess of thyrold cancer was slso veported in the Norwegian scudy,
in whigh 2 cases vc£¢ observed agzicst 0,16 expeacted. -Ihe investigators
ware not awars of any othar studies indicating an excess of this type of

cavcer and they drew no coenclusion from their observation. Two of the

three major studies thst have besn repor:ai sincs the Norwegian observation

was made give no data for thyroid cancer; the third reported rwo desths
against 0.4) expected (see Table 1). One death from thyroid caacer, it may

be n_é:.c_d, was reportad in the USA by Monsom st sl, (1974). -

Cancers of Digestive Tract
Suggestions that VC might cause cancers of the digestive tract in

gensral have sometimas been msda but they have not taken adequate sccount

et ©

o

31235



31

of the concribution that canocers of the liver make to the total number of
cancars of the digestive system, particularly vhen {t is borne in mind that
some liver cancars are likely to be misdlagnosed as canc;rl of other
organs. .The combined dats from the four principal studies shown in Table 4

weigh hesvily against the idea that any such effect has been produced.

Other Cancers

One of the remaining types, or classes, of cancer listed {n Table &
shows a sctatiscically significant excess: namely, the heterogeneous greup
of “other cancers" (83 observed deaths aguinst 65.24 expected, P,.tvo—
sided, <0.05), This sxcess is only nargicrally significant and may be a
chance observation. The most likely explacation {s, however, that a few
angliosarconas of the Iiver'werc not recognized and vere disgnosed ax
secondary liver cancer or circinomatosis, site unknown, and se boosted the

number of deaths in this category.

Hezards of nom=zalignant disesse

No pravicus study has suggested that any nau;nalignaut cauge of death
other than cirrhosis of the liver would be likely to be increzsed as a
Tasult of axposure to VC, and that is cvoly presumed to be fncreased because
of the liver changes that were observed as part of the ‘vinyl chloride
illneas' (Marstallar et al., 1973 and\t975; Jotes and Smith, 1982). Two
othug possibilizies have, hovever, been raiszed: nanaly the production of
non-malignsnt respizatory disszae bLecause of the changes iz lung function
and x-ray appearances that have baen recorded for men exposed to PVC dust
(Lilis az al., 1976; Baser st al., 1985; Scutar, 1980; Lloyd et s., 1985)
and acute cardiac death, from anslogy with the affect of other halogenated
hydrocarbons (Jones, 1986) and éﬁ. nblcrv;tton of aun increasad mortality
froa myocardial ianfarction in the faw years folloving the cessaticn of

exposure in the Swedish PVC processing industry {Molan et al., 1981}%.
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Relevant figures for the oumbers of deaths from these and other non- .
malignant causes that are cbtainzble from the four principal studies were

given in Table 2 and are sumsarized isn Tablae 7.

Cirrhosis of Liver

Tnree of the four studies gave ssparare figures for cirrhosis of the
liver, none of which showed an incressed mortality (Table 2); in combin-
ation they guive an SMR of 69 based on 46 deaths, The fourth study, which
did not give separate dxta for cirrhosis of the liver, teported & deaths
from all diseases of the digestive system combined against 3.35 expected
and noted that the 4 included 2 that wvers cerrified ms due tec cirrhosi; of
the liver, but were actually due to angiosarccma {Theriault and Allard,
1981). In the two supplementsary studies in which data are given for this
dissase, the SMR was B2 in one, based on 15.] deaths after making allowance
for the number with unknown cause (Grelser et al., 1982) and 133 in the

other, based on 7 desths (Neksmura, 1583), .

