'ﬁi.*t;__n-*

‘ | Voo W

Journal of Occupational Medicine A

4 ANAYVI

August 1974 Vol. 16 No. 8

— Y o — -

Mortality Study of Workers
in the Manufacture of Vinyil
Chloride and its Polymers®

* il _*--1-1

[ |

Animal studies have shown that inhalation of vinyl chlonde produces in rats angiosarcoma of the liver
as well as cancers of the lung, kidney, skin and other sites. Although workers in occupations involving
exposure to vinyl chloride have been found to have an increased risk of hemangiosarcoma, no excess of
other cancers has so far been reported.

This historical prospective mortality study of 8384 men who had at least one vear of occupational ex-
posure to vimv! chlonde before December 31, 1972, demonstrated that cancers of the digestive svstem
(pnmanly angiosarcoma), respiratory svstem, brain, and cancers of unknown site, as well as lym-
phomas, occurred maore often than expected in those members of the study population with the greatest
estimated exposure. The mortality from other cancers was lower than that of the general male
population, with the exception of cancers of the buccal cavity and pharynx. There was an excess of
J these cancers, which however was inversely related to estimated exposure. The explanation for the latter

finding- is not apparent. |
' The other major findings of the study are: (1) The overall mortality of the study population was ap-
proximately 75% of what would be expected in a comparable population of U.S. males; (2) No cause of
l death showed a statistically significant excess over what would be expected in a comparable U.S. male
I population; and. (3) No deaths identiftied as angiosarcoma of the liver were found other than those
1
l
[
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previously identitied.
This 15 the rir<t epidemiological study which suggests that in humans vinyl chlonde mav also be
associated with cancer ot muluple sites.
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\/ inv! chloride 1n its manufacture and
polymerization has been identiiied as a
narcotizing agent,' as a liver toxin,? )
and as a vasospastic agent producing a
specific occupational disease,
acroosteolysis.* Recently, vinyl chlonde
has been incriminated as a carcinogen
producing in a group of workers
engaged in the manufacture of polyvinyl
chloride a rare ifatal liver tumor,
hemangiosarcoma.> Large doses of the
chemical in rats reportedly produced
cancer of the skin, lung and other
organs.¢ Unpublished but public n-
formation’ indicates that inhalation ex-
periments with rats in doses easily
reached in manutacturing operations
produces in addition to angiosarcoma of
the liver,. skin, kidney and other
malignant lesions.

The present study. however, was ngt -7,

restricted to the conditions and ’ Sites
suggested by the above investigations,
but concerned itself with the entire spec-
trum of causes of death, to the extent
permitted by the size of the study group.
The objectives of the study were: (1) To
compare the mortality of individuals
who have worked in vinyl chloride
plants with that of the general
population; (2) To compare mortality
pattems within the population of vinyl
chloride workers, based upon estimated
occupational exposure; and (3) To com-
pare mortality among vinyl chloride
workers with the mortality of other oc-
cupational groups.

The study population consisted of in-
dividuals from 33 plants who had
worked for at least one year in a job in-
volving exposure to vinyl chloride before
December 31, 1972, and included retired
and terminated as well as active
workers. For each such worker the date
of birth and an employment history were
obtained, and the wvital status of the
worker as of December 31, 1972, was
ascertained. For those found to have
died, those death certificates that were
available were obtained and the cause
oi death determined. The observed mor-
tality was compared with that of the
United States male paopulation,

Data Collection

In each plant, data were collacted for
each worker stated bv the plant
management to have been emploved for
at ieast one year in a job involving ex-
posure to vinvl chlonde. In some plants,
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narticularly those producing the
maoanomer, this determination could be
made on the basis of j0ob titles. Usually,
however, exposure was a function of
both job utle and the location of the |ob
in the plant, so that the assessment of ex-
posure had to be made on a case-by-
case basis by plant otficials.

Data were collected for as far back in
time as complete records were kept. In
most cases this covered the entire history
of the plant. In others, records were kept
for a fixed period such as a decade. In a
iew. records were kept for different
periods. depending on whether the
worker had died on the job or had left
employment.

In most plants it was impossible o

quantify exposure. However, industrial

hyg#ene ang safety personnel in each

nt were able to identify certain jobs
nd locations as involving the highest
exposures in the plant, and to classify
other exposures as medium or low
relative to the "“high’’ represented by the
jobs with the greatest exposure. Con-
sequently, each exposed job in a
worker’s history was scored 1, 2, or 3 to
indicate low, medium or high estimated
exposure.

This gross classification has two major
failings, as a result of the subjective
nature of the estimates. The first is that
the scores represent estimated relative
exposure within a given plant. [t s
therefore possible that, in objective
terms, a “"high™ score in one plant
corresponds to a “‘medium’ or even
"low"’ score in another. The second is
that the scores usually do not take into
account changes In exposure over time.
A worker with long service may
therefore have had jobs in the remote
past which involved “low’ exposure
relative to other jobs at that time, but
which might be ““high” in comparison
with current exposures in the same job.
This subjective classification i1s theretore
of questionable validity in characterizing
the exposure of a given worker. For
epideminlogical purposes, however,
those who have high scores can
redsonably be expected, on the average,

Number 8334 8276
Parcent 100.0 30.8
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to have had the greatest exposure. whiie
those with low scores will have had the
least, even though the true exposure In
each group may vary considerably trom
person to person.

