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’ Animal studies have shown that inhalation of vinyl chloride 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 nsk of hemangiosarcoma, no excess of

\ other cancers has so far been reported.

i This historical prospective mortality study of 8384 men who had at least one year of occupational ex-

1‘ posure to vinyl chloride before December 31, 1972, demonstrated that cancers of the digestive system

' (primarily angiosarcoma), respiratory system, brain, and cancers of unknown site, as well as lym-
phomas, occurred more often than expected in those members of the study population with the greatest

' estimated exposure. The morality 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

i 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 §. males; (2) No cause of

L death showed a statistically significant excess over what would be expected in a comparable U.5. male

population; and, (3) No deaths identified as angiosarcoma of the liver were found other than those

previously identified.
This is the first epidemiological study which suggests that in humans vinyl chloride may also be
associated with cancer of multiple sites.
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Drs Tabershaw and Gaffey are from Tabetshaw-Coopur Associates, InC.. Suite 308, 6000 Execunive Bivd., U
Rockvitie, MD 20852 , CC
*The research on which this report 15 based was supponed by a group of companies engaged in the syn- 041 £93

thesis and/or the polymernzaton of vinyl chionde, and administered in their behalf by (he Manufactuning
Chemists AssoCiation,
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Vinyl chloride in its manufacture and
polymenzation has been identified as a
narcotizing agent,® as a liver toxin,2 3
and as a vasospastic agent producing a
specific  occupational  disease,
acroosteolysis.* Recently, vinyl chloride
has been incriminated as a carcinogen
producing in a group of workers
engaged in the manufacture of polyvinyl
chloride a rare fatal liver tumor,
hemangiosarcoma.? Large doses of the
chemical in rats reportedly produced
cancer of the skin, lung and other
organs.t Unpublished but public in-
formation” indicates that inhalation ex-
periments with rats in doses easily
reached in manufacturing operations
produces in addition to angiosarcoma of
the liver, skin, kidney and other
malignant lesions.

The present study, however, was not
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
permitied 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 monality of other oc-
cupational groups.

The study population consisted of in-
dividuais from 33 plants who had
worked for at least one year in a job in-
volving exposure to viny! chlonde before
December 31, 1972, and included retired
and terminated as well as aclive
workers. For each such worker the date
of birth and an employment history were
obtained, and the vital status of the
worker as of December 31, 1972, was
ascertained. for those found to have
died, those death certificates that were

available were ohtained and the cause -

of death determined. The observed mor-
tahty was compared with that of the
United States male population

Data Collection

In each plant, data were collected for
each warker stated by the plant
management to have been employed for
at least one year in a job involving ex-
posure to viny! chlonde. In some plants,
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particularly those producing the
monormer, this determination could be
made on the basis of job titles. Usually,
however, exposure was a function of
both job title and the location of the job
in the plant, so that the assessment of ex-
posure had to be made on a case-by-
case basis by plant officials

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
few, 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 to
quantify exposure. However, industrial
hygiene and safety personnel in each
plant were able to identify certain jobs
and 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 s that
the scores represent estimated relative
exposure within a given plant. It is
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 is therefore
of questionable validity in characterizing
the exposure of a given worker. For
epidemiological purposes, however,
those who have high scores can
reasonably be expected, on the average,

to have had the greatest exposure, while
those with low scores will have had the
least, even though the true exposure in
each group may vary considerably from
person to person.

The estimated exposure history of each
worker was summarized by calculating
an Exposure Index (E1). This was done
by multiplying the number of months on
each job by the exposure score, totalling
these overall exposed jobs, and dividing
by the total number of months of ex-

posure.

Follow-up of Study Population

A follow-up procedure was instituted
for 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 is B5% complete
Those who were not found were bom
(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 E}. Although
there appears to be nothing very unusual
about this group in terms of work history
and expaosure, it is nevertheless true that
their exposures took place further back
in time than that of the group suc-
cessfully traced. It is therefore possible
that their monrality, after a substantial
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 waorkers on whom
follow-up was complete. Table 2 shows
their distribution by duration of exposed
employment 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
20 years or more exposure, and 1u40
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 Ef

Table 1. — Follow-up Status of B384 Vinyl Chleride Workers.