Non~malignant Respirstory Discasze
The datz for non-aalignant respiratory disssse are confusing in that

the total SHMR from tha combined data for the Inur prin;ipal studies {3 80

and is the sort of figure that is commonly fouud in healthy industrial
foseeseearLoes L - populations, yet the US study racorded a sybstantially increased mortalicy

from enphysema (41 deaths and SMR of 180 beforq =zuy allowance is made for

deaths of anknown cause)., No such excess ;us found in the UK whare 36

deaths from broochitis gave an SMR of 82. Intgrzaticmal coaparisocmns of

chronic non-malignant respirztory disesse are complicated by the usage of _

s men b 5.7, G1ffeTent teras to describe what it is now agreed, is best called chronile

PR T TR P &
obstructive lung (or pulmonsry) diseass, but which in the past tended te be
called emphysgexs Iin the USA and chronic bronchitis 4o the UK. It must,

therefore, ba presumed that the two categories of *eaphysens’ and

- -
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*broochitis' used respcc:ivg%y in the two large naticnal scudies were meant
tc describe the saze thing. On this basis, we should have te assume that
the experiences in the two coﬁn:ries vers very differenc, despite the facsg
that both related to cohorts that had ver; simi{lar experiences of angic~
sarcoms of the liver snd so, presumably, fairly similar exposures to VC.
Separate figures are shown, vhere available, for the mortality
observed in men with different durations and intensities of exposure {n
Table 8. Unlike the data for cancer of the lung that were :h;wn in Table 6

they provide no consistent evidence of a greater risk {n the groups in

which an occupational hazard would be expected to be concentrated.,” The
authors of the Environmmentsl Health Asscciates (1986) report wvere unable to
give any explanation for the increased mortility from emphysemsa and point
out that it ;ould hardly be due £o excess cigarette snoking 2s there vas no
overall excess for cancer of the lumg., It is atrikin;, however, that the
excess Is more than compeusated for by deficlenci{es {n the other categories
of non-malignant Tespiratory disease (pneumocnia 15 desths,* SMR 47.0; orther
respiratory disease 14 deaths, SMR 42.6) and the question arises vhether
the emphysesa axcess could be & classificatory artefact. Eunvironmental
Health Associacas (1986) 1list &ll the 41 deaths which show that they were
_coded under ICD List ne. 527 which, ia the out of da:; 7th revision that
was used for the coding of all deaths i? the study, was the code for 'other
respiratory disease not otherwise classified’ and included emphysenmz.

Under that revision, however, eupbysezs that was associsted with bronchiris

should be classified with bronchicis under List auabers SO0 to 502 and the

*The deaths attributed to differeat groups of respiratery disesses and the
corresponding SMRs that are cited in this section for tha US study are as
given by Environaental Health Associaztes (1986) and have not been adjusted
to take aceount of the numbers of deaths of yoknownt czuse., To take account
of the deaths the observed deaths and 5MRs can both be multiplied by 1,0674.
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possibility aay be considered that some of the emphysema deaths should have
been classified in some category of respiratory diseass other than List no.
S527. 1f this were so0, it could sccount for both the excess mortality froam
emphysena and the grossly deficient mortality from other non—malignant
tespiratory diseases.

No excess mortality from "bronchitis, emphyseza, and asthma" was
observed {n the German study (Greiser 55_;;.,-I982: SMR 44 with 6.3 deaths

observed after making allowance for the tumber of deaths of unknown cause).

Cardiovascular Disease

Data for igchaemic (or arteriocscleratic) heart disease (which may be
preshned to include the vast majority of all deaths cercified as due to
acute cardisc disease) zre given only by the two big nltiou;l studies and
they provide noe evidence of an iacreased lor:tli:y; The SMR of 90 for this
group of diseases and of 51 for all cardiovascular disease recorded in the
four principal etudies are typical of the SMREs that are recorded in healthy
industrisl pppu}{ﬁiqns and there {s no suggestion of any occupaticnal
hzzard in the subsidizry analyse; provided by the two national studies. In
pnrticullr; there is no evidence of an incressecd mortalicy within one month
of leaving employment in the UK study either for all wbriers ;52 desths,
SMR 61) or for the no;: heavily e;;;:ed autoclave ;ori;rs (9 deaths, SMR
42). \

A slighe 1nér¢ns¢ in 1:ch¢cﬁ£c hei:t digease morcality was Tecorded
for the axposad workers in the German stody (Grelser st zl., 1982), but it
vas less than that recorded for the unexposed chemical workers and the PVC
fabricators (SMRs of 127, 131, and 158 baséd on 97.2, 126.7, and 109.7

deaths after xllowing £oTr the mmber of deaths of unknown cause).

