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The updated cohort consisted of 3328 workers who were employed at the Mobil (now
ExxonMobil) Torrance, California, refinery for at least 1 year between 1959 and 1997. The
vital status of the cohort was determined through a variety of sources, including company
employment or retivement records, the Social Security Administration’s Death Master File, and
the National Death Index. The updated study covered an observation period of 38 years from
1960 to 1997, with a tolal of 60,612 person-years of observation. A total of 705 (21.2% ) cohort
members were identified as having died. Moriality data were analyzed in terms of cause-specific
standardized mortality ratios (SMRs) and 95 % confidence intervals (95% Cls), with expected
deaths based on US national cause., gender-, race-, year, and age-specific mortality rates. The
overall mortality of the cohort was significantly lower than expected when compared with the US
general population (SMR, 81.9; 95% CI, 76.0 to 88.2). Overall cancer mortality was also
lower than expected (SMR, 79.8; 95% CI, 67.9 to 93.1). For specific cancer sites, significant
mortality deficits were observed for cancer of the digestive system (SMR, 70.9; 95% CI, 49.4 to
98.6) and cancer of the respiratory system (SMR, 74.1; 95% CI, 55.5 to 97.0). No significant
increase was reported for any site-specific cancer. For nonmaligrnant diseases, no significant
increase was observed for any cause. In particular, significant mortality deficils were reported for
ischemic heart disease (SMR, 87.7; 95% CI, 77.2 to 99.3), chronic endocardial disease and
other myocardial insufficiencies (SMR, 8.3; 95% CI, 0.2 to 46.0), all other heart disease
(SMR, 64.2; 95% CI, 43.0 to 92.2), and influenza and pneumonia (SMR, 59.2; 95% CI,
33.1 to 97.6). Detailed analysis by length of employment did not reveal any significant mortality
excess or upward trend. Analyses of male employees by job classification (process and
maintenance) were conducted. Among maintenance workers, mortality from cirrhosis of the liver
(SMR, 190.1; 95% CI, 101.2 to 325.1) and suicide (SMR, 208.6; 95% CI, 111.1 to 356.7)
were significantly elevated. However, these mortality excesses did not seem to be related to
employment at the refinery. No other causes of death showed significant increase among
maintenance workers. A similar separate analysis was conducted for process workers, and no
significant excess was detected for any cause. The findings from the present study are discussed
in conjunciion with results from previous investigations of employees at the Torrance refinery
and with resulls from other refinery studies. Potential limitations of the study are also discussed.
(J Occup Environ Med. 2001;43:1089-1102)
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efinery workers are potentially ex-
posed 1o a wide range of petroleum-
derived hydrocarbons and chemical
substances used in the manufacturing
of petroleum fuels and lubricants.
According to the International
Agency for Research on Cancer, po-
tential exposures at refineries include
aromatic amines (eg, anisidines), ar-
senic compounds, asbestos, benzene,
bitumens, butadiene, carbazole, chlo-
rinated hydrocarbons, chromium and
chromium compounds, ethylene di-
bromide, ethylene dichloride, hydr-
azine, lead and lead compounds,
mineral oils, nickel and nickel com-
pounds, phenylenediamine, polycy-
clic aromatic compounds, and
silica.

The Mobil (now ExxonMobil)
Torrance, California, refinery first
started operations under General Pe-
troleum Corporation of California in
1929. In 1959, the Torrance refinery
became part of Mobil Oil Co. The
refinery processes approximately
160,000 barrels of oil each day and
produces a variety of petroleum
products including gasoline, diesel
fuels, jet fuel, liquefied petroleum
gases, petroleumn coke, and sulfur.

In 1985, Enterline and Henderson
completed a retrospective cohort
mortality study of white male em-
ployees at the Torrance refinery who
worked for at least | year between
January 1, 1959, and December 31,
1978.% The vital status of these work-
ers was ascertained through Decem-
ber 31, 1978. The cohort study was
subsequently updated and expanded
to include all employees at the refin-
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ery who worked for at least a year
between January 1, 1959, and De-
cember 31, 1987, with vital status
follow-up extended to December 31,
1987.> However, only analyses for
white male employees were
presented.

The objective of the present inves-
tigation was to update and expand
the previous cohort study and to
continue monitoring the mortality
patterns of the Torrance refinery
workers. In the present update, en-
roliment in the study was extended to
cover an additional 10 years of em-
ployment eligibility (1988 to 1997).
Vital status follow-up was extended
from December 31, 1987, to Decem-
ber 31, 1997.

Subjects and Methods

The expanded cohort consisted of
all Mobil employees who had
worked for at least a year at the
Torrance refinery between January 1,
1959, and December 31, 1997. The
cohort members were identified
through a combination of personnel
records located on-site and comput-
erized payroll files. Information ab-
stracted from these records included
social security number, name, gen-
der, race, date of birth, date of em-
ployment, employment status on the
closing date of the study, vital status
on the closing date of the study, and
date of retirement, separation, or
death when applicable. Employment
histories of individuals in the previ-
ous cohort were updated from 1987
to 1997. For each employee, the
employment history data consisted
of the beginning and ending dates for
each job, job titles, and departments.

