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Incidence of cancer among vinyl chloride and

polyvinyl chloride workers

s STORETVI-’i.)'I' HELDAAS S L L ANGARD, AND A ANDERSEN?

From the Research Center? Norsk Hyvdro a s Porsgrunn Fabrikker, 3900 Porsgrunn, 1 vlemark Sentrals-

jukehus,? Department of (e u/ummm! Medicine,
whello, Oslo 3, Norway.

900 Porsgrunn, amd Cancer Regisiey of Norway,* Mon-

ABSTRACT The results of a follow up study of the incidence of cancer and the mortality in a cohort
of 454 male workers producing vinyl chloride and polyvinyl chloride are presented. The study
population was restricted to empluyees with more than one year's work experience in the study
plant between 1950 and 1969 and the cobort was followed up from 1953 10 the end of 1979,
Twenty three new cuses of cancer were observed compared with 20-2 expected; one case of liver
angiosarcomir was found. Five cases of lung cancer were found (2-8 expected) and four cases of
malignant melinoma of the skin were observed (1-B expected). The possibility of a causal rela-
tionship between cxpmun to vinyl chloride a

discussed.

et

Since 1974 when Creech and Johoson presented
their report,! human exposure to vinyl chloride
{VCM) hus been associated with the occurrence of

angiosarcoma of the liver. Several studics have

confirmed these.initial results ax reviewed by Spirtas
and Kaminski,? In animal studics where VOM was

given to mice, ris, and hamsters by different rootes
of gdministration seoplissns hisve also been indused
in other organs.* =

Whether VOCM has the potency to induce cimeer
in man in organs other than the liver has not yet
been confirmed, Lung cancer.® 7 brain tumours,* ©
and cancer in the digestive system, primarily
angiosarcoma of the liver.*** have been suggested? to
be in excess in workers producing VOM and
polyvinyt chloride (PVC), and the prime purpose of
the present investigation was to study the incidence
of cancer in workers exposed to VUM, with special
emphasis ont cancers other than liver tumours,

= Material and method

" The study plant is &

PLANT DESCRIPTION :

cated in the county of Telemark
in south cast Norway. In addition to VOM and PVC
the company produces fertilisers, magnesium, and
chlorine in adjacent plant complexes. The produc-

Recrived 20 August |982
Acpied 14 Octobes 1982 4. °

71:(: ﬁcvclu/nu)l of ”bgn.mt mcl.momas is

tion of VCM and PVC was started in 1950, VCM
wirs produced from acetylene in the room where the
polymerisation reactors were located. In 1967 the
VOM production was partly alicred. and cracking of
cthylencedichluride (EDC) was introduced as one of
twa production methods, The production of VCM
was discontinued in 1971 after which time the plant
was uperated as a polymerisiation unit, From 1958
onwards VUM and PV were produced in separate
raains; table ! shows the volume of VCM and PVC
praduction and the number of employees over time,

STUDY POPULATION

A list cantaining the names of employces who had
started work hefore the end of 1974 and whose
period of employment had exceeded one month was
canstructed from the personnel regixter provided by
e plant. The health department of the company
has kept the health records of ali present and previ-
vus warkers employed from 1940 and onwards.
These recurds ulso contain some informaticn on the
place of work of cach employee. By combining these

Table { Anmeol vinyd chivride and polyvinyl chloride
production and mmber of employees in the sidy plant

Work period VUM fions) PV flons) No of employres
1950-58 - 2500 1000- 25 45- St
195 beatrld 28Uk SINK) 2500- SO0 45— 90
19h -7 SO IRHX) SONG=-JRRND YO [ I}
AL Nimy JOODO-HNX  $20-130
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two sources of informition a Kist of pomes wos con-
strcted which was presumed W be complere. The
individual recards contsined the following infocma-
tion on cach worker: full aame, date of birth, iden-
tity number, Yust known address, dates for beginning
and werminating employment, departments in the
plant at which cach person hid worked, and the
duration of work in cach department. Data were
ohtained for 1233 workers.

I was decided to restrict the snalyses o male
warkers who had been employed for at least ane
year and who had liest bees emploved at the plant
before 191, These limitations reduced the 1frmhcr
of subjuets te 454, A

ESTIMATION OF EXPOSUHRE

As a conseyuence of the wehnicl design of the
plant and the process operation, the Tevel of expos-
ure to VUM in the past must have been high but no
industrial hygicne survey had been  performed
before 1974 Extisiates of the averape atmospheric
concentation in the past were bised on sporadic
measuremients that had been carricd oul with an
“explosion-mctes” which was praded from 0% to
100%: of the estimated lower explosion limit; 1%,
equivalent to 8 ppm of VOM. Two sousces of
supplementary information for estimating the VCM
concentration were used: inlerviews with workers,
some of whom had heen employed in the plant sinee
the start of production, and a sugpesied  odour
threshold of about SUOG ppm VOM. Based on this
information, we have assumed than the VCM con-
centration wis about (060 ppm from 1950 1o 1954,
about 100U ppa from 1955 10 1959, about SOU ppm
front 196U ta 1967, snd about 100 ppm from 1968
to 1974, During autoclive cleaning the exposure
level may have been as high as 000 ppm.'™ Both
cmulsion PYC and suspension BYC were produced.
The surplus monomer in the PYC leaving the man-

Table 2 Ohserved 1€)) und expected (£} deaths fram all causes. und vll new cuses of cancer in dhe study population except

Helduas, Laugard, and Andersali

ufucturing plant before 1970 may have contained
SO0 ppm VOM o1 even higher concentrations.”
The plamt was clased  for  reconstruction aie
October 1974 4nd since 1975 the VCM in the wort- §
ing wmosphere has been monitored continuously E
with automatic measuring devices, including alam }if-
systems that warn the workers during even mina I
lcakages, Since 1975 the VOM expusure level il
the production units has been below | ppm most of i
the timwe.

308 CLASSIFICATIONS .
Jobs considered 1o have been associnted with high|
VM exposure include production, autoclave clean
ing, mainienance, #nd tapping. Owing to the grea
ameunts of surplus monumer in the PVC, one ma)
also assume that the exposure level in the packingJt:
unit may hive been high until 1970, Those working f2
in the development lahoratory  which contained &
small autoclaves in small. rooms, in the controtf
tuboratory, and at processing in the customers’ set-§1°
vice lborawssy, may also have been  heavih§,
exposed, but no information about VCM levels i}
these working places is available. Nine diffesem}t
exposure  cutepories were  defined  (able 2), »
numbes of the workers having been employed i
mure thun one exposure calegory. Membership o
an exposure cilegosy was defined as that category is
which the longest'lime had been spent. If an indi
vidual had been a production worker for same yean§
and subscguently spent i greater number of years 2§
@ jub that clearly entailed minimal cxposure, kf
would by delinition belong to a low exposuse categ-Bs
ory. | . .- 5l
r{“ the exposure level was high in the early §950c12
an atiempl was also made 10 classifly the jobs =}
determined by the exposure level, using the aumba
of *yeurs of SUD ppm™ exposure. The proceduse wask:

T

shosst-anedanenna skin coneer

& T L No of Al deashs All vancers Person-yean '

Hpssre i wiwkers 1953-2¢

(2 £ CNE (24 2 (2

i1t Vinyl chiotide {acetvien} 17 1 2.4 NC ] R NC JoH-S
012 Vinyl chhuride {110} ) [{] w50 NC 1 020 NC 1100
0} Rescarch Bboranwy X 2 3-32 040 u 1-64 NC v12-0 1
11 Polyvinyl ciilarice paoduction ”m 114 1H-42 (353 Y 510 §-14 2I0K-8 Y,
08 Auvinclave cheaning 17 s ST 364 2 1412 194 Juy-5 !
6 Maintenance LA 4 764 1482 1 287 NC Ni¥0 ;
M Packingdiying vs 5 Pt 5 295 49 1742°5 3
0N Custiwness servier laboratory ol ? 27 Kt R} Rl oy 10655
W Vatiows jobs 1) ? .80 o 2 2-H K2 -5 ; -
Totl 48 hlt by AR} ({3 .01 ha& ] WGts 14 #7760