The estimated exposure history of fach
worker was summarized by calculating
an Exposure Index (El): This was done
by multiplving the number of months on
each job by the exposure score, totalling
these overall exposed jobs, and dividing
by the total number of months ot ex-
posure.

Foliow-up of Study Population

A follow-up procedure was instututed
tor those who had left employment and
whose vital status could not be deter-
mined at the local plant, using direct
mail follow-up and retail credit bureau
investigations. Table 1 shows the vital
status of the population as of December
31, 1972, Follow-up 15 85% complete.
Those who were not found were born
(and began their exposure) about ten
years before the group on which follow-
up was complete, and had about half
the duration of employment in exposed
jobs with a slightly higher El. Although
there appears to be nothing very unusual
about this group in terms of work history
and exposure, it is nevertheless true that
their exposures took place further back
in time than that of the group suc-
cessfully traced. It is therefoje possible
that their mortality, after gj:ubstantial
latent period, might show a somewhat
different pattern from that of the traced
group.

All of the subsequent analysis is con-
cerned with the 7128 workers on whom
foliow -up was complete. Table 2 shows
their distribution by duration of exposed
empioyment and the year in which that
employment began. Although almost
half the study group first entered ex-
posed employment in 1960 or later.
there are nevertheless 854 workers with
J0 years or more exposure. and 1/30
with 15 years or more. Table 3 shows the
relationship between duration of ex-
posure and El. There does not appear to
be a close relationship between the Ei

Table 1. — Follow-up Status of 8384 Vinyl Chioride Workers.
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Death Certiticatnn

Rec'd. Mot Suc'd.
182 " 128 24
42 1950 92.7 73
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and the duration of pxposure, hat s
corkers with a higher £1 do not dtter
«ubstanhally  1n duration ot exposure
rom those with a ‘ower I One im.
ahcation s that in assessing the relation-
;hlp hetween mornality and exposure,
both duration and level of exposure can
be examined separatelvy, as well as in
rombination.

Calculation of Risk of Death

The i<k of death 15 expressed as a
Standardized Mortality Ratio (SMR)Y,
which 15 the ratio of the number o
shserved deaths 1n the study population
‘o the number of deaths in he expected
in a comparable populattion or US.
males. S\MR'S were calculated tor oy erall
monrtality and tor 33 major cause groups.

Tahle 4 shows nbserved and expected
deaths. and the SMR, 1or each of these
causes ftor the total studv uroup. In
calculating the SMR's tor speciiic causes,
the 24 deaths for which no certificates
were tound were assumed to have the
came cause distribution as those tor
which certificates were available.

In the standard population, each SMR
would be equal to 100. Theretnore, the
statistical significance of the deviation ot
each SMR in the studv population from
the expected value of 100 was tested.d A
single dagger indicates those SAMR's
which differed significantly from 100 at
the >% level, that s, which had a
orobability of 05 or tess of occurning by
chance. A double dagger indicates those
which were signithcant at the 1% level.
SMR’s based on tewer than five ob-
erved cases were not tested for
significance.

Table > shows the same SMR’s for
workers with an Exposure Index helow
1 53 versus those at 1.5 or above. The
dividing point ot 1.3 represents a4 level
nalhwayv between “low’ and "‘medium.”

fable A shows simular results  r1or
aorkers swath less than five vears ex-

Table 2. — Distribution of Months a Ezposed Employment by Year 'n Hhich Exposure Began,
for 7128 Yinyt Chlioride Workers with Completed Follow-up.

Taar £1p.

Started Total t 60 60-11% 120-179
.930-39 2 4 H
1 940-4% 13% 93 9
1950-59 J89 2517 Ja3
.960-09 1714 442 199
1320.71 715
Total 7128 | 2955 179% 1}

posure versus those with five vears or
more. |

In order 1o examine the possible in-
teraction between duration and level of
exposure, the study population was
divided into four groups on the basis of
both EI (low vs high) and duration of ex-
posure (short vs long) using the same
dichotomization as Tables 5> and 6.

Table 7 shows the results for short ver-
sus long exposure in the low El group.
and Table 8 shows the same comparison
in the high El group.

In each of the above tables, deaths for
which certificates had not been received
were assumed to be distributed as a
uniform percentage of all causes. The
cause specific SMR’'s were thereiore ad-
justed upward by a percentage which
vaned in each subgroup.

Results of Analysis

The overall mortality ot the study
population is statistically significantly
lower than that of the U.S. male
population. There were 352 observed
deaths compared with 467 expected, for
an SMR ot 75.

