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SrJLQURY 

The results are reported of a review of:  (1) t h e  passibte effects of  

vinyl chlor ide  (VC) on t h e  personal h e a l t h  of men exposed t o  i t  by virtue 

of t h e i r  occupatfon. other than t h e  early e f f e c t s  of t h e  very high 

concentrations t o  vhich =en wee exposad u5en t h e  lnduarry ~ . s  first 

developed (unconscioruness. u r d i a c  e r rhytbs ias ,  and t h e  c h a r a c t e r i s t i c  

'vinyl chlor ide  illness') end (ii) the eareinosenie  e f f e c t s  chat mi ih t  

conceivably be ohaerved in t h e  general  population, as a result of t h e  

vfdespread d i r t r i b u c i o n  of VC as a pollutant .  

might act ss a teratogen or r i g h t  cause mutations in t h e  germ cells hat n o t  

been exmined.  as t h e  l i t t l e  evidence that hra been adduced re lat ing  to  

such poaaible effect. has been rerieved elamthere and t h e  cooclusion 

reached that no such effects have been demonstrated. 

?he poaafbilicy tbt V c  

Many Xroup. of wrkerr exposed t o  VC in rhc  m n u f e c t u r r  of vinyl  

chlor ide monomer (VQt) or  polyvinyl chlor ide  (PVC) b v e  been s tudied  since 

the  carcinogenic potential of VC m a  f i r s t  rmcomired. The resulta have 

shown t h a t  occupat iolul  exposure can eaua.e anxiosarema of t h e  l iver and 

ame have suggested chat it UT cause several o t h e r  tmea of cancer ea 

vel l .  W e t h e r  t h i s  is so or  not can be decided only by aunining all t h e  

. .  evidence and. in particular, the combined r e s u l t s  of those s t u d i e s  t h a t  

include a sub8tanti . l  proport ion of obs.arvations on =en more than 25 pars  

after their f i r s t  u p o s u r e  aad cover a lour en-h period f o r  wre than IO 

p e r  ceat of the  uplo7t.a eo k8-e h a n  expcted t o  dle .  

. . .  

The result# of four studiee u n  b. usmefully cumblued in t h i s  way: 

. ,_._ . .  *. . . . .,~.~ ,:;, .rci.psmely. tu0 M e i m l  atudfee in the USA and che UX and No s t u d i e s  of 

employees in OM plant  in CaMda and two p l a n t s  in Italy. 

o t h e r  s t u d i e s  in t h e  federa l  Republic of c;rruny, Nonny. Swden, Italy, 

France. and Japan can be wed only t o  proride supplementew inforrution. 

Me many earlier r e p o r t s  of exposed workers in rhe USA and the  UK relate t o  

The result. of 
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men covered more comp1etely i n  the  C W  recent h . t i O M 1  s tudies  and their 

results serve o d 7  a8 aourcca of hgpothescs. 

Kinor criticisms u n  be -de of three of t h e  four most uaeful  

s tudies .  The? do not acriousl? a f f e c t  the value of t h e  resulta. except 

tha t  allowance 6.1 t o  be made f o r  the f a i l u r e  t o  determine the cause of 

6.3% of the deaths  recorded In the  US stud7. 

natioo.1 rates t o  CstfmatC t h e  number. Of death. t h a t  r i g h r  have been 

expected t o  occur i n  the abaence of an7 special oetuparlonrl  hazard and the 

fourth (Canadian) atudy usas rates fo r  t h e  province I n  which the p lan t  was 

r f tuated.  It muat, therefore.  be kept i n  =lad that the  rate. uaed m y  not 

have been wholl7 appropriate  fof t h e  localltles l n  vhich the  p lan ts  vere 

situated. 

workers i n  37 plants, 22 of *ish were situated i n  the  south of the 

countr).. The o ther  less informative s tudlea am,  f o r  the mast p a r t ,  open 

to more serious c r i t l c f r n  and the value of each a e t  of results needs t o  be 

asaesaed separa te ly  in relation to each disease.  

rhree o t  the  studies use  

: 

h i s  1s pot en ti all^ Lnportlnt f o r  Chit US Itud? v h i c h  covered 

The combfned results of the four  prfncfpal  s t u d i e s  show t h a t  t h e  

standardized mortality ratio (SHRR), r e f l e c t i n g  the r a t i o  between the 

nunbcra of dcstha obaerved and those expected l n  the  sbsence of an 

occupational hazard multiplied b7 100. haa been: (1) 77 f o r  acc idents  and 

o t h e r  rfolence, (11) 6A f o r  d i seases  o ther  than saucer. and (ill) 102 f o r  

u n c c r a  o ther  than cancer of tha liver. ql t h e t a  rerults are w h a t  might 

be anrlcfpacrd f o r  a n - i n d u a t v  devoid of any spel:lfle occupat ioar l  hazard. 

The l o v  ra t io  f o r  diseasar ocher than csncer retlacta t h e  ' h u l c h j  vorker 

ef fec t ' .  vhfch resulta frcm t h e  selection procecn t h a t  l u e v l c a b l j  axeludea 
, -.. . 5.. 

^-O-ahe of the l e a s  beelthy r.rb& of t h e  popuktion from ludndmirlal 

employment and i s  conpatfble  with a hisher  cat10 for  cancer as t h e  

m o r t a l i t 7  f r o p  u n c e r  is not normall7 aubjeet  t o  m c h  an e f f e c t ,  apart from 

t h e  f irat  hm or t h r e e  pars  llsredlate17 f o l l o r i a s  the  start of eaployment. 

a 



3 

The mortal i ty  frao cancer of the l i v e r  was nearly seven times ehrs 

expected. 

.arc-, even though t h i s  d iagnos is  was not recorded on the  death 

certificate. The excess corresponds rlmorr c u c t i y  vich the 69 deaths  due 

t o  engtosarc- reported t o  the I n t e r n a t i o l u l  R t S i S t E r  of Angiosarcoma 

Cases as occurr ing in employees of the plants  concerned during che per iods 

they were kept under obserrat ion.  AI1 the men who developed t h e  disease 

are L i k d y  t o  have been exposed t o  concentrations of VC of s e v e r a l  hundred 

ppp o r  more. 

MosC Of the  5 1  exC.*S deaths -re knom t o  be due t o  a n g i e  

Three other  types of cancer, vhich. i C  Y.8 suggested soon after the 

discovet7 of the carcinogenfci ty  of 'VC. Efght be caused by VC, are cancers 

of  the lung. brain,  and lymphatfc and bucueopoicfic ayatms. 

d a r a  for t h e  mor ta l i ty  from r e s p i r a t o r y  cancer f a i l  t o  supporc t h e  

hypotheria regardfng lung cancer (SWR 9 7 ) .  Higher ratios f o r  lung cancer 

t h e  combined 

have, however, been obsa-ed conaistmntly in t h e  subgroups of Een in vhom 

t h e  effect of an occupafionrl  h r r s r d  would be m a t  l f k e l y  to be seen ( t h a t  

is. men employed f o r  more than 10 yearr ,  exposed zo h i s h e r  than average 

concentrations.  01 observed more than 20 years after f i r s t  ezposurc). 

cvo of the s n p p l e a e n t s ~  sCudies it was also noted C h a t  the a o r t a l i t y  from 

In 

. .  . 
, , . . - ,  ... ~-~-Iung cancer van rp.cifiea!ly inereasad In thn most heavily exposed. The 

combined d a t a  show mal1 excesses fn  the m0rt:aliCy from cancers  of t h e  

. .  i , j _  . > , I _  .. :-. brain and of t h e  l -p lu t l e  and haucutopoiecic: a y r t a s :  b u t  the exceases are 

not  s t a t i s t i c a l l y  s i g n i f i c a n t  and therm is nothing t o  suggest thac they are 

occupaciorul in origin.  An u c c p t i o n  is t h e  obserraclon of *a increased 

- .  . .  ,:..; - -  y&r,ta&jty, from qaF.ra.of the Iymphatic atad hneaato$olacie s j s t a n  in t h e  
, _ . i  - .L. i ._., i.... r:.* ..*-L 

supplementarJ study f r O E  Che Federal  Eepublic of Ccrrpmy. 

Tm'tnes of cancer -re reported t o  In in excess i n  the  Roonngian 

study: namely. thyroid cancer and melanoma. The s igni f icance  of Chis 

f ind ing  is d i f f i c u l t  t o  assess because very l r t t l a  information about t h e s e  
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cancer, ir provided by ocher mtudlea. 

S u g g e ~ t i o n ~  t h t  VC s i g h +  -use uP+*rai of the  d iges t ive  t r a c t  have 

f a i l e d  to cake account of the con t r ibu t ion  of a n g i o s a r c w  of t h e  liver. 

When t h i s  d i sca re  in u e l u d e d .  the MrCality from d i g e ~ t i v e  tract cancer is 

found t o  hare been klw average (SRX for  t h e  four pr inc ipa l  ~ t u d f e a ,  82).  

A -11 L X C ~ I I  m o r t a l i t y  from t h e  heterogeneous Eraup of  'other 

cancara' in the  combined r c a u l t ~  of t h e  four princfpll s t u d i e r  is 

s c a t i ~ t i c ~ l l y  marginally s f g n f f i u n t  (83 deaths  a g a i n ~ t  65.25 expected, 

p<O.OS). 

i f f u c i o n  of ~ n g f o ~ a r c a m a s  a1 secondar). C ~ U C ~ C I  of the  l i v e r  or carcinoma- 

c01is. site Mknovn. 

S u m  of t h e  exCe11 LI likely to.hav1 been due to t h e  a i a e l a s r  

Three uoharl igrmnt C ~ U I ~ I  of dee th  brit requfred s p i c i a l  e-fu- 

atfon: c i r r h o r i s  of t h e . l i v * r  b e u u a e  of t h  d w g e  t o  the  liver char 

occurrad 11 p ~ r t  of t h e  ' r l n y l  ch lo r fde  i l l n e s s ' .  noo-arlignant respf ra tory  

d lsease  becau~e  of the changes in lung functicm and x-ray appearance 

observed i n  men e x p e e d  to PVC d u ~ t .  and 8yocairdfal i n f a r c t i o n  fron analogy 

with the e f f e c t  of o t h e r  halogenated hydrosarbon~ and beeau~e of *one 

obrarvstfona on Suedirh PVC f a b r l c a t o r ~ .  

Far f r a  being ra f red .  the  lortality from efrrho~i .  of the  liver vns 

les1 than expected fn  Cbe three pr incfp .1  8tudie1 and in one of the tw 

~uppl .nencary  studfes vhfch gave separaee figure1 for t h e  d f ~ e a a e  (SWRr of 

69 b1s.d on 46 deaths and of 82 b1.d on 15 deaths) utrlle i n  the other 
. 

'\ ' 
. supple8entary s tudy tha 1ocre.Se V.8 triri.1. 

Deea f o r  m y o u r d i a l  infarction lure n o t  h e n  reported ~ e p ~ r a t e l y ,  but  

m7ourd fa l  infarction ~ C C O U I I ~ ~  f o r  w1t of ehe deachs a t t r i b u t e d  t o  

i~chaeaic ,Jte~rt-di~h.-sa a d  there L4 no arideni:e t h e  either f~elusoic . . . .**:.y*;<<-..-~ ..._ ... 
hea r t  dfsease or ca rd io raecu l r r  df1ea18 as a vliole y.i unduly camon (ShX1 

of 90 and 92) or  re1ar.d t o  occupstiaaal erpo1r:ra. 



n e  data  f o r  the t h i r d  caccgory of no-malignant d i r e a t e  (non-  

mallgrunt r e rp i r a to rg  diaeaae). are c o n f u ~ i a g .  becauae t h e  two l a r g e  

national atudiea g ive  c o n f l i c t f n g  reIulCS. The combined da ta  f o r  t h e  four  

p r lnc lpa l  a t u d l c r  show the low mor ta l i t y  Chat l a  cornonly found i n  heal thy  

l n d u a t r l a l  populacioar ( S W  8 0 ) .  

morta l i ty  f roa  chronic  o b ~ t r u c t i v e  lung diaeaae (Srol 120) which inc ludes  

emphysema and i1 due t o  a groaaly lncreaaad mor t a l i t y  a t t r i b u t e d  t o  

emphgaema in t h e  US ~ r u d y  (SHR 193). 

~ t u d y .  which ~- waa pre fc reac la l ly  deacribed aa b r o n c h i t l ~ ,  i a  less than 

expected (Srol 82) .I La the mortalit7 from pneumonia (SML SO) and o t h e r  

r e ~ p i r a t o r y  dfaeaiea (SKR 6 6 )  in the US 1t:udy. There f a  no cont iscent  

evldence chsr the  mor t a l i t y  f r m  e a p h p u e  or bronchi t i s  vaa a p e c l f i c a l l y  

o c c u p ~ t l o ~ l  and it aecma p o ~ a i b l e  that ths. repor ted  excess in t h e  US atudy 

is a n ' a r t e f 8 c t  due t o  noaological d i f f i c u l t i e s  in t h e  use of the  7 t h  

r i v i r l o n  of t h e  Interrutional Claaa i f lcac lon  of D l a e a ~ e ~ .  

Thla. however, h ides  an increased  

The corresponding n o r e a l i t y  in the UK 

Reviev of the a a ~ a l v e  d a t a  now available r e l a t i n g  t o  the long tern 

heal th  of mea o c c r u p t i o u a l l ~  e x p o ~ e d  t o  VC lead. t o  tw clear conclusions. 

F l r a t  the  mea have expzrlenced a s p e c i f i c  'hazard of the aorPlllv ex t r ene ly  
5 
rare angioacreooa of t h e  l l v e r .  A p p r o x l ~ C e l y  I la 335 of t h e  sen exposed 

fa the  69 plants ha1 died  of the d i ~ e a ~ e  and approxise te ly  21 of obaerved 

death. h.Te been a t t r l b u t e d  t o  it. In the courae of t i m e  t,he nunbera o f  

eaaea of antiorarcma muat be e x p c t e d t o  I). increaacd 2 t o  3  time^. 

Se&ly, the w r c a l i v  f r o a  a11 o t h e r ~ a u e e ~  h.a been typical of t h a t  in 

aocmall7 heal thy indwtriiluorlura. I f  any other b s a r d  baa e ~ i a t e d  it1 

e f f e c t  has been mall. 

L 

~~ L . ., 
, .  . . .  - 

. . .  
_,.,, ~ ~:.:,,&'&+-.2 A,;.+..- The dits provide' zboruaoa t o  thf& C : h ; c  any hssard other t h m  one of 

cancer ham been o r e r l w h d .  

vhether  VC does produce rfaka of.uncer in  sitma o the r  than t h e  l i v e r  t h a t  

are -11 empared t o  thoas  due cb no-occupational eauae~.  bu t  which 

It 11, howvex-. still d i f f l c d t  t o  decide 
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might. in total, cause almost as many dearhs ZII a n g i o s a r c a  of t h e  l i v e r .  

There is too little evidence e i t h e r  t o  confirm or refute the  

suggestion t h a t  VC might cause melano- or cancers of the  thyroid.  b ra in ,  

and lymphatic and hacmatopoietlc syatens. None of the smll excesses t h a t  

have been recorded point s p e c i f i c a l l y  t o  an occupat iorul  hazard,  a p a r t  from 

thar a t t r i b u t a b l e  t o  cancers of the lymphatic and haematopoictic sysrcma in 

the C e m n  study, and aoat are likely t o  be t h e  sort of chance effect t h a t  

is certain t o  be observed vhen many types of cancer are eumined in many 

d i f f e rene  s tudies .  