*NU = Nt cabculated,

gt § L by Ay Ay PP o R S taliy | et}

e S 4 37

e

R T g ots S e 10 A b g TP Uil .
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Bkze spent. If an indi-
R 4icimal exposure, he

B B in the carly 1950s,
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d Andersen

e contained
tions."!
gedruction  in
Diin the work-
&d continuously
wduding alirm
n cven MiENOS
Bcure level in

’ tppm most of

caied with high
mtoclave clcan-
g (0 the greal
B PYC. onc may
g n the packing
L Those working
dich contained
in the control
customers’ ser-
Be been  heavily
VCM levels in
. Nine diﬂercm
¢ (table 2).
' bzm employed in
By, Membership of
bed a3 that cotegory in

yosker for some years,
aict sumber of years at

fow exposure categ-
mfy the johs as
vel, using the number

The procedure was
duction work in 1951,
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when the working atmosphere contained  about
2000 ppm VOM vn average. wias classified as Tour
*S00 ppme-years.” The sime 1ype of work in {961,
when the atmosphere was about SOU ppm, would
pive vne SO ppoi-year. Phis additional ciegorisa-
tion of exposure could be given for VUM produc-
tivn, PVC praduction. wutuclive cleaning, mainie-
nance work, and PV packing. Owing 1o the surplus
monomer in the resing one year of packing 'V
would give nbout ane S0 ppm-year for cach year
up lo 1970, and it is even possible that this high kevel
cantinued until 1974, In this way high exposure fog
short periads in workers t.llupunscd by jubs willr:
low exposure level could be accounted for. ‘-

All workers were phiced inan exposure citegory
before we had any knowledge ufl their state of health
or diagnoscs.

FOLLOW UP

‘The main element of 1he method is to identily those
individuals whu mecet the eriteria for membership of
the study population sind o compare this papuliation
with a constructed Nornwegian population whose age
distribution was idestical with that of the study
group. {The method has been deseribed in more
detail by Langhrd or wh. ')

Total mortality and cancer incidence from 1953 1o
the end of 1979 have been determined for the stidy
population. The Cancer Registey in Norway bas
records of all new cases of canver sinee 1953 and has
access Lo information on all causes of death provided
by the Central Burcau of Statistics. This study is
hased on 2 comparison of observed and expected
total mortality and incidence of cancer for the
_period 1953-79. “To estinirte e expected aumber
. of cases of cancer, the natiom five year age specitic
“incidence rutes were usedl. Aceording to the data of

i the Cancer Registry. the rates of cancer incidenee in
- the Telemark county are between 190 and (248 of
* the national figures.'* Consequently, the more rab.
ust national rates could he wsed for referenee pus-

puses and the expecied number of deaths are based
on the pational rates..

Results

Deaths from all couses and the number of new cases
of cancer, excluding non-melanoma skin cancer, ore
presented in table 2. The number of person-years at
risk is also shown ogether with a tabulation of the
nine different exposure calegorivs. Among 454 men
there were SO deaths. from all causes (cxpe:ted
59-1). )

During the ’7 years of follow up, 23 new cases of
cancer were found against 20-2 expected. The nine
exposure categaries have been combined into three
groups redleeting high, medium, and low expasure
{table }): the increascd incidence of cancer is
accounted for alinost entirely by the high exposure
group, ’

Ihere ‘was only one liver angiosarcoma, recruited
from cxposure citegory 04, and this case has been
mcluded in a previous survey.?

Table 3 presents the observed and expected
figures for some malignant agoplasms of interest.
Five cases of lung cancer were abserved in the whole

_study populiation compared with 2-8 expected. The

mean time between tirst expasure and the time of
diagnosis (latent period) in these live cases was 17-2
yeitrs (rapee 3~26) (not shown in the table). Four of
the live cases were in the high exposure group (1482
expected).

Four malignant melinomas of the skin were
identificd in the study population whereas ‘only U-8
was expected: three of the cases were obsetved in
the “high' exposure  group ((-S expected). The
tomours were Jocated as follows: twa on the trunk,
one in the face-neck aren, and one on a foot. After
the observation period one more case has been
diagnosed in the medivm exposure group; this was
in the face-neck area. We ure awase of one case of
incipicnt malignam melanoma located on the trunk

Table 3 Brewud categories of work imdivating exposure level, Ohserved Ho Jmml expected () deaths from afl canses, cases

ef cuncer (all sites), colon vuncer (301 153), bronchial caneer {HCD 1621103 ), malignant smelanoma of the skin (1CD 190),
. end cancer of the thyroid gland (101 1943, Foe work lahel, sev mble 2
. kapesure Nu o} Al vncers Hp s WD a2l ICH 1w D 1 Person-yrars

fevel® nerkora [N e ——— b : . —— {US$T-

L7 I OFE O F i 0 E  thE 1)K IRE O K (iE

Gioupt 297 1% 136 14 A BN 22 4 1K2 32 3 S1 &9 3 (kb In2 $7270

CGiroup 2 7 3 O35 e 0 M NC D 06T NC L OBIK NC 0 B4 NC O IVT7-S

Group 3 hii) Y 34 B BIK NC G158 NC 0 Rl NC O U2 NC 9708

Total 454 20 e 1l ) 44 20 8 hS RN B | 70 &1 2 tHin 12:8 8760

*Grwp Ill’:ﬁh vinyd chhuride cxpenasre} = Wewrk laheh 01, 02, 14, 08, 6. 117,

Ciwp 2
Giroup 3 (how vinyd chl
HNC = Net calculated.

ium vmfl chloride exprsure) = Wk lahels 1Y, UH,

oride caperiire} - Wk label 102,
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Tabte 3 Osirved 101 und expected 181 cases of vancer tall sies b lung conger (1CD 162116.0), and wmaligmomt inelonm

o thne sk 1201 190) i eehetion 1o e o} fiess vinpdovanent in the plant .

Yewry 1l AR Al ot . 0D ndier 101 19 Person-
e workery . . . - e - yeurs
catploavewnt o I (R R ] ¢ [F 5 t ¥ [#1A [RAXEY L
(DL ‘ e T A T b1 K b It 20 |} kXN N¢* 26191}
1ess .9 13% ® 0S| [ K] o4 i 1 28 NC 271170
oty 4 122 n 431l 0 LA Nt 2 19 -t 20934
[1i03 -t oK ) 2 e ' Sy Nt 0 w2 NC 12408
Tutal 484 2 2 K s P 2Kd [ 1 34 54 Hol60

N Nl cakeolated.

!