Discusxion

The information that has now bean cbtained sbout the long tera health

.
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of aen occupationally exposed to vinyl chloride is massive and compares
favourably with chat availnblg for any other occcupationsl group. Two faccs
are outstand{ng. TFirst the zen have experienced a lpeciéic hazard of 2
type of cancer that is normally extremely rare: namely, angicsarcoma of
the liver, The rvarity of this disesse under other conditions made che
detection of the hazard essy; but the long latent period before the disease
appears afcer first exposure (almost slwvays more than I0 years and usually
more than 15 years) meant that a large nunber of gen had been exposed
bcfofc the hazard was detected and that ir will scill be many years bdefore
we can ba certain abqﬁ: the extent of the protection provided by the
reduction in exposure in the !960s and the further reduction that followed
the recognition of the hazard in 1974, There 13} unfortunately, nec
effective trestment for the disease and the nunber of cases {s reflected in
the number of deaths. Some 50 deaths have occurred in the 16,740 men who
have bggn fglléwed up in the four primcipal studies that have been reviewed
in this report, so that approximately ! 1z 335 men have been zffected,
wvhile 2X ofﬂthc deachs have beer due to this cne cause. Eventually =zany
moTe men must be expected to develop the disease. One estimare (Nicholson

et 2l., 1984} suggests that the total may be incressed 10 times, buz z zore

Tealistic estimata 12 2 to 3 times (Formen et al,, 1985).

The second outstanding observation is :hn:_;ﬁg_aqr:ality of the
exposed men, other than that due to aniiolarco;a of the liver, is typical
of tha normally healthy industrisl worker. 7That iz not to say that no
other harard exists, but that the effect of any other hazard iz s2all.

Ths massive data that aze ncow avallable provide no reascn for

: thinking that any hazard other than one of csncer has been overlooked. Tt

is, hovever, still difficult to decide vhecher V¢ does produce a risk of
developing cancer, other than aug}o?urco-a of the liver, which might be

sarll couparad to the risks produced by fnon-cccupational causss, but yet
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absolutely almost as large 4s the risk of developing the normally very rare 6

angiosarcoma.

=" -Ooe ¢f the msay hazards that have been juggested can be dismissed, as

there is no evidence to support ic: npamely, che fdea that YC causes any
\;: :1' ; cancer of the digestive tract other than angicsarcoma of the liver. Two
- hazards (of melancas and cancer of the thyrcid) have been suggested only
very recently and faw of the available studies have provided information
about them. Thers is nio good theoretical reason or laboratory evidence.:o
suggest that either should be preduced by VC and, on present evidence, the
simplest explanacion is that the Teported excesses are the chance effects
that must be expected vhen many different types of cancer are studied in
several different populations. So far as melanoms {s concerned it has to
be remembered that the disease has beconme much wore common in recent years
in Scandinsvia {uwhere the excess has been reported) due, ir is belisved, to
the popularity of sunbathing and the increased opportunities for l .
Scandivavians to travel to the warzer parts of Southern Europe and North
Africa, The sxtent o which this msy have affected the observation in
Norway needs to be examined.
Two other hazards (of lymphoma and of braln cancer) were suggestad by
the ezrly results of some 0f the American studiqs. Th;é VC aight produce a
 hazard of lysphoma was in{tfslly supporred by the preliminary resulcs of
animal studies, but the complete results of ‘the msny studies that have now
been undertsken {see Maitonl 2nd Lefeaine, 1984) de not suggest that
. lymphone or azy other cancer of the haematcpoliatic system iz liable to be
produced. There is, hovevar, some evidence that brain tumours can be
< wrmeidyas -~ prodused in rats (see Maltont ch& Lefenine, 193&): “the hfpo:heie: that
lymphomss and brain cancers might be produced by VC have been supported by
the observation that both these typas of cancer Dave caused death sore
ofcan than might be expected from naticnsl mortality rates, but the
@
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occupational in origin: namely, the intensity and duration of expssure and 6

