Mortality Among Rubber Workers
[11. Cause-Specific Mortality,

1940-19/78

Elizabeth Delzell, SD, a d Richard R. Monson, M.D.

This report describes mortality occurring between 1940
andmid-7978 among 29087 menandwomen employedin
a rubber plant forat least two years. Mortality patterns for
the periodjuly 1, 7974, to July 7 1978, were comparedto
previously publishedfindings forjanuary 1, 1940, through
June 30,1974, Expected numbers of deaths were basedon
U.S. general population mortality data. There were excess
deaths from bladder cancer and leukemia among white
male union members during both follow-up periods. Dur-
ing recent follow-up of white male union members em
ployedfor at least five years, there were excesses indeaths
from three additional cancers: esophageal cancer (17 ob
served/4.8 expected), biliary and liver cancer (6 observed!
33 expected) and Iymphoma and multiple myeloma (14
observed/5.8 expected). Evidence from other studies of
rubber workers suggests that observed excesses in deaths
from bladder cancer and leukemia are related to work-
place exposures. The present findings suggest that occupa- *

tional exposures etlol%:cally relevant to these diseases  active

,may ‘not have been reduced in recent or that suffi .
“cient time has not elapsed for such reductions 10 result in
decreased mortality. *Further investigation is required to
clarify the contribution of occupational factors to ob-
served excesses in deaths from cancers of the esophagus
and the biliary passagesand /iver and from lymphomaand
multiple myeloma.

| n 1976, Monson and Nakano' 2 reportedthe mortality
experience of a large group of workers who had worked
for five @ more years in rubber manufacturing and who
were followed from January 1, 1940, through June 30,
1974. Although there was no increase in overall mcrtality
among rubberworkers comparedto the US. general [:qo
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" descriptions“of ' this™ proceduré” héve"been' Jivi

“ were 15.643 white male (WM) union members, 1.1

ulation, there were excess deaths from several cancers.
The present study describes mortality through June 30,
1978, among these workers. I1n addition, men and women
employed for two to four years are included in order to
determine to what extent their mortality experience
resembles that of long-term workers.

Materialsa d Methods

Study subjects worked at a rubber manufacturingcom-
pany that has operated in Akron, Ohio, since the late
1800s. The company's personnel records date from 1900
and contain information on name, demographic charac-
teristics and employmentdates. Productionworkers have
been members of the United Rubber, Cork, Linoleumand
Plastics Workers of America (URW) Union since the late
1930s. URW records on members consist of name, social
security number and sequential department changes
Company and URW records were used to enumerate
' and former employees as of July 1,197

where 1 23 Workers who left the company befg“re”ﬁﬁu"a" Y.
1, 1940, or whose company service dates covered fewer -
‘than two full years before July1; 1ﬁfwer"e" not Included
Because numbers were small, non-white fémales ai
non-white salaried males were also not included. The
total number of eligible employees was 29,087, of whom
5,302 had worked for two to four years before July 1,
1971, and were not included in previous studies of
workers.

Five study groups were defined on the basis of employ-
ment category (union | member or salaried employee), race
and sex, Employees were classified as salaried |f they =
had no ‘record ‘of employmient in p rodﬁﬁi'on re’”
non-
white male (NWM) union members, 4,200 female union
members, 4,683 salaried males and 3,377 salaried fe-
males

-—-aq,,;;

censyses in 1974 and 1979 identified 4.470
actlve empYoyees among 29,087 study subjects. Exact

dates of termination were not obtained for theseworkers,
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and duration of employmentas of the close of the study
on July1,1978, was estimated as follows. Workers active
in1971 but not in 1974 were assumed to have terminated
employment on January 1, 1973, while those active in
1974 but not in1979 were assumedto have terminatedon
July1,1976. Workers who were active in1971 or 1974 but
who died before the designated termination date were
assumed to have left work on the date of death.