Totat Alive Dot Uninewn Deatk Cortificates

Rec'd. Mot Rag,
Number ny 6776 352 125 krd | u
Pertent 1000 208 42 150 2.7 13
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and the duration of exposure, that is
workers with a higher €l do not differ
«wbstantially in duration of exposure
mom those with a lower EIl One im-
plication is that in assessing the relanion-
ship between mortality and exposure,
both duration and level of exposure can
be examined separately, as well as in
combination.

Calculation of Risk of Death

The risk of death is expressed as a
siandardized Mortality Ratio (SMR),
which is the ratio of the number of
observed deaths in the study population
to the number of deaths to be expected
in a comparable population of U.5.
maltes. SMR's were calculated for overall
montality and for 33 major cause groups.

Table 4 shows observed and expected
deaths, and the SMR, for each of these
cayses for the total study group. In
calculating the SMR's for specific causes,
the 24 deaths for which no certificates
were found were assumed to have the
same cause distnbution as those for
which certificates were available.

In the standard population, each SMR
would be equal to 100. Therefore, the
statistical significance of the deviation of
each SMR in the study population from
the expected value of 100 was tested.® A
single dagger indicates those SMR's
which differed significantly from 100 at
the 5% level, that is, which had a
probability of .05 or less of occurring by
chance. A double dagger indicates those
which were significant at the 1% level.
SMR's based on fewer than five ob-
served cases were not tested for
significance.

Table 5 shows the same SMR’'s for
workers with an Exposure Index below
1S versus those at 1.5 or above. The
dividing point of 1.5 represents a level
halfway between “low’ and “medium.”

Table 6 shows similar results for
workers with less than five years ex-

-
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Table 2. — Distribution of Months in Exposed Employment by Year in Which Exposure Begam,
for 7128 Vioyl Chloride Workers with Completed Follow-up,

Yar Eap. Months of Expesure

Started Totsl | <60 §0-119 120179 180239 240-2%9 200159 360419 Unkrown
1330-39 kL) ? [} 1 4 [ 13 5

194049 1048 135 93 118 151 an 7 u 2
195059 1962 39 %57 m 631 b4 20
1960 69 3368 | 1714 1442 195 17
1970-71 715 ns

Tutal nms | 1% 17% o n 565 % » k]

posure versus those with five years or
mare.

In order to examine the possible in-
teraction between duration and level of
exposure, the study population was
divided into four groups on the basis of
both E {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 therefore ad-
justed upward by a percentage which
varied in each subgroup.

Results of Analysis

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

Table 4 shows that no specific cause
of death was statistically significantly
greater than expected. Several, par-
ticularly heart disease, accidents and
“other diseases” not detailed in the
tables, were significantly below their ex-
pected values,

When the study population is divided
according to intensity and duration of
exposure (Tables 5 and 6) and com-
binations of these measurements (Tables
7 and 8) three major patterns emerge.

For malignant neoplasms as a whole,
the SMR increases with increasing ex-
posure, whether measured by level,
duration, or both, In the high exposure
group with 5 years 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 n 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)
significant SMR is 1n 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 Exposure Indexes
below 1.5 and four out of the five have
less than five years exposure. Table 10 is
a listing of these deaths with age at
death, duration of exposure, and cause
a5 stated on the death certificate.

