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Mortality Study of Workers
in the Manufacture of Vinyl
Chloride and its Polymers*

irving R. Tabershaw, M.D. and William R. Gaffey, Ph.D.

Animal studies have shown that inhalation of vinyl chioride 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 chioride 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 year of occupational ex-
posure o vinyl chloride before December 33, 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 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
these cancers, which however was inversely refated 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-
proximateiy 75% of what would be expected in a comparable population of U.S. males; (2) No cause of
death showed 3 statistically significant excess over what would be expected in a comparable U.S. maie
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 muitiple sites.

BFG37 193

Drs. Tabershaw and Caliey are from Tabershaw -Cooper Associates, Inc., Suite )08, A000 Executive Bivd.,
Rachvilie, MO 20852 .

*The research on whach tis repodt 1 based was supported by a group of compames engaded in the sy
hesis andior the pulymenzanon of vinyl chinnde, and smimisiered 1n thew bergll by the Manulfactunng
Chemisty Assocuation.
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Vinyl chioride in its manutacture and
polymernization has been dentified as a
narcotizing agent,' as a liver toxin2 )}
and as a vasospaslic agent producing a
specific occupational  disease.
acroosteolysis.* Recently, viryi chloride
has been incriminated as a carcinogen
producing in a group of workers
engaged in the manufacture oi polyvinyl
chionde a rare fatat lLiver tumor,
bemangiosarcoma.’ Large doses of the
chermucal in rats reponediy produced
cancer of the skin. lung and other
organs. Unpublished but public in-
formation’ indicates that inhalation ex-
periments with rats in doses easily
reached in manufactuning operations
produces in addition to angiosarcoma of
the liver, skin, kidney and other
malignant lesions.

The present study, however, was not
restncted to the conditions and sites
suggested by the above :nvestigations,
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 monality of individuals
who have worked in vinyl chioride
plants with that of the general
population; (2) To compare mortality
pattems within the population of vinyl
chioride 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 chioride before
December 31, 1972, and included retired
. and terminated as well as aclive
workers. for each such worker the date
of binh 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 obtained and the cause
of death determined. The observed mor-
tality was compared with that of the
United States male population.

Data Collection

In each plant, data were collected for
each worker stated by the plant
management to have been employed for
at least one year in a job involving ex-
posure to vinyt chloride. in some plants,
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particuiarly those producing the
monomer, (his determination could be
made on the basis of job titles. Usually,
however, exposure was a function of
both job titte 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 coilected 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 is that
the scores represent estimated relative
exposure within 2 given plant. It is
therefore possible that, in objective
terms, a “high” score in one plant
comesponds to a ‘“medium” or even
“law’’ 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 (he greatest eXposure
those with low scores will have Nad g
least, even though the trye €XPosy, "
each group may vary considerabyy ("
person to person. o

The estimated exposure histon, of e
worker was summarized by calcul:
an Exposure Index (El}. This wi '
by multiplying the number of Month
each job by the exposure score, roqn,'}
these overall exposed iobs. ang divig,
by the total number of monthg o o
posure.

.WNL

S dory

Follow-up of Study Populatign

A follow-up procedure was ingpip ...
for those who had left employmen, an
whose vital status could not be der.
mined at the local plant, USING Girave
mail follow-up and retail credit byre,
investigations. Table 1 shows the m:
status of the population as of Decemp.,
31, 1972. Follow-up is 85% Comple,
Those who were not found were bom
(and began their exposure) about te
years before the group on which follow
up was compiete, and had about a,-
the duration of employment in expoymm
jobs with a slightly higher E. Althoug
there appears to be nothing very unysy,
about this group in terms of work histon,
and exposure, it is nevertheless true 1ny-
their exposures took place further bycy
in time than that of the group su.
cessfully traced. It is therefore possibie
that their monality, after a substanny
latent period, might show a somewhy
different pattern from that of the tracee
group.

All of the subsequent analysis is con
cemed with the 7128 workers on who~
follow-up was complete. Tabie 2 show.
their distribution by duration of exposer
employment and the year in which thy*
empioyment began. Although aimov
half the study group first entered &
posed employment in 1960 or lare
there are nevertheless 854 workers wa~
20 years or more exposure, and 1647
with 15 years or more. Table 3 shows t»
relationship between duration of e
posure and El. There does not appear =
be @ close refationship between the b

Table L. — Followvp Ststus of 8334 Viayl Cheride Werkers

N

Totat Nw Dud Vedneve buts Catifiets {1y}
twd T is’i
Number nu an n2 125 m "
Pucest 1000 ws 42 150 2! 13
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" . the duration of exposure, that is
askers with a higher €l do not differ
wbstantially in duration of exposure
. «om those with 2 lower El. One im-
B ocatiof is that in assessing the relation-

) Jp between mortality and exposure,
; w«h duration and level of exposure can
ye cxamined separately, as weil as in
« ‘mbination.