Table 8 Obarved (01 and expevied () cases of cancer, oll sites, af the colins (10D 1533, of the lung (1CD 1621163,
avlignnm mclanonne of the skin (1CH 1O, and cancer ofthe hiyroid gland (1CD 193}, by 300 ppm-year exposure in

No uf MKy Newoof Al vencen 100 182 W ind Ind iwn iw 1D i 'ersin-yrar
P Nears® 3 . . DR - 1983-79

0 ¥ K 0K BE O, B oK 0 K ik E i
* 169 6 T0h K B BS1ENC 2 1l 2 1 D29 NC 0 (D6 NC 3040
[ 124 I M b 1 02 NUC O B NC 0, ks NC0 003 NC 0RK-S
-5 LL}] 14 L 20 L B B w27 3 1-43 21 ) O-3 w2 e 333 38308
ol 4%4 FERE T W B T U S R S X N R TR 056 125 %6760

NC  Nesk caleotitnd.
*hor gkssicaten ol oypennize Bz Haese e e aRiterial sk pwthods

Tuble & Distritaation eof expeassre coregnries among workers in whont eoneer has wen dingnosed (ull cuses of cancer;
Fignres give durstion o cxposure sovdvr different categarion it Yoars

Ape when vuncer fime wf fiervs Yeur of e Faposure caregnriest
was diugnenaal rmplaymen dhagnenis Neet
- - . . 0 U2 Ul N 05 V6 07 VX D
ol Jund 1979 VeI T2
0n? Hind 96? 3
n2 (LT 1472 b3
0? 1un2 1921 1"
58 I9nx t91? 6
in 149540 1971 22
(A sn 1903 4
n? [TANM Iy 17? h) s
R 3 1958 1977 194 7 6 {1}
54 195K 1877 [} 10
in [P 191 2 ]
n [EATH] 1972 : 15
2n (R3] 1967 1
45 182 197y 14
ax [N AR 1987 (U] 4
454 [RARS 198 1] 2
R 1}] (KA 19Nt 10 . 4
40 10 N9 i 13
¢ tonl 1%77 JoH) 15
[ 10l 1979 i 14
" 196 %72 (L] L)
A 987 jA" T LI i N
bR russ ook vy 2

3012 150 Momach cancer ], 1013 133 geokon cancer), FCE B3RS (cancer of Lhe biliary passages and biver), ICD 162786 {lung and hros
caneen), 101 177 teanver of the prastatel, 1CD 170 (restis cancer), 1D XD {bladder cancer), 1D 190 (malignant melsnoma o
“hing, 3D 194 tcaneer of thae thyraid pland).

Flagmmiite vitegorios arespomdiag with the numben in tuble 2,

T e v wevutied afier the ond of pimorvation petivd. . . b:
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L gad Anclorsen Incidence of cuncer winong vinel choride and polyviavt chiloride worken pJ0
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Lowat mclanoimiu and diagnosed n 1977 from the medium exposure caneer. a8 compared with 5.7 expecied. in VCM
) group. This case has not been included in the stdy, workers with at leist five years' exposure who atso

The latent period fur the four cases aecurring during bad been ubserved for 15 vears or maore alter Birst
¢ the lollow up period was B-8 years (range 2-2R) (a0 expasure.” They abso noled an unusuid distribution
. shown in table 3). When the two addidonal cases  in the histolugical type of lung cancer. Of the eight
¢ were included the ttent poriod was 131 years, histologically confirmed cases, live were classilied as

Three cases of eolonic cancer were uhserved i lurge cell undifferentinted. In vur study two of the
the high exposure group agiinst (M9 expected. “Two  cases of lung cancer were classified as ot cell car-
cascs of cancer in the thyroid pland were observed:  cinomas (small eell undifferentiated). Both vecurred
.both were medullary carcinmas, in the high exposure group, and buth patients had

Beean

: " Tuble 4 shows the relationship between the date |, started work before 1959, As the numbers are small,
i r of first employment in the plant and the incidencee of "‘.-m- conclusions shovld be drawa. but in"Norway,** as
' all cancers and of some specilic tumour sites. We i other countries.® only about 20% of all histologi-

; also related the expected chance (risk) of developing — élly classiticd lung tumours are listed as vat cell or

(CD 16211 63). cancer to the estimited weighed level of exposure,  small cellt carcinomas, Studies on populations occu-

pewr expostire index |2 the 500 ppm-ycar indicator, and these results are  pationally exposed to arsenic, asbestos, chromivm
[ shownin table 5. The highest sisk ratios were found VI, radiation” from wranium, snd  chloro-
:oﬁ':'nm" . among those workers who were characterised by methylether™ indicate that the proportion of oat

! : . high cxposure—thut is. those accumplating more el lung cancers in these groups is much higher
: - v . Whan five 500 ppm-years. We have no information  than expected.” and this' supgests that altention
w 33:"15 j: aboul the VOM exposure level for the exposure  should be paid o aat cell lung cancer in

[} categories 03 and OB (sable 2). which are classificd in - epidemivlogicl studies on working’ populations.
table 5 under the “less than one™ index and which  Bulfer ¢ ef observed three deaths from lung cancer
includes workers with less than ane S0 ppm-year.  (D-68 expected) in a subgroup of VCM exposed
I may be assumcd. however. that some of these  workers with more than five years” exposure at high
warkers were expaosed o VUM fevels of about SO0 exposure level and a long observation period.” Fox
ppm. Therefore, the correct exposure category for  and Collier, on the other hand, could not show an
one of the two cases of lung cancer under the “less  increased risk of lung cancer in membérs of a cohort

i | than one™ index (table $) could be the “one to five™  recruited from different plants.” They included alf
Ny il cascs of et ). . index, The same may be true for the one matignanl  expased workers, kid down o requirements for
) . vwlanoma under the “less than one™ index. expusure minimum, and no minimum observation

- r? The plant employment history of all workers in period was accounted for.

. whom cancer hus been diagamsed and the tumour In the present study the smoking habits of the
e @ 07 R 09 sites, ranked according o KD code (71h revision),  members of cohort are not completety known, A
: " ate presented in table 6. The year of first employ-  smaoking questionnaiire survey in the plant in 1980

2, - ment and the ape when cancer was disgnosed are showed that $3% of the workers were smakers, by
. abo included. The previously mentivned latent  contrust with 42% in the male population in the
" "¢ periods have been caleulated from table 6. whole country in the sime year." Consequently, it .

. . H does not seem likely that smoking as a confounding

! ; ! Discussion . factor can explavin the differences in the incidence of
- 6 W ! . cancer.' o -

] w N The present investigation has shown an increpsed Maltoni ¢7 @l have indicated that VCM is a mul-

! 2 * incidence of malignant melanomas of the skin, lung  tipotent carcinogen in mice. rats, and golden hams-

" » tancer, colonic eancer, and thyroid cancer in VCM/  1ers.? They also shawed skin tumours in golden ham-

. PVC workers. Our observation on Jung cancers isin - sters, some of which were malignant melunomas. In

N 3 accordance with the results of several other studies & siudy of the kinctics and argan distribution of

] 3 hat o our knowledge, an increased incidence of  VCM in which rats were exposcd 1o “C-VCM by

15 malignant melanomas in workers producing VCM/  inhalation. Duprat o o showed “a great deal of

N PYC has not been shown befure. The present study  labelied molecules probubly both VCM and its

* is one on the incidence of cancer, by contrast with  metabolites” in the skin after three hours.'” In a

? ¢ the other investigations which refer to deaths from similar study Walnabe o ol confirmed these

T 182163 (ung s branchid fr CANCES, Il the pereentage survival in disgnosed cases “results.'® None of these authors discussed the

D 190 [malignant awlanoma of & of malignant melanomii is high, studies on deaths  signilicance of the distribution of YCM to the skin,

oL : » from cancer may have masked a pussible increased . however.
" incidence of this tumour, Malignant mefanoma of the skin is belicved to be
Waxweiler ef of observed 1 deaths from lung  associsted with exposure 1o sunlight** and few occu-
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pations hive been associated with thie doevchopnent
al theswe temours, Teur gas feeschloroacetophenone
and palyehlorinated biphenyls™ are chemients thin
have bweo suggested as passibde indueers, 1n owe

Cstudy popubaion voe more case of melanoni has

been dinpiosed atier 1he closure ol the stody and
Befon: the increased incideace of ampur was known
o as, This additional case considerably strengthens
the associativn betweent expostre 1 VUM and the
development of antdignant qiclancamis. As the medi-
eal serviees in the “Letomark county have been ol 2
high yuality wnd casity aceessible, we du not believe
that there bas been sy hins due &+ the presenee of
the occupationa] bealth servive in the company.
Bt none ol e lour cases was disghosed by the
weespationa! physicians, One of the five subjects
with skin cancer had suevived untit June 1982, The
incivdencee of malipnant melinomas in the st arcas
of “Telemark | county s sightly higher than the
o] st while the incidence in urhin arens is
fainly cquand te the national rete.'® AR subjects with
skin cancer hind Hsed in the usban asea,

