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SUMMARY

The results are reportad of a reviev of: (1) the pogsible effects of
vinyl ehloride (VC) on the parsonal haslth of mem sxpesed to it by virtue
of thair occupstion, other than the sarly effacts of the very high
concantrations to which wan were axposed vhan the industry wvas first
developed (unconseciousuass, cardiac arrhythmiss, snd the characteriscic
‘vinyl chloride f{liness') snd (11) the carcimegenie effects that might
conceivably be observed in the genaral populatiom, ss e rasult of ths
videspraad distridution of VC as & pollstant. Tha possibilicy that V¢
aight act aa & teratogen or aight causs mutatioms in the germ cells has not
been exsained, as the little evidence that hae beeun adduced relating to
such possibla effects bas been revieved alsevhere and the conclusion
resched that mo such affects have besn desomstrated.

Many groups of -uthn exposed ;:o VC in the wanufacture of vinyl
chloride monomer (VCM) or polyvizyl chloride (PVC) have besn studiad since
the carcinogenic potential of VC was first recogniszed. The results have
shown that occupational exposure cas ceuse angiosarcoms of the liver and
sone have ;-..;.:nd that it aay ¢awse several other types of cancer as
wall. Vhather this is s¢ or set cas b decided oculy !y ezamining all the
evidence and, ia partisular, the esmbined results of thoss stadies that
Innhdbunudnmuu&al|u-un1mu|olcﬂu-rwnm.ulcllnnlurn:hnnziyouu
after thailr first exposure and cover s losg enough period for wsre tham 10
por cent of the ampleyess to have bees expected to dis.

Tha resulta of four studies cas be waafully conbimed ia this way:
assely, two sacienal studies 4ia the USA asd the UK and two stedies of
anployses iz sus plamt iz Cansnds and twe plaats is Italy. The resalts of
other studies ia the Paderal Republic of Germany, Norwey, Swadesn, Italy,
Frasce, awd Japen can be wned enly to previde supplemsntary information.
The aany sarlisr reperte of exzposed werkers (n the USA and the UK relacta to .
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248 covered move completely in the two recent nstioosl scudies and thetr
results serve ouly ¢ sources of hypothesas.

Minor criticises can by made of three of thy four most usefyl
studies, Thay do sot sariously sffect tha valus of the rasults, except
that allowance has to be mede for the fsilufe to detarmias the causs of
6.3% of the deaths recorded {n the US study. Thres of the studias use
natioual ratas co sstimats the mumbars of deaths that might have been
espacted to occur in the sbeence of any special occupational hazard and the
fourth (Canadian) study uses rates for the provisce is which the plant vas
situated. It must, therefors, be kapt im mind that the rates used asy not
have been whelly appropriate for the localities im which the plants were
situsted. This is potentislly imporezat for the US study which covered
workars in 37 plants, 22 of vhich were situated {a the south of the
country, The other lese isformative studies are, for the most part, open
to wore ssrious criticiss snd the value of asch sat of results maeds to be
assasded separately in relatiom to asch diszsasae.

The combined rasults of the four primcipal studies show that the
-:'nuruud mortality ratie (PR), reflecting the ratie batwean the
sunbery of deaths shsarved and these axpacted iz the apocaen of sn
oceupational hasard multiplied by 100, has hean: (1) 77 for accidents and
other vielemca, (11) 84 for disaases othar thea csaser, and (111) 102 for
csnears othar thas sancer of the liver. All thess vesults are what might
be saticipated for an industry develd of amy specific eccupatioual hasard.
Tha low ratie fer disesses other thes caatar vaflects the 'heslthy worker
offect’, vhich results from the selectisn precass that imevitabdly excludes
song of the less healthy membars of the population frem f{sdwetrial
esployneat aad 1is compatible with s highat tatio fer camesr as the
mortality from cancar {s met aerwally eubject to sweh an effect, apart from
the first twe or thres yoars imaediately fellewiang the stavt of cnployn?n:.
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. The wortality from cancer of tha liver was nearly saven times that.
expacted. MNost of the 51 excass deaths wers known to be due to angio-
sarcoma, even though thig diagnaeis was not recorded onm the daath l
cercificats. The axcess corresponds almoat axactly with the 49 desths due
to sagiosarcoms reported te the International Ragister of Angiosarcoma
Cases as occurring in employees of tha plants concerned during the periods
they were kept uadar observation. All the sen who developed the disssse
are likely to have bedn axposed to concentrations of VC of several hundred
PPR OF moTe.

Three other types of cancer, which, {t was suggested scon after ths
discovery of the catcinmogeaicity of VC, night be caused by V¢, sra cancars
of the luyng, brain, and lywphatic and hasmatopoiatic systems. The combined
data for the mortality from vespiratory cancer fail te support the
'hmchuu regarding lung cancer (SMR 97). Nigher ratios for lung caancar
have, howevar, besu obsarved cousistsatly f{a tha sudbgroups of men in whoms
the offect of an occupstionsl hazard would be mnst likely to be sesn (that
1s, was employed for mors thas 10 yesars, exposed to higher tham avarage
concentrations, of obearved more than 20 years after first asposwre). In
two of the supplamantary stwiies it vas alse woted that the sortality froa
lung caneer was epacifically increased ia the most heavily sxposed. The
munululdlmlll-uclnlilnunomultllm.lnruuigyltll¢nmmnm of the
beain and of the lyaphatic and hasmatopoistic systeme; daut the axcessss are
oot statistically sigaificant and there 15 sothisg to suggest that they ate
ecoupstional is erigia. An excaption is the sbservatien of aa iscressed
mrtalicy frea cancers of the lymphatic and haasatepoietic systams 12 the
supplameatary study frem tha Padaral Republic of Gormany.

Two ‘types of camcer ware raportad te be is ascess {a the Norwegian
stady: asamaly, thyroid cascer and melanems. The siguificance of this
finding is difficult to assess because wvery little informatiocs about these
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cancers is provided by othar studies.

Suggestivns that VC might cause cancers of the digestive tract have
failed to take accouat of the comtribucicn of nngtolnreeu‘ of the liver.
Uhen this disesso is excluded, the mortalicty from digestive tract cancer is
found to have been balow average (SMR for the four principal studies, 82).

A mall excess mortality from the heterogenecus group of 'other
cancers’ in the combined results of tha four principal studies is
statistically marginally significant (8) deaths against 63.25 expectad,
p<0.03). Some of the excess is likely to have baen dus to the misclass~
ification of angiosarcomas as secondary cancars of the liver or carcinows-
tosis, sita unkoowu.

Three nov-maligoant causas of desath have required special axsain~
ation: ecirrhosis of the liver because of the damags to the liver that
occurred as part of tha 'vinyl chlorids {llmess’', sos-maligsant respiracory
disease bacanse of the changes ix long fuactiom and x~ray appaarsnce
obsarvad in nen axposed to PVC dust, sad syocardial imfarction from analogy
with the effect of othar halogesated bhydrocarbons snd because of eome
obsarvaticuns ou Swadish FVC fabricaters.

Tar from Waiag raised, the wortality frea ¢£zth,.tn of tha liver ws
less thsa expected ia the three priscipal stuwiies and ia oms of the two -
supplenentary atudies which gave separate figuras for the disease (SMRs of
69 based e 46 d-néhn and of 82 based e 13 dsathe) vhile 1a tha other
supplensatary stady the imcresse was trivial. '

Data for myscardial ianfarctisn have net oo reperted separately, bat
uyoeardial iafaretion sccounts far mest of the deathe attributed to
ischaenic hesrt diseass sad theare {s %o evidence that either ischamic
heart disasse or cavdiovascular disessa 28 o viwle wae waduly common (5MRs
of 90 and 91) or related to eccupationsl sxpessre.
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The .dsta for the third cstegory of som=salignant disease (non~
nl_tmnt respiratory disease) are confusing, because the two large
national studies give conflicting results. The combined data for the four
prineipal studiss sbow the low mortality that is commonly found in healthy
industrial populations (SMR 80). This, howsver, hides an increased
sortality from chrooic obstructive lung disease (SMR 120) which fncludas
enphysema and is due to & grossly incraased sortality attributed to
enphysesa in the US study (SR 193). The corresponding mortality {n the UX
study, vhich was preferantially described as breachitis, is less than
expected (SMR 82) as is the mortality from pneaumonia (SMR 30) snd other
respiratory diseases (SMR 46) iam the US study. There is no consistent
evidence that ths mortality from emphysems or broachitis was specifically
occupational and it sesms possible that tha reported ezcess in the US study
1s an artefact dus to nosological difficulties im the use of the 7th
revision of tha Internstional Classification of Dissasss.

Reviev of the massive dsta now avsilable relating to the long term
haalth of man occuaptionslly exposed to VC leads to twn clear conelusions.
First the mes have exparienced a specific hasard of the mormally excreasly
rare angiosarcoma of the liver., Approximately 1 im 333 of the man sxposed
in the &% plants bas died of the disease and spproximately 2% of observed
dasths have bees attributed to it. Ia the ceurse of time tha numbers of
casas of sngiosarcems sust be expected to Mo incressed 2 te 3 times.
Secondly, the mortality from all ether causes has been typical of that in
nornslly healthy indwstrial werkara. 1If say ocher basard bas axisted ita
affect has boen small. .

The data provida 2o veason to thiak that asy hezard other than ocoe of

cancer has been overlooksd. It is, hewwver, still difficult to decide

whathar VC deas produce riske of cascer in sites sther thas the liver that
are mmall compared to thosa due te mew-occwpationsl causes, Wt which
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ll:sht. ia tocal, cause almost as msny desths as anglossrcoms of the liver.

Thers is too little evidence eithar to confirm or refute the
suggestion that VC might csuse melsnoms of cancers of the thyvoid, brain,
and lymphatic and hagmatopoietic aystems. None of the small excasses that
have been recorded paint specifically to ao occupational hazard, apart frow
that attridbutable to cancars of the lymphatic and haematopoietic systems in
the Garman study, and most are likely to be the sort of chance affsct that
is certain to be observed when many typeas of cancer afe exsmined in many
different studies. '

The lack of any inereased sortality from lung camcer im the combined
results of the four prinecipsl studies does wot axzclude the possidilicy that
thare say have been s small occupational hasard of un!.iptu tha dissase,
as geographical variations in the incideace of the disease throw doubt os
thas validity of usiag nstionsl vates for estimating the sxpected numbders of
deatha. The greater mortality ia growps of workers who would be mote
1ikely co show sm occupstiomal hasard thas i other groups, suggests that a
suall hagzard may have axisted. The evidence s, however, weak and the
uu-cneo of a hazard {» sot proves.

