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Abstract
An update of a cohort study of 14 074
employees at the Richmond and El Segundo
refineries of Chevron USA in California was

conducted to further examine mortality pat-
terns. The update added six years of follow up
(1981-6) and 941 deaths. As in the previous
study, mortality from all causes (standard
mortality ratio (SMR) = 73) was significantly
lower among men compared with the general
United States population. Significant deficits
were also found for all cancers combined
(SMR = 81), several site specific cancers, and
most non-malignant causes of death.
Mortality from suicide was increased relative
to the United States as a whole. Based on a

comparison with California rates, however,
men had fewer deaths from suicide than expec-
ted. Standard mortality ratios were raised for
several other causes of death, but only leu-
kaemia and lymphoreticulosarcoma exhibited
a pattern suggestive of an occupational rela-
tion. The increase appeared to be confined to
those hired before 1949, and in the case

of lymphoreticulosarcoma, to Richmond
workers.

In 1983, a mortality study of current and former
Chevron employees at the Richmond and El
Segundo refineries was completed.' The observation
period of the original study extended from 1 January
1950 to 31 December 1980, and comprised all
employees who worked at least one year at either
refinery (a day of which had to fall within the
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observation period). For both refineries, mortality
from all causes was significantly below that expected
based on rates for the United States. Significantly
lower rates were also found for several cause specific
categories including digestive cancer, lung cancer,
heart disease, non-malignant respiratory disease, and
accidents. Non-significant increases were found for
some disease categories; however, only lympho-
poietic cancer exhibited a pattern of increased risk
suggestive of a possible occupational relation.
Whereas this excess appeared to be confined to
workers hired at the Richmond refinery before 1949,
further follow up was recommended to provide
longer latency among employees hired after that date.
The follow up of this cohort has been extended to

31 December 1986. An analysis of the updated
information was carried out to further evaluate
deaths due to lymphopoietic cancer, and to look for
any new mortality patterns for other causes of death.

Materials and methods
The-original study consisted of 14 179 workers at the
Richmond and El Segundo refineries, all of whom
were employed in either operating and maintenance,
clerical, technical, supervisory, or administrative
jobs. A comprehensive description of the data collec-
tion and cohort verification procedures can be found
in a previous publication.' During the update, 105
duplicate records were discovered and excluded. Of
the remaining 14 074, 95% were men.
Complete work histories were not compiled in the

original study. Instead, only first and last jobs (work
location, job title, and corresponding dates) were
coded to permit an analysis by work location or job
category. Whereas these subcohort analyses in the
previous study did not identify any major differences
in mortality patterns, we attempted to update
information on last jobs to further assess potential
differences across work locations. Unfortunately, this
information was not consistently stored in the avail-
able computer files (for example, personnel system,
safety and health information system), precluding its
use in the current update. Year end personnel tapes
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Table 1 Number of cohort members by sex, refinery location, and vital status (as of 31 December 1986)

Vital status (No (%))

Alive Dead* Unknown Total

Richmond:
Men 6065 (71-2) 2038 (23 9) 420 (4 9) 8523
Women 288 (81 6) 38 (10 8) 27 (7 6) 353

El Segundo:
Men 3460 (72 5) 1121 (23-5) 192 (4 0) 4773
Women 269 (83-0) 24 (7-4) 31 (9-6) 324

Totalt 10174 (72 3) 3228 (22 9) 672 (4 8) 14074

*Copies of death certificates were obtained for 3184 (98-6%) of the descendents.
tThe total includes 101 male cohort members who worked at both the Richmond and El Segundo refineries. These workers were excluded
from the individual refinery analyses, and therefore are not included in the individual refinery counts.

were used, however, to classify study participants as

either active, retired, or terminated from the
Richmond or El Segundo refinery as of31 December
1986. Also, termination dates were recorded for
employees who were no longer active at either
refinery.

Several sources were utilised to update the vital
status of the cohort to 31 December 1986. These
included company records, the computerised files of
the National Death Index, the earnings and benefits
file of the Social Security Administration, the
California Death Index microfiche, and Equifax (an
information services company that provides cohort
member tracing). Death certificates were coded by a
trained nosologist according to the eighth revision of
the International Classification of Diseases.2 To
assess intercoder agreement between the study's
original nosologist and the coder for thenew deaths, a
20% random sample of new death certificates was
recoded by the original nosologist. An intercoder
error rate of 1 1% was found for underlying cause of
death, representing a high level of precision. Persons
with a known date of death, but for whom a death
certificate could not be located, were included in the
analysis of total mortality but not in cause specific
analyses.

Mortality was analysed using the occupational
cohort mortality analysis program (OCMAP)

developed by Marsh and Preninger.3 This employs a
modified life table approach to calculate the standar-
dised mortality ratio (SMR). For most analyses,
expected deaths were based on cause specific United
States death rates adjusted for age, race, sex, and
calendar period. A further analysis of death rates
from four causes of death (suicide, malignant melan-
oma, laryngeal cancer, and Hodgkin's disease) was
based on a comparison with California rates, as these
rates are substantially different from the correspond-
ing national rates. For all SMRs, 95% confidence
intervals (95% CIs) were calculated under the
assumption that the observed number of deaths
followed the Poisson probability distribution.4

Cancer mortality at each refinery was also analysed
by duration of employment (<5, 5-14, 15-29, and
) 30 years) and by interval since hire (< 10, 10-19,
20-29, and > 30 years). Duration ofemployment was
used in this study as a surrogate for duration of
exposure in the workplace. Interval since hire, on the
other hand, was used as a surrogate for latency, and
was defined as the number of years between initial
hire and death or end of follow up (31 December
1986), whichever occurred first.