the time since exposure began. It Is not possible to erxamine these
relationships in dettil.'a: the reports do not provide all the necessary
information. Such information as they do provide, vhich was gummarized {n
Table 6, supports the f{dea that VC produces a small hazard of lung cancer.
Taken in conjunrction with the knowledge that lung tumours have been
produced in several specles of animals exposed to VC by inhalation {see
Maltoni and Lefemine, 1984) it would seem that o small hazard of lung
cancer probably did cccur. The evidence 1s not, however, strong enough to
conclude that it definitely did. 1If it did, the hazard was evident only in
men vho had been exployed for many years at a time wvhen exposures of‘
several hundred ppa or moTe weare ;olnon and any persisting risk can be only
minute and incapable of detection.

The questions that have been left unanswversd by this discussion might
well be guswered definitely 1if (1) all the exposed men could be followed to
{say) the end of 1984, (i1) the investigators could present their data in
comparable ways, taking sccount of duration of employment gnd time since
first employment, acd presentcing dsta separately for pen first employed
bvefore (say) 1965 and berween 1965 and 1974, and (111)_.::1:&::- would be
made of the effect of correcting the results for each group of employeas

for the locality im vhich they lived gnd worksd.

.. HAZARDS TO THE GENERAL POPULATION

As VC has been proved to cause cancer in Man and i{s 2 mutagen in
lzboratory experiments, it must be presumed that even the linmfe doses that
escaped into the general environment from production plants or (i the
exrly days of manufacture) frem PVC materials, will have csused socme risk
of cancer to the general public. These Tisks must, however, have been very

snxll, as air conceatrations of VC, «ven within a kilcsetre of VC handling
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plants, used to be (in or around 197%) of the order of 10 ro 40 ppb
(Environmental Protection Xgency} 1975; Afr Produccs and Chemicals Iae.,
1976; Baxter et al., 1977) aad this i{s about one ten thoussndth of the
concentration that has ctused an occupational hezard. It {s obvious,
therefore, that it would be impossible to detect the risk of any cancer
that aight be produced by VC other than a risk of angicsarcoma of the
liver, as it has proved so difficult to detect amy other risk in men who
were exposed occupstionally. The position with regard to acgiosarcoma of
the liver is different. This digease {3 normally sc rare that, in the
absence of specific exposure to one or other of the known causes (VC,
thorium dioxide, and arsenic i pesticides and medicines), the annual
incidence is of the order of . 1-2 x 10-7 (Byren and Holmberg, 1975; Brady et
al., 1977).% Iz these circumstances the discovery of even one case in a .
man living close to & factory in which VC was used in the days before
exposure was tightly controlled may be regurded zs presumptive evidence of
the effect of environmental pellution.

Several surveys have been undertaken to see-1f any such cases have
occurred. Sarie et s1. (1976) snd Zlinder and Pershagen (1$78) sought for
cases in the vicioity of plantas handling VC in Yugoslavis and Sweden and

- found none. Dalderup et als (1976) found 8 confirned cases in Holland not
a::ribuzabie to thorotrast or arsenic gud csuld trace "no contact with
¥inyl chlovide™, but they made no specific wention of the patient's plice
of residence. Baxter er al. {1977) found 14 confitn(d cases in Great
Britain over a 12 yeaar period, one of which was in a nan who had lived half