Cancer of the digestive system shows

T 7 Tabé % — e and % of 7128 Vingl Chieride Werkers by Mewths of Expesed Empleyment and Expesre Inder.
i ":'-"‘ Masths of Expmmry
‘.
; Total <68 119 126179 113 40-M% »n9 360419 Unhknawa
X "“s %) "3 "% Y [ ] [
; 1014 4032 (100) 15 (43) 1125 (28) 402 (10 406 (10) U (n 9 (2) 15 (@
B 154+ 3057 (Io) 1240 (41) 81 (2D 295 (10) e (12) 21 (10) 199 (5) A
Unhnows k] 9
: Total 7128 (106) 9% () 17% (15) &7 (1) (1) %S @) 51 (4) nn M ()
L
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Table 4. — Observed Deathsfxpected Deaths and Standardized Mortality Raties in Vinyt Chisride Workers.
Curte of Daath with LCD. Mumbar ObuExp Sup .
A cuses N2N8).20 .
Tubsreubosis (001-019) 1571 19
Tuberculonrs of respiratory system (001-008) 1434 20
Malgnant nsoplasms (140-205) .16 1o
Mylgnant smoplasms, buceal camty s pharynx (140-143) M 189
Maligrant neoplasms, digestwe organs and peritonesm (150-159) 1921 67 9
Malignant meoplasars, tespirstory system (160-164) b YAk k) 112
Malignant neoplasms, peniitsl ocgans (170-179) nss 9] !
Mylignant meoplasms, urinsry argans (180-181) 1360 k']
Mabgrant neop othir snd unspacified sites (190-199) 1man 156
Leuherma and sievkemis (204) wn 85
Lymphomas (200-203, 205) A.06 106
Duabetes mehitus (260) /S0 120
Major cordiovasculae and rensl cisansas (330-334, 400468, 592.594) 155207.4 , me
Vasculwr losions afiscting CNS (330:334) . 13448 574!
Riwumatic feww & cwome rheomatic hewrt chs. (400402, 410416) Samar . . B
Artwimcherutic heart disease (420) mnnn %
Ronrheumatic endocwditis (421, 422) 1558 16
Hypertomsive hoart disams (440-443) nn ) %
Ottwr hypertwnsive disasse (444-M7) Vis0 124
Chronit & umspecifed neplwitis & remal acherosis (592 59) om27 0
influanzs and preumena (A88.493) SA% 54t
Ncer .of stomach and duodemum (540. 541) f7: 8 &] 56
Appendicitis (550-553) 0/.66 []
Hernia and sntestingl obstruction (580, 561, 570) 11.51 n
Gastritls, duodenitis, entweitis and colitis (543, 571, 572) ni V]
Crrhosis of nver (581) 31560 21
Hyperplasia of prostate (610) .39 Q
Symptoms, semidy and Wl defined conditioas (780-795) 177.34 15
All other diseases (residual) 21145.78 97
Motor wehicle accdents (810-835) s 56 *
Othes actidents (B00-002, 840-962) 18/30.64 63t
Suiade (963, 970979) 16N6.83 102
Homicide (964, 980 985) 1/11.98 ‘ []
Ho of webens nan
Porson-youts e

"SMR's adjusted fr deaths with tause uningwn
tSyguficant ot 5% level
<5igniticant at 1% level

na excess in the study population as a
whole However, in those workers with
an El of 1.5 or higher, there are 12 ob-
served cases vhere 9.14 are expected
(Table 5) In the subgroup of the ahove
workers with five years or more ex-
posure, there are 11 observed cases and
7 47 cxpected

Respuratory cancer shows a shght ex-
cessn the total group, and a similar pat-
tern for different expnsure categories,
with 13 obscrved versus 10 28 expected
when the Exposure Index s 15 or
higher, and 12 observed versus 8,50 ex-
pected when, in additon, the duration
of exposure is five years or more
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Malignant neoplasms of other and un-
specified sites show an excess in the
total group, and an increase with both
level and duration of exposure (Tables 5

“and 6). The relationship with exposure 15

more pronounced, since those with ex-
posures of less than five years have
fewer cases than expected

The lymphomas, although occurring at
about the expected rate when the whole
group 15 considered, are concentrated
almost entirely 1n the high exposure,
long duration group. In that category
therc are four cases observed and 1.84
expected

Cancers of the genital and urinary

organs, and leukemia, have fewer cases
than expected The number of cases is
too small to examine any trends
Discussion

The favorable overall mortality of the
study population 15 a phenomenon com-
monly ohserved in working populations
Standardized Mortality Ratios in the low
80's and below have been found® "
Even in occupations with well defined
hazards which cause an increased nsk
from a specific cause, the overall mor-
tality may still be favorable because of
the low risk from other major causes of
death, frequently in the cardiovascular
— renal category. ™