Results
As of 31 December 1986, 10 174 (72 3%) of the

Table 2 Characteristics of male cohort members (as of 31 December 1986) by refinery location

Refinery

Variable Richmond El Segundo Total*

No in study 8523 4773 13397
Total person-years 205397 110594 318837
Year of hire 1954 (1905-79) 1955 (1907-79) 1954 (1905-79)
Age at hire (y) 27-0 (12 0-62-0) 27 9 (118-72-8) 27-3 (118-72 8)
Duration of employment (y) 16-2 (06-517) 15 2 (1-0-49-0) 15 9 (10-517)
Duration of follow up (y) 24-1 (00-37-0) 23-2 (00-37 0) 23 8 (00-37-0)
Interval sincehire(y)t 28 9 (10-75-1) 27-7 (10-73 0) 28 5 (10-75 1)
Age at death (y) 65 4 (20-1-97-6) 65 2 (208-97-2) 65 3 (20 1-97 6)

Values in parenthesis are the ranges around the given mean.
*The total includes 101 male cohort members who worked at both the Richmond and El Segundo refineries. These workers were excluded
from the individual refinery analyses, and therefore are not included in the individual refinery counts.
tlnterval since hire is defined as the time since initial hire until date of death or end of follow up (31 December 1986), whichever occurred
first.
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cohort members at both refineries were known to be
alive, 3228 (22-9%) were deceased, and 672 (4 8%)
were of unknown vital status (table 1). Copies of
death certificates were obtained for 3184 (98&6%) of
the decedents. Thirteen per cent of the cohort were

actively employed at the end of follow up.
Male cohort members (n = 13 397) contributed a

total of 318 837 years of observation over the entire
37 year study period, with a further 64 000 years
being added during this update (table 2). The average
duration of follow up (after satisfying all entry
criteria) was 23-8 years and ranged from two days to
37 years. By comparison, the average interval since
hire was 28-5 years (range 1-0-75-1 years), and the
average duration of employment was 15-9 years
(range 1 (l-51V7 years). Men at the two refineries were
nearly identical with respect to these variables.
Women contributed only 11 722 years of observa-

tion because they were few (n = 677) and were hired
more recently (average hire year for women 1965 v
1954 for men; results not shown). They experienced
an average duration ofemployment and interval since
hire of only 8-4 and 19-3 years respectively. Because
they represented only 4-8% of all study participants
and 1-9% of all observed deaths they were excluded

from most analyses. Unless otherwise stated, the
results presented pertain to men.

CAUSE SPECIFIC MORTALITY AMONG MEN
Table 3 shows the observed deaths, SMRs, and 95%
CIs for major causes of death. For both refineries
combined, statistically significant deficits were found
for all causes (SMR = 73), total cancer deaths
(SMR = 81), and several individual cancer sites-
namely, buccal cavity and pharynx (SMR = 57),
large intestine (SMR = 70), liver (SMR = 38),
pancreas (SMR = 64), and lung (SMR = 75). With
respect to causes of death other than cancer, statis-
tically significant deficits were seen for most major
organ systems, including diseases of the circulatory
(SMR = 72), digestive (SMR = 69), and res-
piratory systems (SMR = 65).

Statistically significant increases over expected
mortality were not identified for any single cause of
death. Small non-significant increases were seen,
however, for several causes including suicide
(SMR = 120), cancers of the oesophagus
(SMR = 114), larynx (SMR = 120), skin
(SMR =117), brain and central nervous system
(SMR = 124), and other lymphatic tissues

Table 3 Observed deaths (obs), SMRs, and 95% CIsfor major causes among men at Richmond and El Segundo refineries

Total Richmondt El Segundot

Cause of death (8th ICD) Obs SMR* (95% CI) Obs SMR (95% CI) Obs SMR (95% CI)

All causes (001-999) 3166 73 (71- 76) 2038 74 (71- 78) 1121 72 (68- 76)
Infective and parasitic diseases (001-139) 21 47 (29- 72) 10 35 (17- 64) 11 70 (35-126)
All cancers (140-209) 683 81 (75- 87) 447 84 (76- 92) 234 77 (67- 87)

Buccal cavity and pharynx (140-149) 15 57 (32- 95) 8 48 (21- 95) 7 75 (30-155)
Oesophagus (150) 23 114 (72-171) 13 101 (54-173) 10 140 (67-257)
Stomach (151) 36 81 (57-112) 30 106 (71-151) 6 38 (14- 83)
Largeintestine(153) 55 70 (53- 91) 40 81 (58-110) 15 53 (30- 87)
Rectum (154) 23 86 (54-129) 17 100 (58-161) 6 62 (23-135)
Liver (155-156) 6 38 (14- 83) 2 20 (2- 72) 4 71 (19-183)
Pancreas (157) 30 64 (43- 92) 20 68 (41-105) 10 59 (29-109)
Larynx (161) 15 120 (67-198) 8 101 (44-199) 7 157 (63-323)
Lung (162-163) 200 75 (65- 86) 26 75 (62- 89) 74 77 (61- 97)
Skin (172-173) 17 117 (68-188) 10 109 (52-200) 7 135 (54-278)
Prostate (185) 54 82 (61-107) 35 84 (59-117) 19 79 (47-123)
Testis (186-187) 2 43 (5-157) 2 68 (8-244) 0 - -
Bladder (188) 18 65 (39-103) 14 81 (44-135) 4 39 (11-101)
Kidney (189) 17 84 (49-134) 13 101 (54-173) 3 41 (9-120)
Brain and CNS (191-192) 28 124 (83-180) 19 133 (80-207) 8 100 (43-197)
Lymphatic and haematopoietic system (200-209) 88 107 (86-132) 61 117 (90-151) 27 92 (60-133)
Lymphosarcoma and reticulosarcoma (200) 18 106 (63-167) 14 129 (71-217) 4 66 (18-168)
Hodgkin's disease (201) 8 88 (38-173) 5 86 (28-200) 3 94 (19-274)
Leukaemia and aleukaemia (204-207) 33 98 (67-137) 21 98 (61-150) 12 99 (51-172)
Other lymphatic tissue (202, 203, 208) 28 136 (90-197) 20 154 (94-238) 8 108 (46-212)