Calculation of Risk of Death
the tisk of death is expressed as a
Gindardized Mortality Ratio (SMR},
' atich is the ratio of the number of
-beerved deaths in the study population
k. v the number of deaths to be expected
+ © 2 comparable population of U.S.
miles. SMR’s were calculated for overall
monality and for 33 major cause groups.
. Table 4 shows observed and expected
* deaths, and the SMR, for each of these
s Ciuses for the total study group. In
L talculating the SMR's for specific causes,
e 24 deaths for which no certificates
} eevre found were assumed to have the
. Wme cause distribution as thase for
shich centificates were available.
In the standard population, each SMR
F *ould be equal to 100. Therefore, the
k. Wbistical significance of the deviation of
~<ch SMR in the study population from
g ** expected value of 100 was tested.d A
¥ “ule dagger indicates those SMR’s
E *Mwh differed significandy from 100 at
Pe 5% level, that is, which had a
R 7bability of .05 or less of occurring by
- Nnce. A double dagger indicates those
;“" were significant at the 1% level.
f ™% bised on fewer than five ob-
. "™ed cases were not tested for
; “®mficance,
3 ."ble 5 shows the same SMR’s for
g ;ﬂ"‘ with an Exposure index below
‘ t";’f“ui lthose at 1.5 or above. The
\‘M:! Paint of 1.5 represents a level
. 'GNZ between “low” and “medium.”
 ortery 6 shows similar results for
Wwith less than five years ex-

Tadle 2. — Distribution of Mewihe in Lxpesed Empieyment Dy Toor in Which Expemwre Began,

tor 7120 Vin\ Chieride Werkors

with Complated Followvp,

Tar toa Mestta of Erpasare

Started Totad (X ] 3119 120179 (80239 200293 X001 340419 Ushaswn
193039 k+] 14 4 1 4 § 3 §

134349 1048 138 9 e 151 m n u b
195049 1962 i %7 i 33t Fe 74 20
196059 1388 | I8 1442 193 17
9mnn ns ns

Tota nn b} 1™ 98 ™ b ) e n »

posure versus those with five years or
more.

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 Ei (low vs high} and duration of ex-
posure (short vs lang) using the same
dichotomization as Tables 5 and 6.

Table 7 shows the resuits for short ver-
sus lang exposure in the low El group,
and Table 8 shows the same comparison
in the high E! 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
popuiation. There were 352 observed
deaths compared with 467 expected, for
an MR 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
dccording to intensity and duration of
exposure (Tables 5 and 6) and com-
binations of these measurements (Tables
7 and 8) three major paiterns 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 cardicvascular — renal diseases as
a group, there are aiso 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 al) other causes, there are no con-
sistent refationships with exposure.

Within the malignant neoplasms, the
largest (although not statistically)
significant 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 Exposure indexes
beiow 1.5 and four out of the five have
less than five years exposure. Table 10 is
a lising of these deaths with age at
death, duration of exposure, and cause
as stated on the death certificate.

Cancer of the digestive system shows

\
~—— T L — R wd S o 7128 Vieyl Chierids Werkers by Nostha of Lxposed Exployment iad Exposurs indes.
.:' Besthe o Lrpmere
Tt - ity UM I B NI M4y | Veews
% 3 s e 8 [y e fla s s [ %)
ron a1 aon Msan | nsan  Wan e W@ 20 Bm
-~ 87 (100 HEGH MED  MAN  WMAD Ma®  W®  nm
hd »
——— n
M Nmam | mey M@  mran map M@ M@ mm | B
.}
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Table & — Observed Desthsfipected Deaths and Standardired Mortality Ratiss in Vieyl Chiecide Workers \