We sinernied twa cineers of the thyroid gland
(iri6 expectcd): both cnes oceurred in the high
cxposire proup amd were of e sime histajogicad
. We e notiwane of other stadics indicating an
exeess ol thiv npe of cancer bul as only two cases
hive heen abserved, o conchiooms can be dmwn,

B Canadian study on workers exposed o VUM
for dive years o1 wore Therinult and Alfartd showed
st exoess of caitcer in the digestive ssslem.” by the
anthors concinded it the excess is acevumed lor
exclusively by cancer of the liver. In the _present
stidy we found s stight excess of canoee of the colon,
Many of the other studies relerred to include concer
ol e liver in digestive canvers, and they conclude
thist the exeess rivk is due o tis kegoar, There are
few reparts op nevupationally induced cancer of the
eolon and rectust slthotgeh it bas been indiciated that
asbestos workers, testife workers, and steed workers
e an increased sisk Irom these diseases.® Walt-
nalw ot af in theis Kinctic stady showed some faceal
elimin
bt they discuss anly uringry and pubmonary elimi-
mation in their paper.** :

Fhe results presented in the esent study. consi-
desed with other epitdensiological studics, seem to
supparrt the view that VUM may act g o ionlticar-
vigogen in man. This is in scconfimee with obscrvi-
tions from aninutd studies.® Some of our findings Jif-
fer from those presented by other workers, s will
e followed up later, The nhservation perisd is short
Tor some of the members ol the cohort, amd the
study pronp is snall, Nevertheless, the fact that the
excess of difterent cmeers was seen in the proup
with W bighesd estimated esponere Jevel streng-

on of 2O after the inludation of *“C-VOM.

Heddoos, Langard, ard Amdersen

theas the sogpested  gssocialion between VCM
exposure and these lypes of ceers, in particular
the mglipnant melanomas.

W thank the Phastic Division of Norsk Hydro s s

couperation throughout the study, (3 C Bickman's
critival commuenis swere of prest help, We thank M

P A Flor lor lingaistic holp and Mrs U Daniclsen for 3t

typing the manusript,
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it {3) b several cises, wark historics by e
- ¢mplupment reeords dild not pravide enough delails

W pinpoirs specific exposurcs. {4) Historicat dala on
expasure fevels were inadequate for the clu_:mlcalx
under pvestigation. Thus no quaniification of
exposure was possible. (3} Many of the workers
were potentially exposed 1o 3 muoltitude of themi-
cals, und it was impossible 10 examine rnp_mluy by
“pure” eaposure. {6) For several conditions, [he
number of study subjects in some of the subgroups
was smaller Man desirable, and it was difficult to
draw definitive conclusions. (7) Being a morntahty
study. the investigation not only inherited all the
problemns assacisied with dealh centificates but also

 sulfered fron lack of in-depth elinical information .

(%) Employment other than that with the :.x.:is:ing
company was not ¢considered. Nor was il feasible to
incinde smoking history in the analysis, Despite
these linilalions, the study has identificd several
paiential health problems in the cohort, We recom-
e that ttis stedy be updated in the fuure. A
longer nbscrvation pesiod will not only increase lhe
statistical power of the swdy bul also cstablish any
srend in mortality, if oue exists, in the coliort.
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Incidence of cancer among vinyl chloride and

polyvinyl chloride workers

SYTORETVEDT HELDAAS, S L LANGARD,! AND A.ANDERSEN?

Fram the Research Center,' Norsk Hydro o 3 Porsgrunn Fabrikkee, 3900 Porsgrann, Telemark Scateals-
mkehus,? Deportnient of Occupational Medicine, 3900 Porsgrunn, and Cuncer Registry of Norway,' Mon-

tebella, Osio 3, Norway.

ansexact  The results of a follow up study of the incidence of cancer and the mortality in a cohant
ul 454 male workers producing vinyl chloride and polyviayl chloride are presentcd. The study
populntion wis restricted to employecs with more than onc year's work experience in the study
plane between 1950 and 1969 and the cohort was (ollowed up from 1953 to the end of 1979,
‘Iwenty theee new cases of cancer were observed compared with 20-2 expected; ane case of liver
angiosarcoma wis found. Flve cascs of lung cancer were found (2-8 expected) and four cises nf
maligaant melanome of the skin were observed (0B expeeted), The possibitiny of a causal rehi-
tonship between exposurse to vinyl chloride and the devclapment of matignant melanoman is

dwuxsed,

Snce 1974 when Creech and Sohnson presemied

theit repaort,! huian cxposure to vinyl chlmicle

1VUM) has been associuted with the occurrence of

angimsarcoma of ihe liver, Several siudict have °
¢

» Wung G, Ltidjiaa HMO, Keten VS, R
Suett i ol workers

P d to cikylesr
Ibrumide (EDB). JOM 1979:21:98-106.

constructive cominenis. This study was sp d by
Velsicol Chemical Corporation.

Requesls for reprints 102 Dr Wong, Eavironmenial

Nealth Associales, 2150 Shatuck Avenve, Suite
414, Berkeley, CA Y4704,
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d these initind results as reviewed by Spirtas
and K kL' Jn animal studies where VOM was
ea tn mice, rals, and humsters by diffcrens miutes
of administration neoplasms have slso been induccd
w oiher argans.>

Whether VCM has the padency to induec eancer
w man in orpans ather than ihe liver has not yet
been confllemcd. Lung cancer,** brain fumours,”*
md cancer in the digestive sysiem, printarily

» wong O. A piactical guide foe f Paces ) ot
l?‘a«mhﬁd teuth emd Sufery 1981:50:31-9, 21-6.
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angi of the liver,** have bten suggested (o
N i cxeess in workers producing VCM sad
Pjvinyl chloride {PVC). and the prime purpose of
the prescat investigation was 1o study the incidence
of vancer in workers caposed 1o VCM, wilh special
emphinis on cancers other than fiver tumougs,

Materia) and method

HANT DESCRIPTION

Ihe siudy plant is localed in the connty of Telentk
A unnh st Norway, [ vddition to VCM aqd PV
B¢ company prodnees fertilisers, magaesiung, and
i in adjacent plant cumplexes, ‘The prowduc-

Liiened 3N Augist $UK2
N Loepted 14 Cevdee {902

pigutin IR

tion of VCM and PYC was started in 1950, VUM
wis produced from acetylene in the room wheee the
polymerisation reactors were located. 1n 1967 he
VCM production was partly aliceed, and cracking of
ethylenedichloride (EDC) was introduced as ane nt
wa production mcthnds, The production of VM
was discontinued in 1971 after which time the plunt
wis opefated as & polymerisation unil. From 1955
onwards VCM and PVC were produced in separatc
rooms; table ¥ shuws the volume of VCM aad PVC
production and the pumber of employces aver time.