The vital status of cohort members
as of December 31, 1997, was ascer-
tained through several sources, in-
cluding company employment or re-
tirement records; records at Pension
Benefits Information, Inc; the Social
Security Administration’s Death
Master File; and the National Center
for Health Statistics’ National Death
Index (NDI). The Death Master File
is a national database of all deaths
reported to the Social Security Ad-
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ministration since 1939. Vital status
of an individual is ascertained by
matching the last name and social
security number. The NDI, estab-
lished in 1979, is a national death
registry designed to facilitate health
investigations. Matching is based on
the full name, social security num-
ber, birth date, gender, race, and in
some cases, father’s surname. Vital
status information and causes of
death of study subjects are provided
by NDI through a service known as
“NDI Plus.” In the present update,
causes of death for known decedents
were obtained from either NDI Plus
or death certificates. The underlying
and contributory causes of death
were coded or converted to the
Eighth Revision of the International
Classification of Diseases (ICD-8).
Statistical analyses were based on
cause-specific standardized mortality
ratios (SMRs). Person-years of ob-
servation were classified by age (5-
year groups), gender, race, and cal-
endar year (5-year groups). The race
of approximately 5% cohort mem-
bers was unknown, and these work-
ers were assumed to be white in the
analyses. Expected deaths were cal-
culated by applying the US national
age-, cause-, gender-; race-, and
year-specific death rates to the cor-
responding person-years in the co-
hort. SMRs were computed by ex-
pressing the observed deaths as
percentages of the expected. The ac-
tual calculation was performed
through the University of Pitts-
burgh’s OCMAP software program,
with standard mortality rates derived
from the Mortality and Population
Data System.® Analyses were per-
formed for the entire cohort and for
sub-cohorts stratified by gender,
length of employment, and time
since first employment at the refin-
ery. Trend analyses by length of
employment were based on the
method described by Breslow and
Day.® To investigate mortality by job
category, male hourly employees at
the Torrance refinery were classified
into two major job categories: (1)
process workers, and (2) mainte-

Document 486-5

Filed 08/24/25

nance craft workers. This latter sub-
cohort of maintenance craft workers
consisted of individuals involved in a
broad range of labor and mainte-
nance activities in the mechanical
and service divisions of the refinery.
Examples of maintenance jobs in-
cluded pipefitter, auto mechanic,
welder, insulator, and painter.

In addition to analyses conducted
using the routine OCMAP program,
a special analysis for lymphohemo-
poietic malignancies was also per-
formed. In the United States, because
of the way in which mortality rates
by ICD-8 categories are tabulated by
the National Center for Health Sta-
tistics, analyses of non-Hodgkin’s
lymphoma (NHL) and multiple my-
eloma (MM) in most occupational
cohort studies are generally not re-
ported as such. In the OCMAP pro-
gram, NHL (ICD-8 200 and 202)
appears in two categories: “lympho-
sarcoma and reticulosarcoma”
(ICD-8 200) and “cancer of all other
lymphatic and hematopoietic tissue”
(ICD-8 202, 203, 208, 209). Thus,
part of NHL (ICD-8 202, “other
lymphomas™) is reported together
with MM (ICD-8 203), polycythemia
vera (ICD-8 208) and myelofibrosis
(ICD-8 209). In the special analysis,
NHL and MM were analyzed sepa-
rately. In the OCMAP program, dif-
ferent types of leukemia were ana-
lyzed as a single group. Therefore,
the following major types of leuke-
mia were also analyzed separately:
acute lymphatic (ICD-8 204.0),
chronic lymphatic (ICD-8 204.1),
acute myeloid (ICD-8 205.0), and
chronic myeloid (ICD-8 205.1) leu-
kemia. US mortality rates for cell-
type specific leukemias, NHL and
MM compiled by the National Can-
cer Institute based on data derived
from the “Surveillance, Epidemiol-
ogy, and End Results” (SEER) pro-
gram were used in computing the
expected deaths from these causes.®’

In addition, because of the use of
asbestos at the refinery in the past,
separate analyses for asbestos-
related diseases were also performed.
The OCMAP program did not pro-
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vide a separate analysis for asbesto-
sis. The term asbestosis refers to
pulmonary fibrosis caused by expo-
sure to asbestos, or pulmonary fibro-
sis in persons with a documented
asbestos-exposure history. Because
certifying physicians might not be
aware of the decedents’ asbestos ex-
posure (if any), such deaths could
have been coded simply as pulmo-
nary fibrosis or pneumoconiosis.
Therefore, mortality from “pulmo-
nary fibrosis” or “pneumoconiosis”
(ICD-8 515 to 517) was analyzed.
Expected deaths were based on US
* rates for pulmonary fibrosis obtained
from the National Center for Health
Statistics (unpublished data by spe-
cial request). For malignant perito-
neal or pleural mesothelioma, mor-
tality rates compiled by the National
Cancer Institute were used.®®

