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SUMMARY .

The results ave reported of a veview of: (1) the possible effects of
vinyl chloride (VC) on tha poiwul heslth of men exposed to it by virtue
of their occupation, other than the early effects of the vary high
conceatrations to wvhich men wera exposed when thc‘udu:ry vas ficst
daveloped (unconsciousasss, cardiac arrhythmias, and the characteristic
‘viayl chlorides 1llness') and (1i) the carcimogenic effects that might
conceivably be observad ia the general population, as a rasult of the
widespread distridution of ¥C as & pollutant. The possibility that VC
aight act as @ terstogen Or RMight cause mutations in the gers cells has not
beea exsained, as the little evidence that has been adduced relsting to
such possible sffects has been reviewed alsevhers and tha conclusion
resched that oo such sffects have besn demonstrsted.

Many groups of workars exposed to ¥C in the manufscturs of vinyl
chlor{de monomer (VCXM) or polyvinyl chlorides (PVC) have been studied sinca
the carcinogenic poteatial of VC was first recognized. The results have
shown that occupationsl sxposure can causs angiosarcoms of the liver and
soma have suggested that it say csuse several othar types of cancer as
well. Whether this %8 so of mot cas de decided culy by examinfng all the
evidence and, i n&tcﬂu. the combinad results of thoss studies that
include & substantisl proportion of obsarvetions on menm meora than 25 years
aftsr their first exposurs and cover a long enough period for mora thas 10
‘par cant of tha employess to have beaen sxpected to dis.

The Tesults of four studies can be usefully combined ia this way:
namely, two national studies ia the USA end the UK and two studies QF
employses ia one plant iz Cansde and two plants im Italy. Tha results of
other studies in the Vederal Repudlic of Cersmany, Notway, Sweden, Italy,
Francs, and Japsn cam be used only to provide supplementary information.
The many earlier reporte of axposed workers {n the USA end the UK relate to
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sen covered more completely in the two receat national studies and their
tesults serve only as mtc;a of -hypotheses.

Minor criticisms can be sade of three of the four most useful
studies. They do not seriocusly effect the valus of the results, except
that allowance has to be made for the failure to u‘tomao the cauee of
6.3X of the deaths recorded ia the US study. Thres of the studies use

aational rates to estimste the wumbers of deaths that might have deen

expacted to occur in the absence of any special occupationsl hagard and the

fourth (Canadian) study uses rates for the province im which the plant was
situsted. It must, therefore, be kept in mind that the rates used may mot
have been wholly sppropriste for the localities {s which the plants were
situated. This is potentially iamportant for the US study which covered
workars in 37 plants, 22 of which were situsted in the south of the
country. The other less informative etudiss are, for the most part, open
to wors serious criticism and the value of esch set of results oeeds to be
assessed eeparately im relation to each disasse.

The combined results of the four principal studies show that the
standardized sortality ratic (5MR), reflecting the ratio between the
numbers of dunthe cbesrved and thoes expected ia the -'Iumc of an
occupational hesard msultiplied by 100, has basa: (1) 77 for accidents and
othar violemcs, (14) 34 for dieesses other tham cancer, and (1f1) 102 for
cancers othar than csacer of the liver. 4ll thess results are what might
bé anticipated for am-industry devoid of any specific occupatiocnal hagard.
The low ratio for disssses other tham csncer reflects the 'bealthy worker
effect’, which results from the selection process that inmevitably excludes
some of the lass bealthy sembers of the population from ndn;um:l
suployment sod 1s competible with a highar ratio for cancer as the
mortality from une;r ia pot normally suhject to such an sffect, mpart from
the firet two or thres years immedistely following the start of c'-ployuu.
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The mortality from cancer of the livar was nesrly savan times that
sxpected. Most of the 51 excess deaths ware known to be due to angic-
sarcoms, even though this diagnosis wes mvneorm on the death
certificate., Thas excess corresponds alaost exsctly with the 49 deachs due
to angiocsarcoms raported te tha Internstionsl Ragister of Anuo.ur:ou
Cases as occurring in employees of the plants eenc..md during the perfods
they wers kept under observation. All tha sen who developed the disaase
are likely to have basn exposed to couceatrations of VC of several hundred
ppm of mOTe.

Three other types of cancer, which, it was suggested soon after the
discovery of the carciwogenicicy of ¥C, might be caused by ¥C, aere cancers
of tha lung, brainm, and lymphatic snd hsemstopoietic systems. The combined
data for the mortality from vespiratory cancar fail to support the .
typothesis regarding lung cancer (SMR 97). Highar ratios for l'un; cancer
have, howvevar, besn obsarved cossistently im the subgroups of sen in vhom
the effect of an occupaticas]l hasard would be wost likely to be seen (that
is, men amployed for more thaam 10 years, exposed to higher than average
concestrations, or obsarved sore tham 20 years after firet exposurs). In
two of tha supplementary stulies it wae aleo aoted clu_: the mortality from
lung cancer was specifically (ncreased ia the woet heavily c:peuid. m
combined data show amall excesses ia the sortality froam cancers eof the
brain and of the lymphstic and haemstopoietic systems; but the excesses are
not statistically significant sand thers is sothiag te suggest that chey are
occupational ia origin. As exception 1a the observation of an increased
mortality frow cancers of thy lymphatic and hasmstopoietic systems in the
supplenentary study from the Padaral Rapudlic of Cermany.

Two ‘types of cascer wers rsported to be im excess in the Ferwegian
study: namsly, thyroid cancar and melanoms. Tha significence ef this
finding is difficult to asssss becausa very little information sbout these

£05E ) TN



cancers is provided by othar studies.

Suggestions thet VC might cause cancers of the digestive trect have
feiled to take sccount sf the contribution of sngiossrcoms of the liver.
Whan this dissase {s excluded, the mortslity from digestive tract cancer is
found to have been delew aversge (SIRX for the four principal studies, 82).

4 small excess wortality from the hn.nrogmm group of 'other
cancers’ in the comdined results of ths four principal studies is
statistically marginally significant (33 deathe agsfust 65.25 expected,
p<0.05). Somes of the excess is likely to have been due to the misclass-
ification of sngiosarcomss as secondary cancers of tha liver or carcinoms-
tosis, site unknowm.

Three noo-salignant causas of desth have required specisl examin~
stion: eirriosis of the liver because of the damsge to the liver that
occurred a8 part of the ‘vinyl chloride illmess’, non~malignant r;opintory
dissase Mcause of the changas in lung functiom and x-ray appearsncs
observed in wen sxposed to P¥C dust, sud wyocardial infarction from anslogy
with the effect of other halogsnsted hy.dtourbou snd bdecauss of some
obssrvations om Swedigh MVC fabricators.

Tar fros being raised, the mortality from etrtho_cts of the liver was
less than expected im the three principal studies and in one of the two
supplesentary studies which gave separace figures for the disease (SMRs of
69 based oa 46 dur.h- end of 82 based oo 18 dg‘uth') while in the other
supplementary study the incresse was trivial.

Data for myoeardial infaretion have sot bean reported separstely, but
syocardial infarction accoumts for most of the dsaths sttributed to

{ischawnic hesrt diseass aod there ie¢ no evidence that either ischammic

heart dissase or cardievascular diseass 8¢ & wvhole was unduly common (SMRs _

of 90 and 92) or related to occupationsl exposurs.
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The dets for the third category of non-malignant disease (non-
salignant respiratory diseass) sre confusing, because the two lsrge
aational studies give conflicting results. Ths combined dsta for the four
principal studiss show the lov mortality tl‘u: is commonly found in haslthy
industrial populstions (SMK 80). This, however, hides an increassd
mortality from chronic obstructive lung dissase (SMR 120) which includes
enphysema and is due to s grossly incrasssd mortality sttributed to
emphysens in the US study (SMR 193). The corresponding mortslity im the UK
study, which was preferentially described as bronchitis, is lass than
axpected (SMR 32) as is ths mortality from pneumonis (SMR 50) end other
respiratory disasses (SMR 46) in the US study. Thera is no consistent
evidence that ths mortslity from smphysema or dronchitis was specifically
occupstionsl snd {t seems possibdble that the reported exzcess in the US study
is an srtefsct due to mosological difficulties in the use of the 7th
revision of the International Clsssificstion of Disesses.

ﬁvin of tha massive data now svailsble relating to ths long term
health of man occusptionslly exposed to VC lesds to two clear conclusions,
First the men have expearienced s specific hasard of the normally extresmely
rare angiossrcoma of the liver., Approximately 1 {m 335 of the men exposed
in the 49 plants has died of the disaass and spproximately 22 of observed
deaths have baem sttributed to it. Is tha course of time tha numbers of
cases of angiossrcoma must be expectad to be increasad 2 to 3 tises.
Secondly, the mortslity from all othst causes has besn typical of that in
" normslly healthy industrial workers. 1f asy other hasard has existed its
affect has besn smsll.

The dats provide no reason to think that eny hazard othsr than one of
cancer hap been overlookad. It is, however, etill difficult to decide
vhathar VC does produce tisks of cancer in eites othar than the liver that

sve sesll cowpared to thoss dus to nmon-occupational causes, but which
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might, in total, cause almost as many desths as anglossrcoma of the liver.

There i{s too little evidence either to confirs or refuta the
suggestion that VC might cause melanoma or cancers of the thyroid, brain,
and lymphatic and haematopoietic systems. None of the small exzcesses that
have besn recorded point specifically to am occupational hazard, apart from
that attributabla to cancars of the lymphatic and hsematopoietic systeas in
tha German study, snd most are likely to be the sort of chance effect that
{ea certain to ba observed vhen many types of cancer ere examined in uny.
different studies. )

The lack of any increased loﬂ;cuty from lung cencer in the combined
results of ths four principal studiess does not sxclude the possibility that
there may have been s small occupational hasard of developing the disease,
as geographical variations {n the incidencs of tha disease throw doubt  on
the validity of using oationsl rates for sstisating the sxpected nunbars of
deaths. The greater mortality ia groups of workers who would h‘ wore
likely to show an occupational hazard thanm ia other groups, suggests that a
suall hazard way have existed. The evidence ia, however, vaak and the
axistence of s hazard is not proven.

Clsarer answers to some of the gqusstions that hn_u bean posed in this
reviev might be obtained 1f tha nrﬁu groups of investigatore could
present their results is more appropriate and comparable ways.