. a kilometre from ® PVC manufacturing plant, and Brady et al. (1977) found

19 cases in New York State aver £ 18 year period that could not be

*The figure of [.4 x 10_; cited by Heath et sl, (1985) seems to have been
& aisprint for 1.4 x 10 ',
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attributed to any known cause, 5 of which were in people living within a 6
mile of plancs uanu{acturing or using VC., The overall incidence rates in
these lzst tvo studies are tot und?ly high, gu: the accurrence of as zany
as 6 cases in people living so close to manufacturing plants is surprising.
Brady and his colleagues,.moreover, compared their series of patients with
matched controls and found that none of the cuvntrol subjects lived equally
close to a plant. Two of these 6§ neighbourhood cases (1 in England and 5
in New York State} cannot be atrribured to environmental pollution with VC,
as the men who developed the diszease had lived near the plants for & and &
years Tespectively before developing the digease and this iz too short a
time to allow for the necessary latent pericd. The other 4 calc;, hou;ver,
all occurred sfter 15 or more yen}a local Tesidence and the discovery of
these cases strongly suggests that pollution of the environment round
plants manufacturing VOM or PYC may have caused a liiu:g hazard to the

general public.

-~

Current concentrations round V£ handling plants are cerzainly much .
lower than those reported previously by the EPA. Recent British measure-
zents made within 4 fewv hundred metres of the VCM areas have given average
values below the daily limic of detection {5 pph) for threa of five plants,
the readings st the two others being 20 ppb (100 m cutside the boundary
fguct) and 38 ppb ju;t iaside it (Turnmer, Payuc, Bushby, 1984) though
substantially higher values were recorded on twe occasions associa;ed with
coumissionin;iof cne plang and an aqciéen:’kt.:hc other. On any reasonsble
c;icction the hazard te the general public {1f there is any at all) must be
negligible (Roryal Society, 1983),

‘No other hazard to the general populstion!_o:her than a hazard of -

s =L =

cancer, can reasonsbly be postulated.
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. CONCLUS ION

Occupational exposure to concentracions of V¢ of the order of 1,000
pPm has caused the clsssical ‘vinyl ehiloride  illness'. Exposure to such
levels, or perhaps lower levels of the order of severazl hundred ppm.‘has
caused acgicsarcoma of the liver after s latent perfod that 'is teldom less
than 15 years.

The evidence now availabdle from }ollowing up many thousands of men
octupstionally expoged to winyl chloride suggescs that a small risk of lung
cancer may Also have been produced, which must, however, have been
substantislly less (in absolu:n_:grns) than the risk of angiesarcéu; of the
liver. The balance of evidence does not support the fdea that VC has
caused cancer in any other orgsn, but it ls impossible to state categoric—
ally that it hss oot. Clearer evidence, une way or the other, could be
obtained 1f the various Iinvestigators would present their results in
comparable forms that would allow them to be combined and subjected to t&e

. standard tests for an occupational hazard.

There iz no evidence that exposure to VC has caused any other
diseasge.

Suggestive gvidence has bewn obtained that past levels of

_ eaviropmental pollution with vinyl chloride may have c;utcd a2 few cases of

cancer in the gensral public.
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Table 2
NUMBERS OF DEATHS FROM NON-MALIGNANT AND ALL CAUSES:
POUR STUDIES
117 Y jor 4 Canada Iraly

Cause of death

Chbe*/Exp Obs/2xp Obs/Exp QObs/Exp
Benign & other unspecifi{ed tumours 4/5.08 - - Tt 0/0.5
Cerebrovascular digease 75/91,93 . - -
Ischaenic heart disesse $21/597.73 276/288 25/31.67} 19727 .4
Other circulsatory disease 157/123.55% 105/141 *
Bronchicig®e £4/22.83 36/44 .
Poeunonias 16/31.94 40/61 673.21 3/5.0
Other respiratory disesss 15/32.84
Cirrhosis of livar 37/56.06 5/5 } +o/3.88 - 4/5.2
Other digestive disease 27/39.52 - * i 3/2.7
Dissase of genito-urinary system 11/20.41 - - -
Othar diseases 67/115.68 43/76 2/5.40 /7.0
Suigide ) 49/52.78 1/0.9
Aceidants & other violence 130/173.19} 40/50 2/10.58 8/7.7
All noo-malignsnt causes 1153/1363.54 545/665 39/54.76  36/56.4