Case of Dasth wth LCD. Mumber Onn \sm
U aue BN T~
N
Tubercwious (901419) A2 T—
Tuberculons of resorstory system {001008) 1AM :
Maligrant seopissts (140-208) 8118 T
Mohgrant meociaams. Ductal crery and pharyr (140-148) 528 le
Mahgnant meooiassts, Gigestve arpans md peritoseym (150 159) 1972187 1
Maant neoplesms. resomory sysem (160-164) 8219 o
Malignamt secolaams. gemisl organg (170-179) nss in
Valigant Mopiaums. wrnary @D (130.181) 138 N
Makg anr e dot wtes (190.199) s l"
Lovkenws and viesemns (204) nn . %
Lymphomes (200-203. 205) 5.0 1:
Oisdetes minitus (260) 183 ‘x\zﬂ
Vo cudiovascuiar sad rensl disemes (310334, 400468, 592.534) 15520706 ‘\.ﬂ\
Yascular isnons aflectieg CNS (330-314) 132048 .
Rhewmotic fover & chromc resmatc deart &is. (400402, 4104186) LM "
Artencscierotic hesrt disasse (420} 12113133 "
Noarheumatic ndecaedstis (471, 422) 15.58 1
Hypartensive heart #isasse (640-843) 13 x
Other byportensive Thaase (444447) EY ") 7
Chvomic § wnzpeciied eoheen & resal swoms (592534) 2 )
Inflvesas 208 preumema (430493) AN ﬁr
Uicar of stomach and dwotemm (540. 41) wma T e
Appesicitis (350-553) 1Y R
armie 10d intestinah shatrechen (360, %61, $70) ns o
Gantritis, dvodenitis, smtorstis amd coltis (343, 7). 370) nn n
Cirrosis of lver (S31) NS 0
Hypepiasia of preetate (610) 0.3 e
Symptoms, samiity and i debaey coskihons (730-795) NN T
AR other diseases (resdual) ALY o
Mator vehicle scradests (810-833) naLn % e
Other accidents (300902, 340-9%62) N P
Suicde (%3, 370979) 4683 ™
. Homicds (964, $90-95) msn )
fla. o werters nn
Puasn-yaers ma

*SMI's sdjusted ‘for Gty wih Cluse sabagwe
tSigbcant 2t 5% tevel.
sSignificant ¢ 1% level.

no excess in the study population as a
whole. However, in those workers with
an £l of 1.5 or highes, there are 12 cb-
served cases where 9.14 are expected
(Table 5). In the subgroup of the above
workers with five years or more ex-
posure, there are 11 observed cases and
7.47 expected.

Respiratory cancer shows a slight ex-
cess in the total group, and a similar pat-
tern for different exposure categories,
with 13 observed versus 10.28 expected
when the Exposure index is 1.5 or
higher, and 12 observed versus 8.50 ex-
pected when, in addition, 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 is
more pronounced. since those with ex-
posures of less than five years have
fewer cases than expected.

The lympbamas, although occurring at
about the expected rate when the whole
group is considered, are concentrated
almost entirely in the high exposure,
long duration group. in that category
there are four cases observed and 1.84
expected.

Cancers of the genital and urinary

organs, and leukemia, have fewer cas~
than expected. The number of Cases
100 small to examine any trends.
Discussion

The favorable overall montality of th
study population is 3 phenomenon com-
monly observed in working population~
Standardized Mortality Ratios in the low -
80's and below have been found* "
Even in occupations with well definec
hazards which cause an increased M’\)
from a specific cause, the overall mos
tality may still be favorable because
the low risk from other major cause:
death, frequently in the cardiavascy! o)
— renal category."