STUDY POPULATION

A list containing the aames of employees who had
staried work before the cud of 1974 and wiune
period af cruployment had exceeded pne month wis
consiructed from the personnel register provide by
the plant. “The health depsrtment of the company
has kept the health reeneds of all present and previ
oug workers emplayed from 1949 and onwarsdh.
These reconls vlsa contain some information on the
pluce of work of caich envployee. Dy combining these

Table U Aanual vingf chinritle amd pofyvingt chitards
prtsduction wd nismbier of eoployess in the sty pliat

Wik pericdd 1A fuuet)  PVE ey Nowuf engpheosiins
MRS QN 28 Itew) St .
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[aibdes exnuteh, 1CD) 110 (malignant mclanumas of ther

st dsapnnsed in 3YTY tran 1he medium exposuse
group. 1his case has aot been included in the study.
I latent perind for the four cases occusring during
the fublow ap period was 8-8 yeass (range 2-28) (not
shown in Table 3). When the two additional cases
acre incluthed e latent period was 13-1 years.
hree cases of colonic caneer were nhaerved 0
the high expasire group against 0-9 expected. ‘Two
e ] cancer in the thysvid gland were observed;
Josth were meduliary curcinomas,
table 4 shows the relationship between the date
ot emiplaymient in the plsat and the ingidenoe of
31 cancers and of some specific lumour sites, We
shar retatend the capecled chance {risk) of developing
e o the esthmated w:ighcd level of cxposure,
e MK} ppmeyear indicator, and these results are
At in talde 8. The highest risk ratios were (ound
tnvang thuse workers who were ch terlsed by

eancer, as compared with 5.7 -éxpected, in VCM
wurkers with at least five years' cxpusure who aln
had been ubserved for |5 years or mnre after lirst
expusurc.® They also noted an unusual distribution
in the histalugical type of lung ¢ancer. Of thic cight
histologically confirmed cascs, five wire classificd iy
Yasge celt undiffcrenitatcd. 1n our study twa of the
cases of lung cancer were clussificd as oat cell car-
cinomas {small cell undifferentiated). Buth uccurred
in the high exposure group, and both patients had
started work before 1959, As the numbers are small,
no conclusions should be drawn, but in Norway “ as
in nther countries,' anly about 209 of all histolag-
cally classified lung tumours are listed as oal cell or
small ccll caectnomas. Studies on ponulations accu-
pationally exposed to arseale, asbestos, chiromium
VI, radiation from urasium, and  chluro-
Byl

hgh espasuic—ihat fs, those accomulating more
tan hve SN ppm-years, We have no information
thoat ilie VOM exposure level for the expeasure
catepanies O3 ond O (1abte 2}, which are classified in
tanle § under the “less than one™ index snd which
wSwles workers with less 1han one 500 ppm-yveur.
I nay b assumed, however, that some of these
“wsders were eaposed to VCM levels of sbout SO0
tem Therefore, the correct exposure category for
' iwti ¢ases of lung cancer under the “less
intlex (tnble 5} cauld be the **onc to five™
=i The'dame may be true for the one malignant
el under the “Yess than one' Index.

Ihe plant employment history of alt workers in
stum vancer has been diagnosed and the tumour
viiv1anke'd according o ICD code (T1h revision),
ste guerented fn hle 6, The year of first employ-
wont andd the age when cuncer was dingnoscd are
s nchuded, ‘Phe - previously mentioned fatent

" peeeads have been cakulated from table 6.
- i 1

Rsenabun *
1% peevent investigatinn hus shown an inceeascd
cadence of malignant mefunomas of thie skin, luog
st calinic cancer, and thyroid cancer in VOMY
FM M waders. Our abservation on fung cancers is in
wentdance with the results of seveeal other stucies
Pt 10 our knowledge, nn increased incidenve of
~ihgnanl melanomas in workers producing VOM/
VU hac ot been shoawn befote. The present study
" eme oin the incidence of cancer, by contrast with
the sulier investigations which fefee to deaths Gom
aanecr. 10 the porcentage survival in disgnosed cises
« malig ) is high, studies on de:
. Jem cancer may have masked a possible increascd
« @nlence of this lumour.
Wasweiler er of observed 11 deaths from lung

ylether jadicate that the progaiiion uf e
cell Jung cancers in these groups is much higher
than expected, and this suggests that aitentun
should he paid to oat cell luog cancer in
epidemiological studics on working populations.
Bufiles et ol obscrved three deaths from lung cancer
(0:68 expecied) in a subgroup of VCM cxpascd
workers with mare than five years' exposure at high
expasure level and a long obscrvation period.” Fox
and Caltier, on the other hand, ¢could nol show an
increased risk of lung cancer in members of a coliord
recruited from different plants. They included ail
cxposed workers. liid down no requirements for
expasure minimum, ond no minimum ohservation
period was accounted for.

In the present study the smoking habits of the
members of cohort are not compleicly known. A
smoking qucstionnaire survey in the plant in 1980
showed that $3% of the warkers were smokers, by
contrast with 42% in the male population in ihe
whole country in the same year.'* Conscquenily, it
does not scem likely that smoking as a canfounding
Tactor con explain the diffcsences in the incidence of
cancer.'t

Maltoni et af have indicated thal VCM is a mul-
tipotent carcinogen in tnice, rats, and gulden hams.
lers.? They also showed skin tumours in golden ham-
sicrs, some of which were malignant melanomas, In
a study of the kinctics and organ disttibulion of
VCM in which rats were exposcd to "C-VCM Iy
inhalation, Duprat er af showed "a preat deal of
labelled molccules probably both VCM and s
mciabalites™ in the skin after thece hours* In g
similar siudy Watnabe o af confitmed  thew
resulls'® None of these suthors discussed  the
significance of the distribution of VCM 10 the sk,
however.

Malignant mclanoma of the skin is belicved 1o by
associated with cxpasure o sunlight'® and fow aevu-
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(aitions bave heen assaciaied with 1he development
At these tumaurs, Tear gas (a-chion nt

thens the suggested assaciation between VCM

)
andd palychloanated biphenyls® wee chiemicals that
have heen suggested 1y possible inducers, In our
stinky popubation wne thore casc of melanoma has
heen disgnosed after the tosure of the sludy and
telore 1he inereasedl incidence of tumuoor was known
tu us, This additionad case considerably sirengthens
the association between exposure 10 YCM and the
development of malignantmelanomas. As the medi-
cal services in the Telemark county have been of a
high quality and casily accessible, we du not belicve
that theee hay heen any bias due 10 the prescace of

, ¢ and these types of cancers, in parlitula
thc malignunt melanonias. i

We thank the Plasiie Division of Norsk Hydro a s foe
¢ouperation throughout the study. O C Biickman'y
critical comments were of great help. We thank Mn
£ A Flor for linguistic help and Mry U Daniclscn for
typing the manuscript.
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Occupational exposure to hydrazine and subsequent

risk of cancer

NWALD,' JILLIAN BOREHAM,' R DOLL,! AND J BONSALL?

From the ICRF Concer Epidemiology and Clinieal Trials Unit,' University of Oxford, Radchi
Osford, and Occupationat Healtth Department,® FOC Limised, Hau:ta;.l z‘wﬁbrg::: 'UA“I e dnfirncy.