A9 VC is & mutsgen in ladorstory sxperisents and a proven human
careinogen, the minute doses that have escaped {ato the gensral environment
as pollutants sust de prasused to have caused comparably ainmuca rieks to
the general public. Wo such risk could poseibly be detected, other than
one of cnu.ouuu-n of tha liver which {s normally sn sxtremely rare
disesse. Several surveys have sought evidence of the existence of such sn
sffect, and suggestive evidence that such au effect say bave occurred at &
time when environmental pollution was much greater than it is now has bses

found in one.
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INTRODUCTION

The fnhalation of lsrge amounts of wvinyl chloride (VC) has been
recoguized to be potentially hazardous for many years. Concentrstions of
tha order of 10,000 ppm in air induce unconsciousness and cardisc
arrhythmis, vhile prolonged sxposura to coocentrations an order of
aagnitude lower have been unl:l; to csuse & specific psthological syndrome.
This "wviayl chloride ilineas” has besn e‘!uucurzud by four cardinal
signs: nsmely, enlargement of the liver and splesn vith a specific
histological sppearsace, patchy infiltrstion of the skin resesdling
scleroderna, bony changes in tha tips of the fingers described as
acro—osteolysis, sad peripharal circulatory changes identical with the
classical picture of Raynsud's dissase. These pathological reactions -;y
oceur singly or togathar and may possibly be accompanied by other less
characteristic effects. They can, however, be couwpletely avoided by’
ensuring that exposurs never sxceeds a fav bhundred ppm, to which lavel
axposures n;oto genarally reduced in the eid 19%60s.

One other serious effect has, however, bug observed that may not be
avoidable in the same relatively ecasy wvay: namely, the production of
acgiosarcoma of the liver. It must, indsed, be presused that some risk of
developing the disease will persist from axposurs to d'ous that are sven
lower than tha current isdustrial levels of 5 ppm or less, ss VC has desa
shown to act &s & wutagen (Internstional Agency for Ressarch on Cancer,
1979) end it uﬁnot be assumed that s threshold exists below vhich no
carcinogenic risk persists. Worsever, the possibility has to be considered
that ¥C may cause some cancers other than angiosarcoms of the liver, partly
because laboratory studies have shown that it does this in animal
experisents and partly because the initial studisa, which demonstratad the
production of angiossrcoma of the liver in Man, wers inadequste in sizs to

exclode a msterfial incresse {a the risk of cancer i{n comson sites, such as
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tha lung and large bowel. Since no threshold dosa can be postulated it
also follows that some cancers mey have bean produced in the general publie
by the small ssounts that have escaped into the general euvirooment.

Consideration also needs to be given to the possibility that exposure
to vinyl chloride actiang over @ long period may have moxious effects on Man
that could not easily bc sesn 1o animal experiments (by, for example,
producing chronic respiratory disease) and, as it is a mutagen, there is
also a possidbilicy that 1; WAy 3Ct 85 a terstogen and csuse congenital
salformations in Eln offapring.

In this review ]I have not onﬂucd_ﬂu possibdbility that VC‘éu as s

teratogen nor that it causes mutations in gers calls, as there is too

little serious evidence to require {t. Reviews carried ocut for sections of ~

the industry by Downs at al. (1977) and by MecMahom (1977) concluded that
the few reports of positive effects could not be substsntisted and ao
additiosal evidence was found in & similar lster teviev by Barr (1981),
apart from s report that embryos were sbsorbed and skeletsl ocssification
produced when pregnent rats wers exposed te dosas appraciadbly less than
thoss that had been used by other workers withowt asy such affects being
observed. The report of sbsorbed eabryos (Mirkova st al., 1978) could not
be evaluated thoroughly, however, as ths sxpariment m inadequately
Juctth‘. 1 have, tharefors, examined only the possible effscts on the
pcumi heslth of sen occupationally expossed to ¥C othar than on their
reptoductive capacity, and the carcinogenic sffects that aight conceivsbly
be cbserved {a the genarsl population as & result of the widespresd

distribution of ¥C as & pollutant.

OCCUPATIONAL MAZARDS
) ‘Many studies of workers exposed to ¥C ia the manufscturs of vinyl
chloride monomer (VQX) and polyvinyl chloride (PVC) have been undertaken

809 | TN



sioce it was first found that VC could cause cencer in animals (Viols et

81., 1971; Maltoni et al., 1974) and in Man (Creech snd Johneon, 1974).

Thesa have confirmed that expospure causes @ hazard of angiosarcoma of the
liver and, in seversl instancas, have shown excess incidence or mortality
rates from other disacsss, vhich were conventionally stetistically
significant. Conventional tests of .titic:tal significance ere, however,
designed to help answer single quastions defined baforshand end sevarsl
findings that aight be expected to occur by chancs alone onca in (say) 20
times muet be expected to occur if dozene of rates are examined in eech of
ssveral sets of independent data. Ws have, therefore, been faced with the
problen of deciding whether the excass rates that bave bdean obgerved in
individual ﬁtudiol ars dus to occupational hazarde or to the vagaries of
chance.

This problem can be solved in part by cm&uu tha onr.au results,
vhen the data from comparsble studiaes ere summed: that {a, by adding
together the numbers of deaths observad and exzpacted im each study, and
comparing the totals. This doss not raquire the sssumption that the
axposurss hsve besa the sama in uch study, any mots than it does for sech
individual whem the results ef esach study ars considered aloms. that {t
doss requirs 1‘-' that ssch exposed population should have been obsarved over
s pariod when its members were at risk of developing disesss (if e geanuine
hazazd sxisted) and thst in sach study the aogtte'l population from vhich
the expectad nuabers of deaths wers derived n\s sppropriate (that is, at
the same risk o.! developing disease as the axposed populstion would have
been in the sbasnce of exposure). This doas net {ntroduce sny nev
complexity, as both thess conditions ere, of course, aleo required 1f
corcect conclusions ate to be drawn from the results of the individual

studies when they are examinad on their own.
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Sourcas of tnformstion

Pour studies meet thess requiremsots: nasely, the two large national
surveys rsportad by Jones (1986) for the UK and by Environmental Health
Associates (1986) for the USA, and studies of {ndividusl plan.tl in c.u&.
reported by Thariault and uu;a {1981) and 1n 1taly reported (as a parc of
& oatfooal study) by Belll et al. (1986). All four include observatfons on
wan more than 25 yeare safter their first exposufe and tha expected nuabder
of deaths is, i{n esch case, grester than 10 per cent of ths total nuabdbar of
employees indicating a iong aversge period at rvisk. Rarlier observations
on UK and USA employees reported by Monson at al. (1979), Tabershaw and
Gatfay (1974), Duck ot al. (1975), Wicholson st al. (1973), Ott et al.
(1975), Waxweiler et sl. (1976), Pox and Colliar (1977), Equitabdle
Eavironmentsl Health (1978), Buffler st sl. (1979), snd Cooper (1981) are
subsumed {n the national surveys and now serve otly as sources of
hypothesas and to provide some au‘u« informstion not included in the
nstional raports. Studies of GCerman workars (Greiser et al., 1982), )
Norwegian workers (Heldsas st al., 1984), Swedish workars (Syren st al.,
1976), French workers (Pierre et al., 1979 and Lsplanche st al., 1987),
Japanase workers (Masuda, 1979 and Nakamura, 1981) and some other Italfian
workers (Belli et al. 1986) provide scws supplementary informatiom but, {n
general, tda periods of observatiom have vot beem long enough for useful
epideniological dats to be obtalned about disessee that are ualikely to
occur withia 20 years of first exposure, of they report oaly eselected
tesults which are difficult to interpret as only sxcess rates tend to have
been selacted.

Studies of PVC fabricators sre not included ee the workers will have
had such lees exposure to VC thaa thoss employed isn the manufecturs of vCM
or PVC and say occupationsl hazard to which they may bave bean exposed is
msore likaly to have besn produced dy PVC dust.
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Us Study

The study carried out by Envivonmental Health Associates (1986) on
behalf of the US Chemcal Manufacturers Association is the Largesc end most
informative. It covers 10,173 man vho had worked in 37 plants owned by 17
companies = 1,214 in 11 plasts that produced only VOM, 6,848 {n 18 plants
that produced only PVC, 935 in ) plants that produced both, snd 1,176 in $
plants that produced homopolymers and topolysers, with or without VCM or
4 ] o

Tventy-two of ths plants wera in the Southern part of the country, 14
in the North eastarn or North central parts, and one in the Vast.

Men were included 1f they had been c:poslad to YC for at least & ysar
bafore 31 December 1972 snd had been employed ia 1942 or subsequently (the
first year depanding n the date the plant begas making or using VC end the
sarliest dats that personnsl records were desmed to bs complete, whicheaver
vas the later). Individuals vho met thess criteria were identified from
company records by company persommsl,

Racial charscteristics were known only for 686 wen, 97 per cest of
vhom wars vhite snd it was presumed, for the purpose of estimating the
aumber of expected deaths, that all 10,173 men were white.

Follow-up was obtained from plaat and Socisl Security Adainistration
Records and (for sen who died after 1979) from the National Desth Index.
Yive plants did not collaborate in the sxtensiom of Coopar's (1981) earlier
study snd the 955 employess in these plsats who wete known to be alive oo
31 December 1972 ware not followed any further. PFor the rest, folloew-up
was attempted to death or 3! Decemder 1982, whichever was the esrlier. Om
this basie 92.7% of the men ware successfully traced. Those who were
untraced were excluded from the last date of contsct, which was usually the
date vhem eaploymect csased.

" Almost half the men (46X) ware first employed before 1955. A large
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proportion was, tharefore, observed more than 25 years after first exposure
(and in many cases for mors than 30 years) vhen diseases with s long latent
pariod might be expected to be ssen. ’

Short term workars had beer excluded from the cohort and most of che
'nn had continued in employsent for many yesrs: two-thirds were eaployed
for 10 years or more snd the average duration of employment was 16 years.

Fifteen hundred and thirty six mea were found to have died. 1In 1,439
ceses, the csuse of desth was cbtained from :hi death certificate, but no
cause was odteined for 97 (6.3X).

The nuabers of desths expected from each of 38 causes or groups of
causes wars obtained by sultiplying the person—-ysars at risk by tha
dtulu-lmlnc uational rates for white melas, for the corresponding age
groups end qu.tnqucmu.