The l ack  of any increased aortalit7 from lung cancer in the comblned 

re ru l ta  of the four  p r i n c i p a l  s t u d i e s  docs n o t  <D.clude the  p o s a i b i l i t j  cha t  

there may hare  been a small occupacional hazard of developing the  d isease .  

as geographical va r i a t ions  fn the  incidence of t h e  d i sease  throu  doubc-on 

the  va l id i c7  of using national rates f o r  ertirsreinp the expected numbers of 

dearhs. 

likely t o  shov an occupations1 hazard than in o the r  groups. suggests  t h a t  a 

small hazard m y  have exis ted.  

existence of a harard i s  n o t  proven. 

The greater morta l i ty  in groups of w r k e r s  who w u l d  be more 

The evidence is,, however. weak and the  

Clearer ansvers co s m c  of the questions r h a t  have been pared i n  t h i s  

revieu might be obtainsd if the various groups of i n v e s t i g a t o r s  could 

present t h e i r  rrruks fa -re a p p r o p r i r t t  and comparable uays. . .  

As VC is a iutagen - . .. . i n  . . . l a b o r a c o r y ~ e ~ ~ ~ r ~ n c ~ ~ n ~ - - & .  .- . pzoven hman 

, . urcinogan, the rinuce doses chat  have eruped into the gewral environment 

as pollucanca must be prcsvaed f o  have uured comparably minute risks t o  - 
the general public. No such rirk could p r s i b l y  be detected,  o the r  than 

:-.*.. ~. .r .- __  ,_ -.,,, .::.~-@e of aqiosarco& of the llvar rhich 1s n O m d l 7  an' e x t r a e l 7  rare 

dfaease. 

e f f e c t ,  and suggestive er idenca tha t . aucb  an eff,DCt 0.7 hare occurred I C  

Several aurvep have sought evldence of t h e  exisfence of such an 

time vh~n envi romenta l  po l lu t ion  %as much great(ir than i t  i s  now has been 

found i n  one. 

, . . _  
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IMRODUCTIOH 

The inha la t ion  o f  large amount1 of v inyl  ch lor ide  (VC) has been 

recognized t o  be pot en ti all^ haZArdOu1 f o r  EAUY years. Cnnccncrations of 
~ ~ 

the order  of 10,000 pp .  in a i r  lnduee uncon1ciou8ne11 and ca rd iac  

arrhythmia,  while prolonged exposure' t o  ~ 0 n ~ e n t r a t i 6 n 1  A D  order  of  

magnitude lower have been l i a b l e  t o  caule A apec f f i c  pa thologica l  r y d r o n e .  

(Thir "vinyl ch lor ide  illnea~" ha8 been charac te r ized  by fou r  ca rd fga l  
I 
i sign.: namely, enlargement of the  l i v e r  and spleen with a spec i f ic .  - i \. hiICologica1 AppeArAnCa. patchy fnf i l t ra t fOU Of the  ~ k f n  rcaemblfng 

scleroderma. bony chawgca in t h e  tip. of the  f inge r8  demcrlbcd as . 

acre-orteolyris.  and per ipheral  c l r c u l r t o r y  Change8 i d e n t i c a l  with t h e  

~ I a 8 8 i c a l  p i c t u r e  of hynaud'. d i a e a ~ c .  T h e ~ e  pa thologica l  reac- =Y 

occur  s ingly  or  together  And r a y  polrib19 be accompanied by o the r  less 

2 
c h a r a c t c r f 8 t i c  effecca. They can, hovever. be CoEUletelv a v p i d r h b  Y 

e n ~ u r f n g  t h a t  expo8ure never exceed. a fev  hundred p p q  EO which level 

expo~ure.  were general ly  reduced k p - x .  
- 

One o the r  ~ e r i o u a  e f f e c t  ha., however. been ob8erved t h a t  M Y  n o t  be 

avoidable in the  8-e r e l a t i v e l y  ear9 VAJ: namely. the production of 

angfoaareoaa of the  Liver. It *rut, indeed. be preavmed that  10me r i a k  of 

d e r c l o p i n ~  the di1ea.e d l 1  pcrr1.t from expoaure t o  doaca Chat are even 

l m r  ch;n t h e  cur ren t  i n d u a t r l a l  level. of 5 p p  or lc88. ea VC h.1 been 

ahom t o  act a1 a mutagen ( I n t e r n a t l a m 1  A(lency f o r  Reaearch on Cancer. 

- 
- 
~ 

1979) and It cannot be a11uued t h ~ t  a chracihold exist. belov  vhfch no - 
.- carcinogenic  r i ~ k  p e r ~ i a t i .  Moreover. t h e  po81lbil i ty hl1 to be conaidered 

) -that VC u y  eaum aoae Caneera ocher than a m g i o ~ a r c o ~  of t h e  l iver.  partly 
1 

. i  --becau~i labora tory  atudft. have .ham that it doaa Chi. in a n i u l  

 experiment^ and p a r t l y  h c a u ~ e  che initial atudiaa.  which demohicrated t h e  

productxou of,angioaarcoma of !he l i v e r  fn  a n ,  vere inadequate  ln . ire eo 

exclude a luterial increa~e  in the r ink  of cancer i n  c-on ~ l t e a ,  8uch as 

'I 

\ 

. +_I 
. .  
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the luna and large bowel. Slnce PO threshold dose can be postulated I C  

a l s o  follows t h a t  .me cancers u y  have k e n  Isroduccd in t h e  general  public 

by t h e  8 a r l l  amounta that have clcaped i n t o  the general environment. 

Consideration also needs t o  ba glven t o  t h e  p o s s l b l l l t y  t h a t  cxpoaure 

EO vinyl  ch lor ide  ac t ing  over  a long pcrlod ma.7 have noxious e f f e c t s  on Man 

t h ~ t  could not easily be seen l n  8nip.l experi.ments (by, f o r  example, 

producing chronic r e a p l r a t o r r  dlaeasc)  and, aa, l t  1s a mutagen. there  l a  

also a p o a s i b l l l t y  that it may act as a errato,gen and cause congeni ta l  

malformations in the  offspr ing.  

I n  this review I have not eumined the p ~ s s l b t l l t y  t h a t  VC acta as a 

teratogen nor t h a t  it  causes mufatloru i n  gcrai cells. as t h e r e  is t o o  

1 i t c l e . s e r l o u s  evldencc t n  require l c .  Rerleus e8rr led  o u t  for sections of 

the l n d u s t q  by Downs SC. (1977) 8nd by HacMhon (1977) concluded chat  

t h e  few repor t s  of p o s l t l v e  effects could not be substant ia ted and no 

addi t iona l  evidence was found in a similar later review by Earr (1981). 

apart  frm a report  t h a t  a b r y o s  were absorbed 8nd skeletal o s s l f l c a t l o n  

produced when pregnant rata were exposed.to doses appreciably lesm than 

chore Chat had been used by o t h e r  workers viehout any such effects  being 

ob8erved. The report  of absorbed embryos (Hfrkova r+&.. 1978) could n o t  

be evalurted thoroughly. however. aa the  eiperlment was lnadeqlutely 

described. I hare. therefore .  examined only t h e  possible e f f e c t s  on t h e  

personal h e a l t h  of men occupat loru l ly  exposed t o  VC o t h e r  than on t h e i r  

." - ~ ~ 3 e p r o d u c t l r e  eapaefty,  and t h e  ureinogenic effects t h a t  might conceivably 

be observed i n  the general  population as a r e s u l t  of the videspread . 
d i s t r i b u t i o n  of VC as a pol lu tan t .  

\ 

,: . . .. . 

. -. . ~ ~~ ~~ - _.. . L  1 . .  ' L . .  .<.&& -̂ 7...:4z>*; , 

OCCUPATIOUAL BAtAMS 

Xany s t u d i e s  of workers erpase.d t o  VC in the u n u f a e t u r e  of vie171 ? 

chloride monomer ( V a U  and p o l y ' w i n y l , ~ l o r l d e  (PVC) have been undertaken 

- 

L ,  

0 

0 

0- 
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s ince  it was f i r s t  found that VC cou ld  cauue cancer in animals ( v i o l a  E 

11.. 1971; U l t o n i  sg.. 1370) and f.n Uau (Creech and Johnson, 1 9 7 L ) .  

These have confirmed t h a t  expomre Causes u hazard of angiosarcoma of t h e  

l i v e r  and. in s e v e r a l  instances.  have shown excess incidence or m o r t a l i t y  

r a t e r  f r o o  other diseases, which were convent ioral ly  s t r t i s t l c a l l y  

a ignlf icanc.  

designed t o  help  answer slnglc questions defined beforehand and s e v e r a l  

f lnd ings  t h a t  miihc be crpecced to occur by chance done once in (say) 20 

times must bc expected t o  oceur ' i f  doten8 o t  rates 4re eumined in each of  

revera l  sets of independent data. Ye have. therefore .  been faced with t h e  

problem of deciding whether t h e  exes .  raceii t h a t  have been observed in 

i n d i v i d r u l  r t u d i e s  are d w  t o  occupational l u n r d s  or t o  the  vagaries of 

chace. 

Conventlonrl tests of s t s t i s e l u l  siguff icance are. however, 

This problem can be solved in part by examining t h e  overa l l  r e s u l t s ,  

when the  daca from comparable s t u d i e s  are . w e d :  t h a t  1s. by addlng 

together t h e  numbers of deaths observed and expecced in each study, and 

comparing the cocals. This docs noc requfre tho assumption chat the 

exposures have been t h e  seme i n  u e h  study. any nore than i t  does f o r  each 

l n d i v i d r u l  when the r e s u l t s  of each study  are considered alone. What it 

does requl re  18 Clue u c h  exposed population shnuid have been observed over 

a period when its memkrs were a t  risk ,of drrelopinp d i s e a r e , ( i f  a genuine 

hazard exis ted)  end C h C  i n  uch !tudy t h e  eir.nCro1 population from which 

the expected numbers of deaths  were .derived was appropriate  (that is. a t  

t h e  same risk of d e v e l o p i q  d isease  as the  exposed population vould have 

., . 

b & n , l n  th. absence of .xpo?u_re?. Ihis des.?.. introducs any new . - *  . -. . -. .. . .. . . .  
, ... . .I , >7-.-.*:, ~ .-.- >;.. '-'- 42.  - .. .. ' . 

c o ~ p l e x l t ~ .  .a both t h e s e  condiCfoo8 are. of course. also required if 

c o r r c c t  eonelusions are t o  bc drawn from the results of t h e  individual  

studies &en they are e u r i n e d  on their own. 
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Sources of  i n f o x a t i o n  

Four s tud ies  meet these'requiremenrs:  namely. the  ewo large national  

surveys reported by Jones (1986) for the  UK and by Lnvironmcnrrl Health 

Associates (1986) f o r  the  USA, and s t u d i e s  of ind iv idua l  p l a n t s  i n  Canada 

reported by m<riaulc and I s l a r d  (1981) and i n  Italy reported (as a parc o f  

a national study) by B e l l i  SC. (1986). Is1 four include observat ions on 

men more than 25 years a f t e r  t h e i r  ffrst  exposure and the expected number 

of deaths i s .  i n  each case, g rea t e r  than 10 per: cent of the  tota l  number a €  

emplojecr indieacing a long average period ec risk. 

?n UK and USA employees reported by Monson ~ 3 2 .  (1979). tabershaw and' 

Chffey (1976). Duck SC. (1975). l l i c h o l ~ o n  S.G. (1975). O t t  sc. 
(1975). Yaxweiler st. (1976). FOX and Col1i.r (1977). Equitable 

Environmenral Eealch (1978). But f l c r  sc. (1979). a?d Cooper (1981) are 

subsumed in the rutfonrl surveys and now serve only as sources of 

hypotheses and t o  provide some de ta i l ed  l n f o n u c i o n  noc included in t h e  

r u f : o ~ l  reparts. Studies  of tc-n workers (Grciscr s g . .  ,1982). 

N o ~ c g i a n  workers (Bcldaas =is.. 1986). Swedish workers (Byren S &., 
1976). French workers ( P i e r r e  etg.. 1979 and l ip l aache  s g . .  19871,  

Japaneae workers (psuda.  1979 and Nabmura. 1981) and so& other  I t a l i a n  

workers (Ed11 rc. 1986) provide some supplmientary ihro-cion but. i n  

gederel, the piriods of obse&ation have not k r , n  long enough f o r  u se fu l  

Earlier observac:oks 

a 

,-. .. . _  -.. .-:,.- 

epidenlological  da t a  t o  be obcained about &eases t h a t  are unlikely to 

occur Hchin~~20 years of f f r i t  esposure,  or they report only se lec ted  

results dafch are d i f f i c u l t  t o  i n c a r p r e t  as only excess races tend t o  have 

been selected.  

- .  ' ' :.. - 

- -  - I _ r .  .,. &;.& ;<?: :%: ; Srudies  of PVC' fsbrieators are noc inelude'd as t h e  wrkar. rill have 

had much less exposure t o  VC Chaa those employed in cbe u r n f a c t u r e  of Vm 

or WC and any occupatinarl b t a r d  C 6  which they  UT b r a  beca exposed is 

more l i k e l y  co k.v* h e n  produced by.PVC dust. 
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US Study 

The acudy c a r r i e d  out 61  Environmenf.al Health luaoclatea (1986) on 

behalf of the  US Chemical HmuflCtUrerS iCl~roelatlon l a  t h e  l a r g e s t  and most 

i n fo ra r t lve .  

companies .. 1,214 16 11 planta  that produc,ed only VCn. 6,818 i n  18 p l a n t s  

that  produced only PVC, 935 i n  3 planta  t h a t  produced both, and 1,176 fn 5 

plants t h a t  prod.uced homopolymerr and copolymers. with o r  wlthout Vm o r  

PVC. 

It covers  10.173 men who h a d  w r k e d  in 37 p l a n t s  owned by 17 

l uen ty - tw  of t h e  planta  were i n  t h e  Southern part of t h e  codntry. 1 4  

in  t h e  North eastern o r  Norih c e n t r a l  part., and one l n  the Ver t .  

Men were included i f  they had been expoaed t o  VC f o r  at least a year 

before  31 December 1972 end had been tnployed in 1942 o r  aubsequently ( t h e  

f i r s t  year  depending on t h e  dare t h e  p lan t  began makfng o r  uaing VC and the 

ear l ies t  d a t e  t h a t  personnel  records  were deemed t o  be complete. vhfchever 

waa che l a t e r ) .  

company recorda by company peraonnel. 

Ind lv ld ru l r  &o m e t  theae  c r i te r ia  were i d e n t i f l e d  from 

Raclal cha rac t e r i a r l ca  were known only f o r  686 men, 97 per  cent of 

whom were v h l t e  and it waa prcaumed. f o r  the purpoae of escfmatlng t h e  

number of expected deaths .  that a l l  10.173 men were white. . - .. 
, , , . - ' 

Follow-up waa obtafned from p l a n t  and Social Secur i ty  Adminfacrrtlon 

Records and ( f o r  men who dlcd  a f t e r  197\9) from the  National Death Index. 