Follow-up to ascertain mortality and to measure per-
son-years of observation started on January 1, 1940, or
the second anniversary after startingwork, whichever was
later, and continuedto July1,1978. The company provid-
ed death records for active and pensionedworkers, and a
Social Security Administration {(SSA) search identified
deaths among workers not known to be deceased. The
company and the SSA reported a total of 9,388 deaths
during the period January1, 1940, through July1,1978
2,533 of these were not included in previously published
reports concerningthese rubberworkers.' * Therewere no
death, disability or retirement claims or reported earnings
for approximately 16% of the 26,232 subjects included in
the SSA search. All subjects not known to have died
before July 1, 1978, were considered to be alive on that
date. Death certificates for 444 (4.7%) of the reported
deaths could not be located. The percentage of reported
deaths with unavailable certificates varied by employ-
ment group (4.0% for WM union members to 9.5% for
salaried females), by duration of employment (1.4% for
workers employed 15 or more years to 18.6% for those
employed two to four years) and by age at death (2.9%
for deaths at and above age 65 to 18.7% for those under
40 years of age at death). Deaths among workers
employed two through four years and deaths under age
40 accounted for 11% and 3% of the total deaths, re-
spectively. Decedentsfor whom a death certificate could
not be located were assumed to have died of unknown
cause on the date reported. Underlying cause of death
was coded from available death certificates according to
the International Classificationof Diseases, 7th Revision.

For each employment group, observed numbers of
deaths were compared' to numbers expected based on
relevant U.S. mortality rates specific for cause, age, calen-
dar time, sex and race. (Cause-specific mortality rates for
Ohio are virtually identical to those for the United
States’; the U.S. rates were used because they are avail-
able in greater detail.)

To compute expected numbers, person-years of obser-
vation were allocatedto five-year age and calendar time
categories and multiplied by corresponding US. death
rates.’ The resultingguantitieswere summed over all ages
and years to obtain total expected numbers. Ratios of ob-
served to expected numbers of deaths were expressed as
standardized mortality ratios (SMRs), which are estimates
in percentage form Of rate ratios for rubber workers com-
paredto the U.S. general population, adjustedfor age and
calendar time to the person-years distribution of the e m
ployment group of interest. Confidence intervals were
derived assumingthat observed numbers of death follow
a Poisson distribution.'

Mortality patterns for the interval covered in previous
reports, January 1, 1940, through June30,1974, were com-
pared to those for the period July1,1974, through July1,
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1978. These intervals will be referred to as the 1940
through 1974 and the 1974 through 1978 follow-up perk
ods, respectively. Because no new hirees after mid-1969
were included in the study, the age distribution of person-
years for 1974 through 1978 shifted toward older ages
relative to the distribution for 1940 through 1974, and
comparisons of VRS between the two follow-up periods
could be misleading for causes of death associated with
age. To address this issue, directly age standardized
mortality rates were computed for all causes and all
cancers for each employment group and follow-up perk
0d, using as a common standard the person-years distri-
bution 0 all employees during the years 1940 through
1978. Also, for comparisons of site-specific cancer mor-
tality in WM union members between the two follow-up
periods, age standardized rate ratios were computed
using the person-years distribution of men followed dur-
ing the period 1974 through 1978.

Workers employed for two through four years tended
to be younger than those employed for five or more
years. To facilitate comparisons of overall mortality be
tween the two duration of employment categories, all-
cause death rates were standardizedto the person-years
age distribution of all employees followed during 1940
through 1978.

Results

There were approximately 441,985 person-years of 0 b
servationfor WM union members, 28,729 for NWM union
members, 134,397 for female union members, 110,987 for
salaried males and 82,012 for salaried females. Average
length of follow-upwas 28 years for WM union members,
32 years for union females and 24 years for NWM union
members, salaried males and salaried females.

During 1940 through 1978 WM union members experr
enced excesses in deaths from cancers of the biliary
passages and liver (12% excess) and of the bladder (17%)
and from leukemia (21%) (Table 1). There were marked
deficits in deaths from causes other than cancer and vas-
cular lesions of the central nervous system. Bladder

' cancer and leukemia mortality were elevated during both

follow-up periods. In addition, there were excess deaths
from several cancers during 1974 through 1978 only, in-
cluding cancers of the esophagus, large intestine, biliary
system and liver, brainand lymphatic tissues and multiple
myeloma. Inthe lymphatic cancer and multiple myeloma
category (ICD codes 200-203), excess mortality was con-
finedto ICD codes 202-203 (“other lymphoma'*and multi-
ple myeloma: 16 observed/6.8 expected deaths).

Examination separately of SMRs for men employed
two through four years and those employed at least five
years showed that with the exceptions of lungcancer and
lymphatic cancer and multiple myeloma, cancer excesses
occurred only among men who worked for at least five
years. Men employed for two through four years ex-
perienced slight excesses in lung cancer (16 observed/13.7
expected) and in lymphatic cancer and multiple myeloma
(3 observed/1.9 expected) during 1974 through 1978.