Table 4 shows that no specific cause
of death was statstically signiticantly
greater than expected. Several. par-
ticularly heart disease. accidents and
“other diseases” not detailed 1n the
tables, were siznmificantly below ther ex-
nected values. T

Months of Exposure

180-22% 240-79% 100-15% 160-419 Uninown
4 6 13 5

151 211 237 M 2

6il 182 ' 20

' 17

786 55 250 Ry 139

\When the study population s divided
according ‘o intensity and duration i
exposure (Tahles 5 and ) and com-
binations of these measurements (Tables
7 and 8) three major patierns emerge

For malignant neoplasms as a whole,
the SMR increases with increasing ex-
posure, whether measured by level,
duration. or hoth. In the high exposure
group with 3 vears or more exposure
(Table 8) there are 36 observed cases
and 26.11 expected.

For cardiovascular — renal diseases as
a group. there are also increases in the
SMR with increasing exposure, but the
numbers of observed cases remain less
than expected, the differences being
statistically significant in all groups ex-
cept the high exposure, long duration
group in Table 8.

For all other causes, there are no con-
sistent relationships with exposure.

Within the malignant neoplasms, the
largest (although not statistically)
signsficant SMR is in cancers of the buc-
cal cavity and pharynx. with five ob-
served. 2.84 expected, and an SMR of
189. However, Tables 5> to 8 show that
all these cases have Expnsure Indexes
below 1.5 and four out of the five have
less than five vears exposure. Table 10 is
a hsting ot these deaths with age at
death, duration of exposure, and cause
as stated on the death certinicate.

Cancer of the dhizestive system ~how s

Tablea 3. — No. and % of 7128 Yiayl Chioride Workers by Months of Liposed Employment and Eiposure !ndes.

E150sure Months of Liposure

‘ndei
120-179 188-121 Unhnown
No. % No. %

D I | 1.5 .43) S TS, § g2 i 106 .0 N PARE A S R LY

P - O [V I 31y 22N S99 i) 30 ' AR ) A B ol

g can .3 9

Totad 7128 {10Q) 1958 A1) 179¢ 29) 37 (lﬂ)_ 88 (11) %S (1) 51 .4 1% 1) 1% (1)
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' Tablie 4. — Observed Deaths Sxpected Deaths and Standardized Mortaitty Ratios in VYinyl Chlonde Workers. - ;.
l Cawse of Death with LC.0. Number Obs Lxp SMA“
AN :auses 3152 487 23 18 - #
Toaerryraeg 001 319} 157 3
| Freeylons ol cecpiratory system (OQ1 NORY L -9
Malignant aeopiasms 140-205) 13776 10
Mangnant neoplasms. buctal cawity 3nd pharynx (140-148) 5:2 34 139
Maliznant neoplasms. digestive organs and peritoneum 150 ;59) 1921 67 gLt |
Valignant neoplasms. respreatory system (160 184) 25.2393 112
Walignant aeoplasms, genital organs (170 179) 31585 3
Matgnant asoplasms. urinary rgans 180 181) : 180 30
WM3ignant neaplasms. Jther ind unspacihed sies . 130 [99) Y B .35
syaemia Ing eunemia (C04) 13177 35
L,mzeamys ¢ 200-203. 295%) 5606 .06
S.aterss welitys 1260) rg 3l 30
VMior card:ovascular and cenal Jiseases 320 334 300 408 332 194, .55 207 46 30
152ty ecions afecting ONS $330.334) )24 48 371 -
Ire.mane ‘ever & chrome cveumatic hert Ais. 400 402, 300 4is) | <637 '8
Sreer ascierclc Seart disease - 420) 1217137 33 39
Nensreymatic endocardiis (421, 422) 1°6.58 10
Hyperiensive heart disease (440-441) 3.9 33 15
Cirer wypertentive ditesse - $44.447) 1240 -4
Theane & unspecsfied nephritis & renal scieress (592 33N 34 27 ) ‘
w _enry 37d Zneumcma . 480-493) 5996 3
Ncer 3 stomach and duodenum (540, 541) 2/3.83 <6
Agpendicius < 550.553) 0:0.66 - 9
“erz 3nd .ntestingl obstruciion (560. 561, 3/0) 1:1.51 NN
Sastnus. Auodemtis. antenitis and cohtis (543, 571, 31 1/1.31 32
Circhosis of fver (581]) 3/15.60 £l [
Hyperplasid of prestate (610) 0.0 39 0
Symoioms. cemdity and «f defined condis:ons : 780-795) 17 34 15
=i rhar teenses (-egidyld .22 73 - |
W Lemille accidents ‘8103351 17327 %
Steer azzcents (800-302. 340.962) 1830 54 83 °
Latice 363 370-379) 16.16 B3 %Y.
“:micde <354, 380-989) 1.11 98 9
Mo, of workars 7128
Person-years 77846

*IMR'S usied for desths with Zause unkncwn.
S inihcant at 2% ‘evel
«Zanhoant At L% Ceysl