This uporun.t study is open to three minor criticisms, wvhich ere
unlikaly to have hod m asterisl affects on the results. Pirst, the lists
of employess wers compiled by company parscunsl from compssy records
without sny indepsndent check. .ﬁcudly. the sseumption that all the
amployees were white will have csused the expectad deaths to have been very
slightly undetestimated, as the few black employees sre likely to have had
higher mortality rates and there ies oo reascu for supposing that the small
samplea, from wvhich the proportion of black smployess was estinmated, wvas
necessarily representative. Thirdly, an slement of uncertaiaty fs
introduced by tha failure to trace as many as 7.3X of employees.

Two other criticieme sre wore importsut. PFirst, the expected numbers
of deaths have besn celeulated on the assumption that the sen would have
sxparienced the sawe mortality ratas as the vhite male population of the

whole country st the corresponding dates. The use of mational retes is

common practice fa studies of industrial populations snd tends to Ttesult {n

an over-astimation of the expected ouabers of deaths, 80 that the esployees
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appesr to be unusually heslthy. This "healthy worker effect" is well known
snd will bs taken into account in the discussion of the results. A more
serious objection to the use of uational rates i» the wvay mortalicy varies
from one part of the country to another, dus to diffarences in the
prevalence of snviroumentsl and socisl factors unrelated to the occupation
of iatereset. It u.. therefore, generslly preferable to uase State (if not
county) rates in plsce of nstional rates. With 37 plante, however, it
aight be thought t;hac their geographical distribdution would be sufficiently
wide to msks the use of national rates appropriste. Unfortuzately 22 ef»
tha plants were locatad {n the South and e check would have inin desirable
to sae whether this could hava caused any asterisl distoration of tha
results.

Secondly, causeas wers not obtained for 97 of tha 1,536 desths. This
was sllowed for in the calculation of the oversll mortality by including
_deaths due to unknows causss. It was oot sllowed for, however, ip the
ecalculation of the diseass spacific sortality rates and will have ceused
the etendardized sortality vatios (SMRs) to be underestimated dy, on
~ average, 6.3%. For the present purpose, tharefors, ths numbere of deaths
attributed to epecific diesasas have aach been -ulupl'ud by 1.0674
(100/(1~97/1536)) avd vounded off to the nearsst integer,

UK Stody

The study reported by Jonas (1984) om behalf of the UR Realth and
Safety Executive covars 5,498 uman wvho wera eamployed for et least one yest
in jobs that involved potentisl exposure to VCX for at lesst 23X of the
working week and who wars firet employed ia the pariod 1940~74. Details of
the men were compiled from the persounsl records of 9 chemicsl plants
manufacturing or polymerisiug VC end the vital status of the men were
deternined at the end of 1984 from the records of the Maticnal Health
Service c;ntnl Register. Five thousand four bundred end ninety eight men

£19C1dn



14

vere traced (98.9%). Seven hundred and eighty desths ware identified and
copies of the death certificatas ware sant to the investigators coded to
the Bth ICD revision of the list of causes of death if they occurred before
1979 and to the 9tb ravision 1f they occurred later.

Saveral specific points sbout the study naed to de ooted. First,
national Iﬂr‘tllity rates for England and Wales were calculated by five year
age groups for qunqtfmhl pariods for 66 causss of death end these vers
used to n‘tiutc ths numbers of deaths thst might have bean expected in the
cohort by sultiplying them dy the corresponding numbars of pcnon. years
under observation. Some diffsculty wvas, howvever, cx.pc'rionccd in obtaining
suitable rates for all uuuA of death, vhich could be related to the
causes of death coded sccording to tha 8th and 9th revisions of the ICD
14at, and rstes for s relatively lata pariod had to be used for astissting
the numbers of deaths from many diseases that might have besn expected to
occur 1B esrlier periods. Yor 2 categories the esrliest available rates
vere 1960-64, for 1 they wars 1965-69, for 24 they were 1970-74, and for |
they wars 1975-79. .

Secondly, an attempt was made to classify according to vhather
thay had high, intermadiate, or low exposurs to VI or MWC dust end ssch
nan's employmast histery wes recorded with advice from the plants
concerned, under 12 job titles. The sen wvere then grouped sccording to
whether sxposure to YCM wes liksly to have N?n high (group A), exposure to
PVC dust was likely to have been high with ezposure to VCM low (group 3),
or exposure to YO snd PVC dust wes intersediate and intermitcent (group .
€)s All other men, vho would generally have had low exposure to both VCM
and PVC dust, were classed as group D. Within all groups, exposure to VOM
wae likely to have been highar 1f it had bagun defora 1936,

The study sskes an importsut comtribution to the susm of knowledge

concerning ths long tarm affects of VC. The use Of nat{onal rates to
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calculate the expected numbers of deaths may be justified on the grounds
that the men were employad 12 9 plante, vhich wers prasumably dierriduted
about cha country, but no details of their location are givem. 1In general,
mortality rates tend to be highar 1o the parts of Britain where heavy
industry 1s located than in other parts, sc that the axpected numbers of
deaths are more likely to be bissed downwards than upwards; but this naeds
to ba shown. ,

The use of recent rates to calculsate expected nuabers of deaths from
many specific causes of death was prismbly necessary, {f the diseases
ware to be studied individually and will have dons no hare {f the incidence
and fatality of the diseases in question have remsined stable. It would
have been desirable, however, for the diseases to have been specified so
chat tha reader would kmow which wvare liable to be distorted.

The system used to £lsssify men into four axposure groups is the sore
- of systea thag is eu-n.l.y'md if precise maasures of exposure are not
availsble. It creates soma difffculties in the stetistical snalysis if men

acve from ons job to anothar and are classed (as in this instancs) as

SIEEL N

having had high exposure 1f they have sver had a particular type of
smployment (e.3. evar been employed as su sutoclave worker). No evidence
is provided to show that the persom~yesrs at risk befors s man sstered the
category have besn eubtracted and added to snother exposure group befors
the mmbers of expected desths are cslculated. Movements from ome job to
another are esid to dave tended to be dut of grouwps A and 3 into D, but
sven 80 it must de presused that the expected numbers of deaths in the

first two exposurs categories are likaly to be over-estimated.

Canadian Study

The Cansdian study (Thirisult and Allard, 1981) was limited to
_employees of a single plant in Shawinigan, Quebec. The plaut, which was
situated ia an {adustrisl complex, was opeaned in 1943. VOM and PVC wers
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both msde until -the late 1960s, when the production of VCM ceased, while
the production of PVC continusd. An sttempt was sade to trace all
production workers whoss nsmes appeared on the uniong' lists or the
companiss’' payrolls of the whole industrial complex including the VC planat
betveen ! January 1948 and 3] December 1972, and contact was made with the
workar or his next of kia fim 1,611 out of 1,659 (nstences (97.1%).
Detailed osccupational and swoking histories were obtained by gquestionnaire
and 156 men who h.d.buu euployed by tha companies for less than $ years
wvare excluded. The remsiving men wers categorised as (1) exposed teo VOM if
they had worked on the production of VO or PVC for at least 5 yesrs (451
wen), (ii) unexposed to VCM if they had worked similarly for less than 6
nonths (870 men), and (111) other men (134 {n totsl). The last were
excluded frow the study. PFollow=up was closed on 3] December 1977. Copies
.of the death certificates ware obtained and the csuses coded according to
the 8th revision of the ICD list for all who had died (59 exposed and 233
unexposed). Information was slso sought for histological or cytological
confirmstion of sll the disgnoses for all the exposed men vho had died of
cancer.

The results ware sxamined {n two weys. 7Piret, the mortalities of ths
exposed snd unexposed ware compared after stasdardisation for quisquennium
and 5 year age growp. Secondly, the mortality of the exposed men was
compared with that sxpected 1if the men had expsri{enced the sax and age
specific wortallty rates recorded in Quebec for the yesr 1971. In both

coaparisons the causas of death used weare those sp-:ified om the death

certificaste and the additions! pathologicsl imforsation was used later only

for interpretation of the tesults.

Most of the exposed men were exposed for sore than 10 yesrs (75%),
tha average length of exposurs was approximstely 17 years, and 44X were
observed more than 25 years after first exposure.

.
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uthgu'h small, the study makes a usaful conmtribution to the overall
results. The histological review of the cascer cases is particularly
helpful. This showed that all 8 csacers diagnoged as liver cancer
(including 2 specified as hepatosa end one specified as angiosarcoma) were
angiosarcomss of the liver as well as ons that had been disgnosad as
angiosarcoma of tha peritoneum. Twe other cases of angiosarcoms of the
liver were found to have been cartified as hapatic cirrhosis. It is slso
helpful to bava a comparison between exposed and "unexposed” eaployees of
tha same companies as this shows that the low sortality observed for all
aon-sslignant diseases could be attributed to s healthy worker effect and
was oot dus to biss im the recording of exposure (relative risk for all
non-salignant causae compared to “unaxposed™ men 0.935).

Ous criticisu has to be made: namaly, the use of provincial rstes
for one yesr (1971) to calculace expescted mortality spresd over a 30 year
period (1948 to0. 1977 inclusive). Deaths will have tended to bunch up
tovards the and of tha period of observation so that the rates for this
particular ysar usy have baen fairly representative, but it must have
caused some distortion of the expected numbars of desths, ths sizs (snd
sven the -diueun) of which is fapossidle to estimste. Por most discase

groups the distortion is ualikaly to have deen large.

Italias Study

. A study of all nen employed in the production of VC and PVC in 9
Italian plants was bagun in 1983. All men wers i{ncluded who wers employad
for at least ¢ months at say time from the start wp of the plaat to the end
of 1981. Tha study is etill incomplste, but results ars now availabdle for
wes in three plants (Belli st sl., 1986). Two plants (in Ferrars and
Rosignana) began operations ia iosa. Pour hundred snd thirty seven sen
were saployed in the one plant and 181 im the othar. All dot thrae (from
the Ferrars plaat) were followsd to the end of 1984. Expected deaathe vare

L19€1 TN
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estimated by multiplying the person-years at risk by the corzesponding
national mortality vates for each S year age group and quinquennium. Total
sxpected deaths in each case amounted to'wore than 10T of the employees
(12.4 and 12.8%).

Clinical information was sought sbouyt the cause of death of all the
535 employees of the Ferrara plant who lud died. Revised disgnoses, which
were not usad for comparison with the expected desthe, reveasled four desths
from cancers of the liver im place of one.