Results

A total of 3328 workers were eli-
gible for inclusion in the updated
study (Table 1). Eighty-five percent
(85.9%) of the cohort members were
white (including Hispanics), and
89.1% were male. Selected employ-
ment and demographic characteris-
tics of the cohort are provided in
Table 1. Approximately 80% were
first employed in their twenties or
thirties, and only 10.3% were hired
at age 40 or older. Most (81.3%) of
the cohort members were hired in or
after 1950, and a majority (57.8%)
were employed for at least 10 years
at the refinery.

The maximum length of vital sta-
tus follow-up was 38 years (January
1, 1960, to December 31, 1997), and
the average duration of follow-up
was 18 years. A total of 1356
(40.7%) cohort members had a fol-
low-up of 20 years or more. The
increase in person-years from the
previous study (white male workers
only) was 27,281 or 81.8% to a total
of 60,612 (all cohort members). By
the end of the follow-up period (De-
cember 31, 1997), 1062 (31.9%) co-
hort members were still employed at
the refinery, 1561 (46.9%) had sep-
arated or retired, and 705 (21.2%)
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TABLE 1
Characteristics of the Torrance, California, Cohort
n % of Total

Total employees 3,328 100.0
Total person-years 60,612 100.0
Race

White 2,859 85.9

Nonwhite 469 14.1
Gender

Male 2,965 89.1

Female 363 10.9
Year of hire

<1950 623 18.7

=1950 2,705 81.3
Duration of employment (yrs)

<10 1,403 42.2

10-29 1,472 44.2

30+ 453 13.6
Age at hire

<20 317 8.5

20-39 2,669 80.2

40+ 342 10.3
Age at death

<50 64 9.1

50-59 91 12.9

60-69 186 26.4

70+ 364 51.6
Vital status (December 31, 1997)

Alive 2,585 177

Dead 705 21.2

Unknown 38 14

were known to have died. Informa-
tion on vital status was 98.9% com-
plete, with 38 (1.1%) separated em-
ployees lost to follow-up. Of the 705
cohort members identified to have
died between 1959 and 1997, death
certificate information (derived from
death certificates themselves or from
NDI Plus listings) was available for
695 deaths (98.6%). The causes of
death of the remaining 10 deaths
(1.3%) were unknown, and they
were included in the overall SMR
(all causes) calculations but not in
cause-specific SMR calculations.
The number of observed deaths,
SMRs, and 95% confidence limits
(95% CI) for selected causes for all
workers are presented in Table 2.
The total number of observed deaths
was 705, compared with 860.43 ex-
pected (SMR, 81.9; 95% Cl, 76.0 to
88.2), indicating a statistically signif-
icant deficit in overall mortality.
Mortality from all cancers was also
significantly lower than expected.
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The number of observed cancer
deaths was 161, versus 201.79 ex-
pected (SMR, 79.8; 95% CI, 67.9 to
93.1).

For specific cancer sites, signifi-
cant mortality deficits were observed
for both cancer of the digestive sys-
tem (35 observed vs 49.38 expected
deaths; SMR, 70.9; 95% CI, 494 to
98.6) and cancer of the respiratory
system (33 observed vs 71.50 ex-
pected deaths; SMR, 74.1; 95% CI,
55.5 to 97.0). No significant increase
was reported for any site-specific
cancer.

For nonmalignant diseases, the
majority of SMRs were below 100,
and no significant increase was ob-
served for any cause. In particular,
significant mortality deficits were re-
ported for ischemic heart disease
(SMR, 87.7; 95% CI, 77.2 to 99.3),
all other heart disease (SMR, 64.2;
95% (I, 43.0 t0 92.2), and influenza
and pncumonia (SMR, 59.2; 95% CI,
33.1 to 97.6).
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TABLE 2
Cause-Specific Mortality of the Entire Cohort of Employees at the Torrance Refinery®