Flv. planta  d i d  not  co l l abora t e  l n  t h e  extcnaion of Cooper's (1981) e a r l i e r  

arudy and the 955 employees in rhea. planti! who verc k r o ~  t o  be a l ive  on 

3 1  December 1972 were not fo l lcved  any furaher.  

wae a t t eup tad  t o  death or 31 December 1982, J n i ' C h r r R r  VL. the earlier. 

t h i s  baa ia  92.7Z of t h e  men were aucceaafuL1y traced. Thoae who were 

untraeed vere excluded from t h e  b a t  d a t e  of contact .  vhich was uaual ly  the 

date when employment eeaaed. 

. .  

For t h e  rca t .  follo-up 
.- . . . .7<:"%%<,w**. .cu ' On 

N m o a t  ha l f  t h e  man (66:)  were t l r a t  e a p l o p d  before  1955. A l a r g e  
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proportion vas; t h e r e f o r e ,  obacrved more chan  25 years r f c e r  f l r r c  cxpoaure 

(and i n  many cases for more than 30 yeara) when diaeasea with a long la tent  

period might be expecred co be seen. 

Shorr term w r k e r s  had h e n  excluded from t h e  cohort  and mosc of che 

men had continued i n  employaent for m&ny years: two-chlrda were employed 

for 10 7 a s r s  or more and t h e  average durat ion of emplopenc was 16 years.  

F i f t een  hundred and t h i r t y  s ix  men weri! found co have died.  In- 1 . 4 3 9  

cares, che cause of death vas obtained from t h e  death c c r t i f l c r c e .  bur no 

cause vas obtained for  97 (6.3%). 

The ambers  of deaths  expected from esch of 38 causes o r  groups of 

causes were obtainad by PulClpllrlng t h e  persoc-years ac r i sk  by the  

d i s e a s e s p e c i f i c  -clonal rates for vhfte -le., for the  corresponding age 

groups and quinquennis. 

Thls important study is open t o  th ree  m.1nor crlcielama. which a r e  

F l r a t .  the  l i a r s  unl ike ly  t o  have had any materlal effects on ehc r e s u l t s .  

of emplo7ecs were eomplled by compsny personni!l from company records 

v l thout  any lndependtnc check. Secondly. t h e  a s s w p t i o n  cha t  all the  

employecr were v h i t e  rill have caused the  cxpacced deaths  t o  have been very 

s l lghc ly  undersstlmeced, as che f ew black employees are l i k e l y  t o  have had 

higher  mortalfry rates and there  is no resson f o r  eupposlng Chac t h e  small 

sample. f r a  which the  proportion of black employees vas esctmared, was 

necesrarlly represmntatlve. Thlrdly, sa elemeat of uncer ta in ty  is 

incroduccd bi thm fallure t o  trace as many as 1.3% of cmplopes.  

.~ . ~~ , ,-. -~ ~.~ . -. 

- . . , , . . . 
.. 

'hm ocher c r l t l c f ~ s  are aore iaportant. ?irst, the  expected numbers 

of dea ths  have been ca lcu la ted  on t h e  assuuptirm that the  men would have 

cx&rieneed t h e  saae w r t d i t y  ratin as t h e  uhLte uls p o p d ' a t l w  of the 
, .  , . .  

;,, , . .? -. _IC.  . . -. 
. _ , _ _  : < ~ .  - .;5:..: 

Vhole Country at  t h e  eorrespoudding dates .  

comaon prac t i ce  In i t u d l e s  of lndr r r t r la l  populr.tfons and t ends  t o  r e s u l t  i n  

an orerestirnation of the  expected nunbcrs of death.. so chat  chhc employees 

The Us. Of o t t f o M 1  rates 11 
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appear t o  be unusually healthY- 

and vi11 be taken into account i n  the dfacussfon of the r e s u l t s .  A more 

serfoua object ion t o  the use of ~ ~ t l o n a l  rates is the  way m o r t a l i t y  v a r i e r  

from one p a r t  Of the country t o  another, due t o  d l f fe rencea  in the 

prevalence of cnvfrormenial  and 80cfal f a c t o r s  unrelated t o  the  occu?.xtfon 

of fnterest. 

county) ratea in place of  narfonal rates.- 

might be thought t h a t  thelr geographical d i s t r i b u t f o n  would be s u f f f c f e n t l y  

wide eo make t h e  use of  n a t i o n a l  rate. appropriate .  

Thfa "healthy worker e f f e c t "  fa w e l l  knovrr 

It is, t h e r e f o r e ,  gcneral1:r p referab le  t o  use Sta te  (if n o t  

With 37 plants. hovever. l t  . .  

Unforcurutely 22 of 

t h e  p l a n t s  were Located in t h e  South and a check would have been des i r ab le  

t o  aee whether t h i s  could have caused any material d i 8 t o r a t f o n  of t h e  

results. 

Secondly, cause, were not obtained for  97 of the 1.536 deaths.  h f s  

vas allowed f o r  i n  t h e  ealcu1a:fon of t h e  overall m o r t a l i t y  by i n c l u d f n g  

deaths dua t o  unknoun causes. 

calculatfoo of the d i s e a s e  s p e c i f i c  morta.lity rates and w i l l  have caused 

the srandardlred norralicy rst los  (Sqs) Eo be undereatinuced by, on 

average. 6.32. For t h e  present  purpose, therefore .  t h e  numbers of dearha 

a t t r i b u t e d  t o  apecf f ie  d i seaasa  have each been m l t f p l l e d  by 1.0670 

C100/(3-97/1536)) and rounded o f f  t o  ' the aearea t  integer .  

UR Study 

It was not allowed for.  however, ln  t h e  

-. ~ ..... ~ . .  

, 
= -~ _ I  

., '.' .. ,: 
Tl~e scudy rcportsd by Jones (1986)  an behalf of the VI. Eeal th  and 

Safety Executive corer8 5.498 sen who were employed f o r  a t  least one y e a r .  

, i n  jobs chat involved p o c s n t l d  exposure to V M  fo r  a t  l e a a t  25% of che 

vorklng week and who were f f r a t  employed In t h e  period 1940-74. 

t h e  men were compiled frua t h e  personnel rncord. of 9 chemical p l a n t s  

Mnufacturfng or polymerfains Vc"and t h e  r:ftal 8tatu8 of t h e  men were 

. ..  . .  . .  . . ~. ,. .+ .. .~ . . . .. . . 
..r_ I'& .__., <.~*-.*<-: :.. i- ...- .. .  i- 

Details of 

. 
determined a t  t h e  end of 1984 from t h e  reciards of the  Nat ional  Health 

Service Central  Register. Five thouaand four  hundred and ninety e i g h t  men 

. . 6:. .I .. . . , . .  . j 
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were t raced ( 9 8 . 9 % ) .  

copiea of the  death c e r t i f i c a t e s  were aent to the  invert igacora coded t o  

the  8 t h  ICD revision of the list Of CaUSeS of death i f  the, occurred before 

1979 and t o  the 9 t h  rev ia ion  i f  they occurred l i t e r .  

Seven hundred and eighcy deaths were i d e n t i f i e d  and 

Scv&al s p e c i f l c  po in ta  about t h e  s tudy nlred t o  be noted. Firrt, 

national mortality rates f o r  England and Wale. irere c d c u l a t e d  by f i v e  year  

age group. for quinquennial periods f o r  66 uusiha of death and these were 

used t o  estimate the numbera of deatha t h a t  m i g h t  have been expected ln the  

cohort  by mult iplying then by the correaponding numberr of peraon years  

under ob8ervatfon. Sop* difficulty -8. however. experienced in obta in ing  

s u i t a b l e  rates f o r  a11 causes  of-death.  vhlch could be  r e l a t e d  t o  t h e  

cauaer of dea th  coded according to t h e  8 t h  and 9 t h  reviaions of the ICD 

l i a t .  and races f o r  a r c l ac fve ly  late period had t o  be usad f o r  ertfmating 

the numbera of deaths frm u n y  diaeaaes t h a t  might have been expected t o  

occur in earl ier  periods. For 2 catcforlca the earllcsc avai lab le  r a t e a  

were 1960-61, f o r  1 they were 1965-69. for  2k  timy were L970-76, a d  for 1 

they were 1975-79. 

. 

e 
Secondly, an attempt waa made LO ClaSILf? hien according t o  whether 

they had high. lnccrnedlatc .  or low erpoaure t o  TIM or WC duat  and each 

man's e x p l o p e n t  history w a i  rccoFded with advice from the  p lan ts  

.... . eoncernod. under 12 job titles. The mco ware thcn grouped according t o  

whether exposure to VCX vas l i k e l y  t o  have be5n high (group A), expoaure t o  

Pvc dust  vaa llkaly to have beta hish w f t h  ax+au.re co VQI low (group a),  

or exposure to VQI end PVC dust waa i n t e r a e d i a t e  end i n t e r n i t t e n t  Cgroup 

C). 

., . 
.i 

All ocher u n ,  who u a d d  ~ e n e r r l l j  t u v e  had l w  expoaure t o  both VQI 

. -.?, . . . . and .PIC duet,. ?re c l u s a d  .a stoup 0. .With& a11 sroupa. upaaute t o  VQI 

warn likely to  hare been h igher  i f  it had begun before 1956. 

,*'&.- . . ~ .  ->. .. :.4 .. 

Ihe atudy u k c a  an important costributlon t o  the aum of knowledge 

conc*rning the long term effect .  of VC,. Iha  use (of national rates t o  

e- 
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c a l c u l a t e  the expected number9 of deaths  M Y  be j u s t i f i e d  on che grounds 

tha t  t h e  men a r e  employed i n  9 plants .  which were presunably d i s r r ibuced  

about t h e  countr)., but no d e t a i l s  of t h e i r  l o c a t i o n  are given. 

mor t a l i t y  rate$ tend t o  be higher  i n  the  parts of B r i t a i n  vhcre heavy 

industry i s  located thsn i n  o t h e r  p a r t s .  10 Chat che expected numbers of 

deatha are more l i k e l y  t o  be biased domuards than upvards; but t h i s  needs 

EO be shorn. 

I n  gene ra l ,  

The use of recent rates t o  c a l c u l a t a  expected numberr of deaths from 

many a p e c i f i e  causes of dea th  vas  p r e s w b l y  neoessary, if the d i reascs  

wcre t o  be s tud ied  i n d i r i d u i 1 1 j  and vi11 h.ave done no harm lf the inc idence  

and f a t a l i t y  of the  d l saaaes  in quastion have remalned s t a b l e .  It would 

hsve been des i r ab le ,  houever, f o r  t h e  d i s e a s e s  t o  hsve been spec i f i ed  so 

that t h e  reader vould knw which were l i a b l e  t o  be d i s t o r t e d .  

. .  

The system used t o  c l a s s i f y  men into fou r  exposure groups 1s t he  aort 

of systrm t h a t  is co.ponLj used if prec i se  measures of exposure are no t  

avai lable .  It creates som d i f f i c u l t i e s  i n  the rtatistical ana lys i s  if men 

move from one job t o  another and arm t lassitd (a* i n  t h i s  instance) as 

havins h d  high e x p a u r e  i f  thsy hays had a p a r t i c u l a r  type of 

emplojrPenc (e.g. ever been e a p l o p d  aa an outoelave vorker). 

is 'proridid to show tbrt the peraon-par i  nc r i s k  before  e wn entered the  

categor). hare  bean subt rac ted  8nd added t o  another exposure group before  

No evidence 
, .  

, .. . . _  . . .. ~. - .? . 

' ' the  of s rpee ted  dea ths  a r e  calculated.  Xovemenca from one job t o  < ~ L  

anocher are s a i d  t o  hsve tended t o  be 6ut of groups A end B i n t o  D, but  

even sa it must be psss\m.ed Chat the expected numbers of deaths  in t h e  

... .. , .  . . . .. ._ ..+;: ...... &..-.,. +: .A. ..firit tvo exposure e*tsgories ate l fkely t o  b. orercstfeated. ' 
., . . .  

Canadian Study 

The Canadian acudy (Th&iault and All>ird,  1981) vas  l imi t ed  t o  

employee. of a s i n g l e  p u n t  i n  Shaufnlgan. iwebec. 

s i t u a t e d  in an industrial complex, was opened in  1943. 

The plant .  vhich V I S  

V Q I  and PVC were 
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both made until . t he  l a te  19601.  when the  production of VCX ceased, while 

t h e  production of PVC contlnued. 

production w r k e r s  whose names appeared nn t h e  unions' lists o r  t h e  

An attempt was made t o  t r a c e  a11 

companies' payro l l s  of t h e  who11 i n d u s t r i a l  complex fncluding the  VC plant  

between 1 January 19P8 and 31 December 1972. and contact was made v i t h  the 

w r k c r  or h i s  next of k in  in 1.611 out of 1,659 ins tances  (97.1%). 

Detailed occupat iorul  and Imoking h i s t o r f e s  were obtalned by ques t ionnai re  

and 156 men who hid been employed by the  companies f o r  less than 5 years  

were excluded. 

they had worked on the  produetion of VCH o r  E'VC f o r  at least 5 p a r a  ( 4 5 1  

men), C i i )  unexposed t o  VCX i f  they had worked s i r i k r l y  for . lesa  than  6 

months (870 men), and (111) other  m ~ n  (130 f n  t o t a l ) .  The last were . 

excluded from t h e  study. 

of the  death c e r t i f i c a t e s  were obts ined and t h e  causes coded according t o  

the  8 t h  rsvision of the ICD list f o r  all who had died (59 exposed and 233 

unexposed). 

confirmnrrlon of a11 the diagnoses  f o r  a11 t h e  exposed men who had d ied  of 

cancer. 

Ihe remaining men were ca tegor ized  &I (i) .exposed t o  Vc?( if 

F o l l o r u p  was c losed  on 31 December 1977. C o p i e s  

a 
Information vas also sought f o r  h i s t o l o g i c a l  or cytological 

h e  r e s u l t s  were examined in cy0 my.. F i r s t ,  t h e  mortalities of the 

exposed and unexposed were compared a f t e r  a t a u d r r d i u t i o u  tor qutnquenniun 

and 5 jear age group. Secondly. t h e  mor ta l i ty  of tbe exposed men w a s  

compared v f t h  t h a t  expected i f  t h e  men b.d.expericnced t h e  sax and age 

specf f fc  mor ta l i ty  rates recorded in puebec f a r  the year  1971. 

comparisons c h i  eausem of dea th  usad vera tbose  spec i f i ed  on t h e  d u t h  

c e r t i f i u t e  and the  add i t iona l  pa thologicr l  infornsr~on vas used later only 

. . ,  
In bath 

.- .- , .  . -.>... . ~- . ~ ~~~ 

I f o r  ihterpre't&on of che results. . . .". . &-A,,. 

noac of the  exposed men vera exposed f o r  more than I O  7ears (75x1, 

the average length of exposure vas rpp rox in r t e ly  17 p a r s .  and 642 were 

observed more than 25 yea r1  after t i ra t  exposure. 



17 

dchough a-11, the  study =kea a u r e f u l  concribucion t o  the o v e r a l l  

The h i s t o l o g i c a l  review of t h e  (cancer cases fa p a r c i c u l a r l y  

Thia showed t h a t  a11 8 Cancera ciiagnoqed aa l i v e r  cancer  

resu l ta .  

helpful.  