Table 2 gives age-standardized rates and rate ratios
(RR) for selected cancers among men employed for five or
more years. Several patternsfor causes of death included
in this table are noteworthy:
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Table 1. = Mortality Among Whits Male Union Members According to Cause and Follow-Up Period.
Follow-Up Period
1940.1874 19741978 19401978
Cause of Death (ICD No.)* SMRt Obst SMR Obs SMR Obr 85% CIS
All causes 86 5694 %0 1103 87 6797 85- 89
Malignant neoplasms{140-205) A 1093 102 259 % 1352 91- 101
Digestive organs and peritoneum(150-1589) 101 396 113 78 103 474 94- 113
Esophagus (150) 88 25 191 11 105 36 73-145
Stomach (151) 103 98 107 12 103 110 85-124
Large intestine (153) 103 115 115 29 105 144 89-124
Biliary passages and liver (155, 156) 104 33 179 7 112 40  80- 152
Pancreas (157) 89 58 64 9 &4 67  65-107
Lung (162. 163) 91 275 81 67 88 342 79- 98
Prostate (177) 103 95 101 26 102 121 85-122
Bladder (181) 117 49 115 11 117 60 89-150
Brain (193) 82 24 147 7 exp 01 31 62-130
Lymphatic and multiple myeloma (200-203)§ o4 540 18~ 2 reiod 76 86- 137
Leukemia (204) 3122 % 57 =z ¢ 1 121 68  94-153
Vascular lesions of the central nervous system (330-334) 97 531 89 100 9% 631 88- 104
Diseases of the circulatory system (400-468) 86 2647 78 463 85 3110 82- 88
Diseases of the respiratory system (470-527) 70 246 a8 82 74 328 66- 82
Diseases of the digestive system (§30-587) 82 251 96 43 83 2% 74 - 93
Accidents, poisoning and violence (800-998) 64 328 62 32 64 360 57- 71
Other known causes 61 385 77 63 63 448
Deaths without certiticates (% total deaths) n=213 3.7% n=81 55% n=274 4.0% .

'International Classification of Diseases, 7th Revision

tStandardized mortality ratio: 100 X (observed no. of deaths = expected no. of deaths). Expected numbers are based on age-, time-, and
cause-specific death rates for U.S. white males 1 L 4, _

$0bs — observed number of deaths P& Do T Aae T 3 4‘“ NWM = 2 v3 079

§Cl — confidence interval of SMR

§Codes 200, 202 and 203 are not included before 1950

1. Esophageal cancer rates in WM union members tri- 4. Other lymphoma and multiple myeloma mortality
pled between the two follow-up periods, while rates for  rates nearly doubled among U.S. white males aml quad—
U.S. white males remained essentially unchanged. rupled among W M union members, for whom therewas a

2. Large intestine cancer rates rose only slightly for greater than twofold excess in deaths from these diseases
both WM union members and U.S. white males. during the period 1974 through 1978.

3. Bladder cancer and leukemia rates among WM Further examination of mortality among WM union

union members did not change appreciably, nor were members who worked for at least five years and died in
there marked trends in these rates for U.S. white males. . 1974 through 1978 showed that the observed excesses in

*Observed number of deaths

tRate (x 10,000 person-years). Rates for 1940-1974 are adjusted for age according to the distribution of men employed five or more years
and followed 1974-1978

tRatio (x 100)of standardized rate in rubber workers and standardized rate in U.$. white males

§These numbers are rates (x 10,000person-years)tor U.S. white males, age standardizedto the distribution of men employedfive or more years
and followed 1874 -1978

90nly deaths after 1949 are included

Journal of Occupational Medicine/Vol. 23,N0. 10/0ctober 1981 679

Table 2. = Mortality from Selected Cancers Among White Male Union Members Employed for at Least Five Years,
According to Follow-Up Period.
Follow-Up Period
1940-1974 18741878