All causes

1536/1705.27 780/8%4

5%/71.07 66/77.5

® See footnote to Table 1

*AEmphysems in US data

* Includes 2 certiffed as cirrhosis of the liver which proved to ba angioszrcota

of liver

++Includes lrclﬁan unknown
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Table 1

RUMBERS OF DEATES FROM DIFFERENT CANCERS

OBSERVED AND EXPECYTED: FOUR STUDIES

- £ Ll ™

.“\

osA

17 .4 Canada - Icaly
Cause of death -
Obs*/Exp 0Oba/Exp Obs/Exp Obs/Exp
Cancer of
bycecal cavity & pharynx 13/11.55 4/3.58 0/0.64 1/0.8
oesophagus 7/8.07 6/14.36 - 1/0.6
stonach 11/16.01 26/23.91 - . 3/3.0
large intestine 21/28.79 9/13.94 - B <V 4 98-
Tectum To- 11/10.49 - -
liver . - 11/1.94 8/0.14 1/0.6
liver & gallbladder 39/5.77 - - -
pancreas 17/18.40 7/9.88 - 0/0.7
other digeative - - 6/5.26 -
larynx - 4/2.21 ) . . 170.9
lung 118/115.87 81/92.,12 )} 2/5.78 12/6.1
other regpiratory 5/6.38 - ) -
bane . 2/1.81 - - - -
skin (non-melanoma) 6/7.36 - - -
melanons - 2/1.74 - 0/0.2
prostate 16/15.20 12/9.59 ) 1/0.7
testis - 2/1.38 3 -
bladder 5/8.46 14/8.00 ) 1/1.33 1/0.7
kidney 12/9.086 3/4.10 3 -
other & unspecified urinary ; - 3/4.29 -
brain 25/12,76 4/6.18 ) -
eye & CNS - - ) 0/0.60 -
thyroid . - 2/0.43 - - -
lyapho= & reciculosarccaa 12/7.98 4/2.35 ) -
Hodgkin's disease 3/5.45 3/2.50 ) a/0.4
leukaemia 154/13.94 7/5.16 ) 1/1.67 0/0.7
multiple ayeloma ) . 2/2.35 ) -
other lymphatic ) 11/8.37% - ) -
other cancers 4674050 13/8.12 2/0.95 89/4.5
All cancers 383/341.73 235/228.50 20/16.37

30/21.1

*0bserved desths multd

for deaths without discovered cause.

pliéd by 1.0674 and rounded off to nearest integer to zllow

GENC 001 -:-‘
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Table &
MORTALITY FROM VARIQUS CANCERS IN VINYL CELORiD! WORKERS
IN 4% PLANTS 1IN & STUDIES

No. of desths

Source of

Type of cancer SMR
Information Observed Expected
1,2,3,4 Cancer of mouth and gharyax 18 16.57 109
1,2,3,4 ® " digestive systen 125 154239 81

(other than liver)
1,2,3,4 b _" Tespiratory systea 223 229.36 97
1,2,4 al " lung _211 214,09 99
1,2,3,4 " " genito-urinary systea 70 62.81 111
2,4 Melancma ' 2 1.94 -
1,2,3 Cancar of brain 29 19.54 148
2 " " thyroid 2 0.43 -
1,2,3,4 * " lyaphatic and haexato~ 57 50.87 112
pofetic systam

1,2,3,4 Other cancera . a3 63.24 131
1,2,3,4 All cancars other than liver 609 . 599,35 102
1 US study
2 UK study .
3 Canadian study N
& Italian study