( fncludfng 2 s p e c i f i e d  aa hepat- and onit spec i f ied  as angfoaarcoma) were 

a n g l o r a r c o ~ a  of the  l i v e r  as well ea one t h a t  had been diagnosed as 

angfosarcoma of t h e  peritoneum. 

l i v e r  were f o m d  t o  have been c e r t i f i e d  a a  hepat ic  c i r r h o s i s .  It is also 

helpfu l  t o  have a comprrison between cxpoaed and "unexpoaed" euployees of 

the aame companies as t h i a  show. t h a t  t h e  l o w  morta l i ty  observed f o r  a11 

non-malignant d i i e a r e s  could be a t t r i b u t e d  t o  e heal thy  worker e f f e c c  and 

was not due t o  b i a s  i n  t h e  recording of expoaure ( r e l a t i v e  risk f o r  a11 

non-aalfgnanr causea compared t o  "unexposed" men 0.95). 

' 

. 
TM o t h e r  caaia  of angioarrcoms of the 

. 
Onc 'c r i t fc i rm h t a  t o  be made: nrmcly. t h e  uae of provincial  races 

f o r  one year (1971) to ea lcu lace  expected mor ta l i ty  apread over a 30 year  

period (1948 eo 1977 inclusive) . '  Death. dll have tended EO bunch up  

toward8 t h e  end of t h e  period of obaervat lon ao chat  t h e  r a t e s  for t h i s  

p a r t i c u l a r  year may have been f a i r l y  repreoentat ive,  but i t  m u s t  have 

caused some discorcfon of the expected nuntiers of death., t h e  alae  (and 

even che df rcc t ion)  of which is impossfble t o  e a t i m t e .  For m s c  d i s e a s e  

. .2:, I group. t h e  d l i t o r r i o n  1s unlikely eo have been large. 

I t a l i a n  scud7 
. - . ,  

A i t u d y  of a11 men employed l n  t h e  produceion of OC and PVC l n  9 . .  

I t a l i a n  plants waa begun ia  1983. 

for  ar least 6 roach8 at  any tine from t h e  atart up of the plant  t o  t h e  end 

A l l  men 'were included who were employed 

.. . _. . . .. .- . . ,  . - .. _,.e- .>',.L. . .+&-. , ~ , . ~ . ~ ~ - - - . -  ... .~~..d-of. 1961,. The study is .till incomplete, but rerulti ire now a v a i l a b l e  Eor 

men l n  tbree plant. (Belli &., 1986). !hro planta  (in Perrara  and 

Ros i~nme)  began opera t ions  i n  1953. 

were c r p l o p d  in the  one plant  and I81 ln t h e  ocher. 

t h e  Ierrara p lan t )  were fol lovcd t o  t h e  end of 1984. Expqeed dercha were 

Four hundred and t h i r c y  amen men 

U l  but t h r e e  (from 



" I  . .  

estLrmtcd by multfpl j fng the p e r s o p y e a r s  a t  r isk  by the corresponding 

nat ional  mor ta l i ty  r a t e s  f o r  each 5 year  age group and quinquennfun. 

expected deaths  i n  each case amounted to 'aore  than IOX of t h e  employees 

(12.62 and 12.82). 

T o t a l  

~~ 

C l i n i c a l  info&tion was .ought about t h e  cause of death o i  a11 the 

Pevised diagnoses, vhich 55 employees of t h e  Perrara plant  who had died. 

vere not used €or  comparison with t h e  expected deaths,  revealed four .dea ths  

from cancers of t h e  l l v e r  l a  place of  one. 

The Ravenna plant  d id  not begfn operatioms u n t i l  1959. Six hundred 

and t h i r t y  e ight  aen  were employed. 

1983 and 17 wera found t o  &e died. 

more than 2 0  pars  and only 25.1 d e a t h s  <3.9X of t h e  uorkforce) were 

expected. 

pr inc ipa l  snalyscs. It m y  be noted, hovcver. t h a t  one death vas 

a t t r i b u t e d  to l iver cancer when 0. i  vas cxpeczed. 

Ocher Sources 

A 1 1  but 4 were traced co the end of 

No MU could have been folloved f o r  

The data f o r  t h i s  p lan t  have not .  therefore ,  been used in t h e ,  

The Norvcgian s tudy  (Heldaas e 1.. 1986) provfdcd observations on 

650 men vho had been employed fn p l a n t  in I e l e s a r k  vhere V Q f  had been 

Fnufac tu red  f r a  1950 t o  1971 and PVC from 1950 t o  the end of the scudy 

period. 

personnel r e g i s t e r  and h e a l t h  department records who had ever  been employed 

from the scarf of production t o  the end of 1969 and had uorlced f o r  a t  least 

one par.  Hen vere fol loved f r a  1953 t o  1979 inelwive. Deaths and cases 

of u n c e r  were f d w x i f i e d  f r o i t h e  records of tlm Central harean of 

-:x~r:u & i t f s c i c s  & t h e  M C ~ O Z U I  uncer  rrgintq. '  1po refarence i; made LO any 

- .~ .. ~. . _.  
&21 were included vhosa m e a  were recorded on the  Coapang'.s 

. %  

... .. ..-. .- __ .. 1 

men befng lost t o  foil-up. but f c  can be assumed chat the nuaber ( i f  uot 

zero) vas small as a11 e f t f z e n s  have, an f d e n t i t y  number vhich is used by 

both employers and che c e n t r a l  aseneies. 

againsr 59.31 expected f f  the sex- age- a d  quinquenmfupspecific national 

F i f t y  wn -re found t o  b v r  d i e d  
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mortality rater had operated. 

23 cancers against 20.16 cancers expected from the comparable n a t i o n a l  

incidence races ,  the use of vhich vas j u s x i f i e d  by t h e  f inding t h a t  t h e  

incidence in the  county i n  which the plant: vas s i t u a t e d  vas between 90 and 

95 per cent of the rate i n  the  country as a whole. 

employed on PVC production developed angiosarcoma of the liver. Observed’ 

and expected numberr of cases are given f a x  cancers of t h e  lung, colon, and 

thyroid. f o r  melanones, and f o r  a l l  cancers, but no expected numbers are 

given f o r  ocher types of Cancer. 

cancer lust  have been i n  d e f i c i t ,  as t h i r e  n r e  8 eases in all against 

15.93 exp.eted,  and it is d i f f i c u l t  to  k n o w  rbt  weight t o  give  t h e  

e%cesses observed f o r  t h e  repor ted  types of cancer as they seen likely to 

hare been reportad s p e c i f i c a l l y  b.uuee t h e  nudurs -re i n  excess of those 

expected. Ihe  authors  note tbt one furcher  u s e  of relanoma h.d occurred 

after the closure of t h e  study and thet OU,R “ lne ip ienc  ease” vas also knovn 

t o  then. 

TvenCFoOe men verc found t o  have d e v c l o p e l  

One man vho had been 

Ct is e r l d e n t  thec s e v e r a l  o ther  types of 

’ 

The German study (Creiser et&.. 1912) included t h r e e  groups: ( i )  

7.021 men vho had bean exposed t o  VC i n  thn course of t h e i r  employr.ent i n  

any of t h e  11 plancs in  which VC and PVC had k e n  produced in chc Federal  

.Republic of Germany, (if) 5.620 men vho tucl been employed i n  7 chenica l  
. 

i-._ 2 L . . . i . i ,  

p l a n t s  u i t h o u t  having had an7 exposure t o  BC, and (iff) 5,007 men employed 

.I. ’ in 2 ocher p l a n t s  h e r e  PVC vas processed. Employees vere included only i f  

Chej uere  of Gemn or Austr ian a8 t lona l l ty  and wre regarded as exposed t o  

VC if they wre production w r k e r s  or o t h e r  s k i l l e d  w r k e r s  o r  labourers  

- .  -- .. . . .,,*;.a88fpMd regularlj t o  the plants. bu t  M C  i f  they wra  employed in them 

only  occasionrlly. 

p l i n t s  t o  t h e  end of 1976 and wre fo l lowd:  KO the  end of 197h. 

t h e  men were. in consequence. o b u r r e d  f o r  only s f e w  pa r s  a f t e r  f i r s t  

A l l  men wre included fron che time of opening of t h e  

Many of 

employment, and only 142, 36%. and 19% respect i re l j  of t h e  th ree  groups 
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were first employed before  195A and so capab1.e of conrribuclng perron-years 

a t  r iak  more than 20 p a r r  a f t e r  f f r s t  m p l o p e n t ,  uhcn an occuprtfonal  

b r a r d  of cancer could be expectad. to  be observed. 

93.S of the exposed group uere aueeeasfully folloued up and cauiea 

o f  death vcre discovered for 92.8% of t h e  414 men discovered t o  b v e  died.  

The proportform f o r  t h e  ocher  Cy0 groupa vere reapcctively 89.8% and 88.7Z 

f o r  t h e  unexposed and 92-12 and 86.9% for  che PVC proceas uorkcrs. 

failure t o  obtain cauaes of death for a11 t h e  sen vho had d iad  vas  alloved 

for in the  s~bseq~ent a o l l y s l ¶  by u t fyht lng  the numbcrr attributed t o  each 

caure by a system which took IccOunZ of the a(+ group and calendar period 

in which death vi th  an unknovn c.ause occurred. 

deaths from each cause vaa u l e u l a t c d  by multiplying t h e  pe r ron -pa r s  a t  

risk by the sex, age. and cause a p e c l f i e  mor ta l i ty  rates f o r  the mG. 

National data  before 1968 used an idioaperatic c l a s a f f l c a t i o a  system and 

the 1968 r a t e s  had t o  be used t o  rultfply e11 the p e r s o w p a r s  a t  rfsk up 

t o  the end of 1968 .  For subsequent years (1969 to 1974)  t h e  peraon yeara 

a t  risk vcre o u l t i p l i r d  by t h e  corresponding rucca for  t h e  same calendar  

year. 

I h e  

The expacead numbers of 

Epidcalologicsl  s t u d i e s  are Bore d f f f f c u l t  t o  u r v  out i n  Ccmun). 

than in W .  Amriel, the UK, or Scmdf ruv i r  because t h e  a e d f c a l  cause of  

death 1s w c  recorded publicly and there fa bo cencrd aysem vhfeh can be 

uacd for c h r c k f q  uhether an indvi idua l  is aliv,r o r  dead. I n  the 

cfrrunsturcas, th. G e m  anchors have mad* vmlL.ot afforts t o  obta in  

rclLable data  snd t h e  proport ions of men in t h e  expoaed croups who ware not 

successful ly  fol loved up (6.8%) urd t h e  proportion. of d m t h s  for vhich t h e  

:, 

- causa vas not obufoed <7..21) .-yqra, s ~ i l ~ ~ - ~ o  ctiosa in rh. tnvlr-ntal ~ . ' " 
&.*.\ ,.__ ir. ~,:,-.;---.*<, ?.I 

Health AaSOclates (1986) atudj .  

rV0 defeeta.  hmmrer. u k e  t h e , & r a  lesr  u:seful, ?frat ,  no n a t i o n a l  

o o r t a l i t y  rates verm ar~ilable before.1968 and t h e  naa of t h e  1968 rates t o  



e s t i ~ t e  the n u b e r r  of deaths in and before  1968 will have ovcresclmaccd 

the numbera a t t r i b u t a b l e  t o  diseases t h a t  were becoming more prevalent  or 

diamosed .ore o f t e n  and w i l l  have undereacimiccd those due to d i s e a s e s  

t h a t  were becoming less prevalent.  Secondly, and more important ly ,  a l a rge  

proportlon of the men had been f i r s t  mpluyed less than 10 years before the 

follow up was ended. It follows that the observat ions on t h e  f e w  men who 

had been f i r a t  exposed long enough b r f o r c  t o  have had much chance of 

developing an o c c u p a t l o ~ u l  dlseaae wi th  a long l a t e n t  period muat have been 

swamped by observcclons that had l i t t l e  t o  contr ibute .  The expected death; 

mounted t o  only 6.22 of the exposed and there Is. t h e r e f o r e ,  l i t t l e  to  

be gained. and s a e t h l n g  to be 1o.t. by including t h e  Garman d a t a  in t h e  

overview. It M y  be noted. however. tbt 12 deaths  were a t t r i b u t e d  t o  

cancer of the Liver among the  VC exposed uorkars agalnsc 0.9 expected and 

that smaller excesses were also observed i n  t h e  unexposed chenical  vorkers 

( 6  observed against  1.1 expected) and i n  t h e  PVC proeeas workers ( 3  deachs 

against 0.8 exAcced). 

Tvo Swedlsh p l a n t s  have produced VQ( and PVC since 19bS and 1971 

respec t ive ly  and mployees of t h e  first hrse been s tudied  by Byrcn =&. 
(1976). 

occur uere l i s t e d  from t h e  personnel files of t h e  factor).. 

excluded b e u u a e  they were fore igners  vho l e f t  the  councr). a f m r  a s h o r t  

period of emplo-ut. 

Urpectsd ambers of deaths  wre estimated by mult iplying the pe r ron -pa r r  

et  risk by the corresponding s g c s p e c i f i c  ihx ta l i t j  races for t h e  whole 

All persona who had ever been employed when rxpoaurc t o  V M  could 

Tuanty-one were 

\ 

The reulnfug 750 ntre follornd t o  October 1 9 7 4 .  . .  

. . .  couut r j , and  the expected mrabers of cancer .... u s e s . f r a  . . . .  1958 t o  1971 . . .  ......... .= . .  _ . . _  . . . .  * .  <.., .. .:,. . - . .:.-- .>> *,.,,c:. '. 
inclusive (during vhlch period a11 cancer cases had baen r e g i s t e r e d  

iutlonally) were esrlmated by n z l t i p l y l n g  by the Uat1oo.l a g c s p c c l f i c  

cancer ineldance rates. In both instances, the rates used were those 

recorded i n  1969. r l f t p e i g h t  deaths  were found but uo figure is given f o r  

a -  
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the ixpccccd number. Deta i l ed  f i g u r e s  are glven only f o r  the numbers of 

deaths and cases observed and expected. f o r  cancer of t h e  lung and f o r  

cancers of t h e  l i v e r  and pancrcas combined and f o r  the  numbers of deaths  

from brain cancer and three  ca tegor ies  of  card:tcvaseular disease.  I v o  men . 

knovll t o  have angiosarcoma of the l i v e r  were c l r r t i f ied  as dying of l f v e r  

cancer o r  pancreat ic  cancer reapcct lvely,  and 41 t h i r d  man d i e d  of t h e  

diaease 17 months ~ a f t e r  t h e  f o l l o v  up closed. ~~ . 
Tvo French s tudies  provide the results of: a long term f o l l o v  up of 

men anploycd i n  one planc (Pierre et'-. 1979) and of a s h o r t  term t o l l o v  

up of men employed in 12 p l a n t s  ( h p l r n c h e  SrL..  1987). 

provided observations on 1.311 ucn exposed t o  VC i n  t h e  productinn of V M  

and PVC and i n  ae lec tsd  e n c i l l a v  opera t lons  from t h e  opening of the Iavrux 

p lan t  in 1953 co the cud of 1976 (Pierre et&., 19791. 

employees were excluded from the study because of lack of occupational 

h i s t o r i e a  and 160 men becauae t h e i r  Vital  statu.^ a t  the  end of the study 

period vss undetermined. Tventy-flvm men vere found t o  have died agxfnsc 

18.75 expected from contemporaneoua sex and a g e - s p e c i f i c  na t iona l  mor ta l i ty  

rater (3.72 of t h e  men a t  risk.). 