Cause of Death 0Obs* Retet ™~ ARt Obs Rate RR

Esophageal cancer 23 1.3 83 11 3.8 228
1.65 1.7§

Large intestine cancer 108 8.6 128 27 9.2 124
8.7§ 7.55

Biliary and liver cancer 27 17 79 6 2.0 180
2.25 1.1§

Bladder cancer 46 3.8 136 11 3.8 131

. Rz 2.9%

Leukemia [ S 152 11 3.8 m o
2.29 2.85 ; i

Other lymphomaand multiple myelomay 18 12 to9 14 4.8 242
118 2.05

s,
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Tabla 3. = | Amond Wed-White Male Uniei Weaibers Accarding to Cause and Follow-Up Period.
Follow.  Peried
1940-1974 1§74-1978 1940-1878
Cause of Death (ICD N\D.) SMR* o8 SMR 0b8 SMR Obs 9B O
All causes 65 251 82 72 68 323 61 76
Malignant neoplasms (140-203) 77 45 91 18 80 63 62 - 103
Digestive organs and peritoneum (150-159) 82 17 121 7 90 24 58 - 135
Esophagus (150) 81 3 81 1 81 4 22-20?
Stomach (151) 80 5 0 0 66 5 21-154
Large intestine (153) 55 2 155 2 81 4 22 - 209
Biliary passages and liver (155. 156) 154 3 249 1 170 4 46 - 436
Pancreas (157) 123~ 4 272 3 160 7 64-331
Lung (162, 163) 83 . 13 46 3 72 16 41-117
Bladder (181) 269 1. 8% 1 1-31
Lymphatic and multiple myeloma (200-203)% : . 253 a 17 6 62 - 372
Vascular lesions of the central nervous system (330-334) 2 i 65 31 44 - 92
Diseases of the circulatory system (400-468) . 79 106 82 26 80 132 67- 94
Diseases of the respiratory system (470-527) 38 8 85 4 46 12 24- 81
Diseases of the digestive system (530-587) 28 5 116 5 45 10 21- 82
Accidents, poisoning and violence (800-998) 55 28 25 2 51 30 35- 73
Other known causes 46 29 19 2 42 31
Deaths without certificates (% total deaths) n=8 3.2% n=b 83% n=14 4.0%

'Expected numbers for SMRs are based on age-, calendar time-, and cause-specific death rates for U.S. non-white males
tCodes 200, 202. and 203 are not included before 1950

esophageal cancer and other lymphoma and myeloma  the following divisions (observed deaths/expected deaths -

concentrated among men who started working between based on rates in U.S. white males): aerospace (5/2.6), re-
193Sand 1950 (esophageal cancer:.7.observed/2, . €% flaim (4/0.7), and hose and belt (7/3.0). Esophageal cancer
pected; other lymphoma_and, multiple myeloma:-7 ob-~ “was elevated in men who worked for at least five years in

.

“seérvéd/2.5 expected) and who worked for atleas east 10 years ™ rubber reclaim (5109). o
and died 30 or more years after starting Witk (esophageal ™  Mortality from all causes amongNWM union memberd
"cancef: 11 observed/3.8 expected; bther lyinphoma and ' (Table3)was 32% lower than expetted during the overa
‘multiple myeloma: 14 observed/4.7 expected).Preliminary study period. Although mortality from most specific e

analysis of mortality by work areafor all WM unionmem-  causes was also lower than expected, there w

er$~ AN P i
bers revealed excesses in other lymphoma and multiple during both follow-up periods in deaﬁ'fﬁrﬁ‘hﬁﬁé@bf *

myelomaamong men employed for five or moreyears in  the biliary-passages~and liver, pancreas and lymphatic

I Table 4. — Mortality Amonp Female Union Members According to Causa and Follow-Up Peried. 1
| Follow-Up Period
1940-1974 1974.1878 1940-1878
Cause of Death (ICD \D.) SMR" , Obs SVR Obs SMR Obs 95% Gl
All causes 79 730 85 233 80 963 75- 85
Malignant neoplasms (140-205) 82 205 57 36 77 241 68- 87
Digestive organs and peritoneum (150-159) 76 52 43 8 69 60 52- 88
Stomach (151) 74 8 90 2 77 10 34- 142
Large intestine (153) 92 26 36 3 79 29 53- 114
Biliary passages and liver (155, 156) 106 8 70 1 100 9 46-190
Pancreas(157) 38 4 0 0 28 4 8- 73
Lung (162. 163) 97 16 26 2 75 18 44 - 118
Breast (170) 84 47 75 9 83 56 62 - 107
Uterus (171-174)t 99 30 181 7 108 37 78~ 149
Cervix (171) 152 21 123 2 149 23 95 - 224
Corpus (172) 20 2 223 5 58 7 23- 120
Bladder (181) 157 5 0 0 119 5 38- 278
Brain (193) 102 6 223 3 124 9 57 = 236
Lymphatic and multiple myeloma (200-203)+ 88 10 30 1 74 1 37-133
Leukemia (204) 87 7 49 1 7 8 34- 156
Vascular festons of the central nervous system (330-334) 70 69 81 28 73 97 59- 89
Diseases of the circulatory system (440-468) 73 250 76 92 74 342 66- 82
Diseases of the respiratory system (470-527) 72 23 125 16 87 39 62- 119
Diseases of the digestive system (530-587) 74 32 103 10 79 42 57- 107
Accidents, poisoning and violence (800-998) 81 38 113 9 86 47 62-112
Other known causes 56 66 65 15 58 81
Deaths without certificates (% total deaths) n=47 6.4% n=27 116% n=74 7.6%