The Ravanna plant did aot begin operations until 19359, Six hQndnd
and thirty sight men were employsd. All dut 4 wers traced to the end of
1983 and 17 were found to have died. No man could have been followed for
more than 24 years and only 25.1 deaths (3.92 of the workforce) were
oi}.end. The data for this plant have not, therefore, been used in thi
principal analyses. It aay be noted, however, that ons deeth was

sttributad to liver csncer when 0.1 was axpected.

Other Sources

The Norvegien study (Heldaas st sl., 1984) provided obsarvations on
454 men who hsd been employed {u s plant in Telemark whers VCX had besn
sanufactured from 1950 to 1971 aad PVC from 1950 to the end of the study
pariod. All were inclwded whose szmes were recerded on the Coupany's
personasl register saad haalth department records who had ever baen ssployed
from ths start of production to the and of 1969 and had worked for st laast
one year. Mem were followed from 1933 to 1979 inclusive. Desths and casss
of cavcar were idestified from the records of the Central Buresu of
Statistics and the mational cancer registry. WNo refersnce is mads to any
wen baing lost te follow-up, bet it can de sseumed that the vumber (if not
sero) was smsll ss all citizems have an identity numder which is used by ‘
both swployars and the central agencies. Fifty sen were found to have diad
sgasinat $9.34 expected if the sax~ age~ snd quinquennium~specific nationosl

843¢4 N
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sortalicty retes had cperated. Twenty-one man wers found to have developed
23 cancers ageinst 20.16 cancers expacted from the comparable natfonsl
incidence rates, tha uss of which was justified by the finding that the
incidence {n the cousty in vhich the plant was situsted vas between 90 and
95 par cent of the rete in the country as s whole. One man who had been
smployed on PVC production developed engiosarcoms of ths liver. Observed
and expected nusbers of casas ave given for cancers of the lung, colon, and
thyroid, ior welanomas, snd for all cancers, But no sxpected numbers ere
givan for other types of cancer. It is evident that saveral other types of
cancer sust have been in deficit, as there were 8§ cases {n all agsinst
’u.ss expected, and it {s difficult to knowv what waight to give che -
excessss observed for the reported typas of cancer as they ssem liksly to
have basn reported specifically becauss the numbers were ii excess of those
axpected. The suthors sots thst one further case of mslanoms had occurred
after the closure of the o:@y and that one '.'uciptut case” vas aleo knewn
to thea.

The German study (Greiser et al., 1982) imcluded three groups: (1)
7,021 men who had Deen exposed to VC i{n the course of their employwent in
any of the 11 plants in which ¥C sud PVC had been produced iu the Federal
Republic of Cermany, (;1) 4,820 nen who had deaen euployed 1a 7 chemical
plants without baving had sny sxposurs to VC, snd (111) 4,007 men smployed
in 2 othar plaats vhars FVC was processed. lpployou ware included only if
they were of Cerman er Austrian nstionality .‘u were regerded as sxposad to
VC 1f thay wers productioa workere or other skilled workars or lsbourers
assigned regularly to the plants, but not if they wers smployed in thes
only occasionally. All ses were included from the time of opening of the
plants to the end of 1974 and were followed to tha snd of 1974, Msny of
the wan wers, in consequence, observed for only a faw years after first

employment, and only 14X, 36X, and 192 respectively of the thres groups
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were first employed befoTe 19354 and so capable of contributing person—years
at risk more than 20 ysars after first employment, when an occupaticnsl
haszard of cancer could be expacted: o be observed,

93.22 of the exposed group were successfully followed up and causes
of death were discovered for 92.8% of the 414 wen discoversd to havs died.
The proportions for the other two groups wers respactively 89.8% and 88.7%
for the unexposed and 92.1% end 86.92 for the PVC process workers. The
fal:lun to obtein causes of death for all the men who had died was allowed
for in the subsequent snslysis by weighting the numbars sttributed to each
cause by a system which took account of the age group and calendar period
in vhich death with an unknown cause occurrsd. The expected numbers of
desths from aach cause vas calculated by sultiplyiag the person~yesrs at
risk by the sax, sge, and csuse specific msortality ratee for the TiG.
National data before 1968 uead an idiosymcratic classification systea and
the 1968 rates had to be used to Initipiy all ths person~yaars at riak up
to the and of 1968. For subsequant ysars (1969 to 1974) the person years
at risk were sultiplied by the correeponding rates for the m calendar
yesr.

Epidemiological studies are more difficult to carry out iu Germany
thsn in N, Aurl..u. the UK, or Scandinavia becauss the sedical cause of
desth is not recorded publicly and thare 1s Do central systea vhich can be
used for checking whether an indviidual is alive or dead. 1Im the
circumstances, the German suthors have made valisat efforts te obdtain
reliabla datas and tha proportioms of men in the exposed groups who wers not
successfully followed up (6.82) and the proportions of deaths for which the
cause was not obtained (7.2%) wers similar to those in the Enviromsentsl
Health Associates (1986) study. ]

Two defects, however, maka the dats less useful, PFiret, oo nstional

mortality rates wers avsilsble bafors 1968 and the use of the 1968 rates to

gzaci dn
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estimate the numbars of deaths in and before 1968 will have ovarsstimated
the numbers attributsble to disesses that were becosing mora prevelent or
diagnosed more often and will have underestimsted thoss due to dissases
that were becoming lees prevalent. Secondly, and more importantly, s lerge
propottion of the sen had been first employed lass than 10 years before the
follov up was ended, It follows that the observations on the few men who
had been first exposed long enough before to have had much chance of
daveloping an occupstionsl diseass with & long latent period must have deen
svamped by observetions that had littls to eontrlbutof Tha axpscted deaths
asounted to only 6.2X of the exposed msn and there is, therefore, little to
be gained, sud something to be lost, by including the Cerman data in thas
overview, It may be noted, however, :ui 12 deaths vers attribduted to-
cancar of tha liver among the VC exposed workars against 0.9 axpactad and
that sull:u' excesses were slso observed {a the unexposed chemical workers
(& observed agsinst 1.1 expacted) and in ths PVC process workers (3 deaths .
against 0.8 oxiuend). |

Two Swedish plants have produced YOM and PVC since 1945 and 1971
respectively and employees of the first bave bean studied by Dyten ot al.
(1976). all .’.tlm who had ever been employed vhen exposute to VCM could
occur ware listed from the parsomnel files of the factory. Twenty-ons were
excluded because they ware forsigners who left the country after & short
pariod of employment. Tha remaining 750 wers followed to Octobar 1974.
. Expectad aumbers of deaths were estimsted by sultiplying ths parson~years
at risk by the corresponding q.—opo-esnc sortality rates for the whole
country and the sxpected mmbers of cancer cases from 1958 to 1971
1nclusive (during which period all cancer cases had been registered
naticually) were estimsted by -u..iupl.yln' by the nationsl age-specific
cancer incidence retes. Te both inscances, the rates used wers those

recorded in 1969. Fifty~eight deaths were found but no figure is given for
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the ‘expected sumber. Detsiled figures are given only for the nuabers of
deaths and casss observed snd axpected for cancer of the lung and for
cancers of the liver end pancreas combined snd for the numbers of deaths
ftom brais cancer and thrse categories of cardiovascular dissase. Two men
kanowa to have angiosarcoma of the livar wate certifiad as dying of liver
cancer or pascrestic cancar respsctively, and a third men diad of the
dissase .17 sonths after the !oliw up closed.

Two FPrench studies provide the results of a long term follow up of
nen employad 1o one plant (Pierre st al., 1979) and of e short tarm follow
up of men employed im 12 plants (Laplanche at al., 1987). The first
provided observations on 1,311 men axposed to ¥C in the production of VOM -
and PVC and 1a selected ancillary operations from the opening of ths Tavaux
plane 4n 1953 to the ead of 1976 (Pierre st al., 1979). 8ix other

saployses vere sxcluded from the study becauss of lack of occupational

2298y W0

histories snd 160 men beceuse their vitsl status at tha end of the study
period wvas undeterminad. Tventy-five men were found to have diad sgainst
48.75% -zpeiod from contewporsnscus sex snd age-specific nstional mortality
rates (3.72 of the men at risk). One desth was attributed to angiosarcoms
of the liver ia @ msa who had been exposed for more thyn 15 ysars. The
raported data ars o0 incomplete and cover such & relatively short period
from the openiang of the plant that they sdd nothing of epidemiologicsl
v;}u to the results of the other studies, spart from the eddition of a
tu:hr case of sugiosarcoma.
The second provides obsatvations on 1100 men agad 40 to 35 yesrs who,

1o 1980, were axposed or had been exposed to ¥C ta 12 plasts, which
contstituted “most of the FPrench VOM polyserisstion plants” (Laplanche et
21., 1987). HMany of the men were, or had deen employad at Tavaux and were
prosunably survivors of tha cohort studied by Pierre et al. (1979). The
nen wers followed for 3 years and their morbidity and mortality compared
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vith that observed in 1100 men of the sane sges (+2 years) employed in the
same plants, but who had never been axposed to VCM. Men in both groups
ware interviewed personslly and information obtaised about their smeking
and drinking habits which were found to be similar in tha two groups. Men
1in the exposed group had besn first axposed on average about 14 years and
had first besn exployed im ths plant sbout 18 years previously. Morbidicy
and mortality data were rscorded annually by the plant physician who
successfully traced 982 of the expossd men and 96X of the controls. One of
tha exposed msn but none of the unexposed developed an angiosercoms of the
liver. Data ars not given separately for different periods after first
employment and it ie impossible to assses the significance of the finding
that é of the exposed men develeped im cancer sgeinst 2 of the controls,
which asy well rveflect @ chanca oceurrence of unususlly tu.euu in the
control groups as the proportiom of sll cancsrs in the control group that
arose from the lung (2 out of 13) s unususlly low. Ons exposed man
daveloped @ cancer of ths lympho~hasmatopoistic system againgt none of the
controls, but no men {8 either group wers known te have developad melsncmae
-of cancer of the brain ovr thyreoid.