Claarer answnrs to some of the quasticas that h?c been posed i this
taview might be ebtaimad 1if the varicus groups of invastigaters could
prasent their resulta is more appropriate ssd comparsble wmys.

As VC 10 & smtagen in laboratory sxperissats and & preven human
earcisasgen, the mimmte Joses that have escaped into the geseral enviromment
a8 pollutants must Yo presumed to have cassed comparably mimute risks to
the geasral public. ¥Ne swth risk could pessidly de detected, othar than
one of angiosarcoma of the liver vhich {s sermally am extremely rare
disessa. Several surveys have sought avidence of the axistesce of such sn
effect, and suggestive gvidence that swch as effect may bave occurred at a
tise when anvirowmental pollution was wueh greater tham it is sov Mhas baen

found ia one.
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INTRODUCTION

The inhalation of large amounts of vinyl chleride (VC) has been
recognised to be potsntially hazardous for many years. Concentrations of
the order of 10,000 ppe 1in air induce unconsciousness and cardiac
arrhythmia, while prolonged axposure to coucentratioms an order of
sagnitude lower have been liable to csuse & specific pathological syndrome.
This "vinyl chloride {llness” has baen characterized by four cardinsl
sigus: aasely, enlargement of the liver and spleen with a specific

histological appearance, patehy iafiltration of the skin reseabling

" scleroderma, bony changes in the tips of the fingers described as

acro=osteolysis, end pariphatal circulatory changee ideaticsl with the
classical plcture of Raynaud's diseass. These pathological resctions way
oceur singly or tegethar and may possibly be accompanied by other lass
charactaristic affects. They cas, bhowwver, be completaly avoided by
ensuring that exposuts cever azceeds 4 few bhundred ppm, to which lavel
axposures wers genarally reduced in the aid 19¢0s.

One othar seriouwa effect has, however, been obsarved that say not be
avoidabdle in the same relatively sasy wey: samaly, the production of
sugiosarcema of the liver. 1t smc, indeed, be presomed that sowe risk of
developisg the disesse will parsist frem axposure to dnu that are even
lower than the curreat industrial levels of 3 ppm or lass, as V¢ has been
shown to sct a5 & sutagen (Interaatioual Agency for Research on Cancer,
1979) snd it camnot ba assumed that a threshold exists below which oo
carcisogenic. rigk persists. Motreever, the poesibility has to be considered
that vc Ay cause some cancers other thaa sagiosarcoms of the liver, partly
becsuse laboratory studies have shown that it dees this ia saisal
expariments and partly because the {aitial stwiies, which demcustrated the
production of anglosarcoms of the liver ia Maa, ware faadequate im size to

extlode & material iscresse ia the risk of cancer im common sites, such as
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tha lung and large bowel. Since no threshold dose can be pu-:ulnud it
also to‘ilm that some cancears say have baen produced in tha genmaral public
by the small amounts that have e¢scaped into the genaral environment,

Considerstion alsc needs to be given to the poesibility that exposurs
to vinyl chlorides acting over a long period may have noxfous effacts on Man
that could oot aasily be seen ir animal expariments (by, for sxampls,
producing chronic respiratory disease) snd, as it is a mutagen, thare is
also a possibility that it may act ss a teratogen and csuse congenital
malforastions {a the offspring.

In this review I have not examined tha possibility chat VC acts as &
teratogen uor that it causes mutstions in gars calls, as there is too
litcle serious evidence to require it. Raviews cartied out for sections of
the industry by Downs st al. (1977) and by MacMahon (1977) concluded that
the fev reports of positive sffects could not be substantisted end no
addigional evidence was fousd in & similar later raview by Barr (1931),
apart from a report that embryos ware alworbed and skaletal oesification
produced whan preguant rats ware exposed to doses appteciably less than
those that had been used by othar workars withowt asy such effects being
obsarved. The report of absorbed ambryos (Mirkovs st al., 1978) could n ¢
b evaluated theroughly, howsver, as the exparimest m iaadequately
describod, I have, tharefors, exsaiovad oaly tha peeeible affacts on the
nruui health of s occeupstionally exposed to VC ether than em their
reproduttive capacity, and the carcisegesic affects that might councaivably
b obearved in the gwneral population as a result of the videspread
distridution of ¥C as & pellutant.

OCCUPATIONAL RAZARDS
Many stwdies of workars exposed to VC ia the mssufacturs of visyl
chleride soucmer (VOM) and polyviayl chloride (FVC) bave bean undartaken
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since 1t was first found that VC could causs cancer iz animals (Viola at
al., 1971; Malteai 8t sl., 1974) and {a Man (Creach and Johnsom, 1974). °
Thase have confirsed that exposure causes a hazard of anglosarcoma of the
liver and, in sevaral instances, have shown axcess {acidence or mortalicy
rates from other disesses, vhich were conventionally statistically
sigaificant. Conventional tests of statistical significance are, however,
designad to halp answer single queastions defined beforehand and sevarsl
findings that might ba expected to occur by chanee alona once in (say) 20
tines sust be expected to occur if dozens of rates are examined in each of
severasl sets of independent data. WUe have, therafore, been faced with the
problem of deciding whethar tha excess rates that have baen observed in
individual studies are dus to eccupaticaal hasards or to the vagaries of
chancs.

This problem can be solved in part by emamising the everall results,
vhen the deta from comparable studies are summed: that {s, by adding
togethar the mumbers of deaths obesrved and expacted is sach study, and
comparing the totals. This doas sot rfequire the sswumption that the
axposutes have bean the same in gach study, any sere thas it doas for esch
individual vhem the results of each stwiy are counsidered alems. What it
doas require ln.thn: ssch axposed pepulatisn sheuld Save been obsarved over
a pariod when 1its uembers vere at risk of devalopiag disease (if & genuine
hozard existed) and that i asch study the soutrol populstion from which
tha expacted numbars of deaths wers darived n‘n apprepriate (that is, at
the ssme risk of davaloping disesse as the exposed population would have
baen {in the abeence of exposure)., 7This deas not fatreduce amy v
complexity, as both thess conditieas are, of ceurse, aleo required if
cortect comtlusiocns are to be drawe frow the results of the individual

studies vhen they are szanived om thair ewa.
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- Sources of inforwation

Tour studies meet Cthase requirements: nasely, the two large national |
surveys reported by Joves (1986) for tha UX and by Eavirommantsl BHealth
Associatas (1986) for the USA, sud studies of individusl plants in Canada
reporced by Thfriault snd Allard (1981) and in Italy reportad (as & pare of
s nstionsl study) by Belll et sl. (1984). A1l four include cbservatiens on
aen mors than 23 years after their firsc sxposure sud the expected number
of deaths 1is, in esch casa, grester than 10 per cent of the total aumber of
amployees indicating & long average period at cisk. Earlier observations
on UK and USA empleyess raported by Moaoson et al. (1979), Tebershaw and
Caffey (1974), Duck st al. (1975), Sicholson et al. (1975), Ote et al.
(1973), Vexwailer st al. (1976), Pox and Collier (1977), Rquitadle
Eavircamental Beslth (1970), Buffler et al. (1979), aad Cooper (1981) are
subsuned ia the astionsl sarveys and sow serva oculy as seurces of
hypotheses and to provide soms uuhu informatiou sot {ncluded 1a the
nationsl reports. Stwiies of German workers (Grefser st al., 1982),
Norwegian vorkers (Beldass st al., 1984), Swedish worksrs (Byrem at al.,
1976¢), Tresch workers (Plarre ot 31., 1979 and Laplasche st al., 1947),
Japsnass workers (Maswda, 1979 sad Nakawurs, 1941) and some othar ltslisn
workars (Belll ot al. 1984) provide sous supplementary information but, 1n
senezal, the perieds of obesrvation have set beas leag emough for useful
epidenioleginal data te by obtainad about disesses that ars walikely to
oecur withia 20 years of {irst exposure, or they fepert ealy selacted
reasults vhich are difficult te iaterpret as enly excess rates tead te have
ot selected.

Studies of PYC fabricators are et included 88 the workars will have
had much less exposurs to VC than those empleyed is the mamufacture of VOM
ot IVC and any sccupational hassrd te which they may have been anposed {s
nore lmuuhnhumuwn;:hn.
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US Jcudy

The study carried out by Envirommental Nealth Associates (1986) on
behalf of the US Chemical Masufacturers Associlation is the largest end wost
inforuative. It covars 10,173 men who had workad in 37 plants owned by 17
companies = 1,214 4 11 plants that produced only VOM, 4,848 in 18 plants
that produced only MG, 938 ia ) plants that produced bdoth, and 1,176 in 5
plents that produced homopolymers end copolymars, with or without VCM or
| 4/ N

Twanty-two of the plants wers ic the Southern part of the couni:ry, 14
i the North eestern or North ceatral parts, and one in the WVest.

Man were iscluded if they had been exposed to VC for at least a year
before 31 Dacenber 1972 and had heen employed ia 1942 or subsaquently (the
first year depending on the date the plant began making or weing VC and the
sarliest date that persouns]l records wveres deamed to ba complete, whichever
vas the later). Individuals vho met thease criteris were identified from
coapany recovds by compasy parsoumsl.

acial characteristics ware banown only for 488 men, 97 per cent of
whon vars whits and it was presused, for the purposs of estimatiag the
susber of expected deaths, that all 10,173 sen were white.

Tollew—up wvap obtained froem plaat and Social. Security Ahtnhguuon
Records and (for sem whe died after 1979) frem the Naticsal Death Index,
Tive plants did set collaborate in the axtession of Cooper's (1981) earlier
study and the 935 employess in thesa plants vho wete knows to b elive on
31 Decomber 1972 were not followsd amy further. PFer the rest, follow-up
was attampted te desth or 31 December 1982, whichevar was the sarlisr. On
this basis 92.7% of the wes vare succassfully traced. Thoss who vers
wntraced ware excluded from the last date of coutsct, vhich was ususlly the
dats vhan employment ceased,

Almost half the wen (44X) ware first empleyed before 1935, A large
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proportion was, thersfors, observed more than 25 years after first exposure
(and 1o sany cases for sors than 30 yesrs) vhen diseases with a Ioﬁg lagent ~
period aight be axpected to be sesn.