*Expected numbers for SMRs are based 0N age-, calendar time-. and cause-specific death rates for U.S. white females
tCodes 171. 200, 202 and 203 are not included before 1950
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Table 5. = Mortality Among ‘Salaried Males According to Cause and Follow-Up Period.
m - u pPeried
1940-1874 1974-1978 1840-1978
Causs of Death (1CD o) SMR' 0b8 SMR 0bs SYR Ob8 5% Cl
All causes 75 . 868 69 198 70 1064 65- 74
Malignant neoplasms { 140-205) 77 167 59 35 72 202 63- 83
Digestive organs and peritoneum (150-159) 72 51 101 16 44 67 60 - 98
Esophagus (150) 76 4 146 2 « 6 33-196
Stomach (151) 77 13 39 1 72 14 39-121
Large intestine (153) 68 14 105 6 76 20 47- 118
Biliary passages and liver (155, 156) 18 1 337 3 61 4 16- 115
Pancreas (157) 73 9 31 1 64 10 31-119
Lung (162. 163) 81 48 $0 10 73 58 56 - 95
Bladder (181) 120 9 49 1 195 10 50 - 193
Brain (193) 97 6 74 1 93 7 37-191
Lymphatic and multiple myeloma (200-203)t 110 13 67 2 101 15 57- 167
Leukemia (204) 9 9 45 1 88 10 42- 162
Vascular lesions of the ¢entral nervous system (330-334) 75 73 64 15 73 83 58- 90
Diseases (f the circulatory system (440-468) 71 406 66 83 70 494 64- 76
Diseases of the respiratory system (470-527) 51 33 128 26 69 59 53- 89
Diseases of the digestive system (530-587) 51 31 25 3 47 A 33- 66
Accidents, poisoning and violence (800-998) 36 41 39 7 36 48 27+ 48
Other known causes 58 68 61 12 48 80
Deaths without certificates (% total deaths) n=47 53% n=12 6.1% n=59 5.5%

‘Expected  numbers for SMRs are based on age-, calendar time-. and cause-specificdeath rates for U.S. white males

+Codes 200, 202 and 203 are not included before 1950

tissues and multiple myeloma. {¥mphosarcoma, reticulo-

sarcoma and Hodgkin's disease were responsiblefor the

excess_mortaiity in the lymphatic ¢ancer”and” multiple”
myeloma category. There were no leukemia deaths, while
two were expected during the overall study period. The
21% excess indigestive cancer deaths for the period 1974
through 1978 was accounted for by cancers of the large
intestine, biliary passages and liver and pancreas.
Among female union members (Table 4), there were ex-

in deaths from cancer of the cervix, bladder and
brain during 1940 through 1978. For most other causes,
there were deficits in observed deaths, with SMRs ranging

¥rom 28 for pancreas cancer to 100 for cancer of the
biliary passages and liver. Excesses in bladder and brain
‘cancers were based on five and nine observed deaths,
respectively. The increase in bladder cancer mortality was
seen only in the years 1940 through 1974, while the brain
cancer excess occurred only in the years 1974 through
1978. There was no excess mortality from respiratory
cancer, even among women who worked for at least 20
years (6 observed/8.8 expected). Excess cervical cancer
deaths occurred during both follow-up periods. Further
analysis of the cervical cancer deaths showed that
elevated mortality was confined to women who were