Mortality Study of Workers in Manufacture of Vinyl Chloride/Tabershaw, Gaffey
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Table 5. — Obsarved Deathsfspected Deaths and Standardired Mortality Ratios in Vinyl Chloride Workars, by Estimated Lavel of Exposure.
Cants of Duath with LCO. Mo g a8 [N 1
Obsf1p SMR* 1% ] SMR*
M Cavses 188270.33 n: 15719568 0+
Tuberculoms (001-019) [ ] [ 0213 [}
Tubereulosis of respieatory system (001.008) 07316 [/ 0718 0
Malgnant neoplasms (140-205) . T8 L] 41267 14
Malignant meoplasms, buccal cawity and pharymn (140-148) 162 330 0/121 0
Malignant neoplasms, digestive organs and pertoneyrs (150-159) mzse 50 * 1ZA1 u
Mali ol respiratocy system (160-164) 1/13.56 8% 131028 135
Malgnant meaplasms, pemtal orgms (170-179) 2”30 9 1143 4]
Walgrant meoplisms. urinare or@ns (180-181) na 51 01 52 ]
Malignant neoplasms, ot and unspecified sites (190-199) 9%8.57 146 84 82 190
Leukemia nd alevhemis (204) 17218 L}] IART1) 136
Lymphomas (200-203, 205) 1148 N 572 54 A2
Diabetes melhtas (260) 57189 146 mnes L3}
Mayor cardiovascular and rensl dseases (330334, 400468, $92.594) 84120.11 75 ¢ 698599 8t
Vasculae lsions sifecting CNS (330-3M4) Mmaae 24 1006 &4
Rieumatic fowe & chronic theumatic heart dis. (400-40Z, 410416) N ] 202185 4]
Mterscierotic beart disease (420) 68TEN 92 SLA8.05 9%
Nonvheumatic wmlocarditrs (421, 422) 1% ] 0 1789 8
Hyperiensive haart disensa (440-443) 1548 19 my 5
Othar typertensive dusemia (444.447) 1152 n wnoe 201
Chwomic & unspecifed saphritis & renad scherosiy (597 594) 02.50 0 onmn [1]
infinens 8 prevmoma (480493) 55.800 2 [ 3K [}
Ulewr of stomach and duodenum (540, 541) 1na L] 1160 &
Appendicitis ($50-553) wn 9 0027 (]
Herrva and enbestonal obstrection (364, 561, 570) L1383 9 N8 m
Gatritis, duodenitis, enteritis and cobtis (343, 571, §72) 00.7¢ 0 0% 1%
Cirhoses of tiver (581) 2.9 n 16.64 16
Hyperplasia of prostate (§10) 00.25 0 0R.14 q
Symotoms, semity and ili-defined conditions (780-795) 0.2 0 1308 n
Ml oher diseases (resrdust) 14/21.9 68t 61589 [V
Motor weince sccidests (810-835) 319.08 G5 NI n
Otwer accidents (800802, $40.962) 11783 6t 61261 50
Seicde (963, 970-979) NN b maun 107
Hamicide (964, 990-985) [ %] 0 149 21
. o of warbary “n 3057
I S s mm

“SMIs sijuctoed for. denths with casw wabewn
tSignikcomt ot 5% Ivel,
*Sigwiicaat at 1T bewl

In view of these facts, SMR’s which
are higher than expected may be worthy
of attention even if they are not
statistically significant. This is especially
Irye in the present study since the num-
ber of deaths from many causes is quite
small, and even a relatively high SMR
May not reach statistical signdicance.

If, in addition, a particular cause
s'?QWS a consistent pattern of increase
with exposure or estimated exposure,
the findings are particularly interesting,

By these criteria, mortality from
digestive cancer, respiratory cancer, can-

cer of other and unspecified sites, and
lymphomas, appear ta be related to ex-
posure as defined in this study.

In view of the association between
vinyl chloride exposure and angiasar-
coma of the liver, the digestive cancers
were examined further to see what con-
tribution angiosarcoma made to the ob-
served mortality pattern.

Of the 19 digestive cancers, seven
were liver cancers, of which two were
angiosarcomas according to the death
certificate. However, among angiosar-
coma deaths in vinyl chlorde workers