A Japasnese study reports the mortality c:nrhnc.o of 4324 aen
esployed for at leaast one year bafore 1963 ia ocoe or other of 25 Japsnese
plants which began prodecing viayl chloride monomer (VCM) or polyvinyl
chloride (PVC) detween 1949 and 1964 1nclusive (Nakamura, 1983). The men
were followed to 31,10.73, Twenty sight per csat of the men ware observed
more than 20 years after f£irst employment, but none was observed sors thanm
26 years. Only 0.6% of the men ware matraced and copies of the death
certificates wars obtsined for all the 209 men who had died (4.62 of the
initial cohort). Individuals were classified according to the 30 on which
they had been longest employed at the termioation of thair follow up end
data are given separately for 2546 mes classed u saployed on PVC

881 N
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’l‘oductioﬂ and 1978 others (’-“1“1" 900 classed as VOM production
workers).

If this study is contimuad for a further 10 years it should provide
usaful additionsl hfamttn; but the present daca include too few
observations on mee more than 20 years after first exposurs to bde of any
saterial usa. Thay coufite the svidence of a hazard of liver cancer with 6

expected,

deathe in PVC production workers against 2.54 expected from nationsl rates
vhile only 1 such desth was obssrved in the other workers againet 1.82

Ove of the 6 dsaths from livar cancer {a PVC production workers
vas certified as dus to angiosarcoms of the liver end at least one of the
other liver cancer desths was dus to the same cause.

Lung cancer dsaths
were not in excess (2 observed ia PVC worksrs agaitst 2.33 expected).

No
dsts are given for cancers of tha lymphatic sand hasmatopoiastic eyatema, for

catcer of the drais or thyroid, or for melanocmss. The wortality of 308

Japaness VC workers reported by Masuda (1979) 1s presumably subsumed 1o
Nakasura's (1983) later end larger study.

Raszards of cancer
Tha rasults of the four wost useful estudies are listed individually
in Tables | and 2.

The averall results for all causes, liver cancar, and

three broad groups of cosditions sre shown {a Table 3, and thosa for 10

types, or classes, of cancer in Table 4. Dats bava not been reported for
esch type of cancer im esch study and the sources of the dats are,

thiutou. specified separately for esch type. Additionsl laforwatice ;c
given iz Table 5 for 7 types or classes of cancer that has been obtainad

from four othet lass iaformativs studies (the Garman study reparted dy

Greiser et al., 1982, the Norwegian study reported by Heldass st el., 1906‘.
the Swedish study reported by Byran et al., 1976, avd ths part of the

Italisa study relating to the Rsvenna plant reported by Belll et al.,
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1986) .

Table ] shows that, apart frow cancer of the liver, the overall
mortality i{s wvhat would be anticipated for en industry without any major
hazard of accident or disesss. 1n nrf!euhr the standsrdized mortality A
ratio (SMR) of 84 for disecases other than cancer {s typical of the ratics
that ars commonly observad in groups of esploysd sen. A low SMR of this
order reflects the "bealthy worker sffect”, which results from the
selection process that ioavitably excludes some of the least heslthy
aembars of tha population from induystrial employment. This effect does
not, however, normally affact the sortslity from caacer beyond that
observed in the first few years after the start of employmant and an SHMR of
102 for cancars other than cancer of the liver is compatibls both with the
absence of hazard and with SMRs of 84 for other é.uusu and 77 for

sceidents, poisonings, and violsnee.

mtourcﬁll

Death certificatss ers sp unrelisble source of information ebout the
hiscology of cancers that causs death, byt thers ie uo rasson to suppose
that the excess mortality attriduted to liver cancer (or, in the US seriess,
1iver snd gallbladder cancer) is ot entirely sccounted for by the known
hazard of ’A;uourcm. Fifteen of the 37 deaths® attriduted to cencers of
the liver and gellbladder im the US series are known to have been due to
angiosarcoma of the liver (Enviroumental Health Associstes, 1986). Ino the
"British serias, 7 of the 11 deathe attributed to liver csucer, Bot
specifisd as secondary, were known to bs angiosarcomss and all occurrad in
sutoclave workers against 0.38 expecced liver csncers of all typas (mo"’,

*Increased to 39 in Tsble 1, to taka sccount of the 97 extra deaths of
unkuown csuse. .
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Jones, 1986). In tha Canadian series, histological review showed gb;: 7 of
the 8 sc called liver cancers were angiosarcomas (1 had deen described as
an angilosarcoms on the deeth certificate, 2 as hepstomas end 5 as unspec-
{fied livar cancars). Ons ¢0 called liver cancer death was found to have
been due to cancsr of the sigmoid colon, while 1 desth attribucted to sngio-
sarcoms of the peritoneus was found to have besn dus to angiosarcoms of the
liver (Thérieult and Allard, 1981). 1In the Italisn study, further evidesca
revaeled that 3 further desths should have been attriduted to cancsr of tha
1iver (making 4 1n all), but ouly 1 of the 4 was dascribed as an angio-
sarcoms (Belll ot al., 1986).

Furthsr avidence that tha excess sortality from liver cancer (or
liver and galldladder cancer in the US saries) can be attributed wholly to
the known hazard of englosarcoms is obtained by cowparing the excess deaths
with the numbars of deaths from angiosarcoms before the ends of the
follow-up period that ate recordad in the Register of Liver Anglossrcoma
Casas saintained on behalf of the Associstion of Plastics Manufacturers u‘
Zurope by Imperial Chemical Industry PLC (lennstt, 1986). Fifty one excess
liver cancers ere recorded in the comdined data and 49 angiosarcouas ara
recorded {n the Ragistar for the relevant periods for _thc three countries
and ‘the twe Italian plante® that sre covered by the survey.

¥one of the 120 cases yet recorded om the Ragister ware in smen who
were first exposed asftar 1969 andéd nons of the 45 men affected in North
Amarica ware first sxposed after 1%64. All may, chersfors, have Dasn

axzposed to concentrstiona of several bundred pps sod wany may have been

*Twenty nine ars registered as occurring in the USA agsinst an sstimated
axcess of 13, 9 are registered in the UX agsiset sn excess of 9, 10 is
Canada against an excess of 8, end 1 in e sen eaployed in one of the two
Itslien plants studied ageinst an excess of less than 1. Two of the
Canadisn cases are recorded in the Register se occurring in men who had
been employed for $ years and it is possible that the actual duratin of
employsent had baen slightly iess thas 3 years, vhen tha ses would have
best excludad from the study.
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expoead to concentrations appreciably higher (Barr, 1981).

Lung Camcer

The 1dea that axposure to VC might csuse cancer of the lung was
suggested by Monscu et al. 1o 1974, when they noted 13 cases {n a study of
proportional sovtality against an sxpected number of 7.9. The coadined
dats that are shown {n Tadls & do not provide any support for ths
hypothesis neither for respiratory cancer as 8 whole (SMR 97) nor in the
specified data for lung cancer io tha USA, UK, and Italy (SMR 99). There
are, howaver, consisteutly higher risks in the subgroups of men in the US
and UK saries in whom occupstiocnal hazards would be sora likely to be sean
thau 4o other groups. This ie ssen from Table §, which shows that the SMis
ars slightly highar is men observed 20 yesrs or more after first axposurs
than in men observed esrlier, in man smployed befors 1956 in the UX than in
uen first employed after 1955 (when exposure levels are believed to have )
been lower), i men employed for lomger than for a shorter periods ia the
USA, and 1p autoclave wotkers {s the UK, ia vhom the angiosarcoma cases
have 'uuly occurred, than iz otbhsr workers. Ths dit!or-n«- are oll small
or very suall, dut they ars ah ia the sama dirsctiou snd the probadilicy
that the rates should all be higher ia the groups in which as occupational
hazard 1s more likely to be seen iz each of the four paire of groups is 1
in 16_. |

Mditional iaformation fros other sources is given in Tadle 5.
Thirty deaths (or cases) wers obsarved iz total and this u-ruud to 31.5,
whas allowancs is made for tha mmber of deatha dus to unidentified causes:
1s the Cerman study, givieg an B of ]103. Im the Cersan study tha SMR vas
higher {n men who had been exposed for 10 yaars or mors thas iz men vho had
been exposed for less (111 against 79) and ia tha Norwegisn study, 4 of the
5 casas obdserved occurrad in mau whose occupstions were regarded as

iavelving high sxposure agsinst 1.82 out of the 2.84 axpected. Joth the
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Cerman asnd the Swedish studies derived the expected numbers of deaths frowm
oational mortelity rates for a single yeur tovards the end of the study
period. The axpected numbers of deaths ere likely, therefove, to have been
overestisated and the SMis correspondingly wmaderestimsted as the mortality
from lung cancer had been rising throughout the peried of observatiosn.

Srain Cancer

The idea that VC uight cause brain csocer was suggestad by ubuon (14
al. (1974), when they reported 5 cases sgainst 1.2 expectsd, in the same
pepar iz which they suggested thst VC aight cause lung cancar. The
combined data that are shown ia Tabls & provide soms support for this -
hypothesis. Moasom et al.'s cases were, however, observad in US workers
and suet be presumed to ba included in the total reportad by Enviroomental
Realth umuu; (1986), 1n which cass they will have contributed &

substantial proportiom of the total in Tabla 4. To test the hypothesis we
ought, therefore, to subtract Monsou et al.'s dats. Their study wee not o
cohort study and their axpected deaths do not correspond exactly to thoses
in Table 4; we caa, however, oaly subtract both the observed and the
expected cases from the pressnt totals. This leaves 24 observed against
spproxisstely 18.3 expected, & difference which might easily occur by
chance (7, one-tailed, = 0.1).*

Addicionsl informstiom from two other sources is given in Table 5.
—n.' snall axcass reported provides little further avidence of an occu-
pations]l hasard, as eus of the two desths obsarved in the Swedish study
occurred in a2 youmg man who had been smployed for less than & ysar whesn the
diagnosis wvas made, vhile the axcess dessth rate for brain cancer obsearved

*1f we vegard Waxweiler et al.'s (1976) study as the origin of the
hypothesis we should be Teft with 26 deaths against 18.94 expected (P,
“.‘:.11.‘. - °n°7)o
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in the Germsn study was less than that observed in chemical wvorkers not
exposed to vinyl chloride (2.9 deaths after sllowance for daaths froa
unknown causes agsinst l.6 expacted) and {n workers in the PVC fadbrication
industry (5.9 deaths after llimo for deaths from unknown causes agsinst

1.1 expacted).