Benign neoplasms (210-239) 8 75 (32-147) 3 44 (9-129) 5 131 (42-305)
Diabetes mellitus (250) 27 44 (29- 63) 16 41 (23- 66) 11 49 (25- 88)
Diseases of blood (280-289) 8 84 (36-165) 5 83 (27-192) 3 88 (18-256)
Diseases of nervous system (320-389) 20 60 (37- 92) 14 66 (36-110) 6 50 (19-110)
Diseases of circulatory system (390-458) 1659 72 (69- 76) 1049 72 (68- 77) 606 73 (67- 79)
Diseases of respiratory system (460-519) 177 65 (56- 75) 118 69 (57- 82) 59 59 (45- 76)
Diseases of digestive system (520-577) 136 69 (58- 82) 92 73 (59- 90) 44 63 (46- 84)
Diseases of genitourinary system (580-629) 36 62 (43- 85) 26 70 (45-102) 10 48 (23- 88)
External causes (E800-E998) 298 78 (69- 87) 194 79 (68- 90) 103 78 (64- 95)

Suicides (E950-E959) 103 120 (98-145) 65 118 (91-151) 37 122 (86-168)

*Cause specific standardised mortality ratio (SMR; tables 3-8) = the ratio of observed over expected deaths (x 100) based on United
States rates.
tTables 3-8; cohort members who worked at both the Richmond and El Segundo refineries (n = 101) are excluded from refinery specific
analyses.
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Table 4 Observed deaths (obs), SMRs, and 95% CIsfor selected cancers among men at Richmond refinery,* by duration of
employment

< 5 years 5-14 years 15-29years 30 years

Cancer site (8th ICD) Obs SMRt (95% CI) Obs SMR (95% CI) Obs SMR (95% CI) Obs SMR (95% CI)

All cancers (149-209) 46 97 (71-130) 89 86 (69-106) 136 76 (64- 90) 176 86 (74- 99)
Buccal cavity and
pharynx (140-149) 0 - (0-259) 2 60 (7-215) 3 53 (11-154) 3 50 (10- 147)

Oesophagus(150) 0 - (0-384) 4 161 (44-412) 6 136 (50-296) 3 62 (13- 180)
Stomach (151) 1 52 (1-290) 2 36 (4-130) 15 166 (93-273) 12 102 (53- 178)
Large intestine (153) 1 27 (1-153) 7 79 (32-162) 10 61 (29-112) 22 108 (67- 163)
Rectum (154) 1 87 (2-482) 5 158 (51-368) 5 90 (29-210) 6 85 (31- 184)
Liver (155-156) 0 - (0-529) 0 - (0-190) 1 31 (1-171) 1 24 (1- 135)
Pancreas (157) 3 130 (27-379) 3 55 (11-159) 7 69 (28-143) 7 60 (24- 124)
Larynx (161) 0 - (0-611) 1 66 (2-367) 1 37 (1-204) 6 200 (73- 435)
Lung (162-163) 19 122 (73-190) 38 118 (84-162) 30 51 (34- 72) 39 63 (45- 86)
Skin (172-173) 2 143 (17-518) 3 132 (27-387) 1 36 (1-198) 4 148 (40- 379)
Prostate (185) 0 - (0-289) 2 34 (4-124) 14 104 (57-174) 19 91 (55- 142)
Testis (186-187) 1 119 (3-664) 0 - (0-370) 0 - (0-566) 1 210 (5-1169)
Bladder (188) 1 117 (3-650) 1 36 (1-202) 5 87 (28-203) 7 87 (35- 179)
Kidney (189) 3 239 (49-699) 2 76 (9-276) 2 46 (6-165) 6 130 (48- 283)
Brain and CNS

(191-192) 2 88 (11-318) 5 133 (43-310) 6 128 (47-279) 6 167 (61- 363)
Lymphatic and

haematopoietic system
(200-209) 4 64 (17-163) 9 79 (36-150) 21 127 (79-194) 27 152 (100- 221)
Lymphosarcoma and

reticulosarcoma
(200) 0 - (0-302) 1 41 (1-227) 5 140 (46-328) 8 226 (97- 445)

Hodgkin's disease
(201) 1 80 (2-444) 2 112 (14-405) 2 125 (15-450) 0 - (0- 307)

Leukaemia and
aleukaemia
(204-207) 0 - (0-161) 2 44 (5-160) 5 75 (24-176) 14 180 (98- 302)

Other lymphatic tissue
(202,203,208) 3 239 (49-699) 4 160 (44-409) 8 182 (79-360) 5 103 (34- 241)

*tSee table 3.

(SMR = 136). The last category includes giant
follicular lymphoma, lymphoma not elsewhere clas-
sified, multiple myeloma, and polycythaemia vera.

Analysis of mortality by refinery location
Mortality from all causes combined and most non-
cancer causes were similar at both refineries (see table
3). Differences were found for some non-malignant
causes, however, and several site specific cancers. For
example, a non-significant increase in benign neo-
plasms appeared only at El Segundo (SMR = 131 v
44 at Richmond). Also, SMRs for cancers of the skin
(SMR = 135), oesophagus (SMR = 140) and
larynx (SMR = 157) were increased at El Segundo,
but were near expected values at Richmond
(SMR = 109, 101, and 101 respectively). Con-
versely, increases in lymphoreticulosarcoma, cancer
of the brain and central nervous system, and other
lymphatic tissue cancer were either limited to or
higher at Richmond.
The original study found few differences in SMRs

between the refineries and therefore was focused on
the total cohort. By contrast, the updated results
suggest differing degrees of mortality risk across the
refineries for several site specific cancers. As a result, a
more in depth analysis of cancer mortality was
performed for each refinery separately.