AnstRACT Four hundred and twenty seven men with varying degrees of occupational exposure io
hydrazine, 3 weak animal carcinogen, were studied to see if they pravided any evidence of
carcinogenicity to man., The observed mortality was close to that expected for hung cancer, other
eancers, and all olher cainses, Irrespective of the lovel of expasure. There were 49 deaths (6147
aecied) from a_ll causes including five deats from lung cancer (6-65 expected). The results
show that no obvious hazards associated with hydrazine exposure have yet appeared but because
of the small number of men studied they can only exclude gross hazards.

llydrazine (N H,) is a colourless, fuming, oily liquid
itk 3n smmonia like odour, The cstimalcd (otal
sotld production in 1981 was 30 000 tons. Abaut

'nm.xu. but” 1,2-dimethyl hydiazing did cause
angiosarcomas of blood vessels and caccat and hepa-
¢ tumours,! *¢

157 of hytleazine is used ns 8 ch | intermedi

m theyproduction of pesticides of pt suditives,
about .10% is.used In finc chemical manulacture
(particularly in the production of isoniazid and
sllmpurinol), and the remaining proportion is used as
s koxypenating materis) for boiler-feed water and
o propellant in cocketry,

Bydrazine has been calegorised by the {nterna-
tondl Apency far Research on Cancer as 8 weak
sacinogen' and by the - American Conference of
Governmentul Industcial Hygieaists (ACGEH) as an

. Rars cxposcd for one yenr Lo hydrazine vapuur hy
inhalation in concentrations comparable ta accupi-
tionally exposcd men (0-25-3 ppm), and thea kepi
for their normal lifespan, showed an incrcased inci-
dence of benign mnd macroscopically malignant
tumours in the nose, the incidence of which was dose
dependent, Mice and hamsters similarfy exposcd
showed an increased incidence of lung adenomas
and of nasal patyps rospectively '

It seemcd highty dcsirahle, therelore, 10 sec
whathee there was any evidence that hydnsine was

industrial  sub ol ea geniv

eotenlial for man,? * The evidence is based largely
on the adminisiration of hydrazine and Its sulphate
wlis to radenss,

Mice given hydrazine sulphale by mouth at up tn
44 mgrkg/day showed.a duse related increase in the
ncdence  of  hepatoma,  mostly  “lepatacar-
finamas."™* * Hydrazine, al doses atound 25 ngh g
day, ha'x alsy been shown to cause myeloid
leukaentia, reticulum coll saccoma of the medios-
teum, and pulmonary adenomas and lym-

- Mhomag, ** Rats (cd 3-4-4 mg/day aver » 68 weck

Petiod showed an increased incidence of fung
adenonias and carcinomas, snd o increased inci.
%ace of liver tumours*
Oral adminisiration of hydrazine sulphate ta ham-
\ters, however, did not causc a significant excess of
. . .
Favened 39 Dcraber (9582
Atorpied € December 1982

N

carcinogenic to maa and Lo see whit had lsppencd
1a men who had been exposed 10 hydrazine vapour
In the course of Iheir work, even if the numibser
available for study was small. A preliminary analysis
of men working at 8 hydrarine plani {aited 1o suggen
an excess risk of cancer associated with cxposure 1o
hydrazine.” The follow up was incomplcic, how-
ever, and os moriality was nol analysed Ly cause we
conducted & {resh study using the same cohorl.

The plent

At a factory in the cast Midlands between 1945 aad
197} about 200 tons of hydrazine were produced o
year. The plunt was in an enclosed building and, a»
hydrazine was 1ot considered 19 be more hazarJdoues
than ammonia, exhaust ventilation was nal pro.
vided. Hydrazine was kept in open tanks and hy-
fazine con!pounds were made feam strong hydrazine
solutions in opcn vessels, which were heaied
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Epidemiological study of the lung function of workers
at a factory manufacturing polyvinylchloride

MHLLOYD, S GAULD, L COPLAND AND C A SOUTAR
From the Institute of Occupational Medicine, Edinburgh EH8 95U, UK

ABSTRACT A preliminary epidemiological study has been carried out to investigate a report that
some men working in a factory manufacturing polyvinylchloride (PVC) had abnormally low
values of the single breath diffusing capacity for carbon monoxide (T[.CO). All 265 present and
past employees of the PVC factory were studied, together with 219 men from the workforce of a
nearby foundry. Each man’s T CO was measured and a smoking history and detailed occupa-
tional history obtained. The distribution of standardised Ty CO results from all persons examined
was symmetrical and did not indicate an unexpectedly high proportion of men with clinically
important impairment of T CO. The results of a case-control study showed that, having allowed
for age, height, weight, and smoking habit, T1 CO was associated with a history of working in the
PVC factory before 1975 (when levels of vinylchloride monomers (VCM) were much higher than
subsequently), and slightly associated with working in jobs where exposure to VCM was likely to
have been highest. The men with low T] CO also tended to have smoked more heavily than
controls. The relative importance of occupational factors and smoking in relation to low T CO is
not clear, but the results give some support to the hypothesis that work in the PVC factory before
1975 entailed exposure to a substance that caused impairment of lung function in a small number

of men.

The management and occupational physician of a
factory making polyvinylchloride (PVC) had
become concerned over an apparent excess in their
workforce of men with impairment of the single
breath transfer factor for carbon monoxide (TLCO).
The present study was planned to determine
whether there was such an excess of men with low
values of TL CO in the workforce, and to make a
preliminary assessment of whether low T] CO might
be related to occupational factors,

The factory had been in operation since 1969 and
produced PVC powder from vinylchloride monomer
gas (VCM). All men who had worked at the factory,
whether or not they were currently employed there,
were invited to participate in the study. A sample of
men working in a nearby foundry were also invited
to participate; they had been exposed to the same
environmental conditions outside the workplace and
were included in order to augment the number of
men in the study who had not been exposed to poss-
ible hazards in the PVC factory.

Rcceived 28 February 1983
Accepted 9 May 1983
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Methods

SELECTION OF SURVEY POPULATION

All 177 men currently employed at the PVC factory
were invited to take part and attempts were made to
trace and invite all the 263 former employees. At
the foundry, the study was confined to 285 men
selected randomly from the 1085 current male em-
ployees. The number of men at the foundry aged
under 25 was limited to 15 to take account of a
disproportionately large number of young men in
the foundry population compared with the PVC
workers and to provide a group of similar size to the
13 PVC workers of this age. Apart from this, selec-
tion did not take account of age.

MEDICAL SURVEY

' The medical survey team visited the factories and

recorded a full occupational history since leaving
school for each man. Trained personnel using a
questionnaire which was a modified version of the
Medical Research Council questionnaire of
respiratory symptoms' recorded details of each
man’s smoking history. Additional questions were
related to age of starting smoking and the number of

BFG05047

R .

LVl L e i e



aat
ow
ind
f a
Ja-
1ed
ily
red
the
1an
1t0
1an
2is
ore

d@ .t
s. At
men
- em-
aged
of a
:n in
PVC
© the
selec-

s and
-.aving
ing a
of the
¢ of

each

were
ber of

Mty e £ et

o e S i =

Epidemiological study of the lung function of workers at a factory manufacturing polyvinylchloride 329

cigarettes smoked during a man's maximum smok-
ing period.

Measurements of single breath gas transfer factor
for carbon monoxide were carried out on all men
using the breathholding method? based on the mod-
ified Krogh technique (transfer test B; P K Morgan
Ltd, Chatham, Kent). The mean of two measure-
ments was used in the subsequent analysis. All PVC
factory employees had forced expiratory volume in
one second (FEV ) and forced vital capacity (FVC)
measured using an electronic dry rolling seal
spirometer {Ohio 800). The best of three technically
satisfactory measurements was used for the analysis.
Approval was not obtained for FEV, and FVC
measurements in the foundry workers.

METHODS OF ANALYSIS

Analysis of data from the total survey population
The data were studied initially by summary descrip-
tive statistics and by multiple linear regression
analysis of lung function taking into account age,
height, weight, and smoking habit. Men were
assigned to one of three smoking categories; lifelong
non-smoker, current smoker, and ¢x-smoker. The
two smoking groups included smokers of pipes,
cigars, and hand-rolled cigarettes but the majority
smoked manufactured cigarettes.

In the regression model used for both Ty_co and
FEV, different intercepts and age slopes were
xllowed for the three smoking groups, non-smokers,

srrent smokers, and ex-smokers. This means that
the estimated effects of age were not constrained to
be the same necessarily in the three smoking habit
groups.

The relation between a man's observed and pre-
dicted lung function values was expressed as a stan-
dardised residual (SR). This is defined by the equa-
tion:

(observed valuo—valuc predicted from fitted equation)

{estimated standard deviation of the prediction)

~.» distribution of FEV, and T[_co SR values of the
whole population was examined.