Mortality Study of Workers in Manufacture of Yinyl Chloride/Tabershaw, Gaﬂ!a
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r Tabie 5 —— Observed Destinfavecied Desths and Rantacdized Mortality Raties in Vinyi Chloride Warkers, by Estimated Lol of Espesers,
tans o Dth wtd LCD R 1 IR B2rLs
. LY 2] suR* Ok supe
0 Conm i1 e 159719848 '’
Taemmens (001 019) 738 0 [\1r & 5 2
Tuberculoms of “espwatory system (001008) 4318 [} .18 0
Giguat neoptasms {140-208) nan 90 413267 14
Malpant woovismy, duccal cavity and pharma (140148} $1.82 130 on.at 9
Wahgrast neconsmy. difesve organs and pertonesm (S35 250 50 ' 1298 T
Waram neossasms. respieatory system (160-164) 1S 8% 131028 13%
Wiligaant necolzsms. pemi orpns (176179 e 91 uLa bi )
Malgrant neotasms. unnary orpas (120-181) 1207 1 m.sz 0
Wbgam necousms, ather and unspecified sites (190-139) 8.87 146 84 52 190
{ovkams a0 deykemed (204]) 17,31 ] L ] wnsr 138
tympbomas (200-203. 209) 1348 n R 02
Ouberss meitites (260} $3.68 148 5 3]
oy cartiovasciier ind rensl disessms (330-334, 400440 332 %34) unil 5 59/46.99 -3
Yucuisr ievens afbcong CNS (336-334) M 2 810.08 1
fhmnatic v & chrowe rhesmanc Mewt dis. (100402, 43416) ns ) ms 15
Artormaciorote Desrt Gisamse ($20) LT 8 ” Sisk.0s ¥
Nowisummc wdocwtstis (421, 422) 0/4.20 ] nn u
Hypertminm heart disesse (440443) 154 19 0N “
Otwr hpwtmsw disanss ({4444)) 1n.s2 n 2007 20t
Cwwmic & snwoaifed nechntis & rnst sciwrews (592-534) 0250 0 wmn ]
indosans saq orevmoms (480497) 5.0 2 0813 [}
Ve @ sumach 4 duodemen (540, 541) nn L} 1168 1Y
Apeticts (350-553) 039 (] (L ¥ 1] :
Nons 104 iatwben chstrecson (580, 81, §70) (LY 9 128 | 14
Samrmis, duosmnctis, ertaritis avd coits (43, 471, STD e 0 1053 1% ;
Carumis of 6w (581} m% 2] 1A 1
Mrporylons of prextata (610) s 0 .18 8 '
Sroptame, saity se¢ wi-deiand conditions (790-795) wn ] 120 3
B e e (reiden) 142199 at nse as
Wow wiech acoéets (310319) nass uw M1 n
20 s (100902, 340962 narn st (131Y) L
mod %2 y70979) A3 » me 1L7)
":- (%2, 320.925) (1%} ° 1494 43
@ oriany “n 087
Ny L] e
~— |

"IN et e duathy Witk couse vakaown
.‘!-lu-nssu
Stpelcant 2t 1% vt

.:"Nwew of these facts, SMR's which
"' “?"!{ than expected may be worthy
m““:::“oﬁ even if they are not
n rh': significant. This is especially
v of o Present study since thg num-
i, n:;hs from many causes is quite
. even 3 relatively high SMR

Ot reach statistical significance.
‘' 3ddition, a particular cause
h e: consistent pattern of increase
e POSure or estimated expasure,
ndings are particularly interesting.
ey these criteria, mortality from
Cancer, respiratory cancer, can-

cet of other and unspecified sites, and
lymphomas, ippear to be related to ex-
posure as defined in this study.

In view of the association between
vinyl chloride exposure and angiosar-
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 chioride workers

. W of Oceupational Medicine/Vai. 16, No. 8/August 1374

identified by other investigators, there
were six which occurred in the present
study population during the study
period. 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 centificate. Note that .
one case was certified as cirrhosis, and
was 30 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 Deatdsfivectsd Desths and Standardized Mortality Raties in Vimy! Chioride Workers by Duration of Expesed Emunﬁ

Cause of Desth weth LCD. e <0 mentis 200 nenths
Ovatap sup® Ovak .
M cwen %1805 o 51AN na
Tubercuions (001-019) 02.23 ¢ 0.5 s
Tuberculesis of rispiratory system (001-008) 02.07 [ N .
Makignaat neopimms (140-205) ) 13119.% n 65/57.61 m
Matigramt seoplasms, buczal cavity sad praryez [140.148) nn 68 1218 u
Mohgront soopiasms. digestive PN g Deronevm (150-159) NN “® 1ML.5% 108
Mali Y srstem {160-104) NS 4] 211881 g
Mabgrant scoplasms. mtal rpes (170-179) 00.99 ° mn n
Wakignoat sesplssms. wnasy orgaes (130-181) A8 0 mnn n
Matfnant neopissms. ather ond wasoecshed ttes (190-199) me n 15823 )
Leuhemma 06 deuharms (204) N % ns 0
Lymphomas (200-203. 205) 1.0 L] 5/4.07 12
Diddetes metitus (260) 8] 14 S5 113
Majer card wd tonel & (330334, 400468, 592:3) 28518 (194 12515238 s
Yascuier iesiens offecting CNS (330-234) "nw.ey 1} 187 &9
Rioumatic fover & chromc rhesmate hewrt dis. (400402, 410416) mn 101 A8 1]
Ansnesclarstic Meart #isasse (420) nms n’ NI %
Noardoumstic sndocarditia (421, 420) [ 7/, ] 0 15.3% Fo)
Nyportensive hesrt disease ($40-443) 17.42 49 w0 »
Othes Mypartensive disesss (444447) 0R.7% ° mnwe m
Chronic & waspacified nephritis § rensl sceroms (892.5%4) 01.5% ] o 9
influents g prevmoma (400-43)) nu 123 2.9 )
Ulcor of stomach and duodemum (540, S41) ne 112 2.1 37
Appenticitis (550-353) R '] 00.43 [
Huwsis sad istestnsl sbstruction (560, 361. 57D) .2 0 mn.w 2
Castritis. dusdenrtis. emtentis aed colitis (543, 571. $72) 1040 ot 0/0.92 [
Cierdows of fww (581) 1/4.49 % . 1]
Hyperpinsia o srestate (£10) 00.07 [ [ K] []
Symptems, seniily and il-defined condinens (790-79%) nn 1] 5.0 []
AR ather isezses {ramduel) e ® 1Y 3 ) (Y
Metr whicle accidents (810-835) 6.4 " mness s
Other secidents (300-302, S40-9) mniu (L4 tonr52 '
Suicids (363, 970979 iy 14 1010.23 10
Homicide (964, 990-985) 1/5.90 20 98.20 e
o of Wurbers -] ' an
Peormnyeers M me