95% Confidence Limits

Cause of Death OBS EXP SMR Lower Upper

All causes of death 705 860.43 B1:9** 76.0 88.2
All malignant neoplasms 161 201.79 79.8* 67.9 93.1
Cancer of buccal cavity and pharynx 3 4.97 60.4 12.5 176.4
Cancer of digestive organs and peritoneum ) 35 49.38 70.8* 494 98.6
Cancer of esophagus ' 3 5.05 59.4 12.3 173.6
Cancer of stomach 5 7.24 69.0 224 161.1
Cancer of large intestine 12 18.20 65.9 341 115.2
Cancer of rectum 2 4.23 473 57 170.8
Cancer of biliary passages and liver 1 4,28 23.4 0.6 11303
Cancer of pancreas 12 9.99 1201 62.1 209.8
Cancer of all other digestive organs 0 1.39 0.0 0.0 265.2
Cancer of respiratory system 53 71.50 74.1* 55.5 97.0
Cancer of larynx 0 2.56 0.0 0.0 144.4
Cancer of bronchus, trachea, lung 52 68.20 782" 56.9 100.0
Cancer of all other respiratory i 0.73 137.4 3.4 765.7
Cancer of breast 3 1.56 192.4 39.7 562.1
All uterine cancers 0 0.34 0.0 0.0 1,073.6
Cancer of cervix uteri 0 0.22 0.0 0.0 1,693.6
Cancer of other female genital organs 0] 0.35 0.0 0.0 1,050.0
Cancer of prostate 18 18.98 94.8 56.2 149.9
Cancer of testes and other male genital organ 0 054 - 0.0 0.0 678.7
Cancer of kidney - 3 4,79 62.7 12.9 183.2
Cancer of bladder and other urinary organs 2 573 . 349 4.2 126.0
Malignant melanoma of skin 4 273 1463 39.9 374.7
Cancer of eye - 1 0.13 799.6 20.0 4,4553
Cancer of central nervous system 6 491 1221 448 265.8
Cancer of thyroid and other endocrine glands 0 055 + 0.0 0.0 665.9
Cancer of bone 0 0.54 0.0 0.0 689.2
Cancer of all lymphatic, hemopoietic tissue ~19 18.65 101.9 61.3 159.1
Lymphosarcoma and reticulosarcoma 1 211 47.4 1.2 264.3
Hodgkins disease 1 1.13 88.4 22 ¥ 492.8
Leukemia & aleukemia 5 7.37 67.8 22.0 158.3
Cancer of all other lymphopoietic tissue 12 8.04 149.2 771 260.6

All other malignant neoplasms 14 15.28 91.6 50.1 153.7
Benign neoplasms 0 2.10 0.0 0.0 1758
Diabetes mellitus 10 14.30 69.9 33.5 128.6
Cerebrovascular disease 40 50.78 78.8 56.3 107.3
All heart disease 289 326.64 88.5* 78.6 99.3
Rheumatic heart disease 5 4.64 107.7 35.0 251.4
Ischemic heart disease 249 283.86 87.7" 772 99.3
Chronic endocardial disease; other myocardial insufficiency 1 12.12 8.3" 0.2 46.0
Hypertension with heart disease 5 6.63 75.4 245 176.1
Ali other heart disease 29 45.16 64.2* 43.0 g92.2
Hypertension w/o heart disease 3 230 1304 26.9 381.0
Nonmalignant respiratory disease 55 69.56 79.1 59.6 102.9
Influenza & pneumonia 15 25.35 59.2* 331 97.6
Bronchitis, emphysema, asthma 12 14.23 84.3 43.6 147.3
Bronchitis 3 228 1315 27.4 384.3
Emphysema 9 10.95 82.2 37.6 156.0
Asthma 0 1.02 0.0 0.0 361.7
Other nonmalignant respiratory disease 28 31.37 89.3 59.3 129.0
Ulcer of stomach & duodenum 0 3.35 0.0 0.0 110.2
Cirrhosis of liver 19 17.25 110.2 66.3 172.0
Nephritis and nephrosis 5 4.33 115.5 37.5 269.5
All external causes of death 59 65.15 90.6 68.9 116.8
accidents 37 38.97 94.9 66.8 130.9
Motor vehicle accidents 22 17.65 1246 78.1 188.7

All other accidents 15 21.47 69.9 39.1 115.2
Suicides 17 15.73 108.1 63.0 173.1
Homicides and other external causes 5 9.65 51.8 16.8 120.9

2 Number of employees = 3,328; person-years = 60,612. OBS, observed; EXP, expected; SMR, standardized mortality ratio.
* Significant at 5% level.
* Significant at 1% level.
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A separate analysis for male em-
ployees is presented in Table 3. Be-
cause male workers represented ap-
proximately 90% of the entire
cohort, their mortality experience
was quite similar to that of the entire
cohort. In particular, no significant
increase in mortality from any cause
of death was detected in male em-
ployees (Table 3). Similar to the total
cohort, significant mortality deficits
were observed for the following
causes: all causes, all cancers, cancer
of the digestive system, cancer of the
respiratory system, ischemic heart
disease, all other heart disease, and
influenza and pneumonia.

Among the 363 female employees,
only 11 deaths were reported. There
were two deaths from breast cancer,
one from lung cancer, and one from
cancer of the large intestine. For
nonmalignant diseases, there were
two deaths from cerebrovascular dis-
ease, two from ischemic heart dis-
ease, one from generalized arterio-
sclerosis, and one from suicide. The
cause of death of the remaining death
was unknown. Given the small num-
bers of reported deaths, we will not
present cause-specific SMRs among
female employees.