Analysis ofcancer mortality by duration ofemployment
and interval since hire
Tables 4 and 5 present the cancer mortality
experience ofRichmond refinery workers by duration
of employment and interval since hire. Our analysis
identified few remarkable patterns; however, a down-
ward trend by employment duration was seen for
lung cancer. By contrast, upward trends by duration
of employment were found for brain and central
nervous system cancer, lymphoreticulosarcoma,
leukaemia, and the combined cancers of the lym-
phatic and haematopoietic tissue (the last being
mainly lymphoreticulosarcoma and leukaemia).
Also, among workers with at least 30 years of
employment, the SMR for all lymphopoietic tissue
cancers (SMR = 152) was statistically significant. A
consistent pattern across duration of employment
strata was not seen for other lymphatic tissue cancer.
Upward trends relative to interval since hire (table

5) were seen at Richmond for the combined category
of lymphopoietic tissue cancers, and for the sub-
category of leukaemia. A similar pattern was not
found, however, for lymphoreticulosarcoma, brain
and central nervous system cancer, or the other
cancer sites evaluated. In fact, cancers of the brain
and central nervous system and other lymphatic
tissues were consistently raised across all strata by
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Table 5 Observed deaths (obs), SMRs, and 95% CIsfor selected cancers among men at Richmond refinery,* by interval
since hire

<1O years 10-19years 20-29years >30years

Cancer site (8th ICD) Obs SMR t (95% CI) Obs SMR (95% CI) Obs SMR (95% CI) Obs SMR (95% CI)

All cancers (140-209) 15 68 (38- 112) 41 69 (50- 94) 91 75 (60- 92) 300 90 (80-101)
Buccal cavity and
pharynx(140-149) 0 - (0- 553) 0 - (0-178) 2 47 (6-168) 6 63 (23-137)

Oesophagus (150) 0 - (0- 823) 1 69 (2-384) 4 128 (35-327) 8 102 (44-201)
Stomach (151) 0 - (0- 291) 2 57 (7-204) 11 186 (93-333) 17 97 (56-154)
Largeintestine(153) 2 128 (16- 462) 0 - (0- 79) 5 49 (16-114) 33 100 (69-141)
Rectum (154) 0 - (0- 567) 2 105 (13-379) 4 111 (30-285) 11 102 (31-184)
Liver (155-156) 0 - (0- 780) 0 - (0-288) 0 - (0-177) 2 32 (4-117)
Pancreas (157) 0 - (0- 403) 2 64 (8-229) 6 89 (33-194) 12 64 (33-112)
Larynx (161) 0 - (0-1446) 1 114 (3-634) 1 51 (1-282) 6 125 (46-272)
Lung (162-163) 6 123 (45- 267) 14 81 (44-135) 30 71 (48-101) 76 73 (58- 91)
Skin(172-173) 1 121 (3- 676) 1 60 (2-334) 2 86 (10-311) 6 138 (51-299)
Prostate (185) 0 - (0- 986) 0 - (0-204) 3 52 (11-152) 32 95 (65-134)
Testis (186-187) 0 - (0- 419) 1 123 (3-683) 0 - (0-709) 1 134 (3-747)
Bladder (188) 0 - (0-1107) 0 - (0-297) 2 65 (8-235) 12 94 (49-165)
Kidney (189) 0 - (0- 716) 2 126 (15-456) 0 - (0-112) 11 147 (73-263)
Brain and CNS

(191-192) 2 136 (17- 491) 4 139 (38-355) 5 124 (40-289) 8 135 (58-266)
Lymphatic and

haematopoietic system
(200-209) 1 23 (1- 130) 7 93 (37-191) 11 96 (48-171) 42 147 (106-198)
Lymphosarcoma and

reticulosarcoma
(200) 0 - (0- 436) 3 166 (34-485) 2 74 (9-268) 9 164 (75-312)

Hodgkin's disease
(201) 0 - (0- 299) 1 67 (2-374) 3 233 (48-681) 1 55 (1-304)

Leukaemia and
aleukaemia
(204-207) 0 - (0- 215) 1 34 (1-191) 2 46 (6-165) 18 146 (86-231)

Other lymphatic tissue
(202,203,208) 1 208 (5-1157) 2 153 (19-551) 4 134 (37-343) 13 158 (84-271)

*tSee table 3.

interval since hire. Several cancer sites showed
increases primarily in the > 30 year stratum, but only
the combined category of all lymphopoietic cancers
was statistically significant. The increase
(SMR = 147) is attributable to non-significant
increases in lymphoreticulosarcoma (SMR = 164),
leukaemia (SMR = 146), and other lymphatic tissue
cancer (SMR = 158).
At the El Segundo refinery, a downward gradient in

lung cancer SMRs was found with increasing dura-
tion of employment (table 6). By contrast, a slight
upward trend by duration of employment was seen
for all lymphopoietic tissue cancers (combined);
among workers with at least 30 years of employment,
however, the observed number of deaths was close to
that expected. With respect to interval since hire
(table 7), all cases of other lymphatic tissue cancer
occurred at least 30 years after initial hire.