“SMR'S sdpested Rr duxhs wAR CIN3E sahaewS.
+Signicant at 5% Jevel.
oSigbeamt 2t 1T level,
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Table 7. — Observed DesthaEipected Otaths and Standardized Mortality Ratics is Viey! CMoride Warkers with
Esposure Indices Below 1.5, dy Ouration of Ezposed Empioyment

Casse of Oesth with LC.O. Ma

« 3 Momths Erpesmre

2. 68 Momths Esposare

Joue
- of Occupational MedicineNVol. 16, No. S/August 1974

Obatop SuR [ 27, £ b1 o
2 Qo 563923 53¢ nns 7
Tuberculosis (001 019) ona [ oy 0
Tuberculatis of resprratory system (001.008) o [ s ']
Vatigrant meoplasms (140-20%) v n une 9
Malignant neopissins. duccal cawly and sharms (143-148) 40438 1038 na L
Mot lasms, digestive orgamy and (150-159) 1n8 » 608 i
Maligant neoplasms. resowatory system (160-164) 2158 11 $/10.00 9
Yatigaant neospiasms, gemtal orgaes (170-179) 0/0.68 [] b7 X3 17
Malignaet neostasms, uneary orgeas (130-181) 0855 0 1153 &
Malig other and utes (190199 1997 120 $/4.4) i
Lovkemms 104 alevhenmy (208) 0A.79 [] 1.8 n
Uimphomes (200203, 205) .z 0 1”1 "
Dishetas mellitey (260) mni1s 0 nse 12¢
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liver canicer. but only two were specified
as angiosarcoma

if there had been no anginsarcomas,
the number of deaths c'issified as
arthosis in this study wcould have
decreased by one. anc :~e number
classified as digestive cancer wouid have
decreased by five. The cattern of
duration and intensity Ci exDosure in
these five cases was such trhat if they had
not been present there wouic have been
no relationship between exoosure and
digestive cancer. The monainy pattern in
this cause group is therefore atnbutable
10 angiosarcomas of the iver.

The other cause grouo wornth funher
investigation is cancer of oher and un-
specified sites. both because it is a
heterogeneous category and because it
seems, uniike the other cancers, to be
more related to duration than 1o level of
exposures.

Table 9 shows a list of the specific
causes included in thws category. which
is essentially brain cancer and
generalized cancer wuth pnmary site
unknown. About 40% of the observed
deaths were due to brain cancer. in the
general male population, about 22% of
this category is due to brain cancer, so
that not only is the mortahty from cancer
of other and unspecified sites excessive,
but brain cancer is averrepresented
within the category.

The possibility exists based on the Jack
of specificity of some of the listed causes
that some of the brain cancers were not
prmary, but metasiases from another
unidentified site such as the lung.

The cancers of the buccal cavity and
pharynx are difficult to explain because
of their occurrence in the low exposure,
short exposure group. It is possible that
this is a chance occurrence, that ex-
posures to other substances were in-
volved. or that the mouth and pharynx
may be peculiarly susceptible because of
the gaseous nature of the chemical.

Possible Biases in the Calculation
of Risk

There are two major potential sources
of bias in the study. The first is that the
follow-up rate is lower than is desirable.
The second is that observations of
workers with long exposures followed
by a long latent period are not
adequately represented. so that the
power of the study to detect causes of
death associated with long exposure and
long latency is impaired. Populations
with such charactenstics exist and
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Tabie 10. — Milignant Neeplasms of
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should be investigated.
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