Table 4 shows cause-specific mor-
tality of male employees by length of
employment at the refinery. None of
the causes of death showed a statis-
tically significant upward trend. Sev-
eral causes seemed to show an up-
ward trend, but none was statistically
significant: all causes (X’yeng =
1.86, P > 0.05): bronchitis, emphy-
sema, and asthma (X eqq = 2.74, P
> (.05); motor vehicle accidents
(Xyena = 0.77, P > 0.05); and
suicides (X*yena = 2.25, P > 0.05).
None of the SMRs presented in Ta-
ble 4 was significantly elevated, re-
gardless of length of employment.

Long latent periods (decades) are
usually required for chronic diseases to
develop. In many instances, it would
be more appropriate to examine mor-
tality experience only after a certain
lag period has elapsed. Table 5 shows
mortality analysis by interval since
hire (latency) for male employees. The

Case 7:23-cv-00897-RJ

category “cancer of other lymphopoi-
etic tissue” showed a significantly ele-
vated SMR in the shortest latency
group (SMR, 458.6; 95% CI, 148.9 to
1070.1, five observed deaths). This
residual category includes non-
Hodgkin’s lymphoma, multiple my-
eloma, polycythemia vera, and myelo-
fibrosis. As stated in the previous
section, a separate analysis of lym-
phatic and hemopoietic cancers based
on a biologically meaningful classifi-
cation was conducted, and the results
are presented below. Table 5 also
shows that male employees with 20 to
39 years of latency experienced a sig-
nificantly elevated SMR of 195.5
(95% CI, 115.9 to 309.0) for cirrhosis
of the liver. On the other hand, several
causes of death showed statistically
significant mortality deficits by time
since first employment, including all
causes (<20, 20 to 39 years), all can-
cers (20 to 39 years), ischemic heart
disease (<20 years), and cirrhosis of
the liver (<20 years).

Workers were classified into broad
categories of jobs (at least 6 months
in the category). Separate mortality
analyses were conducted for mainte-
nance and process workers. Some
workers were in both categories. Ta-
ble 6 shows cause-specific mortality
of male maintenance employees.
Two causes of death showed signif-
icant increases: cirrhosis of the liver
(SMR, 190.1; 95% CI, 101.2 to
325.1) and suicide (SMR, 208.6;
95% CI, 111.1 to 356.7). For cirrho-
sis of the liver, the increase seemed
to concentrate in workers with 10 to
29 years of employment in mainte-
nance jobs (SMR, 249.5; 95% CI,
107.7 to 491.6, 8 deaths); and for
suicide. among those with 30 years
or longer in maintenance jobs (SMR,
1130.5: 95% CI, 136.8 to 4084.1, 2
deaths) (not shown in Table 6). No
other SMRs were significantly ele-
vated, and no upward trend was re-
ported for any cause of death among
male maintenance workers.

A similar analysis was performed
for male process employees (Table
7). The overall mortality was signif-
icantly less than expected (SMR,
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81.3; 95% CI, 70.9 to 92.8). Lung
cancer also showed a significant def-
icit (SMR, 46.7; 95% CIL, 224 to
85.8). Similar to maintenance work-
ers, process workers also showed an
elevated mortality from cirrhosis of
the liver, but the excess was not
statistically significant (SMR, 140.1;
95% CI, 60.5 to 276.1).

The specific categories of lym-
phatic and hemopoietic cancers used
in the OCMAP program are based on
the statistical classifications com-
piled by National Center for Health
Statistics and do not permit a specific
analysis for major cell-type specific
leukemias, NHL, or MM, which are
more appropriate classifications
from the biological point of
view.'?!3 Therefore, analyses for
these specific subcategories of lym-
phatic and hemopoietic cancers
among male employees were per-
formed separately.

Table 8 shows that there was only
one observed acute myeloid leuke-
mia death among male employees,
compared with 2.20 expected (SMR,
454; 95% CI, 1.1 to 252.8). For
chronic myeloid leukemia, there
were two observed deaths, approxi-
mately one more than the 1.02 ex-
pected (SMR, 195.6; 95% CI, 23.7 to
706.6). No death from acute lym-
phatic leukemia was reported. For
chronic lymphatic leukemia, one
death was observed, comparable
with the 1.34 expected. There were 4
MM deaths, similar to the expected
3.28 (SMR, 122.1; 95% CI, 333 to
312.5). Similarly, there were 9 NHL
deaths, comparable with the 7.42 ex-
pected (SMR, 121.4; 95% CI., 55.5 to
230.4). Table 8 also presents analysis
by job category. No significant mor-
tality increase in any disease subcat-
egory was reported by job category.