Short term workers had been excluded from ths cohort and mosc of the
men had continued {a employment for many yaars: two-thirds vere employed
for 10 yaars or more and the sversge duration of employment was 16 yaars.

Fiftesan hundred and thirecy sixz wen were found to have died. 1In 1,439
cases, the cause of death was obtainad from che death certificate, but no
ceuee vas obtained for 97 (6.3X).

The numbers of desths expectad from each of 3§ causes or groups of
causes wers obtained by multiplyisg the person+years at risk by tha
disease~specific unational rates for whits msles, for the coerresponding age
groups II‘ quioquennia,

This impottant study is opem to three aimor eriticisss, vhich are
unlikely to have bad any material sffects oa the resules. Firet, the lists
of eaployess wers compiled by company parsoussl from company records
vithout any iodependent check. Secondly, the assumption that ell the
euployees ware vhite will have caused the expected desths to have besn vary
slightly underestimated, as the fov black empleysss sve likely to have had
higher nertality rates and thers is ae resion for supposing that the smsll
lalpli.lh!l which the preportion of black employess was estisated, ws
ascessarily vepraseatative, Thirdly, sa slspent of wmcertaiaty ;-
istraduced by the failure te trace as sany &8 7.35 of amployess.

Twe sther eriticions ave were important. First, the expected mumbers
of deaths have basn calculated on the sssumption that the mes would have
szperienced the same wortality vates as the vhits mals population of the
whole coustry st the corvasponding dates. The use of satiousl retes is
common practice ia stwdies of isdustrisl populatiens sad tende te Tesult in
aa.-vnr-catt-aclon of the expected sumbars of deaths, se that the employess
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were traced (98.9%). Seven hundred and eighty deaths ware tdeatified and
copias of the death certificates were sent to the investigators coded to
the 8th ICD revision of the list of csuses of death 1f thay occurred befors
1979 and to the 9th revision if they occurred later,

Several specific points about the study uu& to be noted. TPirst,
national mortality rates for Ingland and Wales were cslculated by Pive year
age groups for quinqueanial periods for 66 causes of death and these vere
used to estimats the numbers of desths that might have been expectad in the
cohort by multiplying thas by tha corresponding numbers of person years
under observation. Some difficulty was, bowever, axzperiesced in obtaining
suitable rates for all causas of death, which could be related to the
causes o‘! death coded according to the 8th and 9th reviaions of the ICD
1iat, and rates for s relatively late psriod had to be used for .ltllltin‘
the numbers of deaths from many disesses that might have been expected to
oceur in sarlier paricds. PYor 2 catagories the asrliest available rates
wvere 1960=64, for 1 cthey were 19435-49, for 24 they ware 1970-74, and for 1
they wars 1973=79.

Secomdly, an sttampt was asde to classify men according te whather
thay had high, iatermediate, or lew axposurs te ¥YOM or PYC dust and asch
asn's employsent histery was recsrdad with advica from the plants
concerand, wndar 11 jeb ticles. The wes were them grouped according to
whather expesure to YO wes likely te have t-g- high (group A), axposure to
PYC dust was 1ikely te have baes high with expesurs te VCH lew (grevy B),
or ;n;-cur- to VO and PVC dust vas istermediate and fatermittest (group
€)e All othar nen, vho would geserally have had lov axposure te beth VOM
and PVC dust, were classed as gtosp D. Withia all growpe, exposure to YOI
wes likaly te have been higher 4f it Wad deagwm bafere 1956.

The study nskas an ispertast csntribution to tha sum of hnlun
concarning the leag tarm effects of ¥C. 1The wae of aationsal rates to
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calculate the expected oumbers of deaths may be justified on tha grounds
that the mes wers employed {o 9 plants, vhich wers presumably discribured
about the countty, but ne decails of their location ars given. 1In general,
sortelity rates tend to be highar in the parts of Britain where heavy
industry is located éhn in other parts, so that the expected numbers of
deaths are wore likaly to ba bissed downwards than upwards; but this needs
to be shown.

The use of recent rates to calculate expectad numbers of deaths from
nany spacific causes of desth was prasumably necessary, if the disessas
were to be studied individually and will have dona no harm if the incidence
and fatality of tha disssass in quastion have remained stable. It would
have been desirsble, however, for the dissssas te have baen specified s
that the resder would knov which were liable to be distorted.

Tha system used to classify men into four axposure groups is the sort
of system :htg {s comsounly used if precise msessurss of exposure are got
available, It creatas some difficulties is the statistical analysis if men
sove from ose job te swother and ave classed (as is this instance) as
haviag had high exposure if they have gver had a perticular typa of
enploysant (e.g. avar been amployed as az sutoclave -o_rnr). Bo evidence
is previded te show that cummumkh!mamuurﬁ the
catagery have bees subtracted and added to amother exposurs group before
the smbars of expected deaths are caleulaced. MNovemsuts from one jJob to
another are said to hsve tended to be dut of groups A awd 3 fmce D, but
even o0 it st e preswned that the expacted mumbers of dasths in the
firet two exposure categories are likaly te be ever-sstimated.

Censdian Study

The Canedisn study (Thirtsalt end Allsrd, 1981) wis limtted to
enployeas of 2 single plast is Shawvinigan, Quedec. The plant, which vas
situsted ia an fodwstrial complex, was epemed in 1943, VOM and FVC vere
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both uade until the late 1960s, when the production of VCM ceased, while
the proaduction of PVC continued. An sttempt was made to trace all
production workers whoss oames sppeared on the unions' ligts or cha
companies’ payrolls of the whele iadustrisl complex including the V¢ plant
between | Jnﬁnry 1948 and 31 December 1972, and contact was sade with the
worker ov his next of kin in |,611 out of 1,6%9 iunun (97.1%).

Detailed occupational and smoking histories wars obtained by questionnaire
and 156 men who had besn smployed by tha cﬂpl.l.l.ll for leas than 3 years
were excluded. The remsining men were categorized as (1) axposed to VCM if
they had worked on the production of VCNM or PVC for at least $ ysars (451
aen), (11) unazposed to VCM Lif they had worked sisilarly for less than 6
uwonths (8§70 wen), asd (111) othar men (134 in total)., The last ware
excloded from the study. Pollowup was closed oun 31 Decembar 1977. Copies

‘of the death certificates were obtained and the causes coded according to

the Sth revision of the ICD list for all whe had died (59 axposed snd 233
unexposaed). Information was alse sought for histolegical or cytelogical
confirmation of all the diagnosss for all the axposad men who had died of
cancer.,

The results were exanined in twe ways. First, the mortalities of the
exposed and unexposed were cempared after stsndardisstion for quinqueanim
aod 3 year age growp. Secondly, the wortality of the exposed men was
conpared vith that expacted if the man had exparisnced the sex and age
specific wortality rvates vecorded im Quabes for the year 1971. Ia beth
conparisons the csuses of death used were those specified ea the death
certificace and the additiensl pathological imformation was wsed later oaly
for {atarpretaction of the results.

Nost of the exposed men wars sxposed for more thas 10 years (73X),
the average length of -ezposurs was approximstaly 17 years, asd 442 were
obsarved mote tham 23 ysars after first azpesurs.

' Ucec
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_ Although small, the study makes a ussful comtribdution to the overall
rasules. Tha histelogicsl reviev of the cancer casas is particularly
halpful. This showed thet all 8 cancers disgnosed as iliver cancar
(1acluding 2 specified as hepatoma and one specified as angiosarcoma) vere
anglosarcomas of the liver as well as ote that had bean dlagnosed as |
angiosarcoms of the peritoneum. Two other cases of snglosarcoma of the
liver vere found to have besn certified as hepatic cirrhosis. It s also
helpful to have a comparisoa between expesed and "unexposed" employees of
the same companies as this ahows that the low mortality obsatrved for all
non-uslignsat dissases could bs attriduted co a bealthy workar effact and
was tot due to biss in the recording of exposure (relative risk for all
noo-uglignant causes compared to “wnexposed” man 0,93).

Ooe criticism has to be wada: mamely, the use of provincisl races
for one year (1971) to calculste sxpected mortality spread over a 30 year
petiod (1948 to 1977 inclusive). Deaths will have tended to bunch up
towards tha end of the period of observation so that the rates for this
particular yesr msy have bees !uﬁy representative, but it must have
caused some distortion of the axpacted numbars of deaths, the size (and
aven the direction) of which is fapossible £o estimate. Por most disesse
groups the distertion {s wulikaly to have been large. .

Icalism Study

" A study of sll mes employed in the production of VC ssd PVC in 9
Italisn plants was begun ia 1983, All sen wers included who ware amployed
for at laast 6§ moaths at asy time from the start up of the plant to the end
of 1941, Tha study is etill isconplate, but results are mow available for
san ia chree plants (Belli ag al., 1986). Two plants (in Perrars aod
Rosigsans) began oparstions is 1933, Four bundred and thirty seven man
ware employed ia the ome plant and 181 in the oth.t. All but three (from
tha Perrars plaat) wars fellowed to the end of 1984, Rxpected deaths vare
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wortality rates had operated. Twenty-cna et vere found to have deuveloped
23 cancers sgainst 20.16 cancers axpected from the comparsble nsational
incidence rates, the use of which was justified by the finding that the
iocidence in the county in which the plant vas situated was between 90 and
95 par cant of the rate in the c‘ountry as & whole. One man who had beesn
euployed on PVC production developed angiosarcoms of the liver. Observed
aod expectad aumbats of casas sre given for csncers of the luag, colen, and
thyroid, for melancmas, snd for all cancers, but no expected numbers are
given for other types of cascar. It ia evident that several other types of
cancer sust have been ia deficit, as there wers § cases in all sgainst
14.93 sxpected, and it iy difficult to know vhat waight to give the
axcasses obearved for the reported typas of cancar as they seem likely to
have bean reported specifically because the n:;-hrl ware ia exceas of those
sxpectad. Tha authors mots that ooa further case of melanoms had occurred
after ths closwrs of the study and that ome 'tutphiu caas” wae also kaowmn
to thea.