fable 6. — Mortality Among Salaried Females According to Cause and Follow-Up Period.
Follow-Up Period
1940-1974 1974-1978 1940-1978
Causs of Death (160 \0.) SMR' Obs SVR ob8 SMR Ob8 95% Cl
All causes 1G] 192 56 49 70 241 §2 - 80
Malignant neoplasms (140-205) 89 65 51 13 79 78 62+ 98
Digestive organs and peritoneum (150-159) 106 17 83 5 100 23 63- 150
Lung (162. 163) 74 4 0 0 45 4 12-115
Breast {170) 90 16 100 6 93 22 58+ 140
Uterus (171-174)t 45 4 0 0 47 5 15-110
Carvix (171) 20 1 0 0 17 1 0- %A
Corpus {172) 39 1 0 0 30 1 0- 188
Bladder (181) 282 2 0 0 200 2 23- 733
Brain (193) 135 3 0 0 103 3 21 - 300
Lymphatic and multiple myeloma (200-203)1 161 6 78 1 139 7 56 - 287
Leukemia (204) 38 1 0 0 29 1 1-162
Vascular lesions of the central nervous system (330-334) 68 15 58 5 65 20 39 100
Diseases of the circulatory system (440-468) 61 47 51 16 58 63 45- 74
Diseases of the respiratory system (470-527) 55 5 26 1 46 6 17 - 100
Diseases of the digestive system (530-587) 66 9 23 1 56 10 27- 103
Accidents. poisoning and violence (800-898) 62 14 115 6 72 20 44- 112
Other known causes 49 18 36 3 46 21
Deaths without certificates(%» total deaths) n=19 9.9% nw=d 02% n=23 9.5%

'Expected numbars tor SMRs are based on age-, calendar time-, and cause-specificdeath rates for U.S. white females

tCodes 171, 200, 202 and 203 are Itk included before 1850
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Table 7. — Mortality from All Causes and from All Cancers According to Employment Group and Follow-Up Period.
Follow-Up Peried
1940-1974 1974-1978
Standardized Standardized

Employment Group Obs Crude Rate* frat Ot Crude Rate® Rate
White male union members

All causes 5694 13.8(0.2)% 1103 29.1 13.8 (0.6)

Al cancers 1083 26 (0.1) 259 6.8 5—39-3)
Non-white male union members g

All causes 251 10.0 14.7 (1.0) 72 20.1 15.7 (2.0)

All cancers 44 17 25 (0.4) 19 53 3.8 (0.8)
Female union members

All causes 730 6.0 6.7 (0.3) 233 17.9 6.1 (0.5)

All cancers 205 17 1.8 (0.1) 36 27 1.1(0.2)
salaried males

Al causes 866 9.0 11.3(0.4) 188 133 10.0 (0.7

All cancers 167 17 2.2 (0.2) 35 2.4 1.8 (0.3)
Salaried females

All causes 192 28 6.5 (0.6) 49 13.9 4.3 (0.6)

All cancers 65 0.9 1.9(0.3) 13 1.0 1.1(0.3)

‘Crude annual rate (x 1000 person-years)

tAnnual mortality rate (x 1,000 person-years), standardized for age to the person-years distribution of all employees followed 1940-1978
$Numbers in parenthesesare standard errors (x 1,000 person-years) of the standardized rates

employed for at least 15 years (16 observed|6.7 expected),
who died 25 or more years after starting work (15 ob
served/7.6 expected) and who started work before 1940
{16 observediB.1 expected). The uterine cancer SMR for
union females increased from 99 in the period 1940
through 1974 to 181 from 1974 to 1978. This change
resulted from a marked decline in age-adjusted uterine
cancer death rates for US. white females from 5.7 per
10,000 person-years in 1940 through 1974 to 2.9 per
10,000 person-yearsin 1975 through 1978," while similarly
age-adjusted rates for union females changed only slight-
ly from 5.9to 5.2 per 10,000 person-yearsduring the same
intervals.

Compared to U.S. white males, salaried males (Table 5)
experienced no increased mortality during the overall
study period. For the period 1974 through 1978 there were
excesses in deaths from esophageal and biliary and liver,
cancer, based on two and three deaths, respectively, and

a28% increase in deaths from diseases of the respiratory
system.

For salaried females (Table 6), -there were excesses,
based on small numbers, in cancers of the bladder, brain
and lymphatic tissue and multiple myeloma. These oc-
curred only during the earlier follow-up period. The
deaths from cancer of the lymphatic tissues and multiple
myelomawere from Hodgkin's disease (2 observed/1.1 ex-
pected) and from other lymphomaand multiple myeloma
(4 observed/1.2 expected). In contrast to union females,
salaried females experienceda marked deficit in cervical
cancer deaths during both follow-up periods.