Table 9 shows the mortality from
lymphohemopoietic cancers of male
employees by length of employment.
There was no upward trend for any
of the specific categories of lympho-
hemopoietic cancer. No significant
increase was found for any length of
employment. Analysis by time since
first employment is also presented in
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TABLE 3
Cause-Specific Mortality of Male Employees at the Torrance Refinery®
95% Confidence Limits

Cause of Death 0BS EXP SMR Lower Upper

All causes of death 694 843.36 82.3* 76.3 88.6
All malignant neoplasms 157 196.22 80.0** 68.0 93.6
Cancer of buccal cavity and pharynx 3 4.90 61.2 12.6 178.9
Cancer of digestive organs and peritoneum 34 48.34 703" 48.7 98.3
Cancer of esophagus 3 4.99 60.1 12.4 1765
Cancer of stomach 5 713 70.1 228 163.7
Cancer of large intestine 11 17.76 61.9 30.9 110.8
Cancer of rectum 2 415 48.2 5.8 174.0
Cancer of biliary passages and liver 1 4.16 24.0 0.6 133.8
Cancer of pancreas 12 9.76 122.9 63.5 2148
Cancer of all other digestive organs 0 1.36 0.0 0.0 271.2
Cancer of respiratory system 52 70.36 73.9* 55.2 96.9
Cancer of larynx 0 2.53 0.0 0.0 145.8
Cancer of bronchus, trachea, lung 51 67.10 76.0" 56.6 99.9
Cancer of all other respiratory 1 0.71 139.9 3.5 7795
Cancer of breast 1 0.24 418.7 10.5 2,332.9
Cancer of prostate 18 18.98 94.8 56.2 149.9
Cancer of testes and other male genital organs 0] 0.54 0.0 0.0 678.7
Cancer of kidney 3 4.70 63.8 13.2 186.5
Cancer of bladder and other urinary organs 2 5.69 35.2 4.3 1271
Malignant melanoma of skin 4 2.66 150.4 41.0 385.2
Cancer of eye 1 0.12 818.6 20.5 4,561.3
Cancer of central nervous system 6 4.76 126.0 46.2 2742
Cancer of thyroid and other endocrine glands 0 0.53 0.0 0.0 693.1
Cancer of bone 0 0.52 0.0 0.0 706.1
Cancer of all lymphatic, hemopoietic tissue 19 18.18 104.5 62.9 163.2
Lymphosarcoma and reticulosarcoma 1 2.07 48.2 1.2 268.7
Hodgkins disease 1 1.10 90.8 2.3 505.9
Leukemia and aleukemia 5 7.19 69.5 22.6 162.2
Cancer of all other lymphopoietic tissue 12 7.82 153.5 79.3 268.2

All other malignant neoplasms 14 14.87 94.1 51.5 157.9
Benign neoplasms 0 2.04 0.0 0.0 180.8
Diabetes meliitus 10 13.82 72.4 34.7 13341
Cerebrovascular disease 38 49.72 76.4 54.1 104.9
All heart disease 287 322.42 89.0" 79.0 93.9
Rheumatic heart disease 5 4.47 £y i &4 36.3 260.7
Ischemic heart disease 247 280.81 88.0" 773 99.6

" Chronic endocardiat disease; other myocardial insufficiency 1 11.87 B.4* 0.2 46.9
Hypertension with heart disease 5 6.42 77.9 253 181.8
All other heart disease 29 4419 65.6" 44.0 94.3
Hypertension w/o heart disease 3 2.24 133.8 27.6 390.9
Nonmalignant respiratory disease 55 68.45 80.3 60.5 104.6
Influenza and pneumonia 15 24.96 60.1* 33.6 99.1
-Bronchitis, emphysema, asthma 12 14.01 85.6 44.2 149.6
Bronchitis 3 2.25 133.1 275 389.0
Emphysema 9 10.84 83.0 38.0 157.6
Asthma 0 0.96 0.0 0.0 386.1
Other nonmalignant respiratory disease 28 30.85 90.8 60.3 131.2
Ulcer of stomach & duodenum 0 3.31 0.0 0.0 1115
Cirrhosis of liver 19 16.86 112.7 67.8 176.0
Nephritis and nephrosis 5 4.24 117.9 38.3 275.1
All external causes of death 58 63.69 911 69.1 117.7
Accidents 37 38.13 97.0 68.3 133.8
Motor vehicle accidents 22 17.18 128.1 80.3 183.9

. All other accidents 15 21.10 71.1 39.8 117.2
Suicides 16 15.41 103.8 59.3 168.6
Homicides and other external causes 5 9.35 53.5 17.4 124.8