Cancers of Lymphatic and Haematopoietic Tissues

The ideaa that VC might cause cascer of tha lymphatic and heesato-
poletic tiseuss - and more specifically the lywphatic tissue - was
suggested by Tabershav and Caffey (1974) and by Waxweiler et al. (1976)
when they found, respectivaly, in two cohort etudies (4) 5 dculu- from
lysphomas in ths soet heavily exposad workers against 2.56 expacted, and
(11) & deaaths from cancers of tha lysphatic and hasmatopoietic tissues -
against 2.5 sxpected. Thass ssall sxcessas night have been ignored if the
ladoratory findings had not been iaterpreted n‘ suggesting that lymphomss
were produced experimantally ia_uni.ulu sxposad to vinyl chlorides by
inhalation (Maltoni and Lefemine, 1973). On this baeis, the ides that
similar exposure might slsc csuse lyaphomss in Man needed serious consider-
ation. The dsta from tha four priuncipal studises that ere summarized in
Table 4 provuo‘ little support for the hypothasis when sll cascsrs of the
lyuphatic snd hasmatopoietic tissuss are coosidered together (57 deaths
against 50.87 expected, SMR 1]12) and very little more {s obtainad fros the
separate dats for cancers of the lymphatic system (using Tabershaw and
Gatfey's definition of ICD list numbers, Sth revisiom, 200-203 aand 20S5)
. that are shown ia Table 1 (35 deaths sgainet 29.40 expected). The position
is, morsovar, hardly altared by subtracting the dats io Tsbarshaw and
Caffey's laitial report (29 deaths againet 23.36 axpected, MR 124).

soms 1little additiossl informatiom {s provided by the results of the
Gernan study, some of which ars shown in Table 5. This obtalsed an 8RR of
214 for expossd workers (based oum 15 observed deaths, incrsased to 16.3
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wvhen sllowance is sade for the numbar of deaths of unknown causa) against
SMRe of 77 and 34 for an unexposed group of chemical workers eund & group of
PVC fadricators and showed that eh? excess i the exposad workars wvas
present only for sen vho had besn exposed for more than | year snd vas most
sarked for men who had Daen expossd for S yaars er woras {10.7 deaths aftar
sllowance for the number of deaths of unknown csuse against 4.0 expectad,

SME 268, P one—-tailed <0.01).

Melanoma

An excess of melancma was reported in Norwegisn workere by Heldsas st
al. (1984), who ratsed :h; possibility that VC might have producad tha
diseasa. PYour casse were observed when 0.79 wars expected, thrae of which
were in men vhouvoccmum {iuvolved the highest exposuras (against 0.51
axpscted). At the tims of writing their report ome further case had been
detscted with onset 3 ysars after the closure of the otuiy. Subsequant
studias {n othar countries have, so far, taported only 2 deaths against 2.0

expected (see Tebles ] and $5).

Thyroid Cancer

An axcass of thyroid cancer was aslso raported in the Norwegian study,
1a which 2 cases were obsarved asgsinst 0.16 expected. 'm investigators
vers not sware of any othar studies indicating en axcess of this type of
canscer and thay drew 2o conclusios from their ebsarvation. Tvo of the
thres msjor studies that have basu reported since the Norwegian observation
wan nade give no data for thyroid csacer; the third reported two deaths )
againat 0.43 expected (ses Tabls 1). One death from thyroid cancer, it may

be noted, was reported in the USA by Monson et al. (1974).

Cancers of Digestive Tract
Suggesticns that YC might cause cancers of the digestive tract {ao

gensral have sometimes deea msde but they have mot taken adequate account

0gact BN
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of the contribution that cancers of the liver mske to the total number of
cancars of tha digastive system, particularly when it 1:. borne in mind that
some liver cancers are 1ikely to be sisdiegnosed ss cancers of other
organs. “The combined date from the four principal studiss shown in Table &

waigh heavily against the ides that any such effect has been produced.

Other Cancers

One of the remaining types, or classas, of cancer listed in Table &
shows a statistically significant sxcess: namely, the hstarogsneous group
of "other cancers”™ (83 obssrvad desths against €5.24 expected, ?, two-
sided, <0.05). This axcess 1is ouly marginoally significant and may be e
chance odservation. The most likely explanatioa s, howsver, that a fev
angiosarcomas of the liver were met recognized snd ware disgnosed as
sscondary liver cancer or carcinomstosis, site unknown, and so boosted the

number of deaths ia this category.

Basards of non-mslignant diseass

Fo pravious study has suggested that any wlmnt cause of death
other than cirrhoais of tha liver would bde likaly to be incrassed as a
result of exposurs te ¥C, and that ia only prasumed to be increased because
of the liver changes that ware observed as part of the 'viayl chloride
1llnsss’ (Marstaller at al., 1973 and 1975; Jones and Saith, 1982). Two
othay poesidilities have, however, besn rsised: uamsly the production of
son-maligusat vespiratory disease becsuse of the changes in lung function
snd x-ray appearances that have besn recovded for men exposed to PVC dust
(Lilis st al., 1976; Baser et al., 1985; Soutar, 1980; Lloyd st al., 1983)
and acute cardiac death, from snslogy with the effect of othar halogenated
hydrocarbons (Jones, 1986) snd the oboow;cta of sn {ncreased mortality
froa syocardial .ln!.reun in the few years following the cessation of

exposure 1a the Swedish PYC processing industry (Molan et al., 1981).
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Relevent figures for the numbers of desths from thess and other mon-
salignant causes that ars obtainable from the four principsl studiss were

given in Table 2 and are susmarized in Table 7.

Cirrhosis of Liwer

Thres of the four studies gave separate figures for cirrhosis of the
liver, none of which showed an increased mortslity (Table 2); in coabin-
ation they gave an BMR of 69 based on 46 deaths. The fourth study, which
d1d not give separate data for cirrhosis of the liver, reported &4 deaths
from all diseases of the digestive system combined against 3.85 expected
and noted thet the 4 included 2 that were certified as dus to cirrhosis of
the liver, but were sctually dua to angiosarcoma (Therfault and Allard,
1981). 1In the two supplemsntary studies in which data are given for this
dissase, the B was 32 in one, based on 15.1 deaths after making allowance
for the number with unknown csuse (Greiser st al., 1982) and 133 in the
other, based on 7 deaths (luka-‘uu. 1983).

Woc-walignsat Respiratory Disease

The data for noo-malignsat raspiratory disease are confusing in that
the total SMR from the combined data for the four prinmcipal studies is 80
and is the sort of figure that i{e commoaly found in healthy {ndustrial
populations, yet the U$ study recorded a substantially increased mortality
from emphysems (41 dsaths and SMR of 180 bafors any allowanca is made for
deaths of unknown causs). No such excess was found in the UK whers 36
deaths from bronchitis gave an S of 82. Iaternatioual comparisons of
chroaic non-malignant respiratory disssse are complicated by the usage of
differsant terus to dascribe what it 1is now agresd, 1z best called chrouic
obstructive lung (or pulmonary) dissase, dut which ia the psst tended to be
called emphysama in the USA and chronic bronchitis ia the UK. It =muse,
tharefore, h presumed that the two categorias of 'emphysems' and

ZE£9EL N



13

'bronchitis’ used respectively in the two large nationsl studies wers maant
to describa the same thing. On this basis, we should have to assume that
the expariences in the two countries were very different, despite the fact
that both related to cohorts that had nr;' siatilar experiences of angio-
sarcoma of the liver snd so, presumadly, fairly similar exposures to VC.
Separate figures ate shown, where available, for the mortality
observed in men with different durations snd intensities of exposure in
Tadle 8. Unlike the data for cancer of the lung that were shown in Table 6
they provide no consistent evidence of @ grsater risk i{a the groups ia
vhich an occupstional hasard would be expected to ba concentraced.” The
authors of the Environmental Bealth Associates (1986) report were unable to
give any axplanation for the incressad mortality from emphysems and pot_nt
out that it gould hatdly be dus to ezcess cigarette swoking as there wes no
overall excese for cancer of the lung. It is atr!.ktn';. however, that the
excass i3 more than compensated for by deficiencies {n the othur categories
of non-malignant respiratory disaase (pneusonia 15 deaths,* SMR 47.0; other
tespiratory disease 14 deaths, SMR 42.8) and the question arises whather
the emphysems excess could be & classiffcatory artefact. Eovircrmantal
| Health Associates (1986) 1ist all the 41 deachs which show that they were
coded under ICD List oo. 327 which, in the out of ut; 7th revision that
. was used for the coding of sll daaths ia the study, was the code for ‘other
respiratory dissase not otharvise classified' and fncluded emphysema.
Under that revision, however, emphysssa that was sssocisted with bromchitis

should be classified with bronchitis under List numbers 3500 to 502 and the

*The desths sttributed to differant groups of raspiratory diseases and tha
corresponding SMRs that are cited in this sectiom for the US study are as
given by Eavirommental Health Associstes (1986) snd have not been adjusted
to take account of tha numbars of desths 0f unknowe causs. To taks account
of the desths the observed deaths and SMRs can doth be sultiplied by 1.0674.
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possidbility may be considered that some of the emphysema deaths should have
been classified in some cstegory of Tespiratory disease other than List no.
527. 1If this wers g0, it could aegmt for both tha excess mortality from
suphysans and the grossly deficient mortality from other non-salignant
respiratory diseases.

Ko excess sortslity from "bronchitis, emphysema, and ssthma” was
obssrved in the Germsn study (Greiser at al,, 1982; SMR 44 with 6.3 desths

cbssrved after making sllowvance for the sumber of desths of unknown cause).

Cardiovascular Diseass .
Data for fschaemic (or arteriosclerotic) heart disease (vhich may de
presused te include the vast sajority of all deaths cartified as due to

acyte cardiasc dissnse) ars given only dy the two big uuoail studies and

$EACL 180

thay provide no svidence of an increased mortality. The SMR of 9C for this
group of disesses and of 9] for .1}. cardiovascular disease recorded in the
four principal studies sre typical of the 5MBs tfut ars recorded ia healthy
industrisl populations and thars i{s no suggestion of any oeeupi:tonl
hagsrd in the subsidiary lﬂll,..; provided by the two national studies. In
pnteuur‘. thare is no evidenca of an incrsased mortality within ons month
of leaving ssployment in che UK study either for all workers (52 deaths,
SHR 61) or for the most haavily axposed autoclave workars (9 desths, MR
42).