Ny oncess n the study population as a
ARcde However, 1in those workers with
in 2y ot )3 or higher, there are 1} ab-
st o] cdsis where Y 14 are expected
{hateee ) dn the subgroup of the above
Sodkers waith nve vedrs nr more  ex-
jusure, there are 11 obcer e cases and
AT Lapeertod

'-:--ngm.llnr'. Cancer sheey s g ~Jrht e
Coss oy the DO group, amd g samitar pat -
e o Ltterenl X POSUre o atedories,
An b hseeeosad sersus MY 28 o e

Sy ke Exptosure Inddeex a8 13 ar
SEATET SUNN FAYS NER BRI o TN X STV S INFPRY SN WINRF, JRETH RERL'S
Pt wa) A cen. n addhitton, the cluration

O N I R S S 1A AR N (A LN RN T A FT AR A A TRT A Y

312

-

Mahignant neoplasms of ther and un-
spocitiedd <ites shiw an exeess 0 the
otal 2rogn. ard an incregse sith both
lew el and dJuration of exposure (Tables 3
1 A) che rnimmmmp W ith CXPIOSUTe AN
maore pronounced, since those with ex-
PDosutes b less than tve vegrs have
oy ol cdses than UM rere

The Boonpeshuoamads . dithogag!s - carnng dt
Aot he cexpren fed rate A hen the sy hiode
STfopy s coftsicdored. e Ceatornitratesd
Hnvost eovtimeiyv an the igh eaaoscire,
long urat:aon droup I thal o wory
SATE! SN LY L REFIY BT SR T r-h'w*l"'.r*"i l;hi o
LYSTURTE

Cancers of the semital and unnany

orgdns. and leukemia, have fewer cases
than expectedd. The number of cases s
too ~madli [o exaumimne any trends
Discussion

Mhe tavorabie overall maortgiaty o the
study population 15 a phenomenon Com-
maonly obsenyed i working popualations
Standacdized NMortalay Ratieay 1y thier Lena
BO's and helow have been ound ¢ 0
Even n o occupations with well denined
hazards swhich cause an ancregsed sk
USRI AN Y & L GNE ET O R TR LA Ther vy eergdil ey
rabity sy shifl be tavorabile oo ggse ol
1Hyee RO ra-k teostly olies LA « diag~as -
death, srequently in the carchon asoutar
— rondl cateory Y
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Table 5. — Observed Deaths Eipected Deaths and Standardized Mortality Ratios in Vinyl Chloride Workers, by Estimated Level of Exposurs.

Cause of Daath weth LC.D. Ra € « 1.5
Obs.tip
Al Causes | 1es270.3
Tuberzulosts 1001 019) ; )5 38
Tubercuiosis of respirtory system (001 O08) l 0:1 16
Malignant ieoplasms (140-205) 57 44 28

Maiignant 1eoplasms. dutcal cawity and phatynr (140-148) 5/% 62

Mslignant aeoplasms. digestive argans 3nd dendoneum (:50-153) 11250
Majignant neopiasms. resdirxiory System {160-154) 11135
Mjbgnant veaprasms. gemital argans 170-179) 1230
Mal-gnant ~eaplasms  Jrinary argans {130-i81) 1267
Maiizrant teoplasms. ther 3ad unspecified zites (190-199) 3657
Lsunemiz Ind y2cremy 204) | P2
Lempnemas 260 203, 2C5) | 1 348

Diabetas =metidys 2800

Myor -3rd.ovascutdr and renal diseases +330-334. 100 468, 592 394 41010

Y35C2ar  esions MWeeting ONS (230.21) T id 42
Rheuymatic fever & chromic rheumatic heart dis. (300-402. 4:0-418) 1333
Arteriosclerotic heart disease (420) 68/78.94
Nenrssp=atic ercscardiis 42, 422) 0/4.20
Aynertansive veart isease 440-143) . 548
Ciner hrpertencive frceaca 1444.447) 1582
Chesme & anspec:fied nepnnitis & renal scieroses ¢532-534) J250

influenza and pneumoma (430-493)

Utcer of stcmach nd duodenum (540. 541)

hageadiotis (550-533)

sermia and intestinal abstruction (560, 561. 370V
Gastritis. duodenitis. enteritis 3nd colihs (543. 571, 372)

Curhosis of hwer {581)

#yoern'asia 2f oresiste (619) 20 25
S.mgroms. eanity and 1! defined conditons /30 T3%) 742
Al sthar 3iseases residual) | 42130
Moror cahicie accdemts (810.835) 1-130C8

Cther acoidents 300 302, 340 .962)
Suwicsde 963, 970-979)

Horuc:de 964, 930 985) 0/6.98
No. of workers 4032
Person-years 45354

"SMR'S 1diusiad for 2eaths with c3use unknown
5 qmhizant 3t 8% evel
«Snitcant 3t L% el