Analysis of cancer mortality by hire date
The data for each refinery were stratified by year of
hire into 1948 and earlier v after 1948. This was to
evaluate potential differences in risks of cancer
mortality associated with qualitatively estimated his-
torical exposure to benzene, now recognised as a
human carcinogen. A further discussion of the
rationale with respect to benzene can be found in a

previous publication.' In a more general sense, our
hire date analysis permitted an assessment of mor-
tality patterns as they relate to older v more contem-
porary work environments. In our study, men hired
before 1949 (n = 5334) had a median of 40-6 years
elapsed time between year of hire and end of follow
up (range 2-0-75 1 years). Among men hired after
1948, the median interval since hire was 19-9 years
(range 1-0-38-0). This means that with the additional
follow up, half of the workers hired after 1948
(n = 4031) had experienced a latency of between 20
and 38 years.
We found increases for Hodgkin's disease and

cancers of the oesophagus, stomach, and kidney for
men hired after 1948 (see table 8). All were based on a
small number of observed deaths (five or less),
however, and only the SMR for oesophageal cancer
at El Segundo was statistically significant. For all
other cancer sites, increases were either limited to, or
more pronounced in men hired before 1949. For
example, 11 (92%) of the cases of laryngeal cancer
occurred in the pre-1949 group, resulting in non-
significant SMRs of 123 at Richmond and 168 at El
Segundo. Similar patterns were seen for cancers of
the brain and central nervous system and skin. The
most striking difference by hire date was seen for
cancers of the lymphopoietic tissues. Increases were
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Table 6 Observed deaths (obs), SMRs, and 95% CIsfor selected cancers among men at El Segundo refinery,* by duration of
employment

<5years 5-14years 15-29years >30years

Cancer site (8th ICD) Obs SMR t (95% CI) Obs SMR (95% CI) Obs SMR (95% CI) Obs SMR (95% CI)

All cancers (140-209) 26 72 (47-105) 44 83 (60-111) 86 80 (64- 99) 78 73 (61- 75)
Buccal cavity and
pharynx(140-149) 0 - (0-309) 0 - (0-210) 4 118 (32- 302) 3 100 (21- 292)

Oesophagus (150) 1 117 (3-651) 4 316 (86-810) 4 156 (43- 399) 1 41 (1- 227)
Stomach (151) 0 - (0-243) 1 37 (1-206) 3 55 (11- 161) 2 33 (4- 118)
Large intestine (153) 2 68 (8-246) 1 22 (1-122) 3 30 (6- 88) 9 83 (38- 157)
Rectum (154) 0 - (0-395) 0 - (0-229) 4 118 (32- 302) 2 54 (7- 194)
Liver (155-156) 0 - (0-678) 0 - (0-382) 2 102 (12- 369) 2 93 (11- 337)
Pancreas (157) 0 - (0-200) 1 35 (1-195) 5 83 (27- 193) 4 66 (18- 168)
Larynx (161) 0 - (0-713) 1 127 (3-706) 4 245 (67- 627) 2 131 (16- 473)
Lung (162-163) 15 123 (69-203) 18 105 (63-167) 26 74 (48- 108) 15 48 (27- 78)
Skin (172-173) 1 104 (3-580) 1 85 (2-471) 2 121 (15- 435) 3 217 (45- 634)
Prostate (185) 1 71 (2-396) 3 108 (22-317) 4 49 (13- 124) 11 94 (47- 168)
Testis (186-187) 0 - (0-734) 0 - (0-734) 0 - (0-1044) 0 - (0-1524)
Bladder (188) 0 - (0-474) 0 - (0-263) 1 28 (1- 156) 3 68 (14- 200)
Kidney (189) 0 - (0-386) 0 - (0-267) 1 38 (1- 212) 2 85 (10- 306)
Brain and CNS

(191-192) 2 129 (16-466) 1 50 (1-279) 4 148 (40- 379) 1 57 (1- 319)
Lymphatic and

haematopoietic system
(200-209) 2 46 (6-165) 5 85 (27-197) 10 102 (49- 187) 10 107 (51- 196)
Lymphosarcoma and

reticulosarcoma
(200) 0 - (0-412) 2 157 (19-566) 1 48 (1- 267) 1 55 (1- 305)

Hodgkin's disease
(201) 1 128 (3-715) 1 110 (3-611) 1 111 (3- 621) 0 - (0- 607)

Leukaemia and
aleukaemia
(204-207) 0 - (0-218) 2 86 (11-312) 5 125 (41- 291) 5 120 (39- 280)

Other lymphatic tissue
(202,203,208) 1 105 (3-584) 0 - (0-279) 3 115 (24- 335) 4 160 (43- 402)

*tSee table 3.

mainly found among Richmond workers hired before
1949, in whom a statistically significant increase
(SMR = 137) was seen in the combined category.
This increase was driven by a statistically significant
increase in other lymphatic tissue cancer
(SMR = 174) and a non-significant increase in
lymphoreticulosarcoma (SMR = 166). By contrast,
at the El Segundo refinery, mortality from leukaemia
(SMR = 117) and other lymphatic tissue cancer
(SMR = 121) was close to expected.
As most of the increases in the lymphopoietic

cancers were limited to men hired before 1949, we
again examined trends by duration of employment
and interval since hire but limited the analysis to the
pre-1949 hire group. In most cases, the results
mirrored those seen in the overall refinery analyses
discussed earlier. For other lymphatic tissue cancer,
however, an inverse relation by duration of
employment was seen at Richmond in the pre-1949
group. Among men with fewer than five years of
employment, a statistically significant SMR of 839
occurred (based on three observed deaths) compared
with non-significant SMRs of 247 (four observed
deaths) and 191 (seven observed deaths) in the 5-14
and 15-29 year strata respectively. By contrast, a
non-significant deficit (SMR = 85, four observed
deaths) was seen in the > 30 year stratum.