The German study (Greiser et al., 1982) tscluded three groups: (1)
7,021 san whe had baen exposad te VC in the course of their employmest in
any of the 1} plauts im which VC and PVC had basn prodwced is the Federal
Republic of Carmany, (11) 4,820 was wvho had Yeen amployed in 7 chamical
plante vitheut haviag had asy exposure to VC, and (111) 4,007 mes employed
in 2 other plants vhers FVC was processed. Enpleyeas ware iacluded only if
they ware of Gerwam or Austrias asatiomality .\u ware ragarded ss axposad to
¥C if thay wers productios workers or other skilled wurkers or laboursrs
aspigaed regularly te the plants, but mot if they wers eaployed fa thes
suly oceasionally. All sen ware iacluded from the time of opening of the
plants to the end of 1974 and ware fellowed to the end of 1974. Manmy of
the sea wers, ia consequance, obeerved for caly a few yaars after first
anployment, and enly 14X, :lé. and 192 respectively of che thres groups
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were first employed befors 1954 end so capable of contributing parson-years

At risk more than 20 years after first employment, whes an occupational
hazard of cancer could bs axpectad: to be observed.

93.2% of tha exposed group were successfully followed up snd causes

of death wvers discovared '!or 92.8% of tha 414 sen discovered to have died.
The proportions for the other two groups wers tespectivaly 89.8% sad 88.7%
for the unaxzposed and 92.1% sad 86.92 for the PVC process vorkars. The

failure to obtain causes of death for all the sen who hed died was sllowed
for in the subsequent asalysis by weighting the mumbars attribduted to each

cause by & system vhich took asccount of the age group amd calesdar period
in vhich death with an uaknown csuse ocecurred,

Tha axpected numbers of
deaths from ssch cause was calculated by multiplying the parson—years at

risk by tha sex, age, asd cause lmuie mortality ratas for the FG.
National dats bafors 1968 used sn idiocsyscratic classification system and
the 1963 rates bad to be used to wultiply all the purscuv-yesars at risk up

to the end of 1968. PFor subsequant yaars (1969 to 1974) the parsem years

at risk wers multiplied by the correspesdiag rates for the same calendar
yaar.

Epideniological studies are wore difficult ¢o earry out in Germeny
thag i N. Aserica, the UK, or Scandinavia beceuse the medical cause of
death 1s not recorded publicly and Chers 1is w0 cantral system which can be
usad for chackiang whether asn fwdvifdusl is alive ot dead. In the

circwmstances, the GCarman suthors have uads valisut efferts te obtain
taliable data snd the preportices of wan in the expossd groups whe were not
setcesefully followed up (6.082) mnd the preportisns of deaths for which the
cause vas set ebtained (7.2Z) wers stailar to these in the Eavirommental
Realth Associates (1986) etedy.

Twe defects, howuver, naka the data less weaful. Firsc, me mstional
sortality rates were ;vuhbh Safors 1968 and the uae of the 1968 rates to
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tstisate the oumbers of desths in and before 1968 vill have Overestimated
the sumbers attridutable to diseasss that were becoming more prevalent or
dlagnosed sore often and will bave underestimated thoge dus to dissasas
that were bacoming lass pravalent. Secondly, and sore importantly, a large
proportion of the sen had been first employed lass than 10 years befors the
follow up was ended. It follows that the observations on the fev aan who
had been firet sxposed long enough befors to have had wuch chance of
developing am occupaticoal disesse with a long latent period must have been
svanped by obssrvations that had little to coutribute. _m expected deaths
amounted to caly 6.2Z of ths axposed man and thare L'n. tharefore, little to
be gasined, swd somathing to be loet, by flucluding the Gersan data ia the
overvieaw, It may be soted, howyver, that 12 deaths wars attributad to
cancer of the liver smoug the VC axposed workers against 0.9 expacted end
that mliar excasses were also chsarved in the wmexposed chemical vorkars
(4 obsarved sgainst 1.1 expected) and 1is the FVC process workars (3 deaths
against 0.8 expected).

Two Swedish plants have produced VOM and PVC since 1945 and 1971
taspoctively and enployses of the first have been studied by Byren at al.
(1976). ALl parsons vhe had ever Deen employed when axposurs to VCM could
occur ware listed frea the persomel files of the factory. Twenty-ons ware
ezclwied bocsuse they were foreigaers who left the cowntry after a short
peried of employmwnt. 7The remaining 730 were followed te Octobar 1974.
Expected munbers of deathe were estinmated by multiplying the parsen-years
at risk by the cervesponding age~specific mortality rates for the whole
country sad the axpected mmbers of cancer cases frem 1938 to 1971
inclusive (during which pariod all cascer casss hed been registered
aatiouslly) were estisated by mltiplying by the astionsl age~specific
cancer incidence rates. Is both instances, the rates used were thoss

recorded ia 1969. Pifty-eight deaths were fownd but e figure is given for
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the expected aumber. Detailed figures are given only for the nymbers of
daaths and cases obeerved and expected for csacer of the lung awd for
cascers of the liver and pancreas combised and for the aumbers of deaths
from brain cancer and three categories of cardiovascular disesse. Two man
koown to have angiosarcoma of the liver wers certified as dying of liver
cancer or pancraatic cancer raspectively, and & third man died of the
disesss 17 months after the follow up closed,

Two French etudies provide the resulte of a leng terms follow up of
man ewployed 1in oms plant (Plarre st al., 1979) aud of a short term follow
up of wan employed in 12 plants fuplmho at al., 1987). The first
provided obsarvaticns on 1,31] men exposed to VC 1ia the preduction of VCM
ond PVC and 1o salected ancillary opetatious from the opening of tha Tavaux
Plant in 1953 co the end of 1976 (Plarre gt al., 1979). $ix other
-plomruu'mldd from the study becawse of lack of ocecupational
histories and 160 mes because thair vital status at the and of the scudy
pariod was undeternined, Twenty-five sem ware found to hawve died againet
48,73 expacted from coancemporsascus sex and sge-spacific natioual meortality
vactes (3.7 of the mem at risk). Ous death s attributed to sugiosarcoms
of the liver is & ass who bad besn exposed for more thaa ls‘ynnra. The
reported data sre oo fscomplats and cavar sesh & felatiwely short period
from the epening of the plaut that they add sethiag of epidamiological
valus to the teosults of the ethar stwdiew, apart from the addition of &
further cass of angiesarcama. )

The setoud provides obsarvations e 1100 sea aged 40 to 55 years who,
ia 1900, were sxposed or had been axpossd te VC {a 12 plaats, which
coutstituted "weet of the Framch VOM polymsrisation plasts” (Laplenche at
al., 1987). MNaay of the men were, of bad bees employed at Taveux and were
presumsbly survivers of the cebort etuiied by Plerre st 3). (1979). The
nep wure followed fer 3 years emd their sorbidicy ul'nmuty compared
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vith that obsarved {n 1100 men of the seme sges (+2 years) esployed tn the
ease plants, but vho had never besn axposed te VOM. Mem in both groups
vars iatervisved parsonslly end {nformstion obtaioed abont their smoking
and drinking habite which were found to ba sisilar fm the two groups. Men
1ia the axposed group had been first exposed on averwge about 14 years and
had first besn exployed in the plant sabout 18 years grevicusly., Morbidity
end mortality dats wers recorded smaually by the plemt physician whe
successfully traced 982 of the exposed men and 96X af the controls. One of
the expossd men but none of the umexposed developed mm angiosarcems of the
liver. Dats are met given saparately for differeat periods after giru
enployment and it is impossible to assess the sigaifisance of the finding
that & of the axposed wez daveloped lung cancer agatwst 2 of the controls,
which may well reflact a chance eccurreuce of wauswally fev cases in the
coutrol groups a3 the proportiom of all samcers is tim control group that
asrose from the leng (2 out of 13) is wwusually low. Gus exposad msn
davaloped s cancer of the lympho-hasmstopefetic systad sgajnst none of the
cootrols, but 00 men in either group wers koown te hawe dovelopad melsanomss
or cancer of the braia or thyreid.

A Japanese stwiy reperts the mortalicy unrm of 4524 man
eaployed for at least ene year before 1965 ia ens o other of 23 Japansse
rlaats whick bagau preducing viayl chleride seusmar (VOM) or polyvizyl
ehloride (PVC) between 1949 snd 1964 taglwsiva (Nehamars, 1983). The men
were followed to 31.10,73. Twanty sight per cest of the mea were observed
l-anehun!osn-annl&u-!iuu.cquqn-nt.tu:uunn-noiuuwullnnn:bmn
26 years. Oualy 0.6X of the men ware wmtraced aad coples of the desth
esrtifieates wors obtained for gll the 209 men vhe had died (4.6X of the
intitial eohert). Iadividuals wers classified aceording to the jeb on which
they had boan leugest anpleyed at the termimation of thair fellow up and
data are givem uun:oli for 1346 sma chu_u as eapleyed oa PVC

UccC
000275




24

producrion and 1978 etbers (lucluding 900 classsd as VOM production
vorhu)’

If this study {s coutinued for & further 10 years it should provide
useful sdditionsl Luemtzou; but the prasent date include too fev
oburutﬁu ot Wen wofe than 20 years after first exposure to be of any

satarial use. They coufirm the evidence of a hazard of liver cancer with 6

_deaths 1n PVC production vorkars against 2.34 expected from oational rates

while only 1 such desth was observed ia tha othar workars against 1.82
expacted. One of the ¢ dasths from liver camcer in PVC production workars
was carcified a9 doa to angiosarcoms of the liver aod at lesst cne of the
other liver cancer deaths was dus to the same csusa, Lung cancer deaths
wers not in excess (2 obsarved is PVC workars agsisst 2,33 expected). Ne
data are given for caucers of the lywphatic snd hammstopoistic systems, for
cancer of the brainm or thyroid, or for malancmas. The wortality of 305
Japadese VC worksrs raported by Masuda (1979) (s presumably subsumed in
Nakamurs's (1983) later and larger study.