Journg} of Occupational Medicine/Nol, 16, No. 8/August 1974

identified by other investigators, there
were six which occurred in the present
study population during the study
petiod. They were all found in the
course of the study. Table 11 shows
these cases with the cause of death as
given on the death certificate. Note that
one case was certified as cirthosis, and
was so considered throughout this study,
since the validity of comparisons with
population data required that cause of
death be determined only from in-
formation on the death certificate. The
other five were correctly classified as
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Table 6. — Observed DeativsExpected Deaths and Standardized Mortality Ratios in Vinyl Chioride Workers by Duration of Expesed Employment. .
Cause of Dasth with LC.D. Mo < 560 menths L 60 manths .
[ %31 MR+ [ 1730 SMR*
M cawses /100,53 ot 25130.% %:
Tuberculoss (001.019) wn ] 025 L] N
Tuberculosis of respiratory system (001-008) 0207 0 0/4.33 0 i}
Malignant neoplasms (140-205) . 1319.96 n 655161 1113
Matignant neoolesms, buccal cavity and phacynn {140.148) R (] 12.18 47 1
Mahgoant neoplasms, digestive oegans and peritoasum (150-159) s “% 12716 % 106
Malignant acoplasms, respicatory system (160-164) 35.52 [ ] 21151 16
Maligant nevplasms, gemtst ocgans (170:179) 0N 99 [ ] nn 12
Malgnant nooplvsms, snnsy orgars (180-181) 4013 ] mn N
Mabgasnt ! other and ified sites (190.199) N0 n 15%.23 187 '
Leuherna 34 dleubamaa (204) n L 253 8 '
Lymphomas (200 203, 205) 1201 (] 3407 126
Duabetes mallitus (260) 21.%0 k1) $4.54 L3
Majoe cardiovnscular and ranasl diseasas (330-3M, 4004468, 592.5M) n51s [} 125/157.29 n: -
Vascular lesions aflectg CNS (330334) ny ]| ¥18.7) nt A
Rbcumatic fover & chromic reumatic heart dis (609402, 410416) MmN 101 N5 4]
Artericachotic heart disarse (420) 2151254 nt 98110539 %
Nonrmumatic endocardihis (421, 422) on.nmn [} 1435 0 -
Hypertensive heart distase (440-443) mna ;] 101 »
Other hypartenive disesse (444-447) 0.7 [} na 170
Chrome & wosperified mephnts & remal soeresis (592584) 0/1.55% [ 012.76 ]
, Infivenza and preumonia (430-493) nN 123 N0 29
Weer of stomach and duodenum (540, 541) ner 1?2 7% ki) -
Appendicitis (350-553) o2 [ ] [ LiEk] 0 -
Herow and intestingl obstructon (550, 561, 570) 0n 82 [ ] 11.10 93 -
Gastritis, duodentrs, enteritis and colhs (543, 571, 572) . 140 n MR 0 X -
Carhous of hver (581) : 1449 % L 13 -
Hyperglasia of prostate (610) 0K.07 0 omn . 0 -
Symptoms. senity aed Hi-defimed conditons (780-795) nan [+) [ X ] [1] -
A other diseases {residual) w1y 90 16726 4 [ -
Motor wehicle accrdents (810 835) 1016.14 N T OINess 433 . -
Other acoidents (800-802. 340.962) s &t 101782 gt -
Swcide (963, 970.979) 6834 114 1010.22 100 -
Momicide (954, 980-98%) 1/5.80 20 0/5.20 [
B of Werkers ' s au -
Person-years 01 . 4120
*SMR's adjusted for desths with cause usknown.
‘Sypuficant at 5% tevel,
=Sguficant at 1% level —
514 Mortality Study of Warkers in Manufacture of Vinyl Chioride/Tabershaw, Gaffey Jou
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Exposure Indices Below 1.5, by Duration of Exposed Employment

Table 7. = Observed Deaths/Expected Deaths and Standacdized Mortality Ratios in Vinyl Chioride Workers with