CAUSE SPECIFIC MORTALITY AMONG WOMEN
Sixty two deaths occurred among the 677 women in
the cohort, resulting in an SMR of 85 (95% CI 65-
109) for all causes combined (not shown). Small
numbers of deaths were found for most individual
mortality causes, thus giving fairly unstable
estimates. A statistically significant deficit, however,
was seen for diseases of the circulatory system
(SMR = 64, 95% CI 40-96). Some causes of death
showed non-significant increases, including cancer of
the large intestine (SMR = 234, 95% CI 76-546)
and lung (SMR = 191, 95% CI 52-490), but only
oesophageal cancer (SMR= 1187,95% CI = 144-
4286) and suicide (SMR = 416, 95% CI 135-971)
reached statistical significance. These SMRs were
based on a total of two and five deaths respectively.

ANALYSIS USING CALIFORNIA RATES
The Richmond and El Segundo refineries are both
located in California. It is a reasonable assumption
that most cohort members resided in the state
following termination or retirement. For some causes
of death, California rates are substantially different
from the corresponding United States rates. For
these causes, California residents (as a whole) might
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Table 7 Observed deaths (obs), SMRs, and 95% CIsfor selected cancers among men at El Segundo refinery,* by interval
since hire

<10years 10-19 years 20-29years >30 years

Cancer site (8th ICD) Obs SMR t (95% CI) Obs SMR (95% CI) Obs SMR (95% CI) Obs SMR (95% CI)

All cancers (140-209) 4 30 8- 77 26 77 (50- 113) 46. 67 (49- 89) 158 84 (71- 98)
Buccal cavity and
pharynx (140-149) 0 - (0- 926) 0 - (0- 309) 0 - (0- 148) 7 133 (54-274)

Oesophagus (150) 1 391 (10-2178) 1 125 (3- 698) 3 170 (35- 496) 5 116 (38-270)
Stomach (151) 0 - (0- 517) 0 - (0- 198) 2 60 (7- 215) 4 41 (11-104)
Large intestine (153) 0 - (0- 386) 1 38 (1- 210) .3 51 (11- 150) 11 58 (29-104)
Rectum (154) 0 - (0- 970) 3 284 (59- 829) 0 - (0- 177) 3 49 (10-143)
Liver (155-156) 0 - (0-1394) 0 - (0- 547) 0 - (0- 306) 4 115 (32-296)
Pancreas (157) 0 - (0- 662) 0 - (0- 206) 3 78 (16- 228) 7 66 (26-136)
Larynx (161) 0 - (0-2463) 1 199 (5-1107) 0 - (0- 321) 6 225 (83-490)
Lung(162-163) 2 65 (8- 236) 11 107 (53- 191) 15 62 (34- 101) 46 79 (58-105)
Skin (172-173) 0 - (0- 710) 1 106 (3- 588) 2 155 (19- 560) 4 165 (45-421)
Prostate (185) 0 - (0-1622) 0 - (0- 398) 2 66 (8- 238) 17 85 (50-136)
Testis (186-187) 0 - (0- 729) 0 - (0- 888) 0 - (0-1368) 0 - (0-901)
Bladder (188) 0 - (0-1880) 0 - (0- 534) 0 - (0- 208) 4 53 (15-137)
Kidney (189) 0 - (0-1175) 1 108 (3- 601) 0 - (0- 195) 2 48 (6-173)
Brain and CNS

(191-192) 0 - (0- 415) 2 121 (15- 438) 3 132 (27- 385) 3 94 (20-276)
Lymphatic and

haematopoietic system
(200-209) 0 - (0- 147) 4 95 (26- 244) 4 62 (17- 159) 19 116 (70-181)
Lymphosarcoma and

reticulosarcoma
(200) 0 - (0- 745) 2 198 (24- 714) 0 - (0- 243) 2 65 (8-236)

Hodgkin's disease
(201) 0 - (0- 524) 0 - (0- 467) 2 285 (34-1028) 1 100 (3-558)

Leukaemia and
aleukaemia
(204-207) 0 - (0- 371) 2 125 (15- 451) 2 82 (10- 295) 8 112 (48-221)

Other lymphatic tissue
(202,203,208) 0 - (0-1229) 0 - (0- 478) 0 - (0- 219) 8 171 (74-337)

*tSee table 3.

be a more appropriate reference population for our
cohort analysis.
We were able to obtain California death rates for

two periods (1950-86 for malignancies and 1962-86
for non-cancers). Our comparison with United
States rates found substantial differences for four
causes of death-namely, suicide, laryngeal cancer,
Hodgkin's disease, and malignant melanoma. For
example, suicide rates among men in California were
on average 28% higher than United States rates. The
rates among women were an average of 72% higher.
Death rates for laryngeal cancer and Hodgkin's
disease were some 10% lower among California men,
whereas malignant melanoma rates were an average
of 17% higher. Differences for these three causes of
death were less pronounced among women. As a
result of these regional differences, we evaluated
mortality in our cohort from these four causes of
death, based on a comparison with California rates.
Relative to statewide patterns, male cohort members
at Richmond and El Segundo had fewer suicide
deaths than expected (SMR = 94 and 97 respec-
tively). Also, the increase for women fell from 416
(based on a comparison with United States rates) to
265, and was no longer statistically significant. Using
California as the reference population, we found

non-significant laryngeal cancer SMRs of 121 and
187 for men at the Richmond and El Segundo
refineries respectively. The corresponding SMRs for
Hodgkin's disease were 105 and 116, and were non-
significant. Mortality from malignant melanoma was
also non-significantly raised in men relative to state-
wide values (SMR = 110 for Richmond and 130 for
El Segundo). Our earlier analysis of skin cancer was
based on the combined category of malignant mela-
noma and other malignant neoplasms of the skin;
SMRs for malignant melanoma alone, based on a
comparison with United States men, were 126 for
Richmond and 149 for El Segundo.

