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Mortality experience of workers exposed to vinyl
chloride monomer in the manufacture of polyvinyl
chloride in Great Britain

A, J, FOX* AND P. F. COLLIER

" Office of Populaticn Censuses and Surveys, St Catherines House, 16 Kingsway, London WC2B 67P and
Fealth andd Safety Execusive, Enpiloyment Aedical Advisory Service (EMAS)

AssTracT Identification particulars were obtained for over 7000 men who were at some time
between 1940 and 1974 exposed 1o viny! chloride monomer in the manufacture of polyvinyl chloride.
Approximately 99% of these mon have been traced and theit mortality experience studied. The
overatl standardised mortality ratio, 75-4, shows a significant reduction compirce with the national
rates, Four cases of liver cancer were found. Two of these have been confirmed by a pane] of liver
pathologists as angiosarcomo und two as not angiosarcoma. There is no evidence to support the
hypothesis that cancers other than those of the liver are associnted with exposure to vinyl chioride
monomer. The two cases of angiosarcoma were [ound in men whe had been exposed to high con-
centrotions of the monomer although the second man died only eight years afier first exposure. The
industry in Great Britain hus expanded considerably since the second world wae with over 50°, of
men baving entered within the fast decade, Conclusions drawr ubout the effect of viny! chloride
monomer on the mortality experience of men in this industry must consequently be tempercd by the

veservation that the full impact may not yet be in evidence.

In 1974 (hree cases of angiosarcoma of the Jiver in
workers at @ plant manyfaciuring polysiny] chloride
(PVC) in the United States of America were ro-
ported (Creech and Jolinson, 197%). Further .n-
vestipation by the Arm led to the [dentification of
two further cases v'ho had died some years pre-
viously (Biock, 1974). A progrumme of medicul
surveillance at the plant (NTakK er of., 1974) resulted
in the identification of rwo cows of anplosarcoma of
the liver among currcot workers (Falk er al,, 1974),

‘The warity of this tumour may be judged from the
incidence of reported cascs: for the USA 20 to 28
eases & year (Britiik Medfcal Journal, 1974) and for
England and Wales some *hree {0 four cuses a yoar
(Baxer and, Fox, 1975), Previously the only agenis
reporied ax associated with the devclopment of
angiosarvoma of the liver were arsenic (Regelson
«f &f., L968) and thorotrast {MacMuahon e of.. 1947),

The first ease of sngiosarcoma of the liver in a
man kaown to have boen exposed to vinyl chloride
monomer (VCM) in the munulfacture of PYC in

*Fotmerly with EMAS
Racefved for publication 19 April 1976
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Great Britain was reported by Lee and Harry {1974).
The man had been 2 process worker for 20 years and
he died in 1972 aged 71 years. At this time 19 cases of
angiosarcoma in workers who had been exposed to
VCM in the manufacture of PYC had been reported
throughout the world. All these men had been ex-
posed to exiremcly high concentrations of VCM
usually as autociave “por’ clcaners, By 1975 some 32
cases had been reported 2ll of which wers inmen who
had been associated with the manufacture of PYC
{Lioyd, 1975). These included a second British
patient who had been exposed for four years and
died agad 37 years only eight years after drst expo-
sure.

Early reports of epidemiological studies in the
USA have been given by Monson er aof. {1974),
Tabershaw and GaiTrey (1974), Falk e af, (1974),
Makk ¢ of. (1974), and Nicholson ef al, (1975). The
Employment Medical Advisory Service (EMAS),
with the assistance of company medical representa-
sivws and the support »f the unions, co-ordinated a
prospective  mortality study covering the nanu.
facturing industry in Great Fritain, The objectives of
this study were to present a general picture of the
mortality experience of workers engaged in the ine
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dustry in Great Britain and to relate this to factors
ch as sex, age, year of cntry into the industry,
kength of time exposcd, and exposure levels,

Methods

The study covers all workers who tnay have been
exposed 1o VCM through having been employed in
this industry in Great Britain, All ncw entrants are
being added to the population sraualiy. Only four
companies manufaciure PYC amd they have kept

. most of their personnel records at least since these

processes were introduced, The companies were
agked 1o supply EMAS with the names, sex, address
(date at which peniinent), date of birth, year of entry
into the industry, year of departure, job resulting in
highest exposure. and maximum level of exposure for
each person who had entered their emsloyment.

Az full job histories-were not readity available for
the population as a whele, it was decided to record
the activity in which the maximum cxpmure was
likely to have occurred and to follow-up individual
cases, such as those dying with the mention of liver
discase on their death certificate. 10 obtain a more
complete job history. No measurement of the levels
of exposure expericnced by people employed before

. the mid-1960s was evailable, Estimates were made

oy the companles using the definitions:
High . grenter than ]
200 parts per
million
Medivra  — between 25 and

Time
r weighted

200 psris per

milli%n ) average
Low — below 25 parts

per million
Constant — most of the

rime

Intermittent — oc.asionatly.

All data provided by the companies wore sub
sequently re<checked by them onee they had been
computeriscd. Throughout this analysis and dis-
cussion §t is aswymed that the information given
to EMAS is acccante. It is also necessary to assume
that persoms mot ncladed in this analysis, either
becmne they were pot identified or because ades
quate data wers not available, do not constitute a
bizsed gample.

The number of deaths observed is compared witiy
that expecicd using scx and oge standardised death
tates for England and Wales, Five-year sge groups
have been used for ages berween 15 and 74 years,
“Yhe Olfice of Population Censuses and Surveys
(OPCS) provided death rates in accordance with the
International Classification of Discases (8th Revi-
sion) for the cenificd causes of interest and re-coded

A, J. Fox and P, F. Collicr

all death centificates for people in the study popula-
tion who died belore 1968 (the year the 81y Revision
was imtroduccd), Dealh rates enloulated for 1951,
1961, and annunlly aficr 1966 were applied 1 the
person-years-at-risk.  for 1940-55, 1956-65, and
annually after 1966, As 1974 death fates were not
available, 1973 dcathy cates were applied to 1974
person-yoars-at-risk. A comparison beiween ob-
served and expecled values is made by assuming a
Poisson distribution with mean equal to the ex-
peeted value, Pearson and Hartley (1962) give the
probabilitics of individual terms of the Poisson dis-
tribution. For a mean greater than 15-0 the normal
(gaussian) approximation to the Poisson distribution
has been assumed,

Results

THE POPULATION

These results cover the pericd bclween 1940 and
1974. Information relating to the deaths in people ~
who entcred in 1975 is not inciv-Jed nor it the fact
that some peopie kft during 1975, This information
was made availuble during 1973 and will therefore be
added to future analyses, Complete information on
7717 workers was obtained {rem the companies
partizipating in the study. This was forwarded to the
QOPCS who notified EMAS of those whom they had
traced together with the findings. Tabla | shows that
85 workers, only 11%, of the initin! population, had
not bezn traced at lhc time of analysis, This figure
Includes 59 workers at one factory for whom identi-
fying information was scanty. Another 72 werkers
(0-9Y%;) who were traced were excluded beczuse of
fnadequate information on their work history in the
industry, A total of 409 deaths were recorded, 393
men and 16 women, and 148 workers emigrated
before 1975, Twe who emigrated returnea during
1974 1o tive in Great Britain and will be included in
future analyses. }ivle deaths have been studied in
detail, but because so few women are involved in thiy
industry their deaths are summarised in Appendix |,
Appendix 2 gives the deaths in 1940-74 potified
since the analysis,

Figure 1 shows the numbet of men employed in
the industry each year from 1940 onwards and the
number who had been previowsly employed. The
wotk force in 1974 repeesents some 53% of men ever
employed in the industry, reflecting the rapid growth
since its inception, Table 2 shows that approximately

12%, of men were exposed to high fevels, almost all
to constant high lovels. The newncss of the industry
is reflactoo by the faze that only 8% of the workers
bave been en:ployed in the industry for more than 20
years. Of these, only 34 men had been exposed to
constant high levels, -
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Table | Surnmary of the nanber af persong ideur{fied, troced, and flagged by the Office qf!opnmbn Centizey
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Fig. U Nunder of men In the inchatry and the total
:;:bﬁw who i ket the industry for each yeor since

OVERALL MORTALITY PATTERN
Table 3 shows that only 393 deaths have been re-
corded as compared with 521-2% expected and the
standardised morulity ratio (SMR) i5 754, The
SMR for cancers as a group i3 higher than this
whereas the SMR for circulatory discase is approxi-
malely the same and that for respiratory disease,
digestive disease, accidents, and suicides is below the
overall SMR.

1t Is difficult to identify angiosarcoma of the liver
from death certificates {(Baxter and Fox, 1975).
Some cases wili be classified as primary liver
cancers (/CD no. 135, some as sevondary ar un.
specificd Ther cancer (JCD no. 197.7 or 197.8), and
others may be in other categories (for example /CD
no, 227). Only one death was centified as being
caused by primary liver ¢ancer compared with 0-71
expected. There were howuver three deaths, nearly
2f times the expected number, it thewe other
categories. FHistarits for these four people are sum-
marised in Table 4, Slides for microscopical analysis
obtained from Lhese cases were relerted with no

L ]
Table 2 Le-=ls of exponure and lenyehs of exposure for meen included In the Jurvey
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1019 M2 {1y 26 ] P M 1118 (15-130
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- y
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European Chemical News, Qctober 1-.l. w77

UK study reveals extent

-

of VCM -related cancer risk

Tk first comprehensive re<evaluation
of data on the UK incidence of angio-
sarcoma ©f the [fiver, believed to have
been responsible, worldwide, for over
55 deaths of markers in the PVC in-
dustry, has concluded that the associa-
tion between the disease and the PVC
industry could be less than was origin-
ally thought,

Although only preliminary, the
report from the UK's Health and
Safety Executive, supgests that between
1963 and 1973 only onc death
could be confidently assaciated with
workplace exposure to VCM. It also
fuiled to show any geograpbical fink
between the incidence of the disgase
and the location of PVC plants, nor
any firm evidence that there was any
tisk of contracting the discase through
cx];"asure in PVC fabrication plants.

he report refers to the one worker
whose death was sttributable to YCM
exposure us having been exposed “to
Jevels of VEM exceeding 200 parts per
wmillion for over 20 yeurs™.

Orpanized by the HSE's Dr. Peter
Baxier and thres other medical ex-
perts, the study invelved the #Xamina-
tion of histological data, where it was
available, relating Lo 47 deaths which
had been previously sttributed to
angiosarcoma, In only 37 of these cases
was such evidence available, but of

those the cause of death could oniy be
confirmed as being due to angiosar-
comn in 14 cases. Qccupational histories
of 12 of these reveided. besides the one
PYC worker alresdy referred to, only
pne other death which could be associ-
ated with PVC—a glass fibre worker
who died at the age of 56, but who had
previously worked in a rubber factory
which also produced PVC coated
fubrics. There was no cvidence fto
1suggest that he had worked in that sec-
tion of the plant, however. .

The authors describe the fndings as
“generally reassuring” in that angio.
sarcoma incidence is so low. and that
there are ﬁwund‘ to hope that the
chemical will turn out to be less of 2
rancer risk than was originglly sup-
posed when the US epidemiological
findings were firs! announced in 1974,

But they say that there remuins a
possibility that angiosarcoma may be
associsted with VCM at low exposure
“so 4 ¢lose walch on the occurrence
of this tumour should be maintained”.

The work was carried out in paraliel
with other studies, as yetl incomplete,
in other industrialized countries since
1974, So far 21 angiosarcoma deaths
have been atiributed to exposure to
VCM in the USA, the nexi highest
national incidence being West Germany,
with 11 deaths.

Oéha pushes controversial control plan

THE US Occupational Sulety and Health
Administration is to go ahead with its
controversial plan to clussify all poten-
Liat indu:m’nf carcinogens into  four
broad categories and to regulate them
sccordingly.

Although criticized by the Society of
Plastics [ndustry, the plan is suid by
Osha to be accessary to.cope with the

.high incidence of cancer which is said

to bc attribulable to environmental
factors. The SPI calls the move a rush
to enforce judgement *'on the basis of
limited scientific knowledge of car-
cinogens”,

The new plan Iz expected to put
about 100 substances into the first
catepory  of confirmed  carcinogens
which OSHA suys it will conirol by
fssuing  “emergency  lemporary  afan-
ditrds" ximilur to those :?rcudy issued
for VCM and acrylonitrile.

The agency says that it will put intae
‘category ane' ull  thase  subslinces
which have heen shown Lo be carcino-
genie in man or in two animal tests
carricd out with manunals, 1t would
include  nshestos, VCOM. coke oven

emissions, arsenic, benzene, kepone and
bervllium.

The second categary would inciude
“suspecied carcinogens”, substances for
which there is evidence from other
a2nimal species or tests, and this is ex-
pected to include about 200-300 sub-
stances.

“The third category, which would con-
tnin substances for which there is in-
sutficient data to confirm a link with
cancer. Osha expects to contuin about
1 500 substances.

All these compounds and those con-
tained in ‘category four' {which could
belong to the other three if they were
found to be present in the workplace)
would be expected to total about 2 000
substancar, according to Osha,

@ A US Nutlonal Cuncer Instifute study
published carlier this month reported a
higher incidence of deaths due to cune
cers of the lung, nasal cavily and sinuses
of the skin, among the puopulation in
states with petsoleum relining industries.
than amoeng the population in other
stites.

In brief

£ The Coca-Cala company, having lost
the opporiunity of further exploiting
ncrylonitrile-bused botiles, has been
holding discussions with (hree chemi-
czl companies over possible contracts
for the supply of bottles bused on poly-
eihylene terephthalate. One company,
Sewel Plastics, has already sipned a
contract with Coea-Cola op the bottles,
while those with Amoco Chemicul and
Continental Diversified Industrics are
stil) under discussion.

O The Wew Zcaland government has
initiated a study into the feasibility of
using methanol as blending agent for
gasoline {(as = motor fuel) up to con-
centrations as high as 20 per cent. It
has its eyc on the future exploilation
of natural gas which will soon be
available from fields offshore near the
country’s North Island.

Oxirane to manufactore

TBA gasoline additive

OXIRANE has applied to the local auth-
orities in Botlck. near Rotterdam, for
permission to construet a 260 000 won/
year plant for the production of tertiary
butyl alcobol, following & previous
application to expand its propylenc
oxide manufacturing capacity at the
site,

Oxirane intends to market the tertiary
butyl aleohol production as a fuel addi-
tive to increase the oclane of low.grade
gasoline. The company completed tests
with the compound in its employees’
cars last year and is optimistic about the
market potential. :

Since the original application, made in
1974, Oxirane has lowered the size of
the progased propylene oxide expansion
from the original 180000 to 100000
ton /year. The authorities had demanded
that pressurized storage facilities should
be repluced by cryopenic [acilities.

Both plants would start production
ground 1980,

Mitsubishi licence for KTI

KTt has been pranted a noh-cxefusive
licence to use the pround flure siack
technology developed jointly by Mitsu-
bishi Petrochemical Engineering and
Hitachi Shipbuilding and Engineering.
The licensing agreement. which covers
Europe and runs for a period of W
veurs, represents the first export of this
technology,

Developed in 1972, the ground flare
stack is suid 1o be non-pidluting. Unlike
conventiona] flare stacks used to burn
off gus and often eriticized because of
the vigible flame. noise and smoke, the
Jupanese pround Aare stick eliminates
smake-und prently reduces poise,
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4 . " A. J. Fox aud P, F. Collier
Table 3 Observed and expeeted deathe, for 1940 10 1974, for oil e covered by the survey, eccording 1o eertifisod
cause of death
Coasy of death (ICD® 40) IN0-1904
Obsevoed Exprered SMR
AN camers (140-118) 118 187 7
Caneer of momach (151) “ [T e -3
Primary cancer of liver (1S5 1 [-3/] 409
Cancer of hung (162-162) “ 0y 198
Canger of brain (191) 3 3 -4
Ollur livet eancers (191,7, ID'U. m) 3 o*n né
Lymp and b ) ] 01 "
. Endocrine, anil o Q0 4 *3 "
Discases of tirculiton; syviems (390-435) 1% 20418 769
Jachaemic beart disesss (410-414) 13 a4+ [ 2]
Divissen of rnplrntory 3 em (460-5.9) 4 4108 [~3 ]
Bronchitis (4v0-39 1} a3 3287 w4
Diseases of digestive s)stem (S2031T) ] 155 54
Liver $iseave {370-373) I 248 b ]
Asidents [ES00-347) 2 2593 -1
Suleldo (E9S0-950) 1 108 “7
Al denths (1-999) » m-n T84

#AN deatts hawe been coded according (0 the dmicrrwtional Clasaifivarion of Diveeser, Ith Revision.

Table 4 Deaths die 1o liver concer

Facrory we.  Daic fbleth Do w'death  Cerdifizd sause of dewii Year Far Laposure Iad
Joined left Sewely descripcion
1 ATHQ/191) W3NEN Asciles; carcinoms of liver? and 191 47 Lew/inter- Fiter
- amnium mitsent
3 /471901 2315211972 Haemangicemlothdlioms of Uver?; 194 1943 High:connant Autoclavs
werdict, natural duuses . operator
. . (IME.41)
H 1113 A1 Undifferentisted earcinoma of Hvwrt, 1931 12 Medivm/inter- Process
¥y - mistent operiior
14 e LI € o 144 i) High/constant Poiytieanar
liver®; hepatic cirrhouls .
*Conhrmed by pancl of hologhly ax due 18 of liver.

+Canfrmed by pantl of histopathalogsts &s se; lua 0 .ubuluul of Hver.

Table 3 Observwd und eapecied deathy and
standurdised mortality rativ fur oll deaths beiween
1940 auid 1974 geoording 10 fociory

Faciery ne, Obwrved § pacied IMR
. * drarhz

'E ” %4 nt

3 13 358) 204

4 15y [

) [) it gl
1 H [ 129
[} 193 mw | T
12 2 )5 30
13 102 n4
Tolal populsiion Hl 213 54

details of their work history to a panel of liver
pathologists (Baxicr, 1976). A diagnosis of primary
angiosarcoma of the lirer was confirmied in two of
them and the remaining \wo were confirmed as nor
being duc to angiosarcoma.

INDIVIDUAL FACTORY EXPFERIENCE
Table § shows that significamly fewer deaths were.
observed for men employed in factories 3, 10, and 13
than would be expecied from the numbers employed
and their ages. In faciory 10, 3% workers could not
be traced and a further 36 were excluded from the
analysis because of inndequate exposure information.
Of these 36, three have died. The proportion of
“persons from this factory not traced is so much
higher than for the other factories that it may incinde
a disproportionately high number of deaths, Some
early recerds for factory 3 were not acoessible and
these may also include & high propaortion of deaths.
The facterics with the highest number of expected
deaths (factorics 2, 4, and 1) had similar SMRs
(53-8, B4-0, and 36'S respectively). The low nomber
of expected deaths for factory 13 relutive to the
number emplaoyed is a rofkotion of jis expansion
during recent years.

Three of the liver cancer deaths occurred in
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factory 2 wiier 1966 (Tabic 4). This is significantly in

~ exeess of the expected 0-13 (¢ < G-01). The number

of dcaths attributed- 10 canger, 21 -obscowed, is
marginally in excess of the expected 20-71, whereas
the number from circulatory disense i3 below that
expected (37 observed, 40:27 expecied), Fuctory 4
shows a similar patiern with 4] observed cancers
compared with 3926 expocted and 60 deaths at-
tributed to circulalory disease compared with 73-58
expacted, as doex fuctory il with 44 observed can-
cors, 43-14 expocted. and 71 circulatory discase
deaths compared with 80-08 expected. While these
differences are not statistically significant they indi-
cate that in the three factorics with the 'ghest ex-
pected number of deaths, the SMR ftor cancer
deaths was in excess of the SMR for all deaths and
that for deaths associaled with circulatory discase,
Little further information was grined by analysing

° desths by eertified cause separately fot sach faciory.

Therefore in the following snalysis all data have
heen combined,

MORTALITY BY YEAR ENTERING THE
INDUSTRY

Table €, by comparing ¢cohorts who entered the in-
dustry In different quinquennia, shows that the ratio
of observed to expecied dueaths is lower for those men
who entered 1he Industry recently. Figure 2 shows
this 1o be the ease for cancer and circulatory disease,
“The opposite trend iz shown for accidents, Although
the downward slope with succeeding year of entry
s seen In Fig. 3 and Table 7 to be due to more
recent cohorts having lower SMRs than carlier
cohorts, the SMR for each cohott is seen 10 rise the
tonger the cohore is followed-up {Table 8). The
SMRs increase from 405 for the firt five years of
follow-up, to 33] for botween 15 and 20 years of
follow-up, to 1C5-5 for 30 to 35 years of follow.up.

MORTYALITY BY EXPOSURE LEVIL

The cverall SMR in Table 9 is seen to be lowest in
the proup with the highest exposure, 67:8, and
highest in the group with the lowest exposure. 780,
The SMR for liver cancer was however highest in
the group caposed $0 the bighest concentration of

VCM. The two liver cancers In this proup were both
angiosarcomas whereas the liver cancers in the low
and medium cxposure groups were not (Table 4).
The only other high SMR in Table ¢ is for brain
cancer in the high exposure group. This results
from one case being obscrved whereas 036 were ex-
pected. There is no indication of a dese-response
relationship for cancer as a group, lung cancer, or
diseases of the circulatory system and only & slight
indicatlon for discases of the respiratory system
where the SMR is increased from 597 to 644 to
69-1 with successive rises in exposurc group; and
only a slight and probably meaningless increase for
diseases of the respiratory system.

The SMR (Table 10) for those men who experi-
enced constant exposures to YCM, 553, is signifi-
cantly below that for men who experienced only
intecmittont exposures, 84-1. The SMR for liver
cancer is however higher in the forimer group. The
1w anglosarcoma ¢ecaths were men who had experis
snced constant exposure (Table 4). This wblk: indi-
cates an excess of lung cancers in men constantly
exposed {17 observed, 15-72 expected, » > 0-05)
which arises from men exposed constantly to medium
concentrations {13 observed, 7'75 expected, ¥ >
0-05). This group also had » slightly raised bron-
chitis rate (6 observed. 4+56 expected, » > 0-05).

In Table 11 cohoris bused an men not in the in-
dosicy but who were alive 15 yeary alicr entry ace
subdivided according to the length of time spent in
1he industry, Fil*»:n-year survivors are considered in
order o eliminate the biases that occur in & simple
comparison with length of exposure, These arise
because a man exposed for |5 years cannot have
died before he completed this exposure, whereas a
man who was exposed for less than five years may
have died within five years of entering the ndustry.
The mortality experience of the four cohorts ¢on.
sidered in Table |1, men who eatcred between 1940
and 1944, between 1945 and 1949, between 1950 and
1954, and between 1955 and 1959 have been studied
for 16 years, 11 years, 3ix years. and one year
respectively. Although there is o slight drop in the
SMR in rclation to the length of exposure for the
1940-44 cohort, there is an overall tendency for the

Table § Anaivsls of observed and expected dearhs by year of emiry

Al doarly Yoar of vaney

' 10044 10519 1930-34 1950.59 -84 14y 970,74
Olbuerved " 10 L2 n 19
Bapecied 10134 (18 LT "% “©n W bl
BMR 1o ) 701 ol "2 [ +4 ) 3L "l

Bix desths ln sorn who amiered Sefore (40 ars ned included in this nbie.
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204 - EMK all accident
§ o e SMR all concest
e IMR for all deathi
JomsmSMR fes disaores of circul crory tystem

4 45745 50-54 53759 OB 6bY JO-M
Yoor of antry

Fig. 2 Swadordised morialliy ratios for ol
deaths, all cancers, dhieases of elreniatory sysiem, and
acvideney related 1o the year of entry inte indusiry.

TN

° REO-198  R30+1959 1960-146% 1930-KM
Cohert by yeor of entry

Fig. 3 Srandordised mortallty ratics for deaths from

o couser sccording 10 yoar of deoth for eohorts bosed

on yeor of eniry ints indharry.

SMR 1o Incrense with increased exposure. The total

SMI increases fron, 100+6 tor those exposed for four
- yeara or less, to 1047 for those expoted for five to
nine years, o 1133 for those exposcd for 10 o 14

years,

and SMRs according to year of deatk for

" A. J. Fox and P. F, Collier
Table 7  Odserved and expected dewths Jront all vaures

daserd o year of vitry 10 the industry

eohorts

Yewr of Your of deoth
onivy

P 1800.29 F 19T

P’ ") . B o .
von § }su m‘gm g”'htm je% 1
170-9 P ns .l:” ne ;:’. [ 43
1960-58 B 40 in "
- 1696 1

iz deaths in wps who entersd befors 1940 are mot included in 1his

Yable 8 Observed and expreted decths in relatios 10
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This industcy has grown approximately tenfold
since the second world war (Fig. 1). It is nearly twice
as Jarge as it was only 10 years ago. The environ-
mental conditions in the manufacturing processes
are also known to have altercd since men were first
employed in the industry in the early 19403, The main
factors affecting the exposure kevels were firstly, in
the mid-sixties the discovery that exposure to high
concentrstions of VCM can cause acro-osteolysis
and Raynaud-like phenomena which have sines been
classified under the heading vinyl chloride disease:
and sccondly, in 1974 the discovery that men ex.
postd 10 high conceatrations of VCM had an in.
creased risk of dying from angicsarcoma of the Hver.
“These changes in the size of industry and exposure  ~
mean that more than half of the people who have
ever been expoted to VCM in the manufacture of
PVC in Great Britain are currenily employed in the
industry; approximately 75%, of men who have been
employed in the industry have been employed for
less than 10 years; only 897 have been employed for
20 years ot longer; approximately half the persons
who have been exposed to VCM have been intermit-
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tently exposed; and only 1637 of those whohave been
- constantly expioded, have been exposed to high con-
centrations. Thus relatively few persons have been ¢x+
posed for o long time to high levels of vinyl chloride
monomer and even In cases in which men have
completed 20 yrars of scrvice, because their service
har only recently been completed, the follow-up
on:r-ocq;; oo short to cvaluate the carcinogenic effect
VOM.

SELECTION AND SURVIVAL IN THE INDUSTRY
This population compriscs menwho at one timesince
1940 were fit enough to obtain 8 job in the plastics
industry. Becauss in gencral people entering em-
ployment are healthy their expected mortality rate
should be Jower than that observed for the popuia-
von as a whole with whom comparison i3 madc.
Table §, in which the populalion was subdivided into
cohoris according to year of entry into the indusiry,
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shows that the cohorts of men who entered more
recently had lower overall mortslity satios than
those men who entered long ago. Figure 2 shows
that similar associutions are obsecved for cancers
and for circulatory diseuse. Figure 3 confirms
that thiz assoclution between SMR and year of entry
into the industry ks not 8 function of the cohort but
s related 10 (be length of time that it has been
pursucd and therefore to the length of time since the
individual entered the industry. Table 8 shows that it
may take 20 to 30 yeurs for this effect to disapprar.
As this population comprises all men who have
been identificd 83 having worked with YCM since
the industry began in Greal Britain in 1he early
1940, it includes men who have spent short periods
in the indust. y as well a3 those who have had longer
sxposures, In any evaluation of the rale duration of
expoture plays in a model of cause and effect it is
necessary o account for differences in charactor
isticy between thote subjects whe stay & long time in
the Induscry and thosc who leave. Most of the lateer
leave for reasans unrelaizd to healih, but there are
some who will leave because they are not fit enough
10 continue working or beeause they consider the job
to be affecting their health, §t is difficult to separate
this effect, the survivor effect. from the healthy
population sclection effectdeseribe 1above, They were
both clearly describad by Qgyle (1883) but have not
been measured. The 15.year survival effect for thiy
population has been estimajed by separating those
persons alive 13 years after entering the industry
Into these working and 1kose not working i the {a-
dustry afler the 15 years, The monality paticrns
alfter these 15 vears were then compared. The SMR
for men not in the industry, 108'4, was approaimately
"~ 503, higher than for those still in the indusiry, 740,
In 2 separate report we have considered at greater
length the Implications of these effects and the effect
of the period of follow-up on the interpretation of
occupational mortality studies (Fox and Coliier,
1976): they arc of major imponance in the interpreta.
tion of these data.

O.thum

Some hypotheses concerning the tfiects on man of
exposure to VCM have been proposed as a result of
the animal experiments conducted by Malioni and
Lefemini (1975) and the epilemivlogical studies con-
ducted by, for example, Tabershaw and Gaflrey
{1974) and Nicholson er of. (1975). Maltoni and
Lefemini (1973} have sugeested that viny) chloride
monomer produced tumours in the three animal
specles studied: rais, mice, and hamsicrs. Liver
angiosarcomas were observed in all three speces. In
addition other tumours that occurred included

A J, Fox and 2. F, Collier

cercbral ncuroblastomas and pulmonary adenomas.
Tabershaw and Gaftrey (1974) confirmed the clinical
suggestions by Croech and Johnson (1974) that there
was srong epidemiological evicence that exposure to
YOM caused angiosascoma of the liver in humans.
Their study also indicated on excess of cancer of the
respiratory sysicm and braln alihough 1his was not
statistically significant. Nicholson er al. (1975) alwo
confitmed that exposures 10 vinyl ehloride monomer
can cause liver cancer in humans. Although they
observed threc angiosarcomas of the Jiver and one
brain cancer no deaths were due 10 lune cancer.

Comparisons between the findings in Great Britain
and those in the USA are limited because of the
differing expericnces in the two countries. If we apply
the sume populaiion definition as employed by
Tabershaw and Gaffrey (1974), we find 33! deaths
observed and 452-29 expected. This gives an SMR of
72 compared with one of 75 found by Tabershaw and |
Gaffrey (1974). Men in the high expusure group have
an SMR of 594 compared with one of 71-7 in the
medium exposure group and 73-5 in the fow exposure
group. An unexplained trend similar to this was
noted by Tabershaw and Gaffrey (1974), We believe
the trend is duc to selection and survival in the in-
dustry and to the length of follow.up. Using the
same " pepulation dofinition as Tabershaw and
Gaffrey we would have found two liver cancer
denths, one of which would have been due to angio-
sarcoms.,

Nicholson and co-workers ir: their study of all men
in one plamt with greaier than five years® exposure
followed-up 10 years from first employment, ob-
served 24 deaths compared with 19-D expected, and
nine eaneers compared with 3-9 expected. incinded in
these nine cancers were three angiosarcomas. The
Iast two columns in Table §1 show what might be
termed a hig™ risk group in that these are peopie who
have expericnsd between five and 14 years® expo-.
sure and have lefi the industry. They are studied here
15 years after first employment. In this group
48 desths were observed compared with 4403 ex.
pected. Fur ekncer 13 were observed compared with

1548 expected and for Wmg ecancer six chserved

compaied wah 466 expected. It should be em-
phasised that none of the cascs of liver cancer occur-
red in this high risk group. Ftom Table 4 it con be
deduced that & study in Great Britain similnr to that
conducted by Nicholson e al. (1975) would have
identified one angiosarcoma and one olher primary
liver cancer,

Gencral stsumptions and Bmitations

Certain environmental factors are known lo n-ffect
man’s langevity: Some of thesz have been astociated

T T T R 013



Mortality experience of workers exposed te vinyl ehloride monomer L

with particular causes of death such as clgarette
smpkiog with lung cancer, heart discase, and beon-
chitis. Other associations such as those between
socia] eluse and arca of residence with cancers and
bronchitis have not been fully explained. Epidemi-
ology docs not provide the immediate answer be-
exuse the cause and cifect models are complex and
individua! susceptibility confuses the fssve. In this

* particular study no account has been taken of these
other

factors. We have nasumed that the social ¢lass,
smoking, and geographical distributions are similar
fo those for the national populstion with which
comparisan is made,

The mortality study provides a relatively crude
epidemiological technique for evalusting the risk to
bealth in the group under study. It cannot account
for all the factors that may be relevant to the hypo-
thrses that have beon tesied and its power is limited
with respect o the detection of harards which pro-
doce smalf excesses of mortality. Such studics can
confirm relutonships betwoen exposures to specific
chemicals and th: sutisequent development ‘of un-
common tumours such as mesothcliomas, bladder
enacers, angd liver tumours. Unless the chemical con-
sidered ks 2 powerful carcinogen these studics are less

. stngitive when studying common causes of death,

Cunclinlons

Tt & not yet possible to evaitate the overa!t impact of
exposures to VCM coa thiz population of workers
but bearing in mind reservations discussed above
two conclusions can be drawn at this stage.

The first reintes [0 whether or not there is evidence
that axposure of men to YCM in Great Britain in the
manufactore of PVC caused cancer. We have

observed four liver cuncers, two of which were sub-

. sequently confirmed as ngiosarconids, significantly
* more than would have bern expecied. All thess

cancers occurred between 1370 and 1974 and similar
expeeiences have been reporied in the USA and in

. snimal experiments. We therefore conclude that

VCM i probably a varcinogen causing liver cancer

. dnworkers exposed to it. Although in this study there

_is litte relationship with length of exposure, the
- anglosarcomas were associnted with exposures to
wecy high concentrations of VCM.

11- sccond conclusion relates to whether VOM
causes cancers other than those of the liver. We find
a0 evidence to support this suggestion. Only two
brain cancers were pbiceved and there ig little indica-
tion of an excess of lung cancers. The SMR for
cancer as a group i3 consistently higher than for all
deaths but bocause of population selection factors
this is diflicult to evaluate,

The effcet of VCM on the moriality experience of

warkers exposed witl only become clear after con-
tinuing this study for s further 10 yours at keast.
Although the recently adopted hygienc standards
may ia future be shown to have & résidual risk asso.
ciated with thems, men who entered the industey in
recent yerrs should bo at jower risk than those whe
were exposed at a time when conditions were less
oentrolied.

No study such as this could have been conducted
without the assistance and co-operation of the In-
dustry sad unions involved, Dr S. Gauvain was in-
volved with tiee planning of this project and an early
draft of this report was discussed with Dr M.
Greenberg, Dr A. M. Adelsicin, and Dt P, J
Baxter to all of whom we are grateful,

The EMAS Survey Conirol Section inisterad
the survey, individual companies' identiffed people
who had worked in this industry, and the Office of
Population Censuses and Surveys obtained and
coded all desth certificates,

References

Baxter, P, J. (1976). Epidemiotegical studies of PVC manu-
facturer and Fabricstors, and primary angiosarcoms of the
gm Proceedings of the Reyal Sociely of Medicine, 69,

’lxxtr. P, .. and Fox. A, J. (197%), Anglosarcoma of the
tiver as-the certifled cause of death 196373, Lances, 1, 27+

8.

Biock. 3. B. (1974). Angiotarcoma of 1he liver fotlowing
viny! chioride tspo:ufc Journal af the American Medice!
Associntion, 319, S

l:}:i‘sh L}gldmr Joumnl um). Editorinl. British Medicel

wrad/, 1, $50-391,

Creech, J, L., and Johnson. M, N. (1974, Angiosarcoma of
the liver in the manufocrre of poiyving: chi %, Journal
of Oceupational Medictne. 16, [50-15L,

Falk, H.. Creesh, ). L., Heath, C. W, Juhnson. M. M., and
Koy, b, (1974). Hepatic dissases among workers ot a wnyl
chioride polimerhation plant. Jownal! of the Americer.
Mediewl Arsociation, 200, $9:6),

Pox, A. I, and Collier. P. F. (1976). Low mormlity rates in
industtisl cohort studien due 10 weicstion for work and
survival [n the mdunry .Mmh Journul af Prevenrive sndl
Soclel Medicine, 30, 325-.

Lee. F. L. snd Harry, D 8 uﬂ-ﬂ Angiosarcoma of the
liver in a \muvl chloride warker, Ladcer, 1. 13161310

Lloyd, J. W. (1973), Angiosarcoma of the liver in =inyl
el\ioﬁde polyunyl chloride woskers. Jownel of Orepa-
tonal Medicine, 17, 311354,

MucMohon, H. E.. Murphy, A. $.. and Batex, M. L (1947,
Bndothelial cctl sarcoma of Hver fuilowing thorotrast in-
joctiony. Ameerican Jowrsal of Patholory, 13, SE5-611.

Makk, L., Creeeh, J. L., Whelan, J. O., and Jobnson, M. N,
(1974), Liver damage mmd uwumma in vinyl chloride
workers. Jownal gf

230, 6488,

Malioni, €., and Lefemini. G. {1975). Carsinogenicity bio-
assaysiof vinyl chlonde, current rovulis, fanats of New York
Acndcnrolsﬂem-u 246, 193-218.

Monson, K, K., Poiers, J. M, and Johnson, M. M. (1974).
Proponional mortulity among vinyl-chloride wrhn.
Lancet, 1, 397-398, .

AP00007014



Micholion, W. J. E., Hommond, E. C.. Seldman, H., snd
Selikofl, 1. ). usm Morialiiy expericnce of » cohort of
vinyl chloride—nolyviny! chlatide worken. Asnels of New
York Academy of Sciencer, 346, 215-2)0,

Ogle, W. (1885). Letwer 1o the Kepimror General on the
morality In the popisration districu of Engiand and
- Wakm duting the ten years 187i-10. Supplemens 10 the
143th Annuc! Reporr of the Regisirar Gencral of Births,
Dewiks and Alarriages in Enﬂan.l p. ik,

Pesrson, E. B., and Harilcy, H. ©. (1952). Blomerrice Tobles

Appendix 3 Deaths in wonuen

- A. J. Fox awt P. F. Collier

Jor :l;'mnkhu. vol. 1. Cambridge Univessity Press:

.Regehion, W, Kim, U, Osplns, 1. and Tolland, L F.
(198 1 of liver from
gumf nglenic intoxicaulon by Fowler's soiution. Cancer,

, 514-5;

Tabershaw, . R., and Galfray, W, R.(1974). Mntwluymdy
of workers in ihe manufeciure of vinyl ch snd s
polymers. Josrnal of Ocewpatioral .\l‘fdmn. IS, S09.518.

Faiory wb. Dute of birik Dute of deask Cortifiend * comse Your Yeur Enposure
of drath 7] Jrvwly descripelon
ICD eode
2 111903 221988 3900, 201 14 [l H] Mldlmifmu- Procews worker
2 N2 ey 411965 4129 b1 ] Hdh-lltm- Proces worker
2 251993 a2 4120, 400 b3 ] 1941 Medivm/lowe.  Progems worker
‘3 1021854 12181048 500 3 o Procoss worker
2 17101879 2151950 439 1940 1heé Procos worker
2 131807 8.1.181 4403 T i old ] Prowoss worker
3, 13.11.1902 100 4109, 2900 [ s Procet workes
-2 2331011 4.9 JMI 4300, 4333 thi4 a3 Proons wor!
2 12.7.1094 311501962 S, 4276 1942 1943 Frocem worker
3 LLISM 2.8.1952 1519 1542 1944 Process worker
2 19.3.1909 15111961 sy 1942 13 ﬁmndwlnmv Froowma worker
L]
4 L.10.199%0 2.0 4HG, Ry 1 83 Eaw/intarminest ”:d: rOCER
i 1}
4 2201914 28 K 1048 4300, 4309, 3140 1941 1941 I’otkn'.-ml
4 101894 [IEFRE -] 5810, 932 »a 108 Asnalytiest
Iabaratery
§ attendant
4 b AN 1121840 2140, TR, £200 b ] 10 Analytioal
4 10,1854 26.5.19468 350G, 4271, 4110 1) 1944 Worker with
solvents
*Primary causy in ltatiey,
Appendix 2 Dearks [n 1940-74 wotlfied since analysiy
Fariery no. Daw of Ntk Duts of Seutk  Cevilfind® cainst Your Yeur Exposre F >
o et 1CD oode  Joined [ Sevely deseriprion
4 15.11.1904 aLma . 2300, 4350, 1329 33 195 © Lawf oy g.;
e
L 1L12.1091 ) 2} ”io i) 13 ﬂ'ﬂhn’lm ﬂnm
tang
P 10,191 I8 000,92 _ 0 e Mas ot leoostant omsisten
i EAREY ] 1%12.1973 4109, 4112 Notknows 1971 | Low/inarmittent Suutity/Areman
[ ] [T R AW~} 114972 4308 Neg knowt 1972 f
" 111907 1341972 ;{%. an, a0, 1 36 :lmdiumnulm Fibe )
Hent
1 33.10.1900 20,10, 1960 ‘ﬂllg. 4300, 4508, i - 118 Iswiimermilient Grinder
11 . 3312 10.9.1968 1300, 4300 »i ™0 Matiomfinters  Fhiter
1 27,1902 181960 4M0 "y 1967 . Low/iatermittent Premix operator
*Pricanry oauss ia ks les,

. O Ut
JUN 14 1977
R. N WHEELEx IR,

AP00007015