Cause of Duath with LC.D. Ne, « 50 Months Expempses 2 60 Months Exposura
Ows/Esp sur Qbs.Exp SuRr*
Al Causes - %6393 61 13218128 13%
Tubercylosis (001.019) %141 0 019 [}
Tubercvionss of respiratory system (001-008) oL [} anes 0
Malignast reoplzsms (140-205) 81286 12 2931 46 95
Malignant neoplasms, buccal cawty aad pharynx (140-148) 04 10% wmy .}
Malignant neoplasms, digestive organs and perdomeum (150-159) 1343 u 6908 3]
Malip i prratory system (160-164) nSe 3] 9/10 00 Lk
Malignant neoplasms. pemtst organs (170 179) 0043 0 2/1.62 127
Madignant meoplasms, uonary organs (180-181) 00 5% 0 1153 67
Mabgrant neoplatms, othes and unspecied wies (190 199) ny 120 8443 187
Levkoma -and alevhemia (204) 00.7¢ 0 1140 3
Lymphomas (200-203, 205) 0.2 2 nn L]
Diaetes mellitus (260) 2n.1% 203 3250 124
Wt cordrovasculsr nd renal diseases (330334, 400468, 592 534) wnn n 6336.82 ooont
Yascular lesions affecting CNS (330.334) 193 59 5/10.51 "t
Rheumatic fover & chromc rheumabic heart dis. (400-402, 410416) ns 155 17209 41
Artwwoscierctic heart diseasa (420) 1621.14 8 52/51.87 93
Nonrheumatic endocardirs (421,422) 0.18 [} 0A.02 ]
Hypertensive heart disayte (440-443) 1158 " 043.9% 0
Other bypertensive diseste (444-447) 0N.50 0 1n.oz 101
Chrome & unspacsfied mephritis & renad scleropy (592.5%) .97 0 0/1.53 0
Infusnzy and preumonss (430493) ns 188 me 53
Uicer of stomach and duodenum (340, 541) 0n.63 0 153 67
Appendiotis (550-553) 0/.1% 9 0/0.24 0
Herma and inteshoal obstrucvon (560, S61. $70) 0A.27 0 04061 [}
Gmtritrs, duodenitis, entevitis and colitis (543, 571. 572) 00.26 0 0/.51 1}
Corrhomis of heae (581) 1% L} 150 {1
Hyperpinsiz of prostate (610) 00.0% (] 00,20 [}
Symptoms, wenlity snd i-defined conditiems (78D 195) o143 ) 02.19 0
Al gthey thseases (resdusl) 4145 §3 101292 7%
Motor weivcle accidents (810-835) e kL AN 5
= Other sctidemts (900-002, M40-952) n L1 BN 1
Sweide (963, 370979) N08 85 6586 109
Hemculy (964, 900-985) 0355 0 0343 0
Na. of Warkars ms m7
Porsas.poary 2418 e
"SMR's adjusted for desths with esyss unkaows,
“Significant M 5% level.
“Sumficant t 1% lvel.
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Table 3. — Observed Dyaths/Expected Deaths and Standardized Mortality Raties in Vieyl Chleride Werkers with Exposure A
Indices of 1.5 or Greater, by Duration of Exposed Employment.
vc-udbuliﬂilﬂ.ll.h <8 Manths Expesere 2 60 Menths Expesure
Ohs/Exp SR Ohxp SuR
M Cunv : BATN n 11914781 at
Tuberculosis (001019) 00.76 0 on.s7 0 N
Tubsrculosis of respiratory system (001-008) n7l [ ] 0n.48 0
Malignant neopissms (140-205) 5857 » ¥/26.11 141
Matignamt nwoplasms. buceal cavity and phavyns (140-148) on.23 0 0.9 0
Malignant newpiziws, digestive organs and peritomeem (150-159) ne n 1"nna 151
Mhafignant neopizsms, reamratory system (160-164) 1mn.n n 128.50 14
Mailgnant peopizims, penitel orgmes (170-179) [ ¥, ] 0 ma )5]
Maligaant neoplasms, wriniry orgas (180-181) 00.26 ] ons L .
Walignaat meoplasms, other and wspecibed sites (190-199) 1n 107 151 - 04