Rasards of esacer
The results of the four woet wsaful studiss are listed individually
in Tables | and 2. The evarall results fer all causes, liver csacer, and
thres broad grewps of ecaditisns are showm ia Table ), and thoss for 10
typas, or ¢lasses, of cancer ia Table 4. Daty have ot besn Teperted for
mmo!cmruouhotuyulﬂnmo!muun-;
tharefore, specifind separately for sach typs. Additionsl isformatiocn ie

' given iz Tabls $ for 7 typas or clasess of camcer thet has bees obtained

from four other less faformative studiss (the Germes study reported by
Gretsar ot gl., 1982, the Nerwegian study reperted by Beldsss ot al., 1984,
the Swadish otudy reported by Byres ot gl., 1976, eud the part of the
Italias study relatiag to the Ravesmss plant reperted by Belli ¢t sl.,
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1985) .,

Table ) ghows that, spart frem cancer of the liver, the oversll
sorcality is vhat would be ancicipated for an industry without any major
hazard of accideitt or disease. In particular the standardized mortality
retio (SMR) of §4 for dissases othar than cancer is typical of the tatios
that ars commonly obsarved in groups of employed men. A low SR of this
order raflects the “healthy worksr effect”, which results from tha
selection process that inevitably exéludes some of the least haalthy
sembars of the population from industrial employmsnc. This affect does
wot, however, norasally affect the mortality from cancar bayond that
ebsarved in the first few years aftar the start of employment and en SMR of
102 for cancers othar than cancer of the liver is compatible both with the
absance of hagard and vith SMs of 84 for ether d.umu and 77 for
aceidents, poiscuings, and violencs.

Angiosarcomna

Death certiffcates ste an warslishle source of information about the
histology of cancars that cause desth, but thars 1{s %0 resson to suppose
that the axcess mortality attributed to liver cancer (or, in the US series,
liver snd gallbleddar cancet) is net entirely accounted for by tha kaown
hasard of angiesarcoms. Viftees of the 37 deaths® attributed to cancers of
the liver aad gallbladder is the US saries are known te have baen due to
angiosavrcens of the liver (Eaviremmental Realth Associstes, 1984). 1In che
British waries, 7 of the 11 daaths attribuced to liver cascar, ast
specified as secondary, wars nowa to be angiosarcomas aad all oceurred in
astoclave workers sgsisat 0.38 expectsd liver eascers of all types (K10™°,

*Iacrassed to 39 in Tabla 1, to take secount of the 97 extra daaths of
waknown cansa. :
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Jonas, 1986). In the Csnadian series, histolegical reviev showed that 7 of

the § s0 called liver cascers wers angiosarcomas (1 had been describad as
an angiosarcoms on the death certificate, 2 as bapatouss and 5 as unspec~
1fied :I.!.v.n- cancers). One 8o called liver cancer death was found to hava
been due to cancsr of the signoid colom, while | death attributed to angio-
savcoss of the paritoneum was found to have been due to augiosarcoms of the
liver (Thérteult and Allard, 1981). 1In the Itslian study, further evideocs
tevasled that ) further deaths should have beea attributed to cancer of the
liver (making 4 im all), but only ! of the 4 was described as an angio-
ssrcoma (Belli st al., 1986).

Purthar evidence that the excess mortality from liver cancar (or
liver and gallbladder cancer im the US series) caa ba attributad wholly to
the known hasard of angiosarcema is obtaised by comparing tha excess deaths
with the aumbers of mm from angiosarcoma bafors tha ends of the
follow~up pariod that are tecorded i{n the Ragister of Liver Amgiosarcoma
Casss msintatoed on behalf of the Association of Plastics Menulactursrs io
Rurope by Iaperisl Chemical Industry ML (Bemmett, 1986). Pifty one excess
liver cancars are recetded is the cowbined data and A9 sagiosarcomss ars
tecorded ia the Ragistar for the telavant perieds fer _th thres countries
asd the tws Italias plante® that are covared by tha survey.

lmumlﬂmémrmmdnmm:nmumm
wete first azpesed aftar 1949 and nens of the 43 sen affected ia Worth
Amarica ware first aspesed after 1964. All may, therefers, have baen
axposad to concentratiens of several hundred ppm aad maay may have besn

*Tweaty aine are Tfegistered as eccurriag {n the
azcess of )3, 9 are registered iz the UX against
Canada againet sn excess of §, and | 1in ¢ man employed
Ttalisn plants stedied against an exces
Canadisn cases arve recorded in the Registar as eceurring
boes anployed for 5 yesrs and it 1is peseible that the ac t
euployasut had bess slightly less than 3 yests, vhas the was would have
booz sxzluded from the study.
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ezposed to coscentrations appreciably highar (Bare, 1981).

Lung Cancer

The idaa that exposure to VC might causs cancer of the lung vas
suggested by Monson st al. in 1974, whep they notad 13 cesas in a study of
proportionsl mortality against an expected mmber of 7.9. The combined

dats that are shown in Table 4 do not provide any suppert for the
hypothasis neither for respiratory cancer as & whole (MR 97) nor in the
specified data for lung cancer in the USA, UK, and Italy (MR 99). There
are, howevar, consistantly highar rishks ia tha subgroups of wen in the US
and m sarias ia vhow occupstional hazards would be more likely to be saen
thas 1o sther groups. This 1s seen from Table &, which shows that tha SMRs
are slightly higher in men obsarved 20 years or more after first esposurs
than is wen obesrved earlier, im man employed bafore 19356 fa the UX than in
asn firet employed aftar 1935 (vhen axposurs levels are beliavad to have
ﬁu lower), in amm -ployd for loager thaa for a shorter periods in the
USA, and 1n antotlave workars ia the UK, is whom the asgioearcoma casas
have woetly sccurred, than ia othar workers. The diffarences are all small
or vary small, but they are all ia the same direction and the probabilicy
that the rates ohwuld all be higher in the growpa im which an occupational
hagard is were likaly to be sean in esch of the four paive of groups 1s !
ia 16?

Addicioua)l inferuation from ether sources is gives ian Table 5.
Tairty deaths (or cases) were sbearved ia total amd this u'mm to 31.5,
vhen sllsveaace is made for the mmbar of deaths dua to waidentified causes
ia the German stwdy, giviag an SR of 103. 1In the Cerman study the 5MR was
highat is wan who had been exposed for 10 yesrs or wore thas in men vho had
been axtposed for less (111 against 79) and is the Vorwegian study, & of the
3 cases ebearved sccurred hmﬂuneipttmuu regarded as
isvolviang high exposurs against 1.82 eut of the 2,04 expected. DBoth the
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German and the Swedish studies derived the expected numbers of deaths from
national wortality vates for a single year towards the end of tha study
period. The ezpected nuaders of deaths are likely, therefors, to have basn
overestisatad and the SMRs correspondingly undersstimated as the mortality
from lung cancar had besn rising throughout the period of obsarvaetion,

Brain Cancer

Tha idea that VC unight cause drain cancar wes suggested dy Monson at
21. (1974), vhan they reported 3 cases against 1.2 expected, in tha same
papst in which they suggested that VC aight csuse lung csncet. Tha
conbined data that ate shown ia Table 4 provide some support for this
hypothasis. MNomsom st al.'s cases were, however, observed in US workers
and must be prasumed to be included in the total reportad by Inviroomental
flaalth Associstes (1988), ia which case they will have comtributed a
substantial proportios of the total im Table 4. To tast the hyputhesis we
ought, tharefers, to subtract Moasoa at al.'s data. Their study was not a
cohort study and their axpected desths do met correspond ezactly to those
in Table 4; wa can, howgver, only subtract beth the cheerved asd the
expactead cases from the prasent totals. This leaves 24 ochesarvad againsc
approxinstely 18.3 expected, a differesce vhich might sasily oceur by
chanes (P, ene-tailed, = 0.1).*

Addicisnal infermation frem twe othar eeurces is gives im Table 5.
The small axsess reperted previdas little further evidesce of am ocew~
pationsl hasard, as sss of the two deaths obeerved ia the Swadish stwdy
osaurred is ¢ young san vhe had heen ampleyed for less than & year vhes the
diagaoeis was nade, vhile the axcess death rata fer braim cascer obearved

*1f we regard Waxweiler 0:’;1.'- {197¢) atudy an the origin of the
t

hypothesis wa sbould be Taft with 2¢ desthes agatnst 18.94 axpected (P,

ons=cailed, = 0.07).
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in the German study was less chan that obsarved {a chemical workers not
u;oud to vinyl chloride (2.9 deaths after allewanca for deaths from
unkaown causes against 1.6 expected) and ia workers in the VC fabricacien
industry (3.9 deaths after dimn for deaths from unknown csuses agsinst

1.1 expacted).

Cancers of Lympbatic and Easmatopoietic Tiasuss
The idea that VC might cause cancer of the lymphatic and haemato~-

poletic tigeues -~ and wors specifically the lymphatic tissuea - wus
suggested by Tabershaw and Gaffey (1974) end by Waxweiler st al. (1976)
whean thay found, raspactively, is twe cebort studies (1) 3 deaths from
lynphomass in the wost hesvily axposed workers agsinst 2.54 axpected, and
(11) 4 deaths from cascers of the lymphatic snd hasmatopoietic tissuas
against 2.5 axpected. These small excesses might have buen ignored if the
Laboratory findings bad not been interpretad as suggestiag that lymphomas
ware produced experimentally is animals exposed to visyl chlaoride by
inhalstion (Maltoni and Lafemina, 1973). Om this beeis, the idas that
similar exposurs might slec cause lymphonss in Man aeedad serious consider-
ation. The data from tha fowr priscipal studiea that ere summsriszed in
Table 4 ymuo little sspport for the hypothaeis whes all cancers of the
lynphatic snd hasmatopeiatic tisswas are comsidared together (37 daaths
against 30.87 expected, SMR 112) snd weary little mors is obtaiwed from the
seperats data for cascers of the lywphstic system (usiang Tabershav and
Gaffey's definition of ICD lisc mmsbers, Sth revision, 200-203 and 203)
that are shown in Table | (33 deatha againet 29.40 axpected). The position
is, sereovar, hardly altered by subtracting c‘h data iz Tabarshav and
Gaffey's isitial repert (29 deaths agaisst 23.34 axpectead, PR 124).