. 
Ihe f l r s t  ' 

S i x  other  

0 

One death was a t t r f b u t e d  t o  angiosarcoma 

' of the  l i v e r  l n  a man who had been exposed f o r  more than IS years. The 

reported data  are so incomplete and cover such a. r e l a t i v e l y  shor t  period 

from thm openl- of t h e  p lan t  t h a t  they add aoth.in8 of epidemiological 

value to the rasulcs of the ocher a t u d i e s . , a p a r t  from t h e  addi t ion  of a 

f u r t h e r  u s e  of sagiosarcou. 

, . I.. . 7.. . . _. - . 
, 

. " ~. 

The second provides observations on 1100 amn aged 40 t o  S5 years who. 

i n  1980, vere exposed o r  had been exposed' Co VC in  12 p l m t a ,  vhich 

;.-. *..:?. - -'-= contstfruced .".car of chi French VQI polmericaL,lon plancs" Chplcache 

e.. 1987). 

premumablj survivors  of the cohort  s tud ied  by P i o r r e  et. (1979). I h e  

men sere fol lovcd f o r  5 years and t h e l r  morbidity and mortality compared 

U n y  of the aen vere. or  had been employed LC Trvaux and vert 

I - 
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with t h a t  observed f n  1100 men Of t h e  same ages (22 years)  employed in the  

same planes,  but  who had never been exposed t o  VQI.  

vcrc  fntervieved personal ly  and fnforpltfon obcafned about t h e f r  smoking 

and drlnkfng habf t s  which were found t o  bi similar i n  the  two groups. 

Hen in both groups 

Hen 

i n  che exposed group had been f f r s t  exposed on average about 14 years and 

had f i r r t  been exployed i n  t h e  p lan t  about 18 years previously.  

and morcalfcy d a t a  were recorded annually 'by the  p!ant physicfa'n who 

successfully t raced  98% of the  exposed men and 96% of t h e  controls .  One of 

the exposed men but none of t h e  unexposed developed an angforarcorm of t h e  

llver. 

employnent and f t  1s fmpossfble t o  assess r h e  afmfffcance of the  ffndfng 

that 6 of  the exposed men developed lung cltncer against 2 of the  cont ro ls .  

which may well reflect a chance occurrence of unusually f e w  cases Ln t h e  

cont ro l  groups as t h e  proport ion of a11 cancers in che 'cont ro l  group that 

arose from the  lung (2  o u t  of 15)  1s unusually lov. 

developed a cancer of t h e  Lgnpho-hamrtopoiecic system agafnst none of the 

controls, but  no men i n  e fche r  group vcre Lnova t o  have developed melhnomaa 

or cancer of t h e  b r a i n  or thyrofd.  

Horbfdfty 

Data are noc given sepa ra t e ly  f o r  # i f i fe renc  perfods a f t e r  f i r s t  

One exposed man 0 

A Japanese s tudy  r e p o r t s  the  nortalftj  exper i ince  of 452h men 

kmployed f o r  at least one year before 196s in one or o the r  of 25 J~PLOCIC 

p h n t s  vhfch began produelag v i n y l  chlo.rfde wnoser (VCW) or p o l p f n y l  

- .  ~ ~ 

.e . , 'chloride (PVC) hewtea 19b9 and 196b indus fra  ( H a h r a .  1983). Rie men 

were f o l l w e d  t o  31.10.75. Twenty efght  per  cent of the men vere observed 

more than 20 years after first employment. but none vas observed more than __ ^.L._- .~._.  
.; . _._,. z~..2,-x6-,-d... ' 26  ).urn;. Only 0.62 of ,the m a  *ere ontrreed and eapl.8 of the death 

c e r t f f i u t e s  were obtainad f o r  all the 209 !men vho had d ied  (b.62 of t h e  

f n f t f s l  cohort). Indfvfduals  vera  c l a i s f f f ~ e d  according t o  the job on which 

they had been longest employed ac th. temfaucfoo OF thefr Follov up and 

data are gfven sepa ra t e ly  f o r  2546 u n ' c l a s a e d  as mploycd on PVC 
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t h  

production and  1978 others  (Lncludfnp 900 classed as vm production 

vorkers).  

If t h i s  study 1s continued for  a f u r t h w  10 years i t  should provide 

usefu l  a d d i t i o n a l  infornat ion.  bu t  t h e  present d a t a  include too f e v  

ohservacioni on men more than 20 p a r a  a f t e r  first u p o s u r e  to be of any 

a t e r i d  w e .  

deaths  in PVC production vorkeri  against 2 -54  expected from m t i o n a l  rates  

vhLle only 1 such death vas observed in the o t h e r  vorkerr a g a i n s t  1.82 

expected. 

vas  c e r t i f i e d  as due t o  angLosarcau of the l i v e r  and a t  l e a a t  one of t h e  

o t h e r  liver u n c c r  deaths vsa due t o  t h e  same cause. 

were not i n  excess ( 2  obserrred i n  PVC workers againat  2.33 expected). 

da ta  are gfven f o r  cancers of the  lymphatic and hseastopoietic syatems, f o r  

cancer of the  brafn o r  thyroid.  o r  f o r  Irelanorus. The mortality of 305 

Japanese VC workers reported by I(.ruda (1979) is presumably aubsrrmed i n  

Nakamura'a (1983) later and l a r g e r  study. 

They confirm tha evidence of I I  hazard of l i v e r  cancer v i t h  6 

One of the 6 dearhs from l iver u n c e r  in PVC production workers 

Lung cancer  deaths  

No 

h z a r d s  of cancer; 

Ihe r e s u l t s  of the four W L t  useful s t u d i e s  are , l i s t e d  i n d i v i d u a l l y  

me o v e r a l l  results f o r  a11 cause*. l i v e r  cancer, and in Tablea 1 and 2. 

t h r e e  broad groups of condi t ions ere a h o v q i n  'Table 3, and thoae f o r  IO 

c7pe8. o r  classes. of cancer in Table 4.  Oat@ bare not h e n  repor ted  f o r  

each type of cancer in each study and t h e  aourt:ea of the. data are. 

therefore.  spec i f ied  separa te ly  f o r  each tm. Addit ioMl information f a  

. .  

, . .  . ' .... e;-; 1. \ ~f~arr-frr ,Table  ' ., 5 for  7 types or ekssea of u m m r  chat has been obtained 

from four o t h e r  lesa informative a t d i e s  ( t h e  ~ e r a r n  atudy repor ted  hy 

C r e i s e r e c g . .  1982, t h e  Norvegfm atudy reported b7 Et ldara  et&.. 1980, 

the Svedfsh s tud7  reported by Brran et&.. 1976. and t h e  p s r c  of t h e  

Italian study r d a t i n g  t o  t h e  bvenna plant  reported hy  belli^^.. 
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1986). 

Table 3 s h o n  t h c .  a p a r t  from unee r  of the liver, the  o v e r a l l  

wrcal i t?  is v t u c  would be *nt ic ipr ted  for an i n d u s t r y  without any major 

M u r d  of accident  or d i s u s e .  In p a r t i c u l a r  the standardized mortalfcy 

r a t i o  tsml of 84 for  d i l e a l e s  o t h e r  than cancer is t y p i c a l  of t h e  r a t i o s  

that are eomonly observed. in groups of eoployed men. A low of t h i s  

order  r e f l e c t s  the "healthy worker effect". which results from t h e  

8ehCtfOn proce88 that inevl tab ly  exChde8 lome Of the least heal thy 

members of t h e  population from i u d u a t r f a l  waplo).ptut. 

not. however, normally 8ffeet t h e  w r r a l f t y  from cancer beyond chat 

observed in t h e  f irs t  feu years rfter t h e  atarc of employment and an S m  of 

102 for cancers ocher than cancer of the  l i v e r  is conpat ible  both with the 

absence of haiard and with SIIRs'df 84 for ocher d i s u s e s  and 77 for 

accidunts ,  poL8onfn~s. and violence. 

Angiosarcoma 

. 
This effect doea 

Death c e r t i f i c a t e s  are an unre l iab le  source of i n f o m a t i o n  about the  

histology of caucers that u u 8 e  death,  bu t  t h e r e  is no r1a8on to suppose 

t h a t  the excess mortalit7 a t t r i b u t e d  t o  lisirr cancer (or, i n  t h e  US series. 

l i v e r  and gal lbladder  canear) is not  entiraXy secoudced f o r  by t h e  known 

hazard of a ~ i o s a r c o u .  I i f reen  of tha 37 deaths* ac t r fbuted  t o  cancers of 

t h e  l i v e r  and gal lbladder  i n  t h e  OS series m e  known t o  hare been due t o  

u y l o u r e o u  of the I f V a i  (EnTiromentA1 Eenlth Aasoeiates. 1986). In t h e  * 

B r i t i s h  series. 7 of the 11 deaths accribucud t o  liver cancer. not 

spec i f ied  as reeondam, vere h r n  t o  be anl:ioaarcolus and a l l  occurred in 

autoel& wrkers u a l r u t  0.38 expeeed l irtr ancar8  of 811 types (P<10-5, . . 

*Incrcaed eo 39 in Table 1. LO u k e  s e e o ~ t  of ch8 97 extra deaths  of 
unknown cause. 
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Jones, 1986). In the ClnAd1.n Series, histological review shoved that  7 of  

the 8 so ca l led  I f V R r  CAnCCrS W e r e  I n S i O S a r C O M s  ( 1  hrd been described as 

an a n g i o s a r c m  on the  death certif icate.  2 as hmpatous and 5 as unspec- 

l f i e d  l i v e r  Cancers). One e0 CAlled 1fTRr unc:ar death vas found t o  have 

been due t o  UnCRr Of the S l W L d  Colon. while 1 death a t t r i b u t e d  t o  .agio- 

sarcoms of t h e  peritoneum vas found t o  have h e n  due t o  a n g i o a a r c o a  of the 

l l v e r  (Ihlh=rfrult and Allard,  1981). In the  I ta l lan  study, f u r t h e r  evidence 

revumled t h a t  3 f u r t h e r  deaths  should have been a t t r i b u t e d  t o  cancer of the 

l i v e r  (making 6 in a l l ) ,  but  only 1 of t h e  4 van dencrlbed as an anglo- 

sarem (Dell; f &. , 19861. 

Furrher erldence that the.exceas m o r t l l i t y  from l i v e r  u n c e r  (or 

liver and gal lb ladder  cancer  in t h e  US saries) can be a t t r i b u t e d  wholly co 

t h e  k n m  l u r a r d  of anglos~reoma 1s Obtafned by eooparfnp the excess deaths 

v l t h  the numbers of deaths  from e n g f o s a r c m  before the ends of the 

f o l l o r u p  period t b t  are recorded fn  the  Regiaeer of Liver hgioaareoma 

Cases 8alntalned on behalf  Of che Asaoefacfon of P1.stics Hanufacturers i n  

Europe by Inp.rlsl C h d c a Z  Industry PLC (Sena8ct, 1986). 

l i v e r  u n c e r s  ara recordmd i n  the eonbfned data  m d  49 angiosarcomas are 

recorded i n  t b e  &gfacnr f o r  the re levant  p e r i o d s  f o r  the th ree  countrfea 

anddthe  tvo Itallan plancm. that are covered by the survey. 

F i f t y  onu excess 

None of thm 120 canes yet  recorded on the Ilegiarer vera i n  men vho 

vere f i r s t  uxpomed a f t e r  1969 and none of thu 45 men af fec ted  in Worth 

. America were f f rs t  uxpoeed af ter  1965. N l u y ,  therefore.  have been 

expo8Ad t o  eoncentrat loM Of severa l  hundred p p .  and U n y  u y  &vu been 

'.. *ment7 nfae'am registered as oecurr iag  i n  the USA againat AU e s t i m t e d  
exce8s of 33. 9 are reg is te red  fn  th8  u1 a g a i n s t  an excess of 9. 10 f n  
&-de Ageinst an excess of 8, mnd 1 i n  LLU umplopd f n  one of t h e  C Y 0  
I t d l S n  plants  s tudled apafn8C an CXC.1. Of 1a.S tb .U  1. 
CaMdfan cases ara recorded in the P y l s t a I  as occnrriru In men who had 
been employad f o r  5 years  and it  fa poss ib le  t h ~ t  the a c t u l  duraclpn of 
cmplopent  h d  been slightly lese t h n  S years. uiren the men would hme 
been excluded from the study. 

M of the 
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exposed t o  concent ra t ions  apprec iab ly  h igher  ( h r r ,  1981). 

Lung Cancer 

The idea that exposure to VC n i g h t  cause u n e c r ' o f  t he  lung was 

ruggeltad by I I O n s O U e C & .  i n  1971, vhen they noted 13 cases in a study of 

propa r t iom1  mor ta l i t y  against an u p e e t c d  number of 7.9. 

data  t h a t  a r e  shorn in Table 4 do not provide any support  f o r  the 

hypothesis n e i t h e r  f o r  r eap i r aco ry  cancer sa a whole tsMP, 97) nor in the  

spec i f i ed  d a t a  f o r  L u q  cancer  i n  the  USA. UK, and Italy (SWa 99). There 

are .  hovever. consistently h ighe r  risks i n  t h e  subgroups of men in the  us 
and mC series i n  whom occupatioaal hazards  rou ld  be more l f k e l y  t o  be seen 

than In other groups. 

h e  combined 

This f b  seen from Tiitbte 6 .  vhich shovs that the SWRa 

a r e  r l i ~ h t l y  higher  in =en observed 20 yeairs or more a f t e r  f i r s t  exposure 

than in men observed eariier, in mea employed before  1956 in t h e  UK than i n  

men firae employed a f t e r  1955 (when exposure l e v e l s  a r e  believed t o  have 

been lower), in mea employed f o r  longer th in  f o r  a s h o r t e r  periods in the  

USA. r n d  in autoc lave  workers la the UK. in whom t he  angiosarcam cares 

have mostly occurred, than in o t h e r  workers. ihe d i f f e rences  are a11 small 

o r  very small, but  they a r e  a11 la the a m  d i r e c t i o n  and the p robab i l i t y  

t h a t  t h e  races  should all be h i s h e r  in the groups i n  which an occupational 

hrrard is =re l ikaly  t o  be ssea i n  each of t h e  four  p a i r s  of groups 18 1 

i n  16. . .  

Additional i n f o r ~ t i o n  from o t h e r  sources is given i n  Tablo 5.  

n i r t y  dea ths  ( o r  cases) -re observed i n  t o t a l  and t h i s  is  r a i sed  to 31.5 

when aIlowance is u d e  f o r  t h e  number of de.*ths due t o  un iden t i f i ed  cause1 

in t he  Eernrn study. g i v f q  an sllil of 103. In t h e  German study the ShX us8 

higher in men uho b d  beca exposed f o r  10 y i u r s  or more than i n  men who had 

been exposed f o r  l eas  (111 againat 79) and in t h e  Rorvegian study.. 4 of t he  

5 case8 obser+.d occurred in men rhose OcCupatioM ycra r e w r d e d  as 

involving high exposure a g a i n s t  1.B2 o u t  of the  2.81 expected. Bath the  
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German and the Swedish studies derived the expected numbers of derchs from 

nationel = c r t e l i t y  ratel  f o r  a S i n g l e  year towards the end of the Etudy 

period. 

overestimeted and t h e  RIRs cor re spond iwly  w i d e r e s t b a t e d  ea the  w r t a l f t y  

from lung cancer had b e n  rising throughour t,he period of observation. 