Louhemis sl shpuhamia (204) 1nu m na -
Lymphomas (200203, 205) 18.71 in nm m
Disbetes melitus (260) [ 1] [ ] .04 100
Myjor cwdiovasesine and remal diseases (330-334, 400468, 592.5M4) 1N654 Wt 62/70.48 ]
Yasculyr lemany aflecting CNS (330-334) ' mMe 1% 4818 5
Riwumate fewer & chronic rheumatic bt dis (400402, 410-416) 0n.82 [} /2.4 100 -
Awiosciwetic beart disanse (420) : 51041 0t 464185 9
Noneumatic ewdocwditis (421, 422) L 1Y o 132 u
Hypertensive howrt disaaae (440-443) wre 0 1 8
Other hyportensive disemsa (444.447) 0.7 0 2041 253
Chvonic & wnsoecified meohvitis & reasl sclernsis (592-594) 00.54 [} 01.23 0
infuenzs and prwwmonna (480492} R [} 0313 9
Ukenr of stomack and ducdenum (540. 1) 1035 362 n.2s ] ‘
Appsndicitrs (550-553) . 00.08 0 04.1¢ 0 ‘
Herma and mtestinal obitruction (550, %61, 570) 0p.14 0 1049 209
Gaslritis, ducdemitia, stentis and colitis (543, 871, 572) 1A.14 04 00.41 0
Curhrms of kvee (581) 0.5 0 1508 20
Hypespiasia of prostate (610) R0l 0 0R.13 0
Symptoms, senibity aad iN-defiand conditoms (780 795) 1% 158 0230 ] A
M other dusamses (residual) 0/4.02 [} N1 st
Motor vemicle accdents (310-835) 1%.05 14 143 Fe ]
Other sccidents (D0U-002, B40-962) 4.7 107 2% %
Swode (561, 970.979) s 148 44 62 8
Homeads (364, 980-99) . 12.18 L} . T0R.76 [}
Mo of Werkaes 126 10y
Paryon-Yars inn 19905
*SMR's adjsted for deaths wih cause uskaown, '
+5gmficant at 5% level
15ipukcant at 1% tevel
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v Vable 8. — Other Malignancies (190199, 1C.D.) in VOM Epidemiology
Study Populatien,
- Study Na Age at Dasth Mox. Urpasad Cauta a3 Given Autepsy
214 n 18% Widespread metastatic yos
— i {1 y)
: Mahgnant melanoma of back
370 " 5 Malignant melaema with widespread ~
metastases
2096 1] 69 Brain tumor (carcinoma) (8 mos.)
945 [}] (13 " Meningtis and peeumonitis (5 wis) ]
Ependymoms, fourth vesinich-besin
(2 mos, poxtop cranictomy)
“n 4 L1 Astrocytams, malignant-ieft cerehral "
hemisphace (1 )
4300 1] 51 Carcinoma of the braa no
- Arterioxclerntis
— Preumonia due te static congestion
nn 5 m Braia temor, ghoblastoma multiferme
“ (13 mes.)
7300 " aMm Bra tumor, wakgnant (2 mos)
mn - ] b ] Bran tumor, malignact L]
1308 5] 216 Thyroid carcinoms with metastases n
_ S768 52 23 Carcinomatisrs ™
_ Larcivoma vertebesl body
— S48 &7 201 Lipocaccoms with matastasis (3 mos) ws
I us “ 193 Carciromatosis, grmacy region wot »
hnown
- (Past Mistory, rsmalond arthwitis,
— myccardiad intarction)
_ am 9 0 Cardac arcest (1 ) !
Respirmtory srrest snd corsbral
- hypexin (2 doys)
— . Widespread metastatic carcinewa
' (2 mos)
; e .. £l 1t ] Generdlized metastasis wndifier- | ]
— . - entisted (7 mos)
o " Squambus oMt carcinema, primary
site undetermined
wn 6 166 Metastatic ‘carcinoms of sbomen
— Criveal site wadetermond
(Pulmonary smphysems)
7t 55 . 113 Laonomstosis (¢ may) -
———'J - Pricary site uadetermined
;a"ey . ’0 . .
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wver cancer, but only two were specified