In w:own of thece facts, SMR's which
are higher than expected may be worthy
ol attention even f they are not
statistically migrinicant. Thas s especially
true 1 the prosent study since the nume-
ber of dedths rom many causes s Quite
small. ard even g relatinely ligh SMR
mMay oot reach ~tabsacal signthcance rmbubion aninsarcoma made to ihe ob-

ir. n addibon, 2 narucular serv o3 maortafity pattern

show s cansdent natitern of ingeredse O the 19 figestive cancers,
W cevpdosiire o ostiimated]  exposure,

cerr Of other and a-n1-pr-nnwi aites, g
hmphomas. appear o be related 10 0xs
posure as Jdetined n thes study

In view ot the association belween
vinvl  Chlonde exposure and  angrasar-
oyma O the hiver the shigeostive cancers
Weoere examined further 1o s hat oon-

SR ITAY o
st'\ et Y
WUOrE hivet caneters, o A bich hwo s ere
the tirdeecgs are oartcylarly interesang

By e maortahity  trom
dhigestine canoer, rospratory Cancer « an-

JOWHOINA00 TSN Mearhing to the Jdeath
NI ITAN I . JIMong  angdiosdar-
CGound Jdeaths 0 viny! chionde swyorkers

Crleert g, Fdorv eveer,
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SMR*® Obs.trp SMR*

“ 157.195.68 0’

9.2.33 J
072.18

= R W
L

30 413267 134
330 0s1 21 0
60 ° 2914 ‘4]
86 13,10.28 138
33 1:1 43 15
31 041 52 0
145 3.4%2 190
19 21157 13§
il 5:2.54 2

53:86.39 1% -
§.10.06 od
2:2 39 ;

51,58 05 95
172.89 38
2186 56
2107 N

-
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L
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1973 _ 17 02 107

0 21

drntitied by other investigators, there
Arre six which occurred in the present
~tudy  population  Jdunng  the <tudy
period. They were 4l found 1n the
course of the studv. Table 11 shows
these cases with the cause of rdeath as
2iven on the Jdeath certificate. SNote that
aone Case was certihed as arrhosis, and
wds s considered throughout this study,
since the validity o comparisons with
nopulation data required that cause ot
Jeath he onlv rrom  in-
rarmation on the Jdeath certiicate The
other tive swere correctly  classitied  as

dotermined
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Table 6. — Observed Deaths.Expected Deaths and Standardized Mortality Ratios in Vinyl Chioride Workers by Duration of Exposed Employment.

Cause of Death with LC.D. No

All causes

Tohergaioss (OO I ‘
arcplanis of resorratary sysiem -l LS

Witgnant aeapizsms .30 105
Wi 2nant secpiasms. ducCal vty 318 on3senn (30-118)
Maiznant necclasms. 3:gestove Srging g nerinecm - 039159)
Magnant =3:prasrhs, cesoorytare Testem -l o4
Mangnant necpiasms, genital 3tqans «!°0.1;9)
Malignant neoplasms. urinary organs {180-181)
M3l grant ~enoivgms. ther and cagspecched jireg {150 139

' dukemu3 g leykemy . 204
Lymohaemys o000 203, 2G5

Jabstes meihitys (260)

Major cardiovascular and renat diseases 1330-134, 100408. S92 534)
Yascular ‘esions affecting CNS 7130 3:1)
Rheumatic ‘ever & chromic theumatic neart sis (430-402 410.416)
Arterosclerstic heart shisease (420)
Nonrheumatic endocarditis (421, 422)
Hypertensive heart disease (440-443)
Nther hygertensive disease (344 147
Chronic & anspes:fisd <aphntis & ren3l sciarnsis (592 SO43

-

"nHyenzy 310 2neumoma (320 130

ot i otieacn g Jocpeeom A2

L™
]

L
N
l =
lJt

Sarandictis 530531

Harmy 3ad  ntastny abstrecuen S0 2D S0

| G2Sinlis 2udGamins. ntents jad zowevs 233 5T 3T
Cirrngsis ot tver (831

“ypernfasia of orastate B4

Symatoms, seacdety and o Jefired 2omgesns 1739 739}

Ul sther qismasas cegidyyn}
Matsr amicte jcoidents + 319 23S

her yoogente - 3A00 397 13N IR

Lad

L2312 WA STAIM)

alRabi LENELT SREE U IPT LY.

Ly

No. A Norhers
Parsan-vears

‘-—-.