- Sosa little additional iaformation is provided by the results of the
Gun.luﬂy. oone of which are shawn is Table 3. This obtsaianed sa DR of
214 for exposed workers (based o 13 shearved dasths, increagad to 16.3
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vhes allowsnce is made for the number of deaths of uaknown cause) against
SMs of 77 end 34 for sa unexposed group of chemical vorkers and a group of

- PVC fabricators and showed that thg excess in the exposed workers wvas

prasant ocaly for sea who had been exposed for more than | year and was sost
macked for men who had been i:pond for 5 yaars or more (10.7 deaths sftar
allovance for the aumber of deaths of unknown cause against 4.0 expected,
SMR 268, P oue~tailed <0.01),

¥Melaoona

An excass of selanoms wae reported in Norwegisn wvorkars by Heldaas at
al. (1944), who raised the possibility that VC might have produced the
disease. Tour csses were obsarved whes 0.79 ware expacted, thrae of which
vers in men whose occupaticns imvolved the highast exposurss (agaiast 0.51
azpected). At the time of '.rnm their report oue furthar case had baen
datected vith onset 3 years sftar the closure of the study. Subsequent
studias ia other countries bhava, 20 far, veported omly 1 deaths against 2.0
expected (sea Tables | and 8).

Thyroid Cancar

An axcess of thyroid camear was also repertad ia the Nerwagian study,
1a vhich 2 cases were obaerved sgaiast 0.16 expested. The Llmvestigators
warg ast awate of any other studies indicating san axcess of this typs of
cancer asd they drev no cenclusien frem their shesrvation. Iwo of the

_threa major stuiies that have baen reported simcs the Nerwegiaa obesrvaticnm

wvas made give ae dats for thyroid cancer; the thivrd reported twe deaths
against 0.43 expectad (ses Table 1). Ous desth from thyroid camcer, it may
be noted, was Teported ia the USA by Nomses st gl. (1974).

Cancers of Digestive Tract
Suggestions that VC uight caues cancers of the digestive trsct in
genaral bave semetimes Yeen mads but they hawve sot taken adequats account
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of tha coatridbution that cancears of the liver make to tha total number of
cancers of the digestive system, particularly vhen it {a borne {n aind that

soma livar cancers are likely to be misdiagnosed as cancers of other

_organs. The comdined data from the four priacipal studies shows in Table &

waigh heavily against the idaa that any euch effact has been producad.

Othar Cancers

Oue of tha remaining types, or classes, of cancar listed in Table &
shows & atatistically significant axceass: oamaly, ths haterogensous group
of "othar cancers” (83 obssrvad deaths agalast 63.24 expected, P, twos
sided, <0.05). This axcess is only margisally sigaificant and may be &
chance obaervatioa. 7The most likaly axplanation 18, howaver, that o few
angiosarcomas of the liver wars not recoguized and ware disgnosed as
sacondary liver cancer or carcinomatosis, site unknown, aod so booated the

agabar of deaths im this catagory.

Bazards of won—salignant dissass
%o pravious study has suggested that asy mow—saligneat csuse of death

othar than cirrhesis of the liver weuld be likely to be incressed ss &
tasult of expesure to VC, and that is only preswned to be increased because
of the liver chauges ih.: vare shserved as part of the 'viayl chloride
illasss’ (Marsteller st al., 1973 and 1973; Jomes and Smith, 1982). Two
sthar possibilitiae have, however, bees raised: uamely the productica of
sev-ualignaat respiratery disease becauss of the changes ia lung function
and x~Tay sppearances that have baea recorded for mea exposad to FVC dust
(Lilts ot al., 1976; Daser ot sl., 1905; Sewtar, 1980; Lloyd et sl., 1983)
sad asuts cardisc desth, frew ssalogy wvith the effect of otber halogsnated
hydrocarbons (Jomas, 1984) sad the obeervation of sm imcrassed mortality
from wyocardisl iafarction is the faw years fellowing the cessation of
exposure in the Swedisbh PVC proceseing industry (Melaa at sl., 1981).
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Relevant figures for the numbers of desths from these and other non-
malignant causes that are obtainable from the four principal studies were

given 1ia Table 2 and are summatrized {n Tabdle 7.

Cirrhosis of Liver

Three of tha four studies gave separscs figures for cirrhosis of the

liver, noss of which showed an iscr d wortality (Table 2); in combin-
ation they gave an 2R of 69 based on 46 deaths. The fourth study, vhich
d1d not give separata data for cirrhosis of the liver, reported 4 deaths
from all diseases of the digastive system conbined against 3.83 expected
and noted that the 4 included 2 that wers certified as due to cirrhosis of
the liver, but vere actuslly dua to angiosarcoms (Thariault and Allard,
1981). 1Ia the two supplemantary studies iz which dats are givan for this
disease, the SR was 82 in coe, based on 15.] deaths after making allowance
for the aumber with unknown casse (Greisar et gl., 1982) sad 133 {n the
othar, besed ou 7 deaths (Nakssura, 1983).

Noo-salignant Raspiratory Dissase

The data for soe~aslignant respiratory dissase are coafusing {u thac
the total SR frem the combined data for the four priacipal studies is 80
and 1 the sert of figure that is cosmcaly found im bealthy industrial
populations, yet the US study vecorded a substantially increased mortality
fron enphysans (41 deaths sad DR of 100 bafors any allowunce is made for
desths of wnknowa causs). He sech ezcess wis found L the UK where 3¢
deaths from dreachitis gave an BR of 32. Iatermatiocsal comparisons of
c_:lmu aen=galigaant respirstory disease are complicated by the uwsage of
different tarns to describe vhat it is sow agreed, 1s bast called chrouic
cbstrective lung (or pulsensry) disesse, but shich ia the past tended to be
called emphysams ia the USA and chreuic bromchitis ia the UK. 1t mwet,

thersfors, bs presumed that the twe categeries of 'amphysema’ amd
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‘bronchitis’ used respectively in the two large natiooal studias were weant
to describe the same thing, On this basis, we should have to sssume that
the expariences in the two countries were very diffevent, despite the fact
that both relsted to cobofts that had very similar experiences of sngic~
sarcoma of the liver and so, presusably, fairly similar exposures to VC.
Separate figures are shown, vhere availabla, for the wmortality
observed in men with different durations and intensitiss of sxposuce in
Tabla 8., Unlike the data for cancar of the lung that n;l shown (s Table 6
thay provide no eou.uunt avideance of & grestsar risk in the groups {n
vhich an occupational hasard would bg expected to be concencrated. The
suthors of tha Ravironmental Health Associstes (1988) report were uynabla to
give any explanation for the increased mortality from emphyseas and point
out that it could hardly be dus o excess cigaretts emdkiag es thare was no
overall excess for cancer of the lung. It is strikimg, heawever, that the
excoss is wmore than compensated for by u!tetn;:tn ia the other catagories
of com~salignant tespiratory dissase (poeumonis 135 deachs,* SMR 47.0; other
raspiratory dissass 14 deathe, SIR 42.6) and the queastion arises whather
the emphysams excess could be a classificatory artefsct. Euvirswmental
Bealth Associates (1986) list sll the 41 deaths which show that they ware
coded wodar ICD List no. 327 which, ia the out of uu} 7th revision that
was used for the codiag of all mm ia the study, wvas the coda for ‘other
respiratery disease sot otharvise claseified' sud iscluded emphysama.
Under that revision, however, smplysens that was sssocisced with broumehitia
should be classified with bromchitis wmder List sunbars 300 to 302 and the

*The deaths sttributed to differemt groups of respirstory disasses and the
corresponding SMis that sre cited ia this sectiom for the U8 study are as
given by Envirommental Bealth Aescciates (1986) snd have not baen ad justed
to take sccount of the mmbars of dasths of wakaown csusa. To taka account
of the deaths the observed daaths sad SiRa cau beth ba mmltiplied by 1.0674.
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pouzu-l.uy ssy be considered that sows of the emphysema deaths should have
basn claseified 18 soms category of respiratory disesse other than List no. °
527. 1f thia were s0, it could sccount for both the escess mortalicy froa
enphysens sud the grossly deficient mortality from ather moa~mslignant
respiratory dissases.

Mo excess wortality from "brouchitis, emphysess, and asthma" vas
observad in the German study (Greisar gt al., l’l?; SMR 44 with 6.3 deaths

obsarved after making sllowance for the sumber of deaths of unknown cause).

Cardiovasculir Disease

Data for ischasmic (or arteriesclerotic) heart disesse (which may be
presused to include tha vast sajerity of all deaths cartified as dus to
acute cardiac dissase) ars given only by the two big sational studies and
they provide no evidence of su increased sortality. The DR of %0 for this
group of disasses and of 91 for all cardiovascular disasse recorded in the
four principel stwiies are typical of the fMRa that are recorded in haslthy
fndustrial populations and thers 4s o0 suggestion of any eccupational
hassrd in the subsidiary enslysss provided by the two uuﬁn studies. 1In
particular, thare Lis m0 avidence of an iscreased sortality within ons wonth
of leaviasg smploymast {a the UK stwdy either for all vorkers (32 dasths,
R 61) or fer the meet haavily exposed sutoclave workars (9 dasths, NIR
42). |

A slight {maresss {a ischammic hpart disssse wortality was recorded
for the exposad workars ia the Germen study (Greiser gt gl., 1982), Wt i¢
wus leass than that vecerded for the wnaxposed chemical workers and tha PVC
fabricators (Ss of 127, 131, and 138 Sesed on 97.2, 126.7, and 109.7
deaths after allewisg for tha owsbar of deaths of wakmown cause).

Pissnseice
The {aformation that has mow been obtained about tha loug tarm bealth
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of Ben occupationally exposed to viayl chloride is massiva snd compares
favourably with that available for any other occupational group., Twoe facts
are outstanding. First the mea have experienced a specific hazard of a
type of cancer that is normally extremely rate: namsly, angiosarcoms of
the liver. The rarity of this disease under other condicions mada the
detection of the hazard easy; bat the loug latent pariod bafors the diseass
appaars after first exposure {alsost alwys sore than 10 yesrs avd usually
wmore than 15 years) meant that a large wumber of man had been axposed
bafore the hazard wae detected and that it will still be many years beforas
wa can ba certain about the axtent of the protection provided by the
reduction {a exposure in the 1960s and the further reduction that followed
the recoguition of the hatard in 1974. Thers is, wafortunstely, no
effective treatment for the disease and the oumber of cases is reflecced {n
the mmbar 9! daaths. Some 30 deaths have occurted im the 16,740 men whe
have been followed up in the four principal studies that have baen reviswed
in this report, so that approximately 1 1a 315 ssn have been affacted,
whils 2% of the deaths have desn dus to this ose cause. UEventually wany
more nes sust bs axpected to davaloy tha disesse. Oue astimsta (Nicholson
2t 8l., 1984) suggeets that the total may be incrassed 10 times, but a more
reslistic astimats is 2 to ) times (Pormen gt 2}., 194%).