- A slight {ncresse in fscheemic heart disease mortality was racorded
for the exposed workers in the Cermsn study (Greiser et al., 1982), but it
vas less than that recorded for the unexposed chemical workers and the PVC
fabricetors (SMRe of 127, 131, and 158 dased on 97.2, 126,7, and 109.7

deaths sfter sllowing for the oumber of deaths of unknown causs).

Discuseion

The {oforaaticn that has now besn obtained sdout ths long ters health



35

of asn occupationally exposed to vinyl chioride is masssive and compares
favoursbly with that svailsble for say other occupationsl group. Two facts
are outetanding. Pirst the men have exparienced o -pcciiic hazard of a
type of cancer that {s normally extremely reve: namely, angiosarcoma of
the liver. The rarity of this disease undar other condizione made the
detection of tha hazard sasy; dut the long lstent period befors the disease
appears sfter firet exposure (almoet slvays more than 10 yaars and usually
wore than 15 years) meant that & large number of men had been exposed
bafore tha hazard wvas detscted snd that it will etill be many yeers befors
ve can be certain about the extent of tha protection provided by the
reduction in exposure in the 1960s and the further reduction that fonovgd
the recognition of the hazerd s 1974. Thers s, unfortunstely, no
effective trestmeat for the disssss and the aumder of cases fs reflected in
the auaber of deaths. Some 30 deaths have occurred f{a the 16,740 men who
have bean followed up in the four 'prine!psl stodies that have been reviewed
in this report, so that approximately ! is 335 sen have been affacted,
while 2T of the deaths have been dus to this one causs. Eventuslly many
mors men must be expected to develop the disessa. One astimate {Nicholwon
st al., 1984) suggests that the total may be {ncreased 10 times, but @ more
reslistic sstimata 15 2 to ) times (Forase st al., 1983).

The second ocutstandimg obsarvation is that the mortality of the
expossd wen, other than that dus to angicsarcoms of the livar, is typical
of the normally healthy {ndustrial worker. That is not to say that no
other hasard exists, but that the effect of any other hasard is small.

The massive data that are now availsble provide no reason for
thinking that any hsszard other than one of cancer has bean overlooked. It
18, however, still difficult to decide whether VC does produce & risk of
daveloping cancer, other thas sagiosarcoms of the liver, which might be

sasll compared to the riska produced by non~occupational causes, but yet
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sbsolutely alwost es large as the risk of developing the normally very rere
angiosarcoma.

One of ths many hazards that have been suggested can be dismissed, e
there {s no evidauca to support it: namely, the ides that VC ceuses any
cancer of the digestive tract other than angiosarcoma of the liver. Two
hazards (of melanoms end cancer of the thyroid) have been suggested only
very recently and few of the evailabls studies have provided informaticn
about them. Thare is no good theoretical reason or laboratory svidence te
suggest that sither ehould be produced by VC and, on prasent evidence, the
simplest explanation is that the reported excesses are the chancas effects
that sust be expectad vhen many different types of cancer are etudied in
eaversal di{fferant populstions. S0 far as aslanoms is concerned it has to
be rememdered that the diseasa hae become much more common in recent years
in Scandinsvie (whers the excess has been reported) dus, it is believed, to
the popularity of sunbathing and the incresesd opportunities for
Scandinavians to trevel to the warmsr parta of Southern Rurope snd North
Africa. 7The extent to which this may have affected the obsarvation in
¥orwvay uneeds to be sxamined.

Two other hasards (of lymphoms and of bdraia cancer) were suggested dy
the early results of some of the Amsricas studies. That VC might produce a
hezard of lysphoms was 13““11, supported by the preliminary results of
animal studies, but the complete results of the many etudies that have now
been undartaken (see Maitoni and Lefeuine, 1984) do aot suggeet that
lyaphoss of any othar cancar of the haemstopoietic system fe liedle to be
produced. There i{s, however, some evidenca that brain tumcurs can be
produced 1a rats (eee Maltoni and Lefemine, 1984). The hypotheses that
lynphomas snd brain caocers uight be produced by YC have been supported by
the observation that bdoth these types of cancer have csused death more
often than might be expected from nationsl sortality rates, but the

ggogt 1dn



37

excesses observed in the combined dat'u from the four principal studies are
snall and not stetistically significant and the hypotheses remain unproven.
The small excess of brain uncoi- is particularly difficult to evaluate as
sortality rates from this diseass have chenged rapidly over time tn company
wvith improved methods of diagnosis and the suspicion of am occupational
hazard (vhich was raised in 1975) could have influenced the findings. What
excess has occurred has been limited to the USA snd Gerwsny snd the German
findings carry little vaight, ae the excess was found in each of the three
occupationsl groups studied, irrespsctive of ths chemicals to vhich they
were exposed. The supplementary dsts from the Garman study showing sn
incressed sortality from lywphatic and hsematopoietic cancers ere more
impressive, particulsarly as the excess vas aost sarked for men who had —bun
employed for at laast 5 ysars. In these circumstances, we must still
suspend judgment until the data for each study are analysed for each
specific type of cancer, by inteusity and durstion of exposurs, and time
since exposure bdegan.

There remains the suggestioa that VC might cause lung cancer. At
first sight, this is ruled out by the SMR of 97 for the combined data for
respirarory cancer for the four principsl studias. l.v?n; cancer is,
however, normally so common (eccounting for about 8% of the axpected
deaths) that ss incresse in mortality that vas half as importent
(oumerically) ;o the mortality from angiosarcoma of the liver might esaaily
be mrlloolml (952 confidence limit of the SMR, 83-112). The incidence of
éhc disease is morecover very variadble within a country sud there sust be
doudts vhether the sational experience provides a suitable control for men
amployad in plants that are sot svenly dietributad sbout the country. In
thase circumstances we canmot exclude an occupationsl hasard anless {t can
be shown that the mortslity withia the exposed men is fadependent of the

factors that might be expected to influence it, if some of it were
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occupational in origin: namaly, the imtansity and durstion of exposure and
the time sioce exposure began. It i3 not possidble to examine these
relecionships in detail, as the reports do not provide sll the necessary
informstion. Such informatiom as they do provide, vhgeh was suszarized in
Table &, esupports the i1des that VC produces s small hazard of lung cancer.
Teken in conjunction with the knowledge that lung tumours have been
produced i{n several species of animals exposed to VC by inhaletion (sae
Maltoni snd Lefewine, 1984) it would sees that & small hezard of lung
cancar probably did oceur. The evidence ifa not, however, strong enough to
conclude that it definitaly 41d. 1€ 4t did, the hazard was avident only in
wen who had bean employed for many years at & tise vhen axposures of
several hundred ppe or mors were common aud sny parsisting risk cam be only
aiauts snd incapabls of datection.

The questions that have been laft unsnswersd by this discussion might

ot B0

well be ansvered definitely 1f (1) sll the exposed sen could ba followed to
(say) the and of 1984, (1i) the {nvestigators could presant thsir date {n
comparsbls ways, taking account of duration of employment and t-tu since
ﬂrot_ eaploymsnt, and pressnting data saparatsly for men first employed
before (say) 1965 and betwesn 1965 and 1974, and (uz). sstimatss would be
nsds of tha affect of correcting the rasults for sach groyp of employees
for the locelity ia which they lived and worked.

HAZARDS 10 THE CENERAL POPULATION

As VC has been proved to cause cancer ia Maa and is & mutagen in
lsboratory experiments, it must be prasumed that eves the ntut, dosas that
sscaped into the general enviromment from production plants or (in the
sarly days of maoufacturs) from PVC materials, will have caused scme tisk
of cancer to the gemeral public. Thase tisks must, howevay, have deen very

small, as air concentrstions of VC, eves within e kilometre of VC hascdling
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plants, used to de (in or around 1975) of the order of 10 to 40 pobd
(Environmental Protection Ajncy. 1973%; Air Products and Chemicals Inc.,
1976; 3axter st al., 1977) end this is about one ten thousendth of the
concentration that has caused an occupational haxard. It is obvious,
therefore, that it would be impossidle to detect the risk of any cancer
that aight bde produced by VC other than a risk of angiosarcoms of the
liver, as it has provad so difficult to detect any other risk in wes whe
were exposed occupationally. Tha position with regerd to angiosarcoma of
ths liver is diffgerent. This diseass is normally so rare that, {n the
abtsencs of specific exposure to one or other of the kmowm causes (VC,
thorium dioxide, snd arsenic in pesticides end medicines), the annusl _
incidance is of the order of 1~-2 x 10.1 (Ryren and Holsmberg, 1973; Brady et
8l., 1977).* 1In these circumstances the discovery of even cm case in a
man living close to @& factory in which ¥C wae usad in the days tefore
sxposure was tightly controlled msy be un'rdod as presumptive evidence of
the effect of envirommental pollutiom.

- Several surveys have been undercaken to see-1if any such casses have
occurred. Ssric et al. (1976) end Elinder and Psrshagen (1978) sought fer
cases in the vicinity of plants handling VC in Yugoslavia end Sweden snd
found none. Daldarup at el. (1976) found § confirmed cases in Holland not
ateributable to thorotrast of arsenic and could trece "no contact with
vinyl chloride™, but they made no specific mantion of the patienc's place
of rasidance. Baxter st al. (1977) found 14 :n!iuod cases in Crast
Britain over 2 12 year period, oue of which wae in & man who had lived half
® kilometrs from ¢ PVC manufacturing plant, and Brady at sl. (1977) found
19 caese in New York State over an 18 year period that could sot be

*The figure of 1.6 x 105

=z cited by Weath ot al. (1985) seens to have been
e nisprint for 1.4 x 10 ", '
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attributed to any known cause, 5 of which wers in people living within e

mile of plents uau{n:tngiu or using VC. Tha oversll {ncidence rates in
these last tvo atudies are not undn_;ly high, b.ﬁt the occurrsnce of as many
ss & cases {n pecple living so closa to manufacturing plants is surprising.
Brady and his colleagues,.noreover, comparsd their series of patients with

matched controls and found that nonme of the control subjects lived equally
Two of thase 6 neighbourhood cases (I in Zngland and §

close to ¢ plant.
in New York State) cemnot be attributed to environmental pollution with VC,

2% tha asn who devaloped tha disesse had lived near the plants for & snd 8
years respectivaly before developing the disease and this is too short a
The other & cases, however,

Ob3E | T4,

tise to sllow for thes necessary lateant perioed.
a1l occurred after 15 or more years local rasidence and the discovery of

thase casss strongly suggests that pollution of the environment round

plants manufacturing VOM or PVC may have caused a nisute hazard to the
gsuersl public. ‘ '
Current concentrations round VC handling plants are certainly such
Recent British measure-

lower than those reported previously dy the TPA.
mants nsde within s fevw hundred metres of the VCM arsas have givan average

values below the daily limit of detection (5 ppb) for thres of fiva plants,

the readings at the two others being 20 ppb (100 m outside the boundsry

fence) and 88 ppb just inside it (Turmer, Payns, Bushby, 1984) though
substantially higher values wers recordsd on two occasions associated with

. On sny reasonable

commissioning of one plant and an accidsat at the other.
criterion the hazard to the general pudlic (if thera 1a sny at all) sust be

negligidie (Roysl Beciety, 1983).
Mo otber hazard to the gemarsl population, other than a hasard of

caucer, can Teasonadly be postulated.
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CONCLUSIOR

Occupational exposure to concentrations of VC of the order of 1,000
ppe has caused the classical 'vinyl chloride illness'. Exposure to such
levels, or perhaps lower levels of the ordar of several hundred pp-,'h.s
caused angiosarcoms of the liver after a latent pariod that is seldom lass
thaa 135 years.