Discussion
As with the previous study, this update showed that
overall, men at the Richmond and El Segundo
refineries experienced substantially lower death rates
than expected based on a comparison with the
corresponding United States general population.
Large, and in many cases, statistically significant
deficits were found in all major cause of death
categories at both refineries. The favourable
mortality experience of our cohort is consistent with
the results of other published studies of petroleum
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Table 8 Observed deaths (obs), SMRs, and 95% CIsfor selected cancers among men at Richmond and El Segundo
refineries, stratified by hire date

Richmond refinery* El Segwudo refinery*

1948 or before After 1948 1948 or before After 1948

Cancer site (8th ICD) Obs SMR t (95% CI) Obs SMR (95% CI) Obs SMR (95% CI) Obs SMR (95% CI)

All cancers (140-209) 374 85 (77- 94) 73 75 (59- 95) 186 77 (66- 88) 48 78 (58-104)
Buccal cavity and
pharynx (140-149) 8 60 (26-118) 0 - - 6 83 (30-180) 1 48 (1-270)

Oesophagus (150) 10 95 (46-176) 3 125 (26-365) 5 89 (29-207) 5 334 (108-779)
Stomach (151) 25 102 (66-151) 5 131 (43-306) 6 45 (17- 98) 0 -

Large intestine (153) 37 88 (62-122) 3 40 (8-116) 12 51 (26- 89) 3 61 (13-179)
Rectum (154) 17 116 (68-186) 0 - - 4 49 (13-126) 2 132 (16-478)
Liver (155-156) 2 23 (3- 84) 0 - - 4 84 (23-216) 0 -

Pancreas (157) 17 69 (40-110) 3 62 (13-181) 9 66 (30-125) 1 32 (1-179)
Larynx (161) 8 123 (53-242) 0 - - 6 168 (62-365) 1 113 (3-628)
Lung (162-163) 97 72 (58- 88) 29 87 (58-124) 54 72 (54- 94) 20 94 (57-145)
Skin (172-173) 7 109 (44-225) 3 108 (22-316) 5 143 (46-334) 2 118 (14-427)
Prostate (185) 35 90 (63-125) 0 - - 17 77 (45-123) 2 97 (12-350)
Testis (186-187) 1 62 (2-348) 1 73 (2-409) 0 - - 0 -

Bladder (188) 13 83 (44-142) 1 57 (1-315) 4 45 (12-115) 0
Kidney (189) 9 88 (40-167) 4 152 (41-389), 3 53 (11-155) 0 -

Brain and CNS
(191-192) 14 141 (77-237) 5 113 (37-264) 7 131 (53-271) 1 37 (1-209)

Lymphatic and
haematopoietic system
(200-209) 55 137 (103-178) 6 51 (19-1 10) 22 99 (62-150) 5 69 (22-161)
Lymphosarcoma and

reticulosarcoma
(200) 14 166 (91-279) 0 - - 3 65 (13-190) 1 68 (2-376)

Hodgkin's disease
(201) 2 54 (7-194) 3 142 (29-414) 1 51 (1-282) 2 164 (20-593)

Leukaemia and
aleukaemia
(204-207) 20 119 (73-183) 1 22 (1-124) 1 1 117 (58-209) 1 36 (1-202)

Other lymphatic tissue
(202, 203, 208) 18 174 (103-275) 2 76 (9-274) 7 121 (49-250) 1 60 (2-335)

*tSee table 3.

workers."6 It suggests a strong healthy worker effect,
which is the result of several factors. Firstly, people
with serious illnesses are less likely to enter into the
workforce. Secondly, employees of a large corpora-
tion, such as Chevron, are more likely to receive
better medical benefits and health care, which we
would expect to have a favourable impact on
mortality patterns relative to the general public.
Thirdly, the employed sector of society usually
enjoys a more stable and healthy lifestyle, resulting in
lower mortalities for many causes of death.

Despite the overall favourable results, we found
increased SMRs for several cause specific outcomes,
some ofwhich are consistent with previous studies in
the industry. The largest was found for other
lymphatic tissue cancer, a heterogeneous group of
malignancies including giant follicular lymphoma,
lymphoma not elsewhere classified, multiple
myeloma, and polycythaemia vera. Similar increases
have been reported in other studies of refinery work-
ers.6" 0 11 16 Further analysis in this update by
individual refinery and hire date showed that the
excess in other lymphatic tissue cancer was confined
to employees hired before 1949, principally at the
Richmond refinery (SMR = 174, p < 0-05). No

indication existed for any increased risk in employees
hired after this date. This pattern could reflect an
occupational exposure that decreased after 1948, a
non-casual association found in the pre-1949 period,
or insufficient follow up. We think that insufficient
follow up is an unlikely explanation as halfofthe male
cohort members hired after 1948 had experienced a
latency ofbetween 20 and 38 years. A causal explana-
tion is also unlikely given the lack ofan upward trend
by interval since hire and the existence of an inverse
relation by duration of employment (at Richmond).
By contrast with other lymphatic tissue cancer, our