The second extatanding obesrvation is that the wortality of the
exposad asm, ether ;ln- that dua to asgiosarcoma of the liver, is typical
of the sermally bhealthy iadwstrisl workar. That is mot Lo say that ne
othar hazard axists, but thet the effect of asy othar hasard is ssell.

The maseive data that are now available provide ae reasoan for
thinkiag that suy hazard other thea ens of uﬁn bas hn_mrlum. 1c
is, however, atill 4ifficult to decida whethar ¥C dous producs a risk of
devalopiag cancer, othar thas angiosarcoms of the liver, wvhich might be
ousll compared te the risks produced by noo~occupational cavsas, but yet
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absolucaly alecst as latge as the risk of developing the normally very fars
anglosarcoma.

One of cha many hazards thac have bdeen suggested can ba digmissed, as
chare is no evidence to support {t: oasmaly, the fdes that VC causes any
cancer of the digestive tract other than angiosarcoma of the liver. Two
hazards (of melanoma and cancar of the thyroid) have been suggested only
vary tecently and few of the available studies have provided information
sbout them. There is no good theoretical ressom or laberatory avideace to
suggast that either ahould be produced by VC and, on prasent evidencs, the
simplest n.'p‘l.autleu is that tha reported excesses ars the chance effscts
that sust be expected vhen many different typas of cancar are studied in
several differeat populations. So far as welanoms {» toncsrned it has to
be remsmbered that the disssse has _hem Such more common in racent years
in Scandinsvis (vhere the excess has been reported) dus, it {s believed, to
the popularity of sunbathing sad the incressed apportunities for
Scandinavians to travel to the werner parts of Southarn Furope and North
AMrica, The extemt to which this msy have affected tha obsarvatics ia
Yorvay needs to be examined.

Two other hasards (of lyaphoms and of braia cancer) were suggested by
the sarly resuits of seme of the Americas stwdies. ﬁt VC eight produce s
hazard of lymphoma was initially supported by the preliminary results of
aninal stuiies, but the complete rasults of the many stedies that have now
been undartakes (see Meltoni and Lefemine, 1984) do mot suggest that
lymphoma or say ether cancer of tha hasmatopeistic system is 1liabls to be
producsd. There ls, howevar, sems evidencs that braia tumours can be
produced {a rats (ses Maltou! and Lafemine, 1964). The Wypothesas that
lyaphonas snd brais cancers might be produced by VC have Wean supported by
tha obeervation that both these types of canecer have caused desth nere

oftes tham might be expected from sstiomal sareality caces, but the
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excassqs observed in the combined data from the four principal studies are
small aod moc statistically aignificant and the hypotheses ramain uaprov-cu.
The mmall excess of brain cancar {s particularly difficult to eveluate as
sortality races from this disease have changed rapidly over cise in co.lplny
vith improved sethods of diagnosis and the suspicion of am occupational
hasard (which was raised {n 197%) could have influenced the findings. hat
excess has occurred has bees limited to the USA and Germany asnd the German
fiadiogs carry little waight, as the azcess wgs found in each of the three
occupaticnal groups studied, {rrespactive of the chemicals te wvhich they
ware sxposed. The supplemsatary data from the GCarman study showing sn
incrassed mortality from lywphatic and haematopoietic cancers are more
impressive, particularly ss the sscess was most marked for men vho had been
enployed for at least 3 years. Ia these circumstancee, we must still
suspesd judgment until Vﬂu dats for nc.l\ study are analyssd for sach
spacific typs of cancar, by imtensity snd duratiom of exposure, sud time
since exposure bagan.

There reamsines the suggestion that VC sight causa lung cancer. At
first u.n..:ua 1s ruled out Wy the YR of 97 for the combined dats for
taspiratory cascer for the four principsl studies. Lm cancer is,
however, norwslly oo common (scesunting for about 82 of the ezpected
deaths) that a8 inerease ia mortality that was half as importent
(amarically) as the sortality from asgiosarcoma of the liver might easily
Ve overleokad (953 confidence limft of the DR, §5-112). The tseidence of
the disease {0 soreover vary variabls withis s country and thare sust be
doubts vhathar the sational expariesce providas s suitedle concrol for men
enpleoyed ia plants that are net svenly distributed about the country. Ina
these circumstances we cannot exclude an occupational hasard wnless it can
be shown that the mortality withis the exposed mes is {odependent of the
factors that might be expected te influence it, if some of i¢ ware
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occupational in origin: namely, the intessity and durstion of exposurs and
the time since exposure bagan. It {s not possible to examine these
relationships in detail, as tha reports do sot provide sll the necassary
information. Such information as they do provide, which was summarized in
Table 6, supporzs the idea that VC produces a small hgzard of lung cancer,
Taken is conjunction with the knowledge that lung tumours have been
produced in several species of animals exposed te VC by inhslation (see
Maltoni snd Lafemine, 1984) it would sesm that & small hasard of lung
cancer probably did oeccur. The evidence is not, bowever, stromng enough to
conclude that it definitely did. If it did, the hazard was evident only in
aen vho hed been amployed for msny yesars at & tims vhem exposures of
saveral hundred ppa Or mote wers coumon and awy parsisting risk can be only
ainute snd incapable of detsctiom,

The qmtim that have hu left wnanswered by this discussion might
wall be answered definitely 1f (1) all the exposed seuw could ba followed to
{say) the end of 1904, (11) the investigators could present their data in
comparshle ways, taking sccount of duratioun of employmant and tims simce
unt‘ saploynant, asd presasting data esparvately for wes first wmployed
before (say) 1963 and betwesn 1965 and 1974, snd (131) estimates would be
uade of the effact of cetrecting tha results fer each group of wmployees
for the lecality ia which they lived snd wecked.

RAZARDE 70 THR GENKRAL FPOPULATION

As VC has boen proved o cawse casesy La Man swd 43 & mutagen ia
laboracory expariments, it must be presuled that svea the nismts doses that
escaped iato the gemaral eavivownent frwm predustion plaats or (ia the
sarly days of samufacture) frem PVC saterisls, will have caused sems risk
of cancer to the gemsaral public. Thase risks suat, howwver, have besn very
small, as air cescestrations of VC, eves withis & kilemstre of ¥C hamdling
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plants, used to be (in or around 1975) of the order of 10 to 40 ppb
(Zaviroomantal Protection Agency, 1975; Air Products snd Chemicals Inc.,
1976; Baxter gt 3l., 1977) and this {s about one ten thousandth of the
concentracica cthat hes caused an e'ecupcclaul hagard. It is obvious,
tharafora, that it would be impassidle to detect the risk of any cancer
that aight be produced by VC other than & risk of angiosarcoma of the
livar, as it has proved so difficult to detect any other risk in men who
ware axposed occupationally. The position with regard to angiosarcoms of
the livar is different. This dissase is oormally so rare that, in the
absance of spacific exposurs te one or other of the kaown causes (VC,
thorium dioxide, and arsenic in pesticides and madicines), the aonual
incidence 1s of the order of 1~2 x 107 (Syren and Nolmberg, 1975; Brady et
al., 1977).* 1a these circmmetances the discovery of eves one case in &
uan living close to a factory {s which VC was used in the days before
exposure was tightly coantrelled may be regsrded as presumptive evidence of
tha effect of esvirowmental polluetiocm,

Sevarsl surveys have besu undercaken te sen Lf any such casas have
occurted. Saric st al. (1976) awd Rlinder and Pershagen (1978) sought for
casas ia the viziunity of plants haadliug VC ia Yugeslavia and Sweden and
found mena. Dalderwy at 2l. (1976) found § confirmed cases is Nolland not
attribucabls to theoretrast er srsenic and could traces "me coutact with
vinyl chleride”, Wt they made me specific ssntien of the patient’s glaco
of mldne;. Saxter gt 1. (1977) found 14 coufirmed cases in Gruat
Britais over a 11 year pariod, eun of vhich wes ia & san who bad lived half
& kilemetre from ¢ PVC wammfssturing plest, asd Brady st al. (1977) found
19 ceses i New Tork State ever sn 18 year peried that could mot be

*The figure of 1.4 = 1009 cited by Beath gg gl. (1985) eeems to have been

[ Iilptllt for 1.4 210 °,
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attributed to any known cause, 5 of which were in people living within a
aile of plants menufacturing or using VC. The ovarall facidence rates {n
thase last two studies are not umh?ly high, but the occurrencs of as many
as 6 cases in people living so close to manufacturing plancs {s surprising.
Srady and his colleagues,.moreover, compared ctheir series of patients with
matchad controls and found that none of the coatrol subjects lived equally
close to a plant. Two of these § naighbourhood cases (1 {n England and §
in Nev York State) caanot ba atcributed to emvironmentsl pollution with VC,
as ths ssn vho developed the disease bad lived near the plants for & and 8
years raspectively before developing the disease and this {» too short a
time to allow for the necessary lateat pericd. Tha other & cases, however,
all otcurred after 15 or sote yaars locsl residesce and the discovery of
these cases strougly suggests that pollution of the enviromment rvound
plants nanufacturing YCM or PVC aay have caused s minute hasard co the
gevaral publie. .

Current concentrations round VC handling plaats are esrtaialy such
lower than thoss reported previcusly by the SPA. Recent British measure-
sente sade within & few hundred metres of the VCM areas have given sverage
values below the daily limit of detection (3 ppb) for three of five plants,

the resdings at the two othars bafag 20 ppb (100 u ocutsida the boundary

fence) and 88 ppd just inside it (Turmar, Payes, Dushhy, 1984) though
substantially highar valuss wars recevded eon twe eczcasions associated with

counissioning of ome plant and sa accident at the sthar. Om auy reasonable

criterion the hagard te the general public (1f there 1is sny st all) sust b
sagligidlie (Reyal Seciaty, 1983).
¥e other basard te the general populatien, other thes a basard of

cancer, cas ressosably be postulated.
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CONCLUSION l

Oc¢cupational exposure to concentrations of VC of the order of 1,000
Ptm haa caysed the classical ‘vinyl chloride {llness'. Exposurs to such
lavels, or perhaps lower levals of the order of several hundred ppm, has
caussed angiosarcoms of the livar after a latant period that 1is seldom less
than 15 yaars.