Table 7 gives all-cause and all-cancer age-adjusted
mortality rates for each employment group. NWM union
members experienced the highest overall mortality rates
during both follow-up periods and the highest cancer
mortality rate for the years 1974 through 1978. All-cause
and all-cancer mortality rates either increased slightly @

Tabk 8. = Mortality from All Causes Combinad According to Employment Grouo and Duration of Employment,
Employment Group/ Standardized
Duration of Employment (Yrs.) Cbr Cruds Rate* Ratet
White male union members

2-4 730 7.8 13.0(0.5)¢
6067 174 13.8 (0.2)
Non-white male union members
2-4 40 6.2 20.9 (6.0)
25 284 12.7 14.8 (0.9)
Female union members
2-4 120 33 4.5 (0.4)
843 8.6 7.4 (0.2)
Salaried males
2-4 101 3.7 8.8 (1.0)
25 963 116 11.2 (0.4)
Salaried females
2-4 50 1.3 3.9 (0.8)
25 191 45 6.3 (0.5)

'Crude annual rate (x 1,000 person-years)

tAnnual mortality rate (x 1,000 person-years), standardized for age to the penon-years distribution of all employees followed 1940-1978
$Numbers in parenthesesare standard errors (x 1,000 person-years)of the standardized rates
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remained unchanged during the two follow-up periods
for WM and NWM union members and decreased for fe-
male union members and salaried employees. Exceptfor
the sharp drop in cancer rates in females, these trends are
consistent with patterns observed in the general popula-
tion. The approximate 40% decline in cancer mortality
rates among female rubber workers was not paralleled by
a similar decrease in cancer mortality rates for U.S. white
females, which fell less steeply from about 2.4 per 1,000
person-years in the period 1940through 1974 to about 22
per 1,000 person-years in 1975 through 19/8." For union
females the percentage of reported deaths inwhich cause
of death could not be determined because of missing
death certificateswas nearly two times higher inthe years
1974 through 1978 than from 1940 through 1974 .This dif-
ference may have contributed to the decline in their
cancer SMR (Table 4) and rate between the two follow-up
periods. However, cancer SMRs corrected by distributing
deaths with missingcertificates by cause according to the
distribution of certified deaths were 88 for the period
1940 through 1974 and 64 for 1974 through 1978. It is
therefore unlikely that failure to locate death certificates
completely explains this finding.

Except for WM and NWM union members, workers
employed for two to four years experienced lower overall
mortality than those employed for at least five years
(Table 8).Among WM union members, rates were similar
in the two duration of employment categories. NWM
union members who worked for two to four years experi-
enced higher overall mortality than menwho worked for
five or more years, although the magnitude of the stan-
dard errors of the rates suggests that this difference is
consistent with sampling variability. Numbers of deaths
from specific causes among short-term workers were
generally insufficient for meaningful analysis. Apparent
excesses in deaths from certain cancers among WM union
members employed for two to four years were mentioned
earlier in this paper.

Discussion

The present study evaluated mortality occurring be-
tween Januaryl1,1940,and July1, 1978, among 29,087
men and women who worked for at least two years at a
large rubber manufacturing facility. These workers have
now been observed for an average of 27 years per em-
ployee. Before discussing specific findings based on their
mortality experience, it is important to note several limi-
tations imposed by the methodology used in the study.

First, VRS and RRs reported in this study are probably-
conservative estimates 0f causal associations, if any, be
tween rubber industry employmentand specific diseases.
Failure to identify all deaths during the study period,
unavailability of death certificates for nearly 5% Of the
reported deaths and use of the U.S. general populationas
a comparison group are likely sources of underestima-
tion.'

Lack of information on disease determinants other
than employment and demographic characteristics con-
stitutes another limitation of the study. Without this infor-
mation, it is difficult to judge whether observed associa-
tions reflect causal links between disease and work-
related exposures.
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Finally, many cause-specific SVIRs were based on
small numbers of events and were statistically unstable.
Therefore, sampling variability cannot be discounted as
an explanation for some of the observed excesses and
deficits, especially amongemploymentgroups other than
the WM union members. For this reason. remaining
discussionwill focus on findings in the latter study group.

Reports™ " concerning mortality during 1940 through
1974 among the rubber workers included in this study
noted excess deaths from the following cancers: (1) blad-
der cancer and leukemia in WM union members; (2Jym-
phatic cancer and multiple myeloma in NWM union
members; (3) cervical cancer, bladder cancer and lym-
phatic cancer and multiple myeloma in females; and (4)
lymphatic cancer and multiple myeloma in salaried
males. Among females there was excess cervical cancer
only in union members, and excess lymphatic cancer and
myeloma occurred only in salaried employees. The
results of recent follow-up through mid-1978 suggest
several additional findings.