The expected a m b e r s  Of deatha are XLlUly. therefore ,  t o  have been 

Brain Cancer 

The idea that PC r i g h t  Cause bra in  cancer was auppested by Honson 

- el. ( 1 9 7 4 ) .  when they reported 5 Cases againat 1.2 axpected. in the same 

paper in uhich they suggested that VC might esuse lung cancer. 

combined &t i  C h a t  are ahovn in.T&ble 4 provide *me support  for t h i s  

hlgochesis. 

and must b prearrud t o  be included l n  tha toea1 reported by Envirorrmencal 

me .. 

Honson st.'. cases wee. however. obscrvcd la US workers 

Eealth Associates (1986), i n  whlch case the7 w i l l  have cokribuc.d s 

subs tan t ia l  proportion of t h e  t o t s l  in a b l e  41. To t e s t  t h e  hypothesis we 

ought, therefore .  t o  a u b t r a c t  Mnson st.'. data. Their acudy was not  a 

cohort  study and their e x p c t e d  deaths  do not correspond e u c t l y  t o  those 

in Table 5 ;  ve can. however, only subtract both t h e  observed and the 

expected cases tror the present  totals. 

approxhute ly  16.3 u p e c t e d .  a di f fe rence  which a f g h t  e a s i l y  occur by 

chance (?, o n c t a i l e d .  - O . l ) . *  

This leaves 24 observed againsr 

Addftiorml information from NO ochef sources is given in Table 5. 

The ruU exceas reported provides l l e t l e  fur t l rer  evidence of en occv- 

pat ional  hrzard. as one of the tw deaths  obrewed in the Suedish s tudy 

occurred in a young u n  who had been emplo7ad for lesa than a year when t h e  

diagnosis was u d e ,  whfle t h e  U C R ~ S  death rata for brain cancer observed 

*If we regerd V a m i l e r  e t  & ' a  (1976) study ea the origia of t h c  
hypothesis we should be xft wftb  26 d8athS a ~ a i ~ ~ t  18.96 expected (P. 
o n r t & i l e d ,  - 0.07). 
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in the  German study vas less than that  observed in chemical workers not 

exposed EO v iny l  ch lo r ide  (2.9 deaths a f t e r  allowance f o r  deaths from 

unknovn causes against 1.6 expected) and in workers in the  Pvc f rb r i cac io :  

i n d u s t r y  (5.9 deaths  after allovancc f o r  deeths from unknown causes again> 

1.1 expected). 

Cancers of Lynphatie and Aaautopoist ie  Tissues 

The idea that VC mishe cause cancer of the  lymphatic and'hatmato- 

p o i e t i c  tisaues - and more specificdklly t h e  lymphatic tissue - vas  

suggested by Tabershev and Gaffe). (1.97b) and by lfrxveilcr 5s. (1976) 
when they found. respect ively,  la h m  cohort studir8 ( i l  5 deaths from 

lymphomas in thd most heavily expoward workers a g a i n s t  2.56 expected, and 

(ii) 4 deaths  from cancers  of the lymphatic and hacnrtopoiecfc tissues 

agains t  2.5 expected. These mall axcesaes l i ght  have been ignored if the 

laboratory f ind ings  had not been interpracad as suggesting t h l t . l p p h o m a s  

were produced expe r l aen ta l ly  in anlmals exposed t o  vinyl ch lo r ide  by 

inhdat ion  (mltoni and Lefemine. 19751. On c h i s  h s i s ,  the i dea  t h a t  

similar exposure might also cause lynphoass in Man needed serious c o n s i d e r  

ation.  The data from the four pr inc ipa l  s t u d i e s  t h a t  are s-rired i n ,  

Table 6 provide l i t t l a  support  tor tbs h7pothesis vhen a11 cancers of the 
- 

' lymphatic and haeaatopofecie tissues are considered together (57 death. 

against 50.87 expected. 518 112) and very little more is obtained from t h e  

. .  ' aap.rate d a t a  fo r  cancar. of the Iymyhatie &u (using Tabershav and 

Caffey's d e f i n f t i o n  of ICD list nunbors, 8th revision, 200-203 and 2 0 5 )  

, tht are #ham in Table 1 (35  deaths againat 29.hO ixpected).  The position 

:. . . . . . .  . . -. . - iA?i r , ' :.,. i8. IWt.bveC.'brdly altered by SubtPaetZw the d a t a  1U TJbershaV and 

Gaffej ' s  initial report ( 2 9  deaths against 23.36 expected. ShX 1 2 6 ) .  

. 

. Some little a d d i t i o n a l  informac:ion i a  provided by t h e  results of t h e  
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when allowance f a  nade f o r  the number of death. of unknovn cause) .g.~n.c 

S m  of 77 and 31, f o r  an unexposed group of chemical workera and a group of 

PVC f a b r i c a t o r s  m d  shoved that the exce8s i n  t h e  exposed workers was . 

present only f o r  men who hsd been exposed f o r  =re than 1 year  knd was most 

U r k e d  for  men vho had been exposed f o r  5 y e w s  or more (10.7 deaths  a f t e r  

allowance f o r  the number of deaths  of w k a o ~  cause against 4.0 expected. 

Sm 268, P o n c t s f l e d  <0.01). 

Ifelan- 

An exce81 of melanma ves reported i n  Norwegian vor&ers by Eclddas & 
- 11. (1984). who rafsed the p o a a i b i l i t y  tbt VC a l g h t  have produced the' 

dfsease. Four cases were observed when 0.79 were expected. t h r e e  of which 

were in men whose occupations involved t h e  hip:he8t exposure8 Cagain8t 0.51 

expected). 

d e t e c t i d  vlth onatt  3 years  after the c l o s u r e  of t h e  stuh7. 

s tudie8 i n  o t h e r  couutrie8 h v e .  IO far. reported oa l7  2 deaths agafnst 2.0 

expected (see Table8 1 and 5 ) .  

A t  thR t fm of VTiting t h c i r . r e p o r t  One f u r t h e r  case h d  been 

Subsequent 

Thyroid Cancer 

An excess of t h j r o i d  cancer vas a l s o  r e p o r t e d  in the  Norwegian study, 

i n  which 2 cases were ob8.rvtd against 0.16 expected. The inve8t igacor t  

vera  not aware of any o t h e r  studies i n d i c a t i n g  an excess of this type  of 

cancer and they drew no conclusion from thcir .observrcion.  

fhr.8 u f O r  studfern t h c  hare been reported rnitlce the Noruegira observation 

Two of t h e  

was made give no da ta  f o r  thyroid cancer;  the (third reported tw deaths  

axalnat 0.53 expected (see Table 1). One death f r a  thyroid.cencer.  It mar 

be, noted, .. . .  vas reported rfn the USA by Noneon 1~s. (1974). .. . . _ I . .  , . 1 . .  . ~ . . ,  
. . .-:&..&.*a&+ 

C . U C * r l  .Of Dfg.ltlVe Trac t  

Sugxestions that  VC a l g h t  UUIL cancers ef the d i g a r t i r e  tract in 

xeneral  have rnaet&s been made but che7 W e  not taken adequete sccount 
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of t h e  concrlbutfon chat UnCers of the l i v e r  uh t o  t h e  t o t a l  number o €  

cancars of the dfKeStive sY9Cm. WrCiCularly h e n  l c  is bone in mind t h a t  

some l i v e r  cancers are l i k e l y  t o  be misdiagnosed ea csneets of ocher  

organs. 

weigh heavily azainae t h e  idee chat m y  such e f f e c t  has been produced. 

The combined dace f r a  the four prfnclpel  s t u d f e s  shown f n  Table 6 

Other Cancers 

One of che re=ining types. o r  clasnes. of cencer l i s t e d  in Table 6 

show* a statistically significant excess: 

of "ocher cancers" (83 observed deaths  agminsc 65.24 expected, P, CWD- 

s i d e d ,  CO.05). 

chance observation. The mst likely explao. t ion is, however. ttut a few 

angfosarcorms of the l i v e r  were n o t  recognized end were diagnosed as 

secondary l i v e r  cancer or e x r e i n m a t o s i s ,  site unknown, and 10 boorred chc  

number of deaths fn Chis eace~ory. 

namely, che heterogeneous group 

This excess is only u r z i c s l l y  s i g n i f i c a n t  and nur b e  a 

Rsrards of no-malfgnanc diaesse 

No previous s tudy has suggested t h a t  any non-malignanc cause of death 

ocher than c i r r h o s i s  of the l lvcr would b e  l i k e l y  t o  be increzsed as a 

result of upo8ure co VC, and that is only pre8m.d t o  ba increased because 

of t h e  l i v e r  changes t h a t  uere obsemed aa prre of t h e  'vinyl c h l o r i d e  

illru.8' (W.rateller %&.. 1973 and 1975; Joaes and Ssf th .  1982). 

other  possibilities have. however, been rafred: namely che production of 

T w  

MoluligumtC respiratoq di8ba8a beuuse Of the cbnges l n  lung func t fon  

md x-ray appearances t b c  b t a  beea recorded for u n  exposed t o  PVC duae . 
( L i l l s  me&., 1976; I)rser rg.. 1985; Soutar. 1980; Lloyd et&.. 1985) 

and acute cardiae deeth. from enr log~  vith t h e  affect of o t h e r  ha108cnated 

hydroearbone (Jones. 1986) and t h e  obscmattou of aa increased  s o r t a l i t y  

from qocardial infarceion i n  t h e  few y u r s  fol lowing t h e  cessation of 

. r  _* 

~ 

exposure i n  t h e  Sue-disb PVC processing indust- (Holm c &., 1981). 
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Relevanr f igures  f o r  che Urmbcrs of d u c h ?  from these and ocher non- 

malfg-ut causes t h a t  are o b t a l i u b l c  from the f o m  p r i n c i p a l  scudier were 

given i n  Table 2 and are a-rired l n  I a b l r  7. 
i 

Clrrhoslr  of Liver 

Three of t h e  four s t u d i e r  gave up.rate figures f o r  cirrho.ir of rhe 

l i v e r ,  none of uhlch shoved an increased mort111ity (Table 2): i n  combin- 

atfon they gave an SHB of 6 9  h i e d  on 16 deaths.  

dfd not give reparace daca f o r  clrrhoals of,tlre liver, reported I deaths  

from all diseases  of the  d iges t ive  system combined a a i n s t  3.85 expected 

and noted t h a t  rhe t included 2 thlt wre eerx:iflrd as due t o  c i r r h o r l s  of 

the l i v e r .  but were accrully due t o  mgfosarcrrma ( Z t r r i a u l t  and Allard.  

19811. In the tvo supplementary s t u d i e s  in vh.ich dara are given for c h i s  

d i scasa ,  t h e  a s  82 in one. ba8ed on 15.1 d u c h s  a f t e r  making allowance 

for t h e  number r l t h  unhoun cause (Greiser sg., 1982) and 133 i n  the 

ocher, ba8ed oa 7 deaths  (Naksmura, 1983). 

The fourch study, which 

NOPnaIlgMnC Respiratory Disease 

The d a t a  for non-malig.runt respirarory d L s u a e  are confusing in that 

. che t o t a l  Smt from t h e  combined d a t a  for the frmr pr inc ipa l  scudfcr is 80 

and 1s t h e  sort of flcurm that 1s C O W M ~ L J  fouad iu h r i l t h y  i n d u s t r i a l  

. ~ ..__.,, ~ ..,,. . I .  populations, yer t h e  US study racordrd a substcmefaI1y increased mor ta l f ry  

from emphysema ( L 1  deaths  and SKR of 180 beforcr any allovance is l u d e  f o r  

deaths  of auknoun cause). 

deaths from bronchiti8 gave an SKI of 82. 

chronic non-aalf~nmt respiratov d i s e a s e  are e m p l i u t s d  by t h e  usag.c o f .  

. .  .~. No such excess vas found i n  rha Ox where 36 

IntsrrYctirmrl copparirons of 

. . . . ... _-. -"-&..~.- :. .. . ..... >,.:.differeut ,. - . t e rm t o  dascr ibe rtut it is rmu y r w d ,  i# b a t  u l l e d  chronic  

obs t ruc t ive  l u q  Cot pr lnosu~)  dl.neaee, but whlch i n  t h e  p a s t  ccnded t o  be 

c a l l e d  c a p h y s r u  in the USA and ehronfc bronehlelr in the u11. 

therefor.. be presumed t h e  t h e  two utagorf.8 .mf *eqhysena' and 

IC aut .  

.. . -  

, .  :>, .:.,r<c. . :. . 
. v  . . ,. .. . ,. ..: . . . . .  

- .  
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' b ronchi t i s '  used resP*ct ively in the t w o  l a r g e  national  studies were meant 

t o  descr ibe the same thing. 

thu e rper iencss  in t h e  two  c o u n t r i e s  uere  v e q  d i f f e r e n t .  d e s p i t e  t h e  fact 

chat both re la ted  to cohor ts  that had very sinllar experiences of angio- 

sarcoma of the l i v u r  a d  so. presumably. f a i r l y  rimilar exposures t o  vc. 

On t h i s  basis .  we should have to a s s m e  t h a t  

Separate f i g u r e s  are shovo, h e r e  avaflable. f o r  t h e  m r c a l L t y  

obsemed in men with d i f f e r e n t  dura t ions  and intensities of exposure in 

Table 8 .  

they provide no consistent evidence of a zrsater risk in t h e  groups in 

which an occupa t ioml  hazard w u l d  be expecr:ed t o  be concentrated. '  The 

authors  of the Emirormental  Bea l th  Assoeiaees (1986)  repor t  vere  unable t o  

give any e x p l a m t i o n  f o r  t h e  increased wrtnllt). from umphysear and poin t  

out t h a t  it could hardly be due t o  uxcsss c i g a r e t t e  smotlng as t h e r e  vas no 

Unlike t h e  d a t a  f o r  cancer of t h e  lung that were shorn i n  Tab le  6 

o v e r a l l  excess for  cancer o t  t h e  lung. 

uxcess is =ore t l u n  compensated f o r  by dcf ic ieac2es  Fa t h e  orher categories 

of normmalignant r e s p i r a t o r y  d i s u s e  Cpnemaonia 15 deaths,. SHR 47.0; o t h e r  

resp i ra tory  disease 14 deaths ,  SWR 42.6) and the question arises whether 

the emphysema excess could be a c l a s s i f i c a t o r y  a r re facc .  

Eealth Aasociates (1986) list a11 t h e  41 deaths  vhich show t h a t  they vere 

It i.s Striking. however, tha t  ehe 

Cnv i rowen ta l  

coded under ICD List no. 527 vhlch. ln the out of d a t e  7 t h  rev is ion  t h a t  

vas used f o r  the coding of a11 deaths  i n  t h e  s tudy,  Y L ~  t h e  code Lor 'other 

respirator).  d i sease  not othervise c l a s s i f i e d x  and included ophysenr .  

Under chat revision. hovever, enphysuaa t h a t  vas assoc ia ted  with b r o n c h i t i s  

should b. c U s s i f i c d  v i t h  bronchitls under L i s t  nrrnbcrr 500 to 502 a d  the 

,. 