" JHR s 1djuited cor fexths aah Clute LaKAcwh
S gnincant 31 3% ‘svel

«3gmhcant 3t % Cavel
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Obs.tzp

94 140.53

3

L .
P 150
wd Tl

-,y
r

1.9 3§
1173
232
3852
7038
1'0.43
2340
.1 28
P20

2130

28-51.45
1597
2209

21.32 54
G5:1.79
1.242
079
2155

1293
11 Ay

- Jr
Y[ oo
gAY

NURL

¢ 50 months - 2 &0 months -
SMR* Obs txp SMR* '
! 8 RS 3 T
i
| ) )33 _
| 3 §8 374 03
228 2.5 17 -
6 1719 36 .3
55 SRE LY 115
| ) 276 142
0 12719 3?7
; H 15.8 21 87
; 1233 3
3{) 2 47 26
24 5 454 113 i
85 ¢ 125:157 38 8t ’; -
81 8:18.71 43¢ _
I 101 3:4.53 63 *
78 " 98105 39 96 |
0 1,5.38 20
19 2701 10 :
0 31 82 170
0 52.76 0
23 | 2709 29
33 i 213 37 , i
) * LK | 3 -
3 ' 140 93 ‘
3092 9 [
S BT |
i 53 : 3509 0 ;
| 40 i 152634 53 7 |
[ w [ sww | w ’
5 4 | s 1
2955 T 4134
-4.01 | 13240 \ ‘
i
| - )
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Table 7. — Observed Deaths.txpected Deaths and Standardized Mortality Ratios in Yinyt Chioride Workers with
Exposure Indices Below 1.5, by Duration of Exposed Employment

Cause of Death with 1.C.D. No

« 50 Months ELiposure

S 60 Months £zposure

Obs Exp SMR* L Obs.Eap SMR
All Causes m h3: | 132 181.2% 73s
Tabercuicns 10! i LN & } ' LRR 0
Torerziesis of resoiravery systam (00 2698) 50N I J J 135 D
W3 gnant -aastisms 7140 295) | 3:23% 1 73 I R IR el
WM3.::gn3nt neoplasms, buczal cawnty 31d charvnx 40 (13} 1045 1036 ; Y i8
Matignant neoplasms, digestive oegans and peritoneum 1 30-159) l 2343 £ ‘ 5.9 48 68
Malignant neoplasms. respreatory system (160-i64) | 27358 65 | 9'10.00 23
M3i:gnant necpiasms  gemtal rzans ¢ /0179 : > 038 ) : 2162 et
| Mingnant neeprasms. urinary =:zans « 130-181 I 305 0 | 1153 37
Miugnant ~eopiasms. cther and unspec:fied sies .00 107 ' 097 120 I 2443 “47
Laynema and Meuhem:d (204) 2079 0 I i:140 13
Lymohomas (200-203. 20%) 0:1 25 0 [72.23 16
Diageres methitus (260) 21 15 203 11250 124
Major cardiovascular and renal diseases {330-334, 400-468. 392 394) 21:33.38 73 * 53.36.82 157
Yascular lesions sffecting CNS (320-3134) 2:3.93 %9 £/10.51 9t
Rheumatic fever & chronie rheumatic heart dis. (400 302, 410 416) 2.1.50 155 1/2.48 41
Ariaripscierotic heart disease (420) 16:21 14 88 I 52/517 81 93
Nonrheuymatic endocaralis (421.422) 3/1 '8 0 0/1.02 0
Hypertensive heart disease (430-443) 11 98 { 24 I 0:190 0
Jiher wypertensive Jisesse (354.44)) 1.0 50 J 1.102 i
Thiwnag & unspecitiad qeph:ihis & 2oy gz Il M l 1697 3 K )
~fuan23 374 sneumzms 480.993) | : 26 18 1335 13
icer =t :tomach 3nd ¢uadenum 540 S41; | 29033 3 133 5]
dgcandici:s 1530-53 : 3015 ] 2024 )
Herneg and ntestinal gBstruction (860, 361, 37 i i e J - 06l | 3
Gasirnis, duodemtis, 2ntesitis and couus 343 371 3TN I J 26 J | J.0 51 )
eyoeraiasia of prostate +510) 1695 0 | 3020 0
Symptems. semity ind i defined conditions (720 *98) | 3143 ) J-2 18 )
A iher Aosmagesy iras Juyl) I {1 ] 1§ 93 L2232 9
Matsr ,enelle wecents 310 335, | . t6
Semar wezdents 0300 302 340 D) 38 14 | 19135 13
ool )] 309N 43 iy -8 3g ©19
ey, qe 354 3RQ 936 i P13 ; | By ) )
Mo of HNochers 1715 | Mz
Person-years 21418 I 21920

* MR s s eced ‘gr Jeaths aith tJuse Lne- . an
Sontsant 3t 5% level

3gnhial gt 4 tevel
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Tabie 8. — Observed Deaths/fxpected Deaths and Standardized Mortality Ratios in Yinyl Chloride Workers with Exposure
indices of 1.5 or Greater, by Duration of Exposed Employment.