Among WM union members, neither VRS nor directly
standardized rate ratios for bladder cancer and leukemia™
changed appreciably between the two follow-up periods,
indicating that the excesses of these diseases among rub-
ber workers have not diminished in recent years. Several
explanations are possible: (1) there have been no reduc-
tions in occupational exposures associated with these
cancers; (2pufficienttime has not elapsed for such reduc-
tions to result in decreased mortality; and (3) persistent
differences in nonoccupational risk factors for these
malignanciesexist between rubberworkers and US. white
males. Several studies have identified smoking as a deter-
minant of bladder cancer.' ' Emphysema and lung
cancer are also strongly positively associated with smok-
ing, and mortality from these diseases would be elevated
among the rubber workers in this study if they smoked
more than the general population. However, WM union
members experienced deficits of 14% and 16% in lung
cancer and emphysema deaths, respectively,and itis thus
unlikely that they smoked more.than U.S. white males in
general.

WM union members employed for at least five years
experienced twofold excesses in deaths from esophageal
cancer and from other lymphoma and multiple myeloma
and an 80% increase in biliary and liver cancer mortality
during the period July1, 1974, through July I, 1978. Al-
though previous studies of rubber workers noted in-
creased mortality from stomach and large intestine
cancerl' 1233 gnd linked these excesses to occupational
exposures 311115 there have been no prior reports of
elevated esophageal cancer among rubber industry em-
ployees. Alcohol and cigarette consumption are the ma-
jor known risk factors for this malignancy. However,
evidence cited above suggests that rubber workers in this
study did not smoke more than the general population,
and a similar argument can be advanced against the
possibility of higher alcohol consumption among rubber
workers: WM union members experienced a 1/% deficit
in deaths from diseases of the digestive system, and the
overall SMR for cirrhosis, which is strongly associated
with alcohol intake, was 79.

Mancuso and Brennan't suggested that gallbladder
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and bile duct cancers are increased among rubber work-
ers. To support this hypothesis, they pointed out that the
rubber industry employs numerous hepatotoxic agents
and that several nitrosamines chemically related to sub-
stances used in rubber manufacturing have been shown
experimentally to be liver and biliary carcinogens. Biliary
and liver cancer mortality rates among WM union mem-
bers in the present study rose only slightly between the
two follow-up periods, and the marked increase in SMR
seen for the period 1974 through 1978 resulted almost en-
tirely from a sharp decline in rates for US. white males
after 1969 that was brought about partly by changes in
rules for classifying this cause f death.”" It is possible
that proceduresfor diagnosing, reportingor codingbiliary
and liver cancer as a cause of death among study dece-
dents differed in some way from those used for general
population decedents. Such differences, if present, could
account for the excess seen during recent follow-up.
Among the cancers of the hematopoietic and lymphat-
ic tissues,

leukemia has been the subject of much invest-
the rubber industry, where eRposiiTes to indus-
mal solvents probably produce excess leukemia mortali-

Yy ® Our findings and those of other investigators sug-
gest that lymphatic cancers and muitiple mveloma fmav™
also be efevated in rubber workers. Little is known about
the etiology of the various lymphatic cancers and multi-
ple myeloma. Associations have been reported for oc-
cupational groups exposed to chemicals,”" 22 #* and to
radiation.”" **

In conclusion, results of recent follow-up were con-
sistent with mortality patterns previously described for
these workers' 2 and for other groups of rubber work-
ers.1213171826 Compared to their general population coun-
terparts, men and women employed in the rubber indus-
try experience deficits in overall deaths and in deaths
from most specific causes but sustain increased mortality
from several cancers. Although cancer excesses observed
during recent follow-up were based on small numbers
and may have occurred by chance or because of systema-
tic differences in nonoccupational risk factors between

rubberworkers and the general population, the possibility.

that they are related to industrial exposures should be
considered. Currently being examined in detail are associ-
ations between specific work areas within the rubber in-
dustry and the occurrence of esophageal, biliary and
liver, lymphatic and other cancers in order to identify sub
groups of workers having high cancer risks. This informa-
tion will aid in focusing efforts to control workplace ex-
posures to hazardous substances.
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