.. 
- 
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'The deaths  a t t r i b u t e d  t o  d i f f e r e n t  croups of r e s p i r a t o r 7  diseaaes and t h e  
corresponding SHRs t h e  are c i t e d  in t h i s  sect ion f o r  t h e  US study a r e  as . 
given by Envirolmencal Kealth Associates ( 1 9 8 6 )  and h v e  not been adjusted 
t o  take account of t h e  nrmbhrs of deaths  of unknorcl cause. To take account 
of the deaths  the observed deaths  and S W s  can bath  be mul t ip l ied  by 1.0674. 
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p o s s i b i l i t y  M y  be cons ide red  t h a t  some of the emphysenu deaths  should have 

been c l a s s i f i e d  in some category of r e s p i r a t o r y  dfsease o t h e r  than L i s t  no. 

527. 

emphys- and t h e  gross ly  d e f i c i e n t  = o r t a l i t y  from other  n o n - u d i ~ n t  

r e s p i r a t o r y  dlaeases. 

I f  t h i s  were so, i t  could account f o r  both t h e  excess mortality from 

No excess morta l i ty  from "bronchi t i s .  emphysema. and ssthma" was 

obacrved in t h e  German study (Greiser s&.. 1982: SlLR 44 v i t h  6.3 deaths  

observed af ter  asking allowance f o r  t h e  number of deaths  of unknown cause). 

Cardiovascular Dlscaae 

Data f o r  fschaemie ( o r  a r tc r iomclero t ie )  hear t  d i sease  (which s l y  be 

pre&ned t o  include the vast s r j o r i t y  of a11 d e i t h s  c e r t i f i e d  as due t o  

a c u t e  card iac  d isease)  are g i v m  only by t h e  t w o  b f s  rutional s tudies  and 

they provide no evidence of an fncrcased i o r t s 1 , i t y .  

group of d i s u s e s  and of 91 f o r  a11 cardiova8cu:lar d i sease  recorded in t h e  

four  p r i n c i p a l  a t u d i e i  a r e  t j p i u l  of t h e  W s  E b t  a r e  recorded in heal thy  

i n d u s t r i a l  populations and t h e r e  is no suggestfan of any occup~tional 

b r a r d  i n  the s u b s i d i a q  analyaes provided by . tbe  tvo n a t i o n x l  s tud ies .  In 

p a r t i c u l a r ,  t h e r e  is no erfdence of an increeaed mortal i ty  v i t h i n  one month 

of leaving c a p l o p e n t  in t h e  UK study either f o r  all workers (52 deaths. 

SHR 61) o r  f o r  th8  moat heavi ly  exposed autoelare workers (9 deaths,  SMI 

4 2 ) .  

The SWR of 90 f o r  t h i s  

~ ~~ 

~ ~. ~~ - , .. .. . 

A s l i g h t  increase fn  ischemic h e a r t  diies,se mortality was recorded 

for t h e  axposed wrkerr in cha C e ~ n  study (Crifsecet&.,  1982). but it 

was less than that recorded for the unexpoaed e h u i c a l  workers and the PYC 

f a b r i c a t o r s  (Sms of 127. 131, and 158 b8aed'on 97.2.' 126.7. and 109.7' 

deaths  eftcr allovLn(l for  t h e  number of deaths  of unknown cause). 

Discusaton 

The i n t o m s t i o n  t h a t  h a  now h e n  obtained about t h e  long term h e a l t h  
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of men o c c u p a c f o n d l r  exposed t o  v i n y l  ch lor ide  is  w s ~ i v e  

tarourably with chat ava i lab le  f o r  any o t h e r  occupat lonal  group. 

are outstandins. 

type of cancer t h a t  is a o r ~ l l y  extremely rare: 

t h e  l i v e r .  The r a r i t y  of t h i s  d i sease  under o t h e r  conditions made the 

detec t ion  nf the  hazard easy; but t h e  long Iatenc period before the disease 

appears a€cer first exposure (almost a1va:vs more than I O  years and usual ly  

more than 15 years)  meant t h a t  a larse umber  of  men had been exposed 

before che hazard was detected and t h a t  it wf11 still be many years before  

we can be cerca ln  abut  t h e  extent of t h e  p r o t e c t i o n  provided by t h e  

reduct ion i n  exposure i n  t h r  1960s and thc? f u r t h e r  r i a u e t i o n  t h a t  followed 

the recotnftion of t h e  hazard in.1971. 

e f f e c t i v e  treatment f o r  the d isease  and the umber' of case8 is r e f l e c t e d  I n  

the number of deaths.  

have k e n  followed up in the  four  pr1ncfpa.l s t u d i e s  t h a t  have been reviewed 

in t h i s  repor t ,  IO chat approxlnr te ly  1 in .  335 men have been a f f e c t e d ,  

while 21 of the deaths  have been due t o  t h i s  one cause.  Eventually ktny 

more men must be expected t o  develop t h e  dlsease.  

=&., 1984) suggests  t h a t  t h e  t o t a l  k.y be lncreased.10 times. but a more 

reslistlc eattaste i a  2 t o  3 times (loram e c & . ' 1 9 8 5 ) .  

c o q r r c s  

TWO facer 

? f r a t  t h e  lea have experienced s s p e c i f i c  hrrard of 0 

namely. angiosarcocm of 

There is, unfortunately.  no 

Some 50 death. hava: occurred in t h e  16,740 men who 

One estimate (Nicholson 

. ,  The second outs tanding observation is t h a t f h e  ao.rcalfty of the 

exposed men. o t h e r  than thrt due t o  aa&os.&rcou of t h e  liver. is typical 

of t h e  norul ly  heal thy  i n d u s t r i s l  wrker. That is not t o  say that no 

other  b a r d  e x i s t s .  but c u t  t h a  effect o:F m y  o t h e r  hazard is small. 

".  

The u s s i v e  d a t a  t h a t  are uoy avai&able provide no reason for 

> .  . I I. ,:. , L:; 1 thfnkin8'th.t 8ay hazard other than one of u n e t r  has been overlooked. It ' ' 

is. however, sciI1 d i f f i c u l t  t o  decide vhecher VC does produce A r l s k  Of 

developing cancer, ocher than aqioiarcou of the liver, which afghc be .. . 
I amall compared LO t h e  r i s k s  produced by aon-oeeupational uuaea.  but 7 e t  
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absolutely r lrast  as larKe as Che risk of d e v c l o p l n ~  t h e  normally very rare 

a n g l o s a r c o ~ .  

.- .-.--- One of the U n y  k u r d a  Chat h.TR been euglested can be dlsnissed.  ar 

-17. che fdca chat VC causes any 

?*. I cancer of t h e  d i g e s t l v c  tract other t h a n  anilosareou of the l i v e r .  TWO 

hrrarda (of aclanaaa and cancer Of t k e  thyroid.) have been suggeaced only 

very reccncly and few of the available scudfes hwc provldcd in fomac lon  

about them. Tnrrr is no s o d  t h e o r e t i c a l  reason or laboracory evidence t o  

sugsesc chic c lcher  ahould be produced by VC a:nd. on present evidence. the 

s fmplesc  explanarion is char t h e  repor ted  exce$saes are t h e  chance e f f e k s  

that must he cspccted whrn u n y  d l f f e r e n c  types o f .  cancer are scudled l n  

there l r  no e ~ l d e n c e  t o  NpPOft it: 

\: J i . -- 

. severa l  d i f f e r e n t  populations.  So far as aelanoer is concerned if has to 

be remembered thac the d i s e a s e  h.1 became auch rot* cornon I n  recent years 

l n  S c a d f M V i a  (where t h e  exceas h ~ s  been reported) dua. ic 1s believed, to 

the popular i ty  of runbathing and t h e  increeaed oppor tunl t ics  for 

Scrndlnaviana t o  crave1 Co t h e  warmar p a r t s  of Southern Europe and North 

Afrlca. Tne extent co uhlch th%a M'J have af fec ted  the observation l n  

Hontay needs t o  be e u n l n e d .  

Two other  h a u r d a  (of 1Jnphoaa and of brain cancer) were ruggested by 

Thac VC alght.produce a 
. .  

the e a r l y  resulta of anme of t h e  American acudi(ia. 

hazard of l p p h o u  vaa i n i t i a l l y  aupported by the prel lmirury r e s u l t r  of 

a n l p r d  s tudies .  but the cmplete reades of ' , the ran7 8tudles  thac have now 

becu undertaken (see Maltoni and Lafemlne. 1984)  do not  augsesc chat 

lymphom o r  any ocher cancer of the  haesutopofe t ic  a y a t u  1s l i a b l e  t o  be 

I. 

produced. There fr. however, 8-e evidence that brain tumoura u n  be 
. ?  - -prO;iu+.d in rats (see Hdtouf  and Lefcafne. 1984).  The hypachcses that 

lymphomas and bra in  cancers d g h t  be produced by VC h.ve been supported by 

t h e  observation t h a t  both char* cypes'of cancer l u r e  cauaed death more 

ofcen than mlght b. expected fro- rutlooal wrtaY.fty races. but the 
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excesses obaerved i n  t h e  combined d a t a  from the four  p r inc fpa l  atudies a r e  

small and not s t a c f s t i c a l l y  s i g n i f i c a n t  tmnd the  hypotheaer remain unproven. 

The amall excess of b r a i n  cancer f a  par t i cu la r ly  d i f f i c u l t  t o  eva lua te  as 

morta l i ty  rates from chi* d i sease  have changed rap id ly  over C l m e  in company 

with improved aethods of dlagnoair and the auapicion of an OCCUpStiOMl 

hazard (which was r a i s e d  in 1975) could hare influenced the f indings.  

. 

L'hac 

excess has occurred has  been l imi t ed  t o  t h e  USA and Gemany and t h e  Geman 

f ind ings  carry l f t t le  weight. as t h e  excess was found i n  each of the three 

occupacional Lroues s tudied .  l r r c s p e c t i v e  of the  chcnlcals t o  which t h e y  

were expoaad. The supplementary data from the Genun study showing an 

increased oortality from I m p h a t i c  and hacmtopoie t ic  u n c e r s  a r e  more 

iEpreSSfVC. p*rtfCdXrlY as t h e  excess wail 8ost ,+rked f o r  men who had been 

etsplojed f o r  a t  l e a s t  5 y u r s .  In t h e s e  cireumsrauccs. we m s t  s t i l l  

suspend judgment u n t i l  the da ta  f o r  each otudy are analysed for each 

apec l f i c  type  of cancer ,  by i n t c n s f t y  l a d  duration of exposure, and e k e  

since expewre  brgan. 

There remains the  suggestion t h a t  VC m i g h t  cauae lung cancer. hc 

f i r a t  Sight, Chi; 1s ru l ed  out by t h e  SWR of 97 for the cmblned  data f o r  

r e sp i r a to ry  cancer €or the four p r i n c i p a l  acudies. Lung cancer  fa, 

hwever .  nonully ao c-n (accounting fox about 82 of the  expected 

death.) that an hereare in mor ta l i t y  t h a t  was ha l f  aa imporcant 

(aunerically) as t he  m o r t a l i t y  from angioaarc- of t h e  live+ r i g h t  e a s i l y  

be overlooked (952 confidence Lfrie of t h e  SXR. 65-112). 7%. incidence of 

the diaease 1s ior80ver very variable v i t h i n  a country and chcre must be 

doubts whether the astionel experience provide. a aui tsbl .  con t ro l  for=men 

employed in plants chat are nor e r e n l y , d i s t r i b u t e d  about the  country. 

t t c a e  c1rcwx;tancea we U U M ~  exeludm an occupat iolul  hazard unless  it can 

be ahown that the  m o r t a l i t y  vlthhia the exposed men l a  independent of t h e  

factors that l i g h t  be expected t o  fnfluenee it. i f  some of it were 

. .  

.. . 

. .  . ,.. ._^ ~.~~ ..>, 5 .  I. ;:..%J., ,.. - 
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occupaciolul i n  or igin:  

the tine since exposure began. It 1.1 not poss ib le  t o  examine these 

re la t ionships  in d e t a i l .  as the reports do not provide a11 the necessary 

information. Such lnfozmation as they do provlde. which w a s  . m a r F r e d  in 

Table 6 ,  supports  t h e  idea  t h a t  VC produces a null hazard of lung cancer. 

Taken in conjunctlon with t h e  knowledge that lurrg tunours have been 

produced ln s e v e r a l  spec ies  of animals exposed 1.0 VC by inha lac ion  (see 

t f ~ l t 0 ~ 1  and Lefemlne, 1981) i t  would seem that D mal1 hazard of lung 

cancer probably d ld  occur. The evidence l a  not, hoverer. strong enough t o  

conclude that it d e f i n i t e l y  did.  

men who had been raployed for u n y  para  at a time when exposures of 

seve ra l  hundred ppm or more were eomoa and any pera l s t lng  riak can be only 

minute and incapable  of detect ion.  

namely, the  in tens i ty  and durat ion of expanure and 

If lt did.  tha hazard was evfdent o n 1 y . h  

The questions that have been left unanswered by t h i s  d i scuss ion  a i g h t  

wel l  bc ansvered d a f i n f t e l y  i f  (1) a11 t h e  exposed men could be followed to 

(say) t h e  end of 1984, (ii) the lnrestigators could present thefr data  in 

comparable vays, taking account of dura t ion  of c u p l o p e n t  and t i m e  since 

first employment. and present ing  d s t a  sep.rately for men first employed 

before (say) 1965 and bmcween I965 and 1971. and (ill) e s t f u t e s  would be 

made of the effect of cor rec t ing  the  results for each group of employees 

for the 10c8lity in vhfeh they  lfved and UorLml. . .  

. BAURDS TU W CnrmAL POPVUTIOlP 

As VC haa been proved t o  cause uncer  in Man and 1s a m ~ t a g ~ n  i n  

Labora toq  esper i ren ta .  It m a t  be pres-d that even t h e  minute doses t h s t  

e s u p e d  lnco t h e  senera1 enrirorment  from prodnction plant. or ( i n  the 

early day8 of manufacture) from mc uter iah .  rill have u u s e d  sume riak 

of cancer  t o  t h e  genera l  public.  These risks wt. hoverer. have been very 

small, as air concentrat ions of VC. even r i t h f n  a kilometre  of VC handling 

-...-. 
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p l a n t s .  used t o  be ( l a  O r  Around 1975) of t h e  order  of  IO t o  40 ppb 

(Environmental Protection Agency. 1975; A f r  Product; and Chemicals Lnc., 

1976; h x t e t  ecs., 1977) and t h i s  is about one ten thousandth of t h e  

concentration c h i t  has  caused an occupational hazard. 

therefore ,  t h a t  i t  vould be fmpassiblc to d e t e c t  t h e . r i s k  o€ any cancer 

Chat might be prodlaced by VC other  than a r i s k  of angiosarcorm of t h e  

l i v e r ,  as i t  h s r  proved SO d i f f i c u l t  to d s t e c t  an). o t h e r  r i s k  'in men who 

were exposed occupatiorully.  

the  l i v e r  is di f fe ren t .  

rbnence of s p e c i f i c  exposure to one o r  ocher  of the  k u o m  cauaes (VC. 

thorium dioxide. and a r sen ic  f n  pescicidcs  and medicines),  the  annual 

incidence it of the  o rde r  of .I-2 x IO-' (Bfrcu and Holmberg, 1975; 8rady e+ 
&.. 19771.. 

man l fvfng close t o  a f ac to ry  i n  which PC was used in t h e  days before  

exposure vas t i g h t l y  cont ro l led  ma). be reprrrded as p r e s m p t i v e  evldence of  

t h e  e f f e c t  of environmental pollution. 