BENC 001354
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Table 3
MORTALITY FROM CANCER OF THE LIVER AND OTHER CAUSES IN
YINYL CHLORIDE.VORRIES IR &9 PLANTS IN & STUDIES

Na. of deachs Standardized
Cause of death mortalicy ratie
Observed Expected (SMR)

Cancer of liver® 59 8,45 6§98

"  of other sites 609 $99.35 102
Qther discases 1547 1844,89 - 84
) Accidents, poisonings, .
and violance 226 295.1% 77
All causes 2441 2747 .84 ) 89

*Including cancers of the galibladder in the US series

GEMC 001287
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Table 6
MORTALITY FROM LUNG CAMCER IN THE US AND UK SERIES
BY CHARACTERISTICS RELEVANT TO AN OCCUPATIONAL HAZARD

Ra.‘of desths in category SMR

category
Data charsctaristic
 § 2 1 2
*0bs. '!:p. Obs. IExp.
Observed 20 yrs or more after firsc )
amployment (1), athers (2) . 114 113.96 85 93,83 100 91
Eaployed 10 yrs or more iz USA (1),
othars in USA (2) 53 S2.45 63 63.44 108 99
Paployed Bafore 1956 in UK (1), ' i
others in UX (2) 52 51.39 29 40,5 1101 72

Ever esployed as autoclave worker
in UK (1), others inm UK (2)

-

16 17.08 65 74.82 9 87

. *Sen footnote to Table 1| for observed deaths {n USA.



Table 5

e g ——n

MORTALLTY® ¥Ro¥ VARIGUS CANCERS 1H VINYL CHLORIDE WORKERS: SUPPLEMEWTARY EVIDENCE

Nos. of deatha* In studiesz in:

mec Norwsy# Sweden Italy Four countrics
Type of cancer (11 planta) {1 plant) {1 plant) (! plant) (14 plants)
Obs. Exp. Obl.u Exp. Obs, Exp. Obs. Exp. Obs.  Exp. SMR
Csncer of digeative system 1.0 3.8 ot - - 112 39.0 Ak D
(other than liver) .

*» " lung 23,5 24,6 5 2.8 3 1.78 1] 1.5 3.5 3,72 10}
Halanous -~ - - & 0.79 - - 1] 0.1 4.0 0.89 -
Cancer of bratn 2.1 1. - - 2 0.m - - 8.0 1.8 -

® " thyrotd - - 2" 0.6 - - - - 2.0 0.6 -
W # ysphatic end haemato- 16.5 1.7 - - - - 0 0.7 16,5 8.4 196
poletic aystem -
Other cancars (othar than liver) 10.7 24.) 8 1.9 - - A 2.0 2.7 1.8 55
All cancers other than Iiver 87.8 89.7 22 20.16 sttt s s e urer 2
® Incidence and cases In Norwegian study :
+

Cancer of intestine only BENE 001300

++Cancer of lung and brain only

o

o

(41
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Table 8
MORTALITY FROM CHRONIC OBSTRUCTIVE LUNG DISEZASE®

BY CHARACTERISTICS RELEVANT TO AN OCCUFATIONAL HAZARD

Ho. of deaths in SMR
citagory category
Data characteristie 1 2 1 2

Obs. Exp. Cbs. Exp.

Obsarved 20 yrs or mcre afrer first 30 15.8 11 7.0 190 157
employment im USA (1), others in
Usa (2) .
Employed 10 years or smore in USA (1), 16 10.9 25 12.0 147 208

others in USA (2)

Zaployed before 1956 in UX (1), 26 30.17 10 13.60 86 74
others in UK (2)

*Ever eaployed as aytoclave workar .3 6,55 33 37.22 4 89

iz UK (1), others in UX (2)

*Described as eamphyseaa in US study and broachitris in UK study.

*den ever eaployed as 2 bagger or drier, wvhich would have caused the greatest
occupational exposura to PVC dust, experienced 1 death froca 'bronchitis
against 4.98 expected. R ‘

-

¢ : GENC 061310
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