The evidence now gvsiladle from following up msany thousands of men
occupstionally exposed to vinyl chleride suggests that a small rigk of lung
cancer say also have begn produced, which must, however, hsve deen
substantislly less (1n absolute terms) than the risk of angiossrcoma of the
liver. The balance of evidence doess Dot support the idea that VC has
csusad csncer in any other organ, dut it 1s impossidle to atate cuqoric—-
ally that 4t has not. Clearer evidence, one way or the other, could be
odtained i{f the various favestigators would present their results in
comparable forms that would allow them to be combined and subjected to tl'n
standard tasts for an occupstional hagard.

There is no evidence that exposure to VC has causad any other
disease.

Suggestive evidence has bean obteined that past levels of
environmental pollution with viayl chloride l-j have c;u-cd a few cases of

cancer in tha |on¢ra1-publie.
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Table 1
NUMBERS OF DEZATHS FROM DIPFERENT CANCIERS

OBSERVED AND EXPEICTED: POUR STUDIES

7

USA ox Canade Italy
Causs of death .
Obs*/Exp Obs/Exp Obs/Exp Obs/Exp
Cancer of
buccal cavity & pharynx 13/11.%5 473,58 0/0.64 1/0.8
cesophagus 7/8.07 8/14.34 - 1/0.6
stomach 11/16.0} 26/23.91 - . 3/3.0
large intestine 21/28.79 9/13.94 -~ 0/1.2
rectum - - 11/10.49 T - -
liver . - 11/1.94 8/0.14 1/0.6
liver & gallbladder 39/5.77 - T - -
pancress 17/718.40 7/79.88 - 0/0.7
other digestive - - 6/5.26 -
lerynx . - 4/2.21 ) : . 1/0.9
lung 118/115.87 81/92.12 ) 2/5.78 12/6.1
othar respiratory $/6,38 - ) -
bone - 2/1.81 - - -
skin (non-melanoms) _ 6/7.36 - - -
aslenocua - 2/1.74 - 0/0.2
prostate 16/15.20 12/9.59 ) 1/0.7
testis - 2/1.38 3 : -
bladdar 5/8.46 14/8.00 ) 1/1.33 1/0.7
kidaey 12/9.06 - 3/4.10 ) -
othar & unspecified urinary - 3/74.29 -
brain 25/12.76 4/6.18 ) 0/0.60 -
ays & CNS - - ) * -
thyroid . - 2/0.43 . - -
lympho~ & ret{culosarcoms 12/7.98 472.3% ) -
Bodgkin's disease 3/5.43 3/2.% ) 0/0.4
leukammia 14/13.9 7/5.16 ) 1/1.67 0/0.7
multiple myelcms ) 2/2.35 ) -
other lymphatic )y 11/8.%7 - ) -
other cancars 46/40,.50 18/8.12 2/0.98 9/4.5
All cancars 383/341.73 233/228.80 20/16.37

30/21.1

for deaths without discovered cause.

*0Obsarved desths nlupu“ by 1.0674 and rounded off to nearsst integer te allow

21 1dn

898
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Table 2

NUMBERS OF DEATHS FROM NON-MALIGNANT AND ALL CAUSES:

POUR STUDIES
USA L) 4 Canada Italy

Cause of death

Obs*/Zxp Obs/Exp Obs/Exp Obs/Exp
Benign & other unspacified tumours 4/5.08 - - © 0/0.5
Catrebrovascular digease 75/91.93 - -
Ischaemic heart disease 521/%97.73 276/288 25/31 .67} 19/27.4
Other circulatory disease 157/123,55 105/141 *
Bronchities* 44/22.83 36/44
Poneumonis 16/31.94 40/61 6/3.21 3/s.0
Other respiratory dissase 15/32.84
Cirrhosis of liver 37/56,06 s/s } +4/3.88 4/5.2
Other digestiva disease 27/739,.52 - ° . 3/2.7
Dissase of genito—urinary system 11/20.41 - - -
Other diseases 67‘} 15.;8 43/76 2/5.40 257 .g
Suicide 49/52.78 1/0.
Accideéents & other violence 130/173.19 40/50 2/10.58 4/7.7
ALl non-malignant csuses 1153/1363.54 543/663 39/54.76 36/56.4
All ecsuses 1836/1708.27 780/8%4 59/71.07 66/77.5

* See footnote to Table 1

**Eaphysens in US dsta

* Includes 2 certified as cirrhosis of the liver which proved to be angiosarcoms

of liver

#Iulndn 1 cause unknown

gract WO
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Table 3

MORTALITY FROM CANCER OF THE LIVER AND OTHER CADS!# IN
VINYL CHLORIDE WORKERS IK 49 PLANIS IN 4 STUDIES

%o. of deaths Standardized
Cause of death mortality ratie
Obsarved Expected (SMR)

Caucer of livar* 39 8.45 698

" of other sites 609 $99.3% 102
Other diseases 1547 1844.89% 84
Accidents, poisonings,

and violence 226 295.15 77
All causss 2441 2747 .84 39

*Including cancars of the gallbladder in the U3 series

US3EL i



MORTALITY FROM VARIOUS CANCERS IN VINYL CHLORIDEZ WORKERS

51

Table &

IN 49 PLANTS IN & STUDIES

Ro. of desths

i:::::u::n Type of cancer SR
Observed Expected

1,2,3,4 Cancer of mouth and pharynx 18 16.57 109

1,2,3,4 * ¥ gdigestive system 12% 154,59 81
(othar than liver)

1,2,3,4 ® ¥ respiratory systea 223 229.36 97

1,2,4 ® v lung 211 214.0% 99

1,2,3,4 ® %" genito~urinary systes 70 62.81 111

2,4 Melsnoms 2 1.94 -

1,2,3 Cancar of brain 29 19.54 148

2 " ® thyroid 2 0.43 -

1,2,3,4 " % lyaphatic and haemato- 57 50.87 112
poletic systea

1,2,3,4 Other cancers 83 63.24 131

1,2,3,4 All cancers other tham liver 609 599,38 102

1 US atudy

2 UK study

3 Canadian study

4 Itslisn study
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Table &

MORTALITY FROM LUNG CANCIR 1N THE US AND UK SERIES

BY CHARACTERISTICS RELEVANT TO AN OCCUPATIONAL HAZARD

¥o. of deaths in category

SMR
catagory
Dats characteristic
1 2 1 2
*0bs. Exp. Obs. Exp.
Obssrved 20 yrs or wore aftsr first
esploymsent (1), othars (2) ) 114 113.96 8 93.83 100 91
Enployed 10 yrs or wore in USA (1),
othars in USA (2) 35 52.43% 63 &63.46 105 99
Isployed before 1956 ia UK (1),
others ia UX (2) 52 51.% 29 4&0,% 101 72
Ever employed as sutoclave workar .
in UK (1), othars is UK (2) 16 17.08 65 74.82 9% 87

+*See footnote to Table 1! for observed deaths in USA.

| 4
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Table 7
MORTALITY FROM SELECTED NON-MALIGMANT CAUSES AND ALL CAUSES
IR POUR PRINCIPAL STUDIES COMBINED

No. of deaths

Source of

Type of cancer SMR
Informaticn : Observed [Expected
1.2 *2ronchitis, eaphysema 80 66.83 120
1,2 Other tespiratory dissase 71 125.78 56
1,2,3,4 All respiratory disesase 160 200,82 80
1,2 Ischaemic heart disease 797 885.73 90
1,2 “other circulatory 252 264.35 9
1,2,3,4 A1l circulatory disesse 1103 1209.38 9
1,2,4 : Cirrhosis of liver . &6 66.26 69
1,2,3,4 Other disease 238 368.07 65
1,2,3,4 All non-malignant dissase 1547 1844,50 84
1,2,3,4 All external csuses 226 295.15 7
1,2,3,4 All mov-malignant caueas 1773 2139,65 8s
1,2,3,4 All causes 2441 2747.85 89

* ] US study 2 UK study 3 Casadian study & Italfan study

+ Bronchitis {n UK study, emphysema is US study

H‘Ineludu ceredrovascular disesse in UK and Italiaa studies
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Table 8
MORTALITY FROM CHRONIC OBSTRUCTIVE LUNG DISEASE®
BY CHARACTERISTICS RELEVANT TO AN OCCUPATIONAL HAZARD

No. of deaths in MR
catagory category
Data chacscteristic 1 2 1 2
Ohl. l:po Obs. ln.
Obsazved 20 yrs or wots after first 30 15.8 11 7.0 190 157
employment in USA (1), others in
Usa (2)
Employed 10 years or more in USA (1), 16 10.9 28 12.0 147 208
othars in USA (2)
EZaployad defors 1936 in UK (1), 28 30.17 10 13.60 86 74
others in UX (2)
B 6.55 33 37.22 45 89

+Bvcr employad aa sutoclave worker
ia UK (1), others in UK (2)

*Described as emphysesa {0 US study and broachitis im UK study.

*ien ever eaployed as a bagger or drier, which would have caused the greatest
occupational exposure to PVC dust, sxperienced 1 death from 'bronchitis’

againet 4.98 expected.

SS9EL THn,