@ Number of employees = 2,965; person-years = 55,984. OBS, observed; EXP, expected; SMR, standardized mortality ratio.
* Significant at 5% level.
“* Significant at 1% level.
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TABLE 4
Cause-Specific Mortality of Male Employees at the Torrance Refinery by Length of Employment?
<10 Years 10-29 Years 30+ Years
Cause of Death oBS SMR OBS SMR 0BS SMR
All causes 128 72.7%* 425 84.2* 141 86.8
All malignant neoplasms 38 96.5 87 75.6" 32 76.6
Cancer of buccal cavity and pharynx 0 0.0 3 102.7 0 0.0
Cancer of digestive organs and peritoneum 8 87.4 19 65.5 7 68.9
Cancer of esophagus 0 0.0 2 70.1 1 97.4
Cancer of stormach 1 76.8 4 90.5 0 0.0
Cancer of large intestine 3 93.6 5 47.0 3 76.8
Cancer of rectum 0 0.0 0 0.0 2 2416
Cancer of biliary passages and liver 1 111.2 0 0.0 0 0.0
Cancer of pancreas 3 160.2 8 137.2 1 48.6
Cancer of all other digestive organs 9] 0.0 0 0.0 0 0.0
Cancer of respiratory system 13 90.2 28 71.4 10 65.2
Cancer of larynx 0 0.0 0 0.0 0 0.0
Cancer of bronchus, trachea, lung 12 87.3 29 75.0 10 68.1
Cancer of breast 0 0.0 1 694.2 0 0.0
Cancer of prostate 2 83.5 10 83.8 6 129.2
Cancer of kidney 1 959 2 74.2 0 0.0
Cancer of bladder and other urinary organs il 122.8 1 27.9 0 0.0
Malignant melanoma of skin 1 1156 3 2241 0 0.0
Cancer of central nervous system 2 1421 3 117.5 1 124.7
Cancer of lymphatic and hemopoietic tissues 6 141.9 11 106.3 2 55.6
Lymphosarcoma and reticulosarcoma i 244.4 0 0.0 0 0.0
Hodgkin's disease 1 258.1 0 0.0 0 0.0
Leukemia 1 62.3 4 96.6 0 0.0
Cancer of other lymphopoietic tissue 3 164.1 7 163.5 2 117.2
Benign neopiasms 0 0.0 0 - 0.0 0 0.0
Diabetes mellitus 3 103.0 5 61.7 2 7.3
Cerebrovascular disease 3 42.9 22 67.5 13 128.4
All heart disease 38 7a.1* 192 94.3 57 88.1
Ischemic heart disease 25 54.9* 171 95.6 51 90.4
Nonmalignant respiratory disease 8 76.8 34 79.4 13 85.5
Influenza and pneumonia 0] 0.0 12 74.5 3 58.8
Bronchitis, emphysema, asthma 1 51.3 6 65.6 5 171.6
Other nonmalignant respiratory disease 7 141.9 16 86.8 5 66.8
Cirrhosis of liver 1 19.6 16 169.6 2 86.4
All external causes of death 25 82.7 26 93.0 7 127.0
Accidents 15 87.9 19 108.6 3 83.8
Motor vehicle accidents 9 101.6 11 155.9 2 157.8
All other accidents 6 726 8 76.2 1 42.8
Suicides 6 86.8 6 86.3 4 258.2
Homicides and other external causes 4 66.7 d 33.3 0 0.0
No. of employees 2,452 1,393 283
Person-years 28,430 23,073 4,482

2 OBS, observed; SMR, standardized mortality ratio.
* Significant at the 5% level.
** Significant at the 1% level.

examined. Although the OCMAP

Table 9. No significant increase was
detected for any categories of lym-
phohemopoietic cancers for any la-
tency group.

Because of the use of asbestos at
the refinery in the past, mortality
from asbestos-related diseases (as-
bestosis, lung cancer, and mesotheli-
oma) among cohort members was