Cause of Death with 1.C.D. Mo 2. 60 Months Ezposure

« 0 Months Lxposure

ObsExp SMR* Obs.Exp SMR*
Al Causes 18 47.93 7e 119:147.81 5
Taberculesis < C01-019) 3.0 76 9 1197 H
Tuberculosis of respazatory system (801-008) 39N 4 i}-7 418 !
M3lignaal aecpizsms ~140-209) 1657 9% 6-26.:1 4
Maiignant negpissms. duccal cawity and pharynr (140.148!} ):0.23 0 3099 d
Malignant neoplasms, digestive organs and pentoneum {(150-159) 1/1.67 16 117 47 15%
Malignant neoplasms, respiratory system (160-164) i71.79 71 12:8.50 144
Masignant teoplasms. gental organs (170-179) 1.0.29 0 14 13
Mahignint =ecplasms. urinary organs (180-181) 1026 0 D] 25 )/ .
Watimant -enplasms, ther and unspeafied sites (190-139) 1’118 107 7-15) 4
Leukemia 20d 3ieghemia ¢204) 1044 288 1:1.13 30
Lymphomas (200-203, 205) AN i78 4/1.34 222
Diabetes melhitus (260) 140.561 0 2204 00 |
|
Major cardiovascular and renal diseases (330-334, 400-368. 59¢-594) 7:16.54 T} 62:70 46 90
Vascular tesions atfecting CNS (330-334) 211.87 135 4/8.19 50 \
- Rheumatic fever & chronic rheumatic heart dis. {(400-402. 1:0.416) 0,0.82 0 | 272 04 100 ‘
Arteriosclerotic heart diseass (420) 5/10.41 61 46/47.65 98 \
Nonrheumatit endocarditis {(42), 422) 090.37 0 172.32 $4 ’
Hypertensive heart disease (440-44)) 00.76 0 273.10 66
Other hyperisnsive disease (444.447) 0:0 27 0 2X 81 253
Cheonie & onsecified sephritis & remal scleresis <592.394) 0-0.54 0 071.23 0 ;
“lusnzy nd 2reumems 13480-493) igs9 3 93 11 2
Jcer of stamach nd Juodenum (5S40, S41) t 035 362 J:1 25 J
Agoend:aitis . $%0-353) 9/ 08 0 9019 0 ’
Herma and .ntestinal obstruction (560. 561. $70) 3.0 24 0 1.0 49 209 '
aasteis, Juodenitss, snteritis and colitis (543, 571. §72) t:0.04 304 0.0 41 0 ‘
cirrhosis of ver (581) 371 56 9 1508 0
Hyperpiasia of prastate (610) 90 01 J 0.0.13 J
Ssmptoms. semiity ind li-defined conditions (780.795) .0 30 158 2.2 310 1 i
80 xher sveaes -esdual) )42 ) 51 98 ¢ |
Wotar (od-cie pozdamg 312419) 'EDS idd 2743 28
Jryer yezdente SR H)2. 340962) 141 DY > 7 36 3
TaGde WY 5T 1240 .58 $ 457 T
4imiode sl .27 N9 :.3 o R y
!
No. of Noruers 1240 i817 ‘
Person-Years 12521 {9308

'y

MR ¢ adiusted Car festns «ith c3use unknown
T amhicant gt 2% ayve

i

«dgn:filant 3t L% dvel
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Table 9. — Other Malignancies {190-199, 1.C.D.) in YDM Epidemiology
Study Population.

Study Na Age at Death Mos. 1posed Causa 23 Given Autopsy
1T44 18 i36 W:despread matastatic melanoma jes
il yr)

Vaugnant melancma of dack

3730 18 %) Mahgnant melanoms «'th «~ despread no
metysidses

2096 67 59 8ran tumor {carc:nama) t8 mes.)

1546 43 od Memagitis and pneumonitis (5 wks.) no

foendymoma. ‘curth ventricle bran
{2 mos. post-op ramotsmy)

3333 54 3] Astrocytoma. malimanteft Cer2nsas yes
hemisphere (1 yr.)

4800 61 51 Carcinoma of the brain no

Arteriosclerosis

Paeumonia due 0 static congestion
1279 57 e Brain tumor, Zhioblastoma muitiforme

(18 mos.)

7300 44 211 Bramm tumor. matignant (2 mos.)
7321 58 249 Brain tumar. malignant no
;306 53 2:5 Thyrsi@ carcinoma with metasiases no
5769 32 239 Carzinematosis 1es

Carcinoma vertebral body

g 1 57 01 L:posarcoma «ith metastases (3 mos.) yes
1850 b4 193 Carcinomatosis. primary rspon not no
known

(Past hustory. rheumatod arthritis,
myocardsal niarction)

774 54 300 Card:ac arrest (1 hr.)
Respiratory arrest and cerebr)l
hypoxid (2 days)
W:despread met1stalic carsiecma
(2 mas.)