as angrosarcoma Table 10. — Malignant Meoplasms of Buccal Cavty and Pharynr (140-148, LCD.) ‘
If there had been no angiosarcomas, in VCM Epidemiology Study Population. .

the number of deaths  classified  as Stuly Mo Mg at Dasth Mox. Expend Couse 11 Givan Mbopsy :

cirthosis  tn this  study would have

decreased by one. and the number 3003 £} [} ] Caremoma of fip with ~

classified as digestive cancer would have ' ta leag and aeck (5 13 )

decrcased by five The patern of 31 56 0 Pulmonsry wiema (50 min) "

duration and intensity of exposure n Poimonary metastases

these five cases was such that if they had ‘Wm)"“"""‘“- tonges and

not been present there would have been ned 1

no relationship between exposure and 0l i n Wetwstatic squamous eet 01 ™ | P(

digestive cancer The martality pattern in frimary Wsis paiste

this cause group is therefore attributable 1365 “ “© Muhoctasis dur to Metastans 1o yo

iosarcomas of the biver. mediashaem (4 mos.)

to ANEIOSATCO! " ’ o N
The other cause group worth further bram, dver & amdinstion (1 yr) '
investigation s cancer of other and un- Mano-carcwomn of neial pharys
specified sites, both because it is a @2 m)
heterogeneous category and because it 18 63 % Matsive emerrhage into tracheo-tree ye Nor
seems, unlike the other cancers, to be Statws. pust inryoge-phacygaciomy, will
more related to duration than to level of Wh el mach diasaction
exposures . ' 5. P
' . . " uamwes cofl carcinoma of teht h
Table 9 shows a list of the specific pyvirm simva (mes)
causes included in this category, which
1s essentially brain cancer and
generalized cancer with primary site Toble 1L — Onaths in YO £ Study Pooslaion. prac
unknown, About 40% of the observed sble 11 — Regiesarcoma pidemiology Study Popula g_P:lr'
deaths were due to brain cancer. In the eflc
. Mo at Danth Mo Espernd Covse ¢ Given Awtopy N
general male population, about 22% of Sl il respe
this category is due to brain cancer, so “% m m Carthoxy of ver (sev. wotks) . [:)lyn
) arq
that not only s the martahty from cancer ey o o Viesding hom bepstoms (3 days) I <hive
of other and unspecified sites excessive, L :
but brai : od {Laennets tirrsis) tight
L.' ‘ rain  cancer Is OVeﬂ'EDfE‘En( 575 % 167 2 L tcbe of tver . [as“r
within the category (10 mos)
The possibility exists based on the lack ; lassut
of speaficty of some of the histed causes 1308 » 1 L fare (1 o) with
peah ) Comcor of tiver, primary (15 mas.) the «
that some of the brain cancers were not = =
primary, but metastases from another ot 2 £ Cadiac tampenade md massie iR with
. - hemotharas (mins.) ’ both
unidentified site such as the lung Widely Swtastatc snpessrcoms har:
The cancers of the buccal cavity and of tivr (4 mes) N dr,
. an
pharynx are difficult to explain because 188 o 214 Henatic ik - cour
of their occurrence 1n the low exposure, Primary carcinoma v '
short exposure group It 15 possible that . plete
this s a2 chance occurrence, that ex- . )

, he b _L : shouid be invesngated 6 Viola PL. Bigott A, Cupuio A On- Rep
posures to other substances wefe in- Ref ceogenic response of rat skin, lungs, and Th
volved, or that the mouth and pharynx eferences bones to vinyl chionde Cancer Res 31:516-22, d
may be peculiarly suscephible hecause of 1. Lester 1D, Greenbery LA, Adams WR - 1974 €0
the gaseuus nature of the chemical. fects of single and repeated exposures of 7 Occupational Safety and Health Ad- 1972

humans and rars 10 vinvd chlonde Am Ind ministration Q¢ upational Safety and Heahh it g
Possi i int : Hyg Assoc | 24 265-75 1961 Standards. Emergency Temporary Standard for WO
?s;!b‘:e Biases in the Calculation 2. Marsteller H), tetbach WK, Muller R, et Exposure 10 Vinyl Chloride. Federal Regster m
of Ris . al: [Chwomc touc hver lesians in the PYC 39 (67) 1234244, April 5, 1974, pases
There are two major potential sources Apolyvinyl chlonde) — praducing workors | 8 Chiang CU' Standard error of the age- fo §
of nas in the study The fust is that the ~ Dtsch Med Wiochenschr 98 2311-14, 1973 adyusted  death rate, Vual Statstics Special from
follow -up rate s lower than s desirable. 3 Kramer CG, Mutchler 1€ The carrelation Reports, 47 (1961) pp 275-28% finge
: brwcal and emvironmental measureinents 9 Lloyd (W, Ciocco A Long-term mortaluy
[ wcond  is that  obse noof ¢ N » 8
nk e ol D¢ r\alml : for warkers exposed 10 vinvi chlonde Am ind study of steelworkers, | Methodology ] Oc- ——
workers with long exposures followed gy acenc 1331930 1972 cup Med 171 229-310, 1969 Frin
by a long latent peniod are not 4 Dodson VN, Dinman B0), Whitehouse 10. Tabershaw Cooper Associates, Inc | un- Provey
adequately  represented. s that the WM el al Occupatonal agroosteolyvse HIE A pablivhed, ;)" AMe
power of the study to detect causes of  ¢hmcal sty Arch Emviron Hith 228391, 1. Redmond CK, Ciacca A, Uayd IW, Rush “f"(‘;;
. 71 HW  Long-term morality study of Re-
death associated vyuth lung exposure and 5 Creech Il fohason M Angiosarcoma of steviworkers IV Monality from  malignant w;]:'
fong latency s impaited . Populations hver in the inanutacture of polyviny b chlonde neoplasmy among coke oven workers. | Oc- Coilliy
with such charactenshics exist and ) Occup Med 16 150-31 1474 cup Med 14.621-29, 1972, swhoag
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