Tha evidencs now available from following up many thousands of men
occupationally axposed to vimyl chlotide suggests that a small risk of lung
cancer may also have been produced, which must, hénvor. have beaen
substaatially lass (in absolute terms) than the risk of angiosarcoma of the
liver. The balance of evidence does mot support tbe idea that VC hes
csused cancar in any ether argam, bat it i{s impossidle to state uicgonc-
slly chat it has soc. Clearsy evidence, ons way or the othar, could be
obtained if the various investigators vould present chair results in
comparable forus that would allow them to be coabined and subjected to the
standard tests for am occupational hazard.

Thers 1s no evidence that exposure to VC has caused any other
disease. A

Suggestive evidence has besn obtained that past lavels of
savitommental pollutioa with viayl chlerida may have caused & fev cases of

cancer is the gesersl public.
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Table |

NUMBERS OF DEATHS FROM DIFFERENT CANCERS
OBSERVED AND EXPECTED: POUR STUDILS

UsA 1) 4 Canada Italy
Cause of deasth
Obe?/Exp Obe/Exp Obs/Rxp Obe/Exp
. Cancer of
buceal cavity & pharynx 13/11.5% 4/3.58 0/0.64 1/0.8
oesophagus 7/8.07 6/14.34 - 170.6
stomach 11/16.01 26/23.91 - 3/3.0
large intastine 21/28.79 9/13.9 - 0/1.2
rectum - 11/10.49 - -
liver & gallbladder /5.7 - - -
pancreas 17/18.40 /9.8 - 0/0.7
othar digestive - - 6/5.26 -
larynx - 4/2.21 ) : 1/70.9
othar respiratory 35/6.38 - ) ~
Nl. 2/1 n.l - - -
skin (non-selancms) 6/7.3 - - -
uslanons - 2/1.74 - 0/0.2
prostates 16/15.20 12/9.%9 ) 1/70.7
testis - 2/1.38 ) -
bladder 3/8.48 14/8.00 ) 1/71.33 170.7
kidoay 12/9.08 3410 ) -
other & wnspecified urisary - 34,29 -
ays & CHS - - ) * -
thyroid . - 2/0.43 . - -
lyapbo- & reticulossrcoma 12/7.98 4/2.38 ) -
Nodgkin's diseasa 3/3.48 ¥i1.%0 ) 0/0.4
leukammis 14/13.94 1%.16 ) 1/1.7 0/0.7
saltiple syeloma ) /2.3% ) -
other lyaphatis )y 1n/aw - ) -
other camsers /40,50 18/8.12 2/0.9% /4.5
All casesrs 383/341.73  235/228.80 20/16.37 0/21.1

“Obsarvad desthe sultiplied by 1

.'om and rounded off te msarest {atager to allow
for daaths without discoevered comse.
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Table 2
FUMBERS OF DEATHS FROM WOM-MALIGNANT AND ALL CADSES:

FOUR STUDIES
Usa m Cauada Italy

Cause of desth

Obs*/Rxp Obs/Rxp Obs/Exp Obs/Exp
Banign & other unspecified tumours 4/5.08 - - 0/0.5%
Carebrovascular disease 75/91.93 - -
Ischasmic heart disease $21/597.73 27¢/288 } zsm.n} 19/27.4
Other eirculatory disease 187/123.%% 105/141 ‘
Bronchitiae 44/22.83 36/44
Posumonis 16/31.94 20/61 6/3.21 3¥/s.0
Othar respiratory disease 15/32.84
Cirrhosis of ltiver 37/%6.06 s/ } *4/3.83 4/%.2
Othar digestive disease 27/39.52 - ¢ /2.7
Disesse of genito~urinary system 11/20.41 - - Co-
Othar dissases 67/};5.;‘ 43/76 2/%.40 257.0
Suicide 49/32.78 1/70.9
Acefdents & other violance no/m.u} 40/30 2/10.38 /7.7
All noo-malignant cawmses 1133/1363.54 545/643 39/54.76 36/56.4
All causes 1536/1705.27 780/8%4 59/71.07 86/77.5

* Ses footnote to Tabla 1
**Imphysens in US data

+ Includes 2 esrtified as cirthesis of tha liver which provad to be asgiossrcoma
of liver

"Iuhlu 1 cause wakaown
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Tabls 3
MORTALITY FROM CANCER OF THE LIVER AND OTHER CAUSES IN
VINTL CELORIDE WORKERS IN 49 PLANTS IN 4 STUDLES

No. of deachs s:ndard'tud

sortality ratio
Observed IExpected (3SMR)

Cause of death

Cancar of liver* 5 8.45 698
"  of othar sites 609 599.3% 102
Othar diseasas 1547 1844.89 84
Accidents, polsonings,
aud violence 226 295.15 77
All causes 2441 1747 .84 ]

*Including csuocers of the gallbladdar ia the U8 seriss
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Table &

MORTALITY FROM VARIOUS CANCERS IN VINYL CHLORIDE WORKERS
IN A PLANTS IN & STUDIES

Mo. of duaths
Source of

Type of cancer SMR
Iaforeation Obsarved Expacted
1,2,3,4 Cascer of wmouth and pharyax 18 16.5?7 109
1,2,3,4 " % digestive system 123 154,59 3

{othar thaa livar)
1,2,3,4 " " respirstory systea 23 229.3%¢ 57
1,2,4 " " lumg 11 214,09 ;]
1,2,3,4 " * genito-urinary syatem 70 62.81 111
2.‘ Melanoma 2 1.94 -
1,2,3 Cancer of drain 29 19,54 148
2 " " chyroid F 0.43 -
1,2,3,4 ® * lysphatic and hassato- 1) 30.87 112
poistic system

1,2,3,4 Othar cancats 3 $3.24 131
1,2,3,4 All caacers other tham liver 09 599,33 102
1 US study
2 UK stuly
3 Cassdian etuily .
4 Italism study
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Table §

MORTALIYT® PRON VARIONS CANCERS IN VINYL CHLORIDE WORKENS:

SUPPLEMENTARY EVIDENCE

Be. of deaths® in studies in:

Tree of cancer (11 planted (m> (1 plane) (1 stase) iy
Obs. Eup. Obs. Exp. Obs. Hxp. Obs. Eup. Obs. Exp. SR
Cancer of digestive systen 3.0 3.8 Yot - o 1.2 1.0 M.k
(other than liver)

" " g 135 246 s 2. 3 e 0 1.5 3.5 0.72 103
Melinens - - 4 o9 - - 0 0. 40 0.8 -
Cancer of braie 2.t 1. - - 2 0.3 - - 1 1.6 -

* * thyretd - - T 0.6 - - - - 2.0 06 -

® ® jyaghatic end heemste- 16.3 7.7 - - - - 0 0.7 165 8.4 1%

polstic system
Other coacecs (other thes liver) 10.7  24. 3 N9 - - & 2.0 22,7 A3 53
All csncers ether thea liver 7.8 07 1 206 s o™ s s s nirer 02

A Incidence and cases ian Nortwegisan study

+ Cencer of intestine eounly

“c-nc-r of lung and brain only
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Table &

MORTALITY FROM LUNG CANCER IN THE US AND UK SERILS
BY CHARACTERISTICS RELEVANT TO AN OCCUPATIONAL RAZARD

No. of deaths im category SMR
catsgory
Data characteristic
1 2 1 2
*0bs. IExp. Obs. IExp.
Obaerved 20 yrs or wmore after first
employment (1), othars (2) 114 113.9% 83 93.83 100 91
Employed 10 yrs or more in USA (1),
othars ia USA (2) 35 52.43 63 63.44 105 99
Zaployed bafore 1956 ia UK (1),
otbers in UK (2) 52 5.9 29 M50 101 72
Lvar employed as autoclave worker
fa UK (1), othars in UK (2) 1¢ 17.08 6 74.82 % 8

*See footuote to Table | for observed deaths im UBA.
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MORTALITY FROM SELECTED NON-MALIGNANT CAUSES AND ALL CAUSES

Table 7

LN POUR PRINCIPAL STUDIES COMBINED

Soures of No. of deaths

Type of cancer MR
Information Observed Expected
1,2 *ronchitie, emphysens 0 .83 120
1,2 Other respiracory dissase n 125.78 56
1,2,3,4 All respiratory disease 160 00.02 80
1,2 lechaamic heart disesss 1’7 83.73 ]
1,2 *other circulatory 252 264,38 ”
1,2,3,4 A1l ctreylatory disease 1103 1209.33 "
1,2,4 Cirrhoais of liver & 5.2 (1]
1,2,3,4 Other diseass 238 M8.07 1]
1,2,3,4 All mow-malignent diseass 1547 1844 .50 34
1,2,3,4 All extersal cawses 226 295.18 n”
1,2,3,4 All mem-maligmant causes 1773 21 09.68 1]
1,2,3,4 All ssuses 2441 2747.83 9
* ] US study 2 UK stuly 3 Cassdian study 4 Italias ecwdy
* Bremchitis in UR study, eaphysems is US stedy
“hddu carebrovascular disease is UK and Italias etwiies
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Table 8

MORTALITY FROM CHRONIC OBSTRUCTIVE LUNG DISEASE®
B CHARACTERISTICS RELEVANT TO AN OCCUPATIONAL BAZARD

Wo. of deaths {n SMR
catagory category
Data charactaristic 1 2 1 2

Obs. llp . Obs., !" .

Observed 20 yrs or more after first k v] 15.8 1 7.0 190 157
smployment in USA (1), others in
Usa (2)

Imployed 10 yasrs or wors in USA (1), 16 10.9 25 12.0 147 208
othars im USA (2)

Euployed before 1956 fa UK (1), 26 ».17 10 13.60 86 74
others s UX (2)

*Zver esployed as sutoclave worker 3 655 33 3722 46 B
ia UK (1), others ia UK (2)

*Deacribed as emphysema in US study and broamchitis ia UK study,

*mon ever employed a8 a bagger or drier, which would have csused the grestast
occupstional exposure to MVC dust, exparienced ] desth from 'bronchitis’
against 4,98 expectad.
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