SR =

Case-control study
For each lung function variable, those men with the
largest negative SR value were chosen as cases. Two
groups of controls were selected randomly, firstly,
from those men whose SRs were clustered around
zero (“average” controls) and, secondly, from those
with largest positive SRs (““healthiest” controls).
"+ groups were chosen because men with average
- -..«s may have included some whose lung function
had been slightly affected by noxious influences,
whereas those with very high values were least likely
1o have been affected by noxious influences but

Table | Classification of all jobs at PVC factory into six
broad occupational groups.

Broad occupntional Jobs included in group

group

| ~ All men working in reactors | and 2*

2 Dryer room B operatarst

3 Dryer room Lead. A and A/B
operators

4 Warchousemen, maintenance stafl,
laboratory staff, and drivers}

s General staff who visit plant, such as
shift supervisors and foremen

6 Management and office staff

*Men most likely to have been exposed to high concentrations of
VCM in the past,

tMen engaged in the bagging of PVC and probably exposed to
{:’lglr;i:.c;mcemntions of gust than other workers in the dryer
:;Acn pso{entially exposcd to all raw materials and products.
might include men who were highly resistant to
these influences.

Cases were initially compared with the rest of the
survey population in order to identify any systematic
differences in age, smoking habit, and employment
status. Then the occupational and smoking histories
of cases and controls were examined and compared.
Smoking histories were classified as they were for
the total population, but additional information
about the number of cigarettes smoked and the age
of starting smoking was analysed in the case-control
study. Broad occupational categories were defined
for the PVC factory (table 1) and for the foundry,
and the total number of years spent by cases and
controls in each occupational category was calcu-
lated. Additional information was available for PVC
employees in relation to exposure to emulsion
polymer (which has a smaller particle size than sus-
pension polymer and which was manufactured at the
factory between 1971 and 1974) and employment in
the factory before 1975 when levels of VCM were

much higher than the currently permitted levels.:

From the full occupational history the number of
years spent in potentially ““ noxious” industries {such
as coal, steel, chemicals, and a miscellaneous group
of industries in which exposure to noxious com-
pounds might have occurred) was recorded.

In the analysis Fisher's exact test, the chi-squared
test for 2 X 2 contingency tables, and the chi-
squared test for linear trend were used where
appropriate.

Results

A total of 488 men was seen, consisting of 165 cur-
rent PVC factory employees (93% of those who
were asked to participate), 102 PVC former em-
ployees (39% of those invited), and 221 foundry
employees (78% of those invited). Four men (two
PVC and two foundry) were excluded from the
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Fig 1 Number of men by ranges of T} co standardised
residuals.

TLCO analysis because of incomplete data, and to
the final analysis was based on 484 men. As FEV,
and FVC measurements were not obtained from
three PVC factory workers and all 221 foundrymen
this analysis was based on 264 men.

The distributions of standardised residual values
of T1. 00 and FEV, for the total survey population
after allowing for age, height, weight, and smoking
habit were fairly symmetrical and conformed
approximately to Normal distributions (figs 1 and
2), although for FEV, there were slightly more
extreme negative values than extreme positive val-
ues.

SELECTION OF CASES AND CONTROLS

A threshold SR value for Ty co of —1-5 supplied 31
men, a number that was considered large enough to
form a study group. A control group of 31 men was
selected randomly from those men with SR values
between —0-25 and +0-75 inclusive (T CO average
controls). A second control group of 31 “extra heal~
thy”” men was selected randomly from those with SR
values in excess of +0-75 (TLco healthiest con-

X

Wz 4002

Fig 2 Number of men by ranges of FEV  standardised
residuals.

Lioyd, Gauld, Copland, Soutar

Table 2 Feanures of Ty CO cases, controls, and total survey
population. Mean (and standard deviations) of age, height,
weight and Ty co

No of men T CO groups Toial
surve:
Cases Controls Controls  population
(3#) (average) f(healihiest} (484)
(3 31
Age (y)
Mean 41-8 42-3 403 42-2
(SD) (10-2) (12-5) {11-3) (11-9)
Height (cm)
ean 1761 174-0 173-9 173-8
SD) (7-1) (6-6) (5:6) {7-0)
Weight (kg)
ean 82-7 84-9 79-2 80-2
(SD) {13-3) (18-5) (9-5) (12:6)
TLCO
(nli‘)lmin mm Hg)
Mean 222 3t-8 37-3 30-5
{SD) {4-1) (29) (4-3) (5-9)

trols). Similarly, 30 men with an FEV, SR value of
less than ~1-1 were selected as FEV, cases and two
groups of controls (FEV, average controls and FEV,
healthiest controls) were chosen from those men
with SR value between ~0-25 and +0:75 and in
excess of +0+-75 respectively.

CLINICAL FEATURES OF CASES, CONTROLS, AND

THE TOTAL POPULATION

The general features of Ty co and FEV, cases, con-
trols, and the total population are shown in tables 2
and 3. The mean age of the T} CO case and control
groups were similar,

Observed T CO and FEV, values of the cases
were also expressed as a percentage of values pre-
dicted on the basis of Cotes’ regression equation.?
Fifteen of the 31 TpCO cases had Ty Co values
below 70% of their predicted values; four were
beiow 60%. Twelve of these 15 men were PVC
workers and three were foundrymen. Nineteen of
the 31 cases were from the PVC factory and four of
these had evidence of airfflow obstruction (FEV, <
80% and FEV/FVC < 70%); examination of
forced expiratory flow-volume loops suggested that
a further seven might have mild airffow obstruction.
In the remaining eight the low T CO appeared to be
an isolated abnormality.

Of the 30 FEV, cases, 13 had observed FEV,
values below 80% of their predicted values and 10
of these men had FEV /FVC ratios below 70% sug-
gesting airflow obstruction. Seven of the FEV | cases

also qualified for inclusion as Ty CO cases.

OCCUPATIONAL HISTORIES

Analysis of employment status showed that 19 of
the T CO cases worked or had worked at the PVC
factory and 12 were foundrymen, but this difference
could easily have arisen by chance. Most workers
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Table 3 Features of FEV  cases, controls, and total survey
population. Mean (and siandard deviations) of age, height,
weight, Ty co, FEV and FVC

Table 5 Smoking habits of Ty co cases, controls, and 1o1al
survey population. Number of men in each smoking
category with percentages in parentheses

No of men TpCO groups Total Non- Curreni Ex-smoker Total
survey smoker smoker
Cases Controls  Controls  populati
30) (average) (healthiest} (264) Cases 3 (97 20(645) 8(258) 31
(30} (30) Controls
(average) 4(129) 15 (48-4) 12 (38-7) k]
Age (y) Controls
Mean 433 41.3 42.1 42:2 (healthiest) 7(226) 15 (48-4) 9({290) 31
Heght (cm) aros o azs a0 s Topulmtion  109(22:5) 234 (48-4) 14
{4} . on o .
ean 1760 174-5 1759 174-3 i { ) { R C O
sD) (7-4) (6-6) (8:0) (71 ,
Wele.ln (kgk 822 78.4 80-4 80-4 factory before 1 January 1975, when levels of vinyl-
(5D) (133)  (101)  (11:5) (12:3) chloride were much higher than at present. Seven-
FEB}'e. -(li)-' 27 29 s 3.7 teen of the 19 T{.CO cases who had worked at the
(SD) 07 7 (0:8) (0-9) PVC factory had been employcd before 1975
FV&(I)- o1 51 59 . whereas only five of the 15 healthiest controls and
(Sg)n (0-9) (0-8) (0-9) (10 11 of the 13 average controls had been. The differ-
Tico . ence between cases and healthiest controls was
(mMT:: mm He): 20.4* 323 3143 30-5¢ significant (p < 0-002), and the increase in the
proportion of men with pre-1975 employment in the

(SD}) (6-8)° (6-0) (6-5) (6 1)t

*Value based on 29 observations.
tValue based on 262 observations.

had worked in more than one type of job and in
more than one broad occupational category during
their employment with the companies. More cases
than controls had worked in jobs in category 1 (on
or near the reactors) at the PVC factory; 11 of 31
cases (35%) had worked in this category compared
with 10 of 62 controls (16%) and this disproportion
is significant at the 7% level (table 4). No suggestive

differences were seen in the pattern of employment .

of FEV, cases and controls.
More cases than controls had worked at the PVC

PVC factory for the three groups over healthiest
controls, average controls, and cases was also statis-
tically significant (p < 0-001). Analysis of the dura-
tion of employment of men within different age
groups showed that pre-1975 working was seen in
both younger and older men. A similar analysis of
FEV, cases and controls and foundry Ty CO cases
failed to show any significant differences in relation
to working before 1975. These findings suggest that
some factor or factors associated with working at the
PVC factory before 1975 had caused impairment of
Trco in some men.