1% a1 13 Oensraied TetattITis Lnd Her 2%
aar:3ted '] mns)
Squamcus cell taroinema o0 mary

i3 nietmmamag
m——-—-————-——-————_——-——_—_—_—-—_—-__—_m
3/8) 59 .30 Mat3;50an¢ Care.nima 31 203:man

L,

Lotopl e [ndeter veeeg
P MONY 2TINLEMS)

m £5 ' Carc:nematosis -4 mnos ) 20
Pronary e sndetar—isag
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it there had been no angiocarcomas,

vhiy aumber ot deaths ddassaned as
crethosis i thes ~tuddy woulrd have
docroasi«]l by ogne. and the number

¢ lassified as digestine cancer would have
decreased by e The pattern
duration and intensity exposure
these five cases was such that «f they had
not heen present there waould have been
no relationship between expnsure and
c:igosin e cancer. The mortality pattern 1n
this cause group 1s theretore attnbutable
oy angsdrcomas of the liver

Of

0 ‘n

The other cause group worth further
imyestigation 15 cancer ot aother and un-
<tes, both hecause it s g
heterogeneous Categon and because it
~eems, unlike the other cancer<, 10 bhe
mare related to duration than 1o level of
exposures.

NSTRE T

fable 9 <hows a list of the ~peciiic
causes included in this categary, which
i1s essentially brain cancer and
generalized cancer with primary  «ite
unknown. About 40% of the observed
deaths were due to brain cancer. |n the
general male population, about 227% of
this category is due to brain cancer, so
that not only is the mortality from cancer
of other and unspecitied sites excessive,
but brain cancer N errepresentest
within the categorv.

fhe possibilitv exists ha<ed on the lack
ot specificity of some of the listed causes
that <ome ot the brain cancers were nnt
nomary, hut metastases from another
unudentified <ite such as the lung.

The cancers of the huccal cavity and
pharyvox are ditficult to explain because
of their nccurrence in the low exposure,
“hort exposure group. It 1s possihle that
'hi~ 18 a chance occurrence. that
Dosures to other substances were in-
vaobved, or that the mouth and pharynx
vy he peculiarly susceptible because or
e 2aseviasy ndture of the chemical

1S

e

Possible Biases in the Calculation
of Risk

[here are two major potential sources

of buas i the study The first o« that the

SRR 1} FAier N Lo eor than s !ft"*-lf.lhll‘

that .Y

Acafeefs Aith lullg UPIOSUITON fll“lﬁ%t‘ti

bhe bateent

ropesentivd,

TR YRR LYY

£ abvery atraons

fong perod are Nt

that  the
et i ot they stuedy 1o detect causes o

bl ately )

e b asson sated waith long exposure and

s datency o amparred  Mopulations
Sih such charastensticos  evst AYATE

Table 10. — Malignant Neopiasms of Buccal Cavity and Pharymx (140-148, 1.C.D.)

1n VCM Exidemiology Study Population. p
Study Ne. Age at Death Mas. Liposed Cause as Given Autopsy
3033 il 19 Carc-aoma I p with metastasis 1Q
'0 ‘ung and seck (9 yrs) |
a3l % 30 Puimonary edema (50 mun.) no
Pulmonary metastases )
tCarcinoma, eprdermond. tongue and | :
mandible) - J“ |
3001 37 ‘1 Mietastatic squamous cell ca. yes P|
| primary ‘esion nalate
| 7365 24 10 Atslectasss due 10 metastasis ‘o 13 ‘
meduastinum 14 mos.) |
Muitiple mangnant metastases ‘o ' h
rain. ltver & mediastinym {1 yr) '
Adenc carcinoma o nasal Jharynx
v2 qes) 1
3354 63 26 Massive hemorchage into tracheo-tree fes No
- Status post laryngo-pharyngectomy, Wi
‘oft radsal mech dissection ; }
Weli-differentrated keratimung .
sguamous celf carcinema of left ",
pyriform sinus {mos.) l.
|
Table 11. — Angiosarcoma Deaths in VCM Epidemiology Study Population. (P
e e s — ‘ T"'.:"
Study Na Age at Caath Mot Erposed Cause 231 Given Autopsy *! res
__—————-—-—-——-————————-—-————-———-—-—————-————-‘ e l pl}
1250 54 203 Cirrhosts of liver (sev. weeks) yes .
e e e e e e s e et e e S o
12558 50 281 Bieeding from hepatoma (3 days) ses <h
(Laennecs cirrhous) * g
W
3755 15 167 Angiosarcoma 1. ‘obe of liyer o5 1 | la-
(10 mos.) l \ 13
-_____-—_-—-__-—'_'-—-——————-——_-———__—.__________ -
+ 303 38 Y | Liver faifure (1 mo.) e
Cancer of liver. primary (15 mos.) th.
W
1376 52 238 Cardiac tampanade and massive lelt W
hemothorax {mng.) , by
Widely metastatic angrosarcoma ' :
(Y
ol ‘wer (4 mos.)
7385 13 i Hegatic farlure Y o
Primary zarcinoma liver ‘ _
(1!
should be :nx{!uNgdtnd b Nanda PL, Bwratn A Coputo A On. R
R f Cread N0 Teen )OI N ol At ~keny SFTATUIN Y T3 f
cicrences Dorees to vl Rl Cancer Res 31 3in.22 '
I {ester 1)) Grrsendpeeeg Vv Abarns AR 147 ; fi
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