If i s  obvfous. 

I h e  position: with regard to augfosarcoma of 

, 5hfs disease  is normally so rare Chat, in t h e  

In t h e a c  c i rcmscances  t h e  d f s c o v e v  of eve8 one caae i n  a 

Several s u n e y s  have been undertaken to s e e . i f  any such cases b v e  

occurred. 

cases ln the  v i c i n i t y  of plants handling VC in Yugoslavia and Sweden and 

S a r i c  st. (1976) and Zl inder  and Pershagen (1978) rought f o r  

' - found none. Daldcrup st.. (1976) found 8 c o n f i n e d  cases in Aolland not 

a t t r i b u t a b l e  t o  chorocrast  or arsenic',and could trace "no contact uith 

.-. r. . .- vinyl  chloride", bu t  they u d r  no ' spec i f lc  e e p o a  of the patient's place  

of rerfdence. 

Br i t a in  over  a 12 p a r  period, on. of which uas in a man uho hsd l i v e d  h d f  

Baxter =&. (1977) found 11 confirmed cases i n  Great 

. .  , ._  , , ;. . i  a kflcmicre  from F'VC unufaccuring p h n e .  and Brrdy (1977) found ' 

19 cases in Nev Tork S t a t e  over &a 18 p a r  period chat  could no t  be 

*The f i g u r e  of 1.1 x 10:; c i t e d  by Heath sc. (1985) seems t o  have been 
s nfspr in t  f o r  l . b  x 10 . 

I 

Jon




acrrfbuced t o  any knovn cause. 5 of vhfch werte i n  people l fvfng v i t h i n  a 

1511~ of p h n r s  runufac tur ing  o r  using VC. The overall incidence r a t e s  fn 

these last two  atudiea are not unduly high. buc t h e  occurrence of aa msng 

as 6 eases i n  people living so cloac t o  plnufclcrurfng p l a n t s  is surpr i s ing .  

Brady and h i s  eollcaguer,.moreover, compared their aeries of patients with 

matched controla and found char bone of t h e  m n t r o l  aubjeccs l i v e d  equally 

c lose  t o  a plant .  

i n  Nev Tork Sta te )  cannot be a t t r f b u r e d  to env'lronmental po l lu t ion  w i t h  Vc. 

as the  men *o developed t h e  diaease had l ived  near t h e  p l a n t s  for 6 and 8 

year. respec t ive ly  before  d e v e l o p i w  t h e  dfaeaae and t h i s  1s too s h o r t  a 

ffme t o  a l l w  for the necessary l a t e n t  period. 

all occurred a f t e r  1S o r  more years l o c a l  res idence and the d lacovaw of 

rhere cases acrongly suggescs chat  pollution of the envfroazxent round 

plants  manufacturing VaC o r  PVC m y  have u u a e d  a minut. hazard t o  t h  

tenera1 public. 

Tvo of these 6 nclxhbourhoed cases (1 in Lngland and 5 

The other  L casea. however, 

Current eonccncrationa round VC handltng p l a n t s  are c e r t a i n l y  much 

lover  than those repor ted  previous ly  by t h e  &PA. 

ments made wirhin a few hundred metres of ' t he  VaC areas have given average 

values below che d a i l y  l i m i t  of dececrfon (5  ppb) f o r  th ree  o f  f i v e  p l a n f s ,  

rhe rcadfngs at  cha 'tvo ochers being 20 ppb (IC10 m o u t i l d e  the boundav  

fence) and 88 ppb juoc lns ide  It (Turner. Paps. Bushby, 19841 though 

subatanclal ly  higher values  were recorded on two occasions aasociaced with 

comfaslonlag of one p l a n t  and au aec idan t . i c  t,he other.  On an7 reasonable  

c r f t e r f o n  the hazard 60 t h e  general public Cif t h e r e  1s any at all) NIC be 

n a g l l r l b l e  (Royal Society, 1983). 

U c e n t  British measure- 

~~ 
~~ 

No o t h e r  hazard t o  the  tenera1 populs t lon .~other  than,. hazard of 
-..-*,:-a , - . -~=- 

Cancer. ,can reasonably be postulated.  



CONCLUSION 

Occupational exposure t o  concentral:ions of vc of  the order  of 1,000 

ppm has caused t h e  classical 'Vinyl chlorfde.  illness'. Exposure t o  such 

l e v c l a ,  or perhaps lower l e v e l s  of the order  of s e v e r a l  hundred ppm, has 

caused an8fosarcocu of t h e  l i v e r  a f t e r  a Irtcnc period tha t  'is seldom less 

than 15 years. 

The evidence now a v a i l a b l e  from folloving up many thousands of men 

occupationally exposed to v i n y l  ehlorlde s~sgests t h a t  a -11 rfsk 05 lung 

cancer may also have been produced, which must. however, have been 

substantially less (in absolu te  terms) thm the rfsk of angiosarcma of the 

l i v e r .  

caused cancer i n  any ocher  organ. but it is i q w s s i b l e  co scate  c a t e g o r l r  

ally t h t t  it has not. 

obtained i f  the var ious i n v c s t i ~ s t o r s  vou1.d preacnt CheLr results fn 

comparable forms chat would allow then to be combinud and subjected co the 

scsndard t e s t s  f o r  an oecupst ional  h z a r d .  

. .  
The h l a n c c  of evfdenc+ doas not imppart t h e  i d e a  cha t  VC ha5 

Clearer  widenee.  one way or  t h e  ocher, could be 

There is no evidence t h a t  expasure t o  VC has caused any o ther  

disease.  

Suggestive evidence has b a n  obtained that p+at l e v e l s  of 

e n v i r o m e n t r l  po l lu t ion  vfth vfnyl chlor ide  ary  hare  cau8ed r few cases  of 

cancer in che senera1 public.  
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USA mt Clnsda I t a l y  
Cause of death -- 

Obs*/Lxp Obs/iCxp 0bsl-p ObsIExp 

- '. 010.5 Benign i o t h e r  unspecif ied taours 415.08 - 
Cerebrovascular d i sease  75/91-93 - 
I s c h a ~ i c  h u r t  d i s e a s e  521/597.73 276/i!& 1 23/31 -67 1 . .  - I 19127.6 __. - . -. 
Other c i r c u l a t o q  d isease  157/123.55 lOS/l.bl 1 
Bronchitis** bb722.83 361'bb 1 1 
Pneunoni i 16/31-94} 60161 1 6/3-21 1 3/5.0 
Ocher r e s p i r a t o r y  d i s e a s e  15/.32.84 . 015.2 

5/5 } +6/3.85 3/2.7 
C i r r h o s i s  of l i v e r  37/56-06 
Other  d i s e r t i v e  d i r e a a e  27/39-52 - 
Other disease. 6 7 / 1 1 ~ . 6 a  43/76 2I5.40 217.0 
Disease of z e a i t o - w i ~ r y  syatcn 11/20.61 

u o . 9  
011.7 A c e i d h t s  & other  violence 130f173.19 59/52-78} bo/15o z/io.sa Suic ide  

U1 UO-lfgMDt causes 1153/1363.54 5*5/665 39/56.76 3 W S b . 6  

- i * 

A l l  causes 1536/1705.27 7ao/.sw 59/71-07 66/77.S 

See footnote  co Table 1 

**Emph7renu i n  OS dara  . 
+ Includes 2 c e r t i f i e d  am c i r r h o s i s  of che l i v e r  which proved 'to b. angiosarcoma 

U 

of l i v e r  

Includes 1 cause unLnoM 
'L 'r 

. .  . .  .._ . . .  .. . e .  _..-. . .... . , . . -  ...._ . :. 



Table 1 

tiT!HEEILS OF DEAIES FROM DIFFEREh'I CANCERS 

OIlSLXVED &Ti E X P E c r m :  FOUR SnmIEs 

Cause of death -- UI. Caruda I t a l y  USA 

Obs*/Exp Obs/Exp ObdExp ObsIExp 

Cancer of 
buccal cav i ty  6 pherynx 
oesophagus 
stomach 
l a r g e  i n t e s t i n e  
reccm 
l i v e r  
l i v e r  6 gal lbladder  
pancreas 
ocher d iges t ive  
larynx 

o t h e r  resp i ra tory  
bone 
skin Cnon-melanDp.) 
melanoor 
p r o s t a t e  
tescis 
bladder  
kidney 
orher  6 unspecified u r i n t r y  
b ra in  
eye L a s  
thyroid 
lyupho- L recicu1os;rc- 
Hodgkin's d i sease  
leuhemi. 
mult iple  myelcue 
ocher  lymphatic 
ocher  cancers 

13111.55 
718.07 

11116.01 
21f28.79 - - 

39f5.77 
17/18SO - - 

1181115.87 
5/6-38 
211.81 
6/7-36 

S/8 .b6  
1219.06 

1217.98 
3/5.45 

413.58 
6114.34 

i!6123.91 
9f13.96 

] . I f  10.49 
11f 1.90 

7/9.88 

6/2-21 ) 
81192.12 ) 

) 

- 
- 
- - - 

2f 1.7b 
12f9.59 
211.38 

1b/8.00 
3/4.10 
3/6-29 ) 
bf6.18 1 

210.63 ' 

412.35 ) 
3/2.50 ) 
7/5.16 ) 
2/2.35 1 

010.66 110.8 
1/0.6 

. . 3 h . O  
' 0/1.2 

810.11 110.6 

- 0/0.7 
615.26 - 

. u o . 9  
215.78 1216.1 

- 
- '  - - - 

- - 

- - - - - 
0 / 0 . 2  3 
I/0.7 

o/o.o 
111.67 010.7 

- 
2f0.95 9 l 0 . S  

N l  cancars  38313b1-73 235P228.60 20116.37 30/21.1 

'Obsened deaths mult ipl ied by 1.0674 and rounded off co nearest integer t o  allou 
for deaths  v i thout  discovered cause. 
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Table 0 

EDRIALITY FXOK VARIOUS CANCERS IN  VI^ CKLORIDC VOR~CERS 

IN 19 P W  18 4 SmDICS 

source of 
Inforrueion WP. Of 

No. of death. 

Obsened Exoectad 
SXR 

1 s  L 3 . b  Cancer O f  Math a d  pha- ia 16.57 109 

1 . 2 . 3 . ~  " " digcatire system 125 1 5 b 3 9  81 

1.2.3,0 .I " reaplratory a y a t a  223 229.3b 97 

1.2.0 I9 l q  211 215.09 99 . 

1 ,2 .3 ,0  " " genito-urinary ayatca 70 62.81 111 

2.4 +l.nOU 2 1.94 - 
1 ~ 2 . 3  Cancar of brain 29 19.54 148 

2 I9 I9 thyroid 2 0.63 - 
1.2.3.4 I9 " Xyaphatfe and harmaco- 57 50.87 112 

(other than lfvcr) 

poierfe system 

1 , 2 , 3 , 4  Other cancer. . 83 63.24 13 1 
~ ~ ~~ 

1 , 2 , 3 , 0  All cancer. other than l iver 609 . 599.35 102 

1 us study 
2 m: atudy 
3 Canadian study 
b Iealfan study 
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No. of deaclu Staadardtzed 
Cause of death - a s r t a l i t 7  ratio 

Observed Expected (Sm) 

t.ncar of l i v e e  59 8.4s 698 
" of ocher sirea 609 ' 599.35 102 

Ocher d i s u a e a  1SL7 18b2.89 66 
Accidents. poisonings. 

226 29S.l) 77 

All  causes 2bb1 2717.04 . 89 

and rioleorc 

*Including cancers of the gallbladder i n  the US series 



53 

Table 6 

IIOWUI7T r x D M  L U X  Ill l'BE U!; AND OK SEFJES 

SY CEAlfAcIL1ISzICS LnFfa  lD  M OCCUPATIONAL RAZARD 

l o .  of dcacha in ULRSOCT SMR 
c.c.gory 

1 2 I 2  
Data ch.racc*ristic - 

'Obr. Urp. Ob.. txp .  

Obaened 20 yra or more steer firsc 

Employed 10 yr# or more fa USA (1). 

U p l O J D e D C  (1). other. <2) 114 113.96 6S 93.83 100 91 

otbra in USA (2) SS S 2 . U  63 63.44 105 99 

Employed &fore 1956 in llX (1). 
ochers i n  IJK (2) 52 SI.39 29 Ma50 101 7 2  

*See foocnoce LO Table 1 for obierred death. in  DSA. 
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Tabla 5 

m)RTN,ITI* TWH V M I W S  CANCERS I N  VINYL CHUIRIDE V O R X C ~ S I  SUPPLEHWTARY EVIDENCE 

Nor.of death.. In rtudlai In: 

FUC I4oru.y* Swdan Italy ?our countrlca 
(11 planti) ( I  plant) (I plant) ( I  plint) ( I 4  plants) 

Obi .  Cxp. Ob.. Cxp. Obi. Rip. Obi. CXP. Ob.. EKP. SHR 

mncar of dlEaitlva i y r t a  35.0 31.6 3' 1.44' - ' - I 1.2 39.0. 34.44 Ill 

"yp. of cancer 

(other than llvar) 

IO ." lung 23.5 24.6 5 2.84 3 1.78 0 1.5 31.5 3Q.72 103 

kllllOU r- - - 4 0.79 - -  0 0.1 4.0 0.89 - 
i 

Cancar of br& 2.1 1.3 - - .  2 n m  - -  4.: 1.6> - 
2.0 0.16 - 

a lymphitlc ind haamto- 16.5 7.1 - -  - -  0 0.1 ' 16.5 .8.4 I96 

- -  - -  a a thyroid - - 2 ' 0.16 

pol.tlc iyit.. 

4 2.0 22.7 41.43 55 0th.r cancari (other than liver) 10.7 24.3 8 14.93 - -  
All cancar. other thin Ilvar 87.8 89.7 22 20.16 5'+ 2.11'+ 5 5.7 119.8 117.67 in2 

Ineldance and e r i c a  In Norve8lan i tudy 

+ Cancar of inteatine only 

*tCaneer of lung and brdn only 

111 
N 
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Table  8 

XOFZALITY FROH a O N I C  OBSTBUCTXVE LUNG DISUSE* 

AY CRARACTERISTICS KELFJm TO AN OCCVE'AIIONAL BAzbBD 

Data character is t ic  

No- of deaths i n  SHX 

1 2 1 2  

utegory category 

Ob.. L.p. Ob.. Lxp. 

30 15.8 11 7.0 190 157 Observed 20 yrs or more afrer f i r s t  
employment in USA (11, ochers fa 
USA (2) 

Employed IO p a r s  or more fn USA (1). 16 10.9 25 12.0 107 208 

Laployed before 1956 i n  ult (1). 26 30.17 10 13.60 86 74 

ochers i n  USA (2) 

others i n  UK (2) 
+ 
Ever eaployed as autoclave worker . 3 6.5!i 33 37.22 06 89 
in ult (1). others i n  m: (2) 

'Described as emphysema in US s tudy and bronchit la  fm ult stuay. 
+ .  Xen ever employed as a brgscr or drfer.  which vrmld have u u s e d  the greatest 

occupational exposure to  PVC dust .  experienced 1 death frop 'bronchitis'  
against  1.98 expected. . 
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