analyses by hire date and duration of employment
suggest that the increases in leukaemia and lympho-
reticulosarcoma might be related to historical
occupational exposures. For these causes of death,
we found increases in workers hired before 1949, and
in the case of lymphoreticulosarcoma, these were
seen only at the Richmond refinery. Also, mortality
from leukaemia and lymphoreticulosarcoma
increased with increasing duration ofemployment. If
we treat duration of employment as a surrogate for
duration of exposure in the workplace, these upward
trends suggest dose-response relations.
Our findings for leukaemia are consistent with
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raised SMRs reported in other refinery worker
studies.68'0'5"' For example, Morgan and Wong7
identified a statistically significant 73% excess in
leukaemia, as well as an increase in risk with increas-
ing duration of service among white men. Similarly,
in an unpublished update'8 to their original refinery
study,6 Wen et alfound a significant leukaemia excess
(SMR = 163) among employees working 20 or more
years, along with an upward trend by duration of
employment. Of these leukaemia deaths, 84%
occurred among workers hired before 1945. Wong-
srichanalai et al'5 also confirmed an excess risk of a
leukaemia (SMR = 167, p < 0-05) among men with
at least 10 years of employment (compared with a
non-significant SMR of 112 among men employed
fewer than 10 years). Whereas a study by Marsh et
al 6 did not find an overall leukaemia mortality excess,
a non-significant upward gradient in leukaemia
SMRs was seen relative to duration of refinery
employment. Finally, a recent analysis'7 of over 20
petroleum industry studies concluded that certain
subgroups of employees, particularly those hired
before the 1940s, may be at increased risk of leuk-
aemia.
By comparison, few reports exist of increases in

lymphoreticulosarcoma among refinery popula-
tions,79 " and only one'6 showed a statistically
significant upward trend by duration ofemployment.
This study, by Marsh et al, found a statistically
significant SMR of 816 among men with at least 30
years of employment (compared with SMRs of 92
and 69 in men with under 20 and 20-29 years of
refinery employment respectively). Although these
results suggest that increases in lymphoreticulo-
sarcoma might be occupationally related, we recog-
nise that the inconsistency in our results between
refineries for lymphoreticulosarcoma weakens the
argument for an occupational aetiology (presuming
the overall exposures were similar at the two
refineries). Unfortunately, the absence of detailed
historical exposure data precludes us from directly
comparing the two refineries and therefore a causal
interpretation of these data must remain speculative.
With respect to other cancer sites, we found

increases in laryngeal cancer among workers hired
before 1949. The same pattern was not seen for
oesophageal cancer, for which a statistically signifi-
cant increase occurred only among those hired at El
Segundo after 1948. A study of eight oil refineries in
the United Kingdom also showed an increase in
oesophageal cancer (among operators).5

Publications have, however, typically reported
deficits or SMRs close to expected values for both of
these cancers.679"5 16 Also, as information is lacking
for our cohort regarding known risk factors (for
example, smoking, alcohol consumption), assess-
ment of potential confounding is precluded.
Within the petroleum industry, some attention has

also been focused on cancers ofthe brain, kidney, and
lung.'7 ' In the present study, only brain cancer
exhibited a pattern of increased risk, mainly among
employees hired before 1949. An upward trend in
brain and central nervous system cancer was found at
the Richmond refinery; however SMRs were consis-
tently higher across all interval since hire strata. This
pattern is not suggestive of an occupationally related
disease. An alternate explanation for the slight
increase in brain and central nervous system cancer
may come from what Greenwald et al"0 refer to as
diagnostic sensitivity bias. Among working popula-
tions who are medically well insured, there may be
improved diagnosis and death certification of brain
cancer (for example, through more frequent path-
ological confirmations of diagnoses). As Wong et al'
pointed out in the original study, differential diagnos-
tic practices could result in an apparent mortality
increase relative to the general population (in which
brain tumours may be undiagnosed or mis-
diagnosed).
We found a non-significant increase in kidney

cancer among Richmond employees hired after 1948.
It was based on only four observed deaths, however,
and must therefore be interpreted with caution. By
contrast, SMRs for cancers ofthe liver and lung were
at or below expected values in the individual refinery
analyses. In fact, at both the Richmond and El
Segundo refineries, we found statistically significant
deficits for lung cancer, the second actually being
inversely proportional to duration of employment.
With respect to our choice of a reference popula-

tion, we think that the use of United States mortality
rates did not introduce any substantial geographical
bias for most causes examined. An examination of
United States and California death rates, however,
identified regional differences for four causes (laryn-
geal cancer, Hodgkin's disease, malignant mela-
noma, and suicide), which we thought were impor-
tant to take into consideration. For example, our
analysis found mortality from suicide to be increased
relative to the general United States population.
When we compared cohort mortality patterns with
the experience of California residents, however, we
found that men at Richmond and El Segundo had
fewer suicides than expected. Similarly, the non-
significant increases in malignant melanoma were
partially explained by regional differences in mor-
tality (malignant melanoma being higher, on average,
among California residents than in the United States
as a whole). By contrast, our use of United States
rates may have resulted in a small underestimation of
mortality- risk for laryngeal cancer experienced by
cohort members.
With the relatively few women in the cohorts, very

little can be determined about their mortality
experience. With respect to the statistically sig-
nificant rise in oesophageal cancer, it does not appear
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to be occupationally related as a review of their
employment records showed that the two cases held
non-exposed office positions.

Limitations are inherent in any historical cohort
study of this type, including the lack of documenta-
tion regarding known risk factors (for example,
smoking), past workplace exposures, and other
potential confounding variables. Hence our ability to
assess their influence on the results is limited and the
SMRs found in this study need to be interpreted with
caution. Recognising these limitations, this six year
update indicates that, in general, employees at the
Richmond and El Segundo refineries have not
experienced any unfavourable mortality risks com-
pared with the general United States population. It is
unclear whether the excess mortality for leukaemia
and lymphoreticulosarcoma was occupationally
related. If it was, the excess appears to be confined to a
subgroup of workers hired before 1949. Most causes
examined continue to show lower rates, even with a
high percentage of cohort members who are long
term employees and who have been followed up for
several decades.
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