There was no diffcrence in the numbers of Tp co
or FEV, cases and controls who had been exposed

Table 4 Numbers of men who had spent some time in each occupational group. (Mean time (years) spent in each

occupational graup)
No of Occupational groups
men
1 2 3 4 5 (] 7 8 9 10 11 12 i3
Cases:
PVC workers 19 i1 11 4 4 . 2 — 1 — — 5 — 1 —
(27 (06} (7-6) (9:0) (9T (71-0) (5-6) (1-4)
Foundrymen 12 4 2 5 T .02 2 1
(7-3) (3:0) (12:3) (4-0) (3-2) (11-9) (1-0)
Avcrage controls:
PVC workers 13 4 7 1 5 I —_ -— — -_ _ -— —_ —
(720) (0-7) (68 (60) (12:3}
Foundrymen 18 3 $ 1 9 1 L1 1
(4-6) (16-1) (30-4) (94) (7-4) (10:6} (2-5)
Healthiest controls:
PVYC workers 15 6 Lt 1 2 2 1 - - - 2 1 - -
(3:0) (1-0) (10-R) (7-3) {(3-3} (1) 4-0) (0-5)
Foundrymen 16 5 -

3 3 6 -
(134) (45) (127) (125 —  (116) —

Note: Occupational groups 1-6 rcfer to PVC factory (sce table 1) and 7-13 jobs at the foundry—that is, 7 work on or ncar the furnaces: 8
sand work and shot-blasting: 9 grinding and welding; {0 gencral jobs; 11 painting and dipping: 12 casting work: 13 fettling.
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to emulsion polymer at the PVC factory.

No evidence was obtained that the observed dif-
ference between cases and controls could be
explained on the basis of previous employment in
industries other than the PVC factory or foundry.

SMOKING HABITS OF CASES AND CONTROLS
Whereas the procedure for selection of cases and
controls had taken account of whether a man
smoked, it was found that the T CO cases had
tended to smoke more than controls. A slightly
higher proportion of Ty co cases (65%) were cur-
rent cigarette smokers than either group of controls
(on average 48%) (table 5), and more of these cases
smoked 25 cigarettes or more at the weekend than
the healthiest controls (fig 3). Weekday smoking fol-
lowed a similar but statistically insignificant pattern.
The Ty, cO cases tended to have started smoking at
an earlier age than controls (fig 4).

Discussion

Whereas exposure to PVC dust has been shown to

Lloyd, Gauld, Copland, Soutar

be related to a mild reduction of lung function and
chest x ray abnormalities,* ® less is known about the
pulmonary effects of exposure to VCM. There have
been some case reports of men exposed to VCM
who had impairment of lung function, particularly
TiLco,*” and changes in lung histology have been
reported.®*?

The present study was designed as a preliminary
examination of whether an undue number of men at
this PVC factory had impaired T]_CoO, and whether
such impairment was likely to be related to their
occupation, We have found no evidence of a sub-
stantial excess of men with impairment of the Ty co,
although low T CO values were found in a few men,
as might be expected in any large population of
workers. After allowing for other factors, however,
those men with the lowest T CO tended to have
worked more often than would be expected at the
PVC factory before 1975, a date before which con-
centrations of VCM were known to have been much
higher than subsequently; these men also tended
slightly to have worked in the jobs where the highest
concentrations of VCM were found.

This evidence gives some support to the
hypothesis that work in the PVC factory entailed
exposure to one or more substances that caused
impairment of lung function in a small number of
men. The most likely substance is VCM, on which
suspicion has previously been cast by case reports of
vinylchloride workers with impairment of gas trans-
fer factor, but in which proof of association has been
lacking.5? It is also possible that exposure to respir-
able PVC dust may have contributed to the low gas
transfer factors although there was little positive
evidence for this in our study. PVC dust has been
shown in other studies to be associated with impair-
ment of other aspects of lung function (though not
the gas transfer factor) and slight chest x ray abnor-
malities.* *

There was little evidence to support, as an alterna-
tive hypothesis, the suggestion that the workforce
recruited in the early years of production included
an excess of men with poor respiratory health at the
time of entry to the factory. The FEV,, a more sensi-
tive indication of the common types of chronic
respiratory illness, was not found to be particularly
adversely affected in men working in the factory
before 1975. '

The selection of cases took into account whether a
man smoked, but even after allowing for this, the
cases with fow T1 CO tended to have smoked slightly
more than the controls, and notably the age at which
a man started to smoke appeared to be related to
low Tpco. The relative contributions towards
impairment of T} c0 of smoking and of occupational
factors are not clear from this study, but it is possible
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that both were important. The men with the {owest
TLco values selected as cases were not all necessar-
ily suffering from lung disease but among them were
15 men whose Ty CcO was less than 70% of the value
predicted by published normal values, a level which
probably indicates the presence of disease. [n eight
of the 19 cases who had worked at the PVC factory
the low T CO was an isolated abnormality, a pattern
unlikely to be the result of damage from smoking
and which is usually associated with interstitial lung
disease or disturbance of pulmonary perfusion.

Reports of both animal and clinical studies give
further support to the suggestion that exposure to
VCM might have been an important causative fac-
tor. Animal studies have shown that exposure to
high levels of VCM leads to pulmonary fibrosis, the
changes being most severe in the animals which had
been exposed for the longest time.* There have been
isolated case reports of individuals with interstitial
lung disease who had been employed in the man-
ufacture of PVC and who had, therefore, been
exposed to VCM.*'® Hunter et al described six such
workers, three of whom had died from liver disease
related to VCM exposure*; none of the six had
respiratory symptoms, three had abnormal chest
x ray films, and one an abnormal Ty CO, but the lung
histology from all six men showed a similar picture
with the presence of an inflammatory interstitial
infiltrate.

Diligent attempts were made to contact all men
who had worked at the PVC factory but response
was low (39%). If the men not examined had
included either an excess or deficiency of men with
impaired gas transfer factor compared with the
population examined then the analysis of the dis-
tribution of values among the population seen would
be unrepresentative to that extent.

We conclude that this prefiminary study has
shown no evidence that current working conditions
in either factory have caused impairment of lung
function but it does give some support to the
hypothesis that work in the PVC factory before

1975 entailed exposure 10 a substance that caused
impairment of lung function in a small number of
men. Further work including clinical studies of
affected men would be necessary to charactenrise this

impairment and to explore more fully the relations
with occupational and other factors.

This study was carried out with the full cooperation
of the management and workforce of Vinatex
Limited to whom we are grateful for financial sup-~
port. We thank the management and employees of
the foundry for their generous cooperation in the
study and the medical officers at Vinatex and British
Steel for their help. We also thank Dr A Seaton and
Dr M Jacobson for their advice. Further details of
the results of the work are recorded in Institute of
Occupational Medicine report TM/82/4.
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