Case 7:23-cv-00897-RJ

program provided an analysis for
lung cancer, it provided no separate
analysis for asbestosis or malignant
mesothelioma of the peritoneum or
pleura. Analyses for asbestosis (pul-
monary fibrosis) and malignant me-
sothelioma of the peritoneum or
pleura were performed separately.
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The term asbestosis refers to.pulmo-
nary fibrosis caused by exposure to
asbestos, or pulmonary fibrosis in
persons with a documented asbestos-
exposure history. The ICD code
(eighth revision) for asbestosis is
515.2, and is, therefore, part of the
broad category “other nonmalignant
respiratory disease” (ICD-8 460 to
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TABLE 5
Cause-Specific Mortality of Male Employees at the Torrance Refinery by Time Since First Employment
<20 Years 20-39 Years 40+ Years
Cause of Death OBS SMR OBS SMR 0BS SMR
All causes 84 59.5" 322 83.3 288 91.2
All malignant neoplasms 20 78.4 7 79.1* 60 81.7
Cancer of buccal cavity and pharynx 0 0.0 3 108.2 0 0.0
Cancer of digestive organs and peritoneum 2 32.3 19 77.7 13 73.5
Cancer of esophagus 0 0.0 2 76.1 1 62.8
Cancer of stomach 1 93.6 3 81.0 1 42.5
Cancer of large intestine 1 53.8 5 58.1 5 68.6
Cancer of rectum 0 0.0 1 44.7 1 74.2
Cancer of biliary passages and liver 0 0.0 1 52.2 0 0.0
Cancer of pancreas 0 0.0 04 137.5 5 145.7
Cancer of all other digestive organs 0 0.0 0 0.0 0 0.0
Cancer of respiratory system 6 68.9 27 71.8 19 79.0
Cancer of larynx 0 0.0 0 0.0 0 0.0
Cancer of bronchus, trachea, lung 5 61.0 27 754 19 82.3
Cancer of breast 0 0.0 1 831.1 0 0.0
Cancer of prostate i 140.4 4 57.7 13 114.7
Cancer of kidney 2 286.9 1 414 0 0.0
Cancer of bladder and other urinary organs 0 0.0 1 38.2 1 37.5
Malignant melanoma of skin 0 0.0 4 327.5 0 0.0
Cancer of central nervous system 0 0.0 6 245.4 0 0.0
Cancer of lymphatic and hemopoietic tissues 8 248.4* 4 48.1 & 105.5
Lymphosarcoma and reticulosarcoma 0 0.0 1 82.8 0 0.0
Hodgkin's disease 1 216.1 0 0.0 0 0.0
Leukemia 2 166.3 0 0.0 3 108.8
Cancer of other lymphopoietic tissue 5 458.6" 3 88.2 4 120.3
Benign neoplasms 0 0.0 ¢} 0.0 0 0.0
Diabetes mellitus 1 46.5 3 484 6 109.6
Cerebrovascular disease 2 40.1 18 812 18 79.7
All heart disease 26 65.0 139 87.8 122 98.3
Ischemic heart disease 22 65.5* 119 83.8 106 100.7
Nonmalignant respiratory disease 2 35.2 21 76.9 32 90.2
Influenza and pneumonia 0 0.0 5 59.3 10 714
Bronchitis, emphysema, asthma 0 0.0 5 67.2 7 136.5
Other nonmalignant respiratory disease 2 108.1 11 93.5 15 86.9
Cirrhosis of liver 0 0.0" 18 195.5* 1 40.0
All external causes of death 25 739 22 103.0 11 129.8
Accidents 17 89.2 14 106.4 6 101.6
Motor vehicle accidents 12 119.9 6 110.7 4 228.4
All other accidents 5 54.9 8 102.8 2 475
Suicides 5 67.5 6 103.6 ] 225.7
Homicides and other external causes 3 43.7 2 93.0 0 0.0
Number of employees 2,795 1,599 674
Person-years 31,161 19,640 5,182

2 OBS, observed; SMR, standardized mortality ratio.
“ Significant at the 5% level.
** Significant at the 1% level.

519) in the OCMAP analysis. In the
Torrance cohort, no death was attrib-
uted to asbestosis. However, because
certifying physicians might not be
aware of the decedents’ asbestos ex-
posure (if any), such deaths could
have been coded simply as pulmo-
nary fibrosis or pneumoconiosis.
Therefore, the category “pulmonary

Case 7:23-cv-00897-RJ

fibrosis” was analyzed. For pulmo-
nary fibrosis (ICD-8 515 to 517),
there were 3 observed deaths among
all male cohort members, compared
with 4.24 expected. The correspond-
ing SMR for pulmonary fibrosis
among male employees was 70.8
(95% CI, 14.6 to 207.0). One of the
three male employees who died from
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pulmonary fibrosis had worked in
both maintenance and process jobs,
and the remaining two in administra-
tive or technical jobs.

As stated above, lung cancer re-
sults were provided by the routine
OCMAP program. The results for the
overall cohort are presented in Table
2 (SMR, 76.2; 95% CI, 56.9 to
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TABLE 6
Cause-Specific Mortality of Male Maintenance Employees at the Torrance Refinery®

95% Confidence Limits

Cause of Death OBS EXP SMR Lower Upper

All causes of death 301 313.04 96.2 85.6 107.7
All matignant neoplasms 67 73.62 91.0 70.5 115.6
Cancer of buccal cavity and pharynx 1 1.89 53.0 18 295.2
Cancer of digestive organs and peritoneum 18 18.06 99.6 59.1 157.5
Cancer of esophagus 3 1.93 155.5 32.1 454.4
Cancer of stomach 2 2.68 74.7 9.0 270.0
Cancer of large intestine 6 6.55 91.6 33.6 199.5
Cancer of rectum 1 1.54 64.9 1.6 361.6
Cancer of biliary passages and liver 0 1.57 0.0 0.0 235.7
Cancer of pancreas 6 3.67 163.7 60.1 356.3
Cancer of all other digestive organs 0 0.51 0.0 0.0 725.5
Cancer of respiratory system 22 26.74 82.3 51.6 124.6
Cancer of larynx 0 0.96 0.0 0.0 382.7
Cancer of bronchus, trachea, iung 22 25.50 86.3 54.1 130.6
Cancer of all other respiratory 0 0.27 0.0 00 1,347.7
Cancer of breast 0 0.09 0.0 0.0 4112.6
Cancer of prostate 7 6.59 106.3 42.7 218.0
Cancer of testes and other male genital organs 0 0.23 0.0 0.0 1,616.9
Cancer of kidney 1 1.79 - