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Incidence of cancer among vinyl chloride and
polyvinyl chloride workers

SSTORETVEDT HELDAAS. S L LANGARD. AND A ANDERSEN!

From the Research Center.? Narsk Hvdin a s Parsprunn Fabribher, 3900 Porserunn, 1elemark Senirals-
pukehus,? Depariment o} Gocupanonal Medwing, 3900 Porsgeunn, and Cancer Regasiry of Norway,' Mon-

sebeliv, Osle 3, Norway . \
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ABSTRACT The results of 2 fullow up study of the incidence of cancer and the mortality in 2 cohort
of 454 male workers producing viny! chioride and polyviny! chloride arc presenied. The study
population was restricied to employees with more than one year's work experience in the siudy
plant between 1950 and 1969 and the cohort was followed up from 1953 1o the end of 1979,
Twenty three new cases of cancer were observed compared with 202 expecied: one case of liver
angiosarcoma wirs found. Five cises of Jung cancer were found (2-8 expected) and four cases of

malignant melapoma of the skin were observed (K expected). The possibility of i cousal rela-
tionship between exposure to viny! chioride and ghe development of maljgnunt melanomas is

discussad.

Sinee 1974 when Creeeh and Johnson presented
their report,' human exposure 1o vinyl ehloride
{YCM) hus been associaed with the oecurrenee of
sngiosarcoma ol the liver. Several studies have
confirmed these dnitial rexults as reviewed by Spirtas
and Kaminski.? In animal studies whery VOM wis
given to mice. rats, and himsiers by different routes
of sdministrntion seopheans b abas been induced
in other organs.' e
Whether VUM iy the poteney 1o induee cances
in man in organs other than the bver has no yet
been confirmed. Lung cancer? * briin tumours,* *
and cancer in the digestive  system,  primarily
angiosareomi of the hiver. ™ have been supgesicd 1n
he in excess in workens producing VUM and
potyvinyl chioride (FVC), and the prime purpase of
the present investigation wits (o study the incidence
of cancer in workers expased 1o VUM, with special
emphasis on cancers other than liver tumaurs,

Material snd method

PLART DESCRIPTION

“The study plant is Jocated in the county of Telemark
in south east Norway, In addition 1o VUM and PVC
the company produces fertilisers, magnesivm, and
chiorine in adjacent plant compleses. The produc-
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tion of VOM and PVC was staried in 1950, VCM
wis produced from acetylene in the room where the
polymerisation reacions were located. In 1967 the
VUM production was partly ahered, and cracking ol
ethylenedietdaride (1:DC) was intraduced as ane of
two praduction methods. The production of VCM
wits discontinued in 1971 afier which time the plant
swits operined avos polymeiation snip o, 19SS
onwiards YOM and 'V were produced in separasic
rooms: table 1 shows the volume of VCM and PVC
production snd the number of employecs over time,

STUDY POPULATION

A dist containing the names of employvees who hud
started work before the end of 1974 and whose
period of employment had excecded one month was
construcied from the personnel regisier provided by
the plant. The healih depiartment of the company
hus kept the health records of all present and previ-
ous warkers employed from 1940 and onwards,
“These records also contain some information on the
plate of work of cach employee. By combining these

Table + Annunl vinyl vhinride and polyvinyl chioride
production and wanber of employees in the snady plani

Work pernunt VUM fua] PVC Glons ) Nou of employees
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two sources of mlormition a kst of aasmes was con-
strucicd which win presumed 1o be compleie, The
individual records containgd the following informa-
paon o cach worker: full name, date of hirth, iden-
tity number, kst known address, dines for bepinning
and werminining employmeni. departments in the
plant ut which each peron had worked, and the

Helduns, Lanpord, and Anderse ‘

slacturing plant belore 1970 muy have contained
S0 ppm VOM ar even higher concentrations.

The plam wis closed for reconstruction #

COctober 1974 and sinec 1978 the VOM in the worl-
ing atmasphere has been monilored eontinuoush
with automatic measuring devices, incluting dlam
sysiems that warn the worken duning even mino

duration of work in each department. Data were  leakages. Since 1975 the VUM exposure level s |
obiained for 1233 workers, the production units has been below | ppm mosiofF

bowas decided 1o restricl the analyses 10 male  the timg, -
workers who had heen emplayed for al beast one p

year and who had first been emploved a1 the plant
befure 1970, These hmitations reduged the n'rmhcr
of subjecis jo 454, ',

ESTIMATION OF EXPOSURE

As o consequence of the technical Jesign of the
plant and the process aperation, the level of expos-
ure 1o VUM in the past must have been high but no
industrial hypiene sorvey had been performed
belore 1974, Estimates of the average stmospheric
concenttiion in the past were hiswd on sporadie
muisurements that had been carricd out with an

OB CLASSIFICATIONS

Jubs comsidered 1o have been assorisied with hipt
VUM exposure include production, aulotlave clean
ing. maintenance, and tapping. Owing to the grea
amounts of surplues monomer in the PYC, one ma)
atsu assume that the exposure level in the packing
unit may have been high until 1970, Those worky

in the development fsboratory which contamed}’,

small autockaves in small rooms, in the connd
laboratory, and at processing in the customers’ ser-
vice boratory, may alsy huve been  heavil
exposed. but no information about VCM levels

LR

L # et

z “explsioneameter” which was graded from 0% 10 abese working places is availabie, Nine diflerew 'f’
b} 0 ol the estmated bower explosion limit 127, exposure calegories were delined  (table 2), -
'3 cyuivalent 1o 300 ppm of VUM, Two sources of  number of the warkers having been employed a}!
o] supplementary information for estimating the VOM  more than one exposure catggory. Membership d "{

alaiiin

concentration were used: inlerviews with workers,
some of whom had been employed in the plant sinee
the start of production. and o sugpesied odour
threshold of about SO0 ppm VUM, Based on this
information, we have assumed that the VOM con-
centration wis about 2000 ppm from 1950 1y 1954,
about TONG ppm trom 1955 10 1958, about 500 ppm
trom 1960 (o 1967, and about TOU ppm from 196X
1 1924, During autoclave cleaning the exposure
level may have been as high iy MO0 ppm.* Bath
emulvion PV and suspenvon BYC were produced.
The surplus monomer i the PYC leaving the man-

Tublc 2 Obverved 1O 1 und expeeted (E) deaths from ull couses, and all new: cases of cancer in the siudy population escepr

N gtielinentia shin gancer

an exposure calegory was defined as that category i},

which the longest time had been spent. If an inde
vidual had been o production workes for some yean
and subseguently spent o greaier number of years @
a job thin clearly emailed minimal exposure, k

would by delinition belong to a Jow exposure catep-

ory. -
As the exposure beve! was high in the carly 19500

an atiemp! was also made (o classify the jobs al’

determined by the exposure jevel, using the numpe
ol “years of 500 ppm” exposure. The procedure wa
us Jollows: ane year of pradoction work in 1955
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incidence of cancer umong vand chivnde amd polveinyl chloride workers

when the working stmospheie contined  abant
2000 ppm VUM on averape. win chssabed o four
“S00 ppm-year ™ The same tvpe of work i 1981,
when the atmosphere was aboul 00 ppm, would
give one SO0 ppm-year. Thos addibional calepoti.
tion of expasure could b given for VOM produc.
ton, PVYC productuon, awiocknve cleaning, mainie-
nance work, and PVC packing. Owing 1o the surplos
monomet in the resin, one vear of packing PV
would give abaut one SO0 ppm-yvear jor cach vear
up o 1970, and it is oven peosible that this lagh devet

: continued unlil 1974, in this way high exposure for

short peninds in workers caeporsed by joln wilh'"'
low exposure level could be accoumed lor, :

All worken were placed in an eapesore colepory ©
before we hud any Lnowledge of ther staie of headth
or diapnoses.

FOLLOW UP

The main element ol the method is o idemify those
individuals whny mevt the eniterin lor membership of
the study papulation and o compare thes popdation
with 2 construcied Narwegian popailition whose age
disinbution was identival with hiat of the study
proup. (The methad has been deseribed in more
dersil by Lanpard er al )

Total mortaliny and cancer incidence from 1983 10
the end of 1979 have heen determined lor the study
population, The Cancer Repistry i Norway lus
tecords of all pew cises of cancer since 1980 and hias
aceess 1o informinon on all chiuses of death provided
hy the Centra! Burciau of Stansties, This study is
hascd on o comparison of observed and expected
total mortabty and invidence ol cancer lor the
poriod 195379, To estinine the expecicd number

“of cuses of cancer, the national five year age spevitic
incidence rafes were uweed. Accarding to the dinta of
< the Cancer Registry, the rales of cancer inodence in
+the Telemurk county are Between G4 and -85 of
the pationa! figures'' Conseyuently, the more rob.
ust national rales could e used lor reference pur-

27

ey wnd the expecied number of deaths are based
on the national rites..

Results

Deaths from all couses and the number of new cases
of caneer, eacluding non-mclanomma skin eancer, are
presenied i table 2. The number of person-years at
risk i adses shown wpether with o tabulanon of the
nine different exposure cotepories. Among 454 men
there were SO deaths from all couses (cxpecied
s9-3),

During the 27 years of follow up, 23 new cases of
euncer were found against 20-2 expected. The mine
exposure caleponies hiave been combined into three
groups redlectng high. mediwm, and low exposure
(1abie M. the increised incidence of eancer s
socounted for alimost entirely by the high exposure
group,

There wits only one liver angiosiarcoma, recruited
from exposure cinepory (4, and this case has been
included in o previous survey?

Table 3 presemis the obsenved and expecied
figures for saune malignant neoplasms of interest.
Five gises of lung cancer were observed in the whole

_study populition compared with 2:X expected. The
wean e between fird exposure and the time of

iaapnnsis (adent period) in these free giswes was 17:2
years (range 3-26) (not shown in the tabie ). Four of
the five cases were in the high exposure group (1-82
expected),
Four madipnant melanomas of the skin were
ientibed i the study population whercas only U-R
s expected: three of the cases were observed in
the high espasure proup (-8 expecied). The
tumours were jJocited s lollows: two on the trunk,
one in the face-neeh orea. and one on a foot. Aler
the observiition period one more cuse has been
dingnoned in the medium exposure group; this was
in the faceenceb arci. We are aware of one case of
incipivnt malignant melanoma located on the trunk

Table 3 Brood categonies of work indseating expustre hevel, Ohserved (05 and expected G ) deaths from all conses, cases
of cuncer (all sites ), codon cancer (101 158.4), bronetual cancer (0D 102003 ), malignant meluennn of the skin (1CD 19U},
and cancer of the thveosd gland (D 1941 For wark label, see wble 2
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D 14 (stomach caneet ), 10T TR enkan cancer), 10D 188 (cuncet of the hilian posapes and liver), ICD 162163 (lung and
cancer), 101D 17 qeances of the prostated, 1T EIX (fesdes cuncer]. 10D 180 thladder cancer), 1CD 190 (malignamt melany
shing. K1Y 194 cancer of the thyrid gland)

thageanre cticpones catrespanding wih the numben in tuble 3.
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pations have been ssawinted with the development
ul these s, Lo pas (e-clidaroaceinphenom: )
amf poiveldorinaied taphienvh™ e chemicais that
“have been sipgested oy pnssibie indogers, tnoon
Mmi) poprielition one more case ol mekinoms i
~bwen diapnosed abier the closure o the Study nmd
b dore the incieased incidencr of lamosur wias Known
to ks, Fhis addiional case considerably strengthems
the snagintion between exposte o VOM amd the
thevelopment of nudiptiznt selasiie. As the med

Abservices in the Telemark county Bave ween of o
high upedity amd easily accessible, we do n beheve
Hunt there hus been any o due 1o thy presence of
the oceupationst health service in the company. In
taet, e of the o zaes win dhingnosed by the
occtiittional phasicism, One of the five subjects
with skin cuncer hat survived antil June F9R2. The
incidence of mabipnant mebnmnis in the roral necas
of Ctelemaeh commy iv shightly bigher than the
wationat paie while the incidence in arhan nreas i
fnindy wqgusad 4o the national rate ' Al subjects with
skin caneet had lved in the urban area,

We ehmervind s cineees of the thyeont plivd
(010 expeciedl: both cases occuned in the high
expostie proup and were of the same hisiolopical
tepe. We e ol awine of other stidies indicating an
ereess ol this tvpe of cioeer bat s ouly twe gases
have been obwersed, oo conclusions can be drwn,

b o Canadian study oy workers exposed to VUM
tos e avars o more Therinubi and Alard showed
s eseess of ganeer in the digestive sesten,” but the
suthors eancluded that the excess is aceoted for
vselusively by sanver of the Tiver, i theopresent
stuhy we Jonuicd sahighy exevsw of eaneet of the colon,
Many ol the mber studies refened o ioctude vancer
af the Inerian digestve cancers, and they conclude
it the exeess risk s due 1o this imoor, There ae
few reporis on oecupstionaliy indaced canger of the
eobon snd reetin although o baes been indicatedd than
tnbestos win hers, textife workers, and seel workets
hine s inercisced risk from these diseises.? Wi
natw el in thent Kinetic siody showed some faeeat
elnmination ol 20 atter the inhaliation of "C-VOM,
but they discuss only urinary and pulmoiiey elini-
wartion in thair pugwer,*

The yesults presenied in the present stucdy, consi-
dered with other epideminfogical studies, seem (o
stpport the view thit VOM ain act as o mudtienr -
emagen in man, Thisis in actondimee with observae.
ticres brom aninsad studies.* Some ol oar findings dil-
ter from those presenied be other workers, and will
b followed up Bater. T he ol rvition perind is short
tor some ol the members of the eobort, and the
stndy o is anall, Nevertheless, the fact that the
eaeess of ditferent caneers wits seen in the proup
sath the duphea estiniated esposure evel streng-

-

Veldaas, Lanpard, and Andersen

them the suppesed  asswiation between VOM
expreiie and thewe types of cancers, in pariculat
the sahpnmnt welanomas,

W thank sy Pliastic Diviaon of Nonk Hivdro s o
cooperntion Hronphot the study. 0 C Hocknan's
pribical comments were of prest belp. We thank Mo
1A 1 b bimerisiie belp gnd Mrs U Daniclsen for
tvping the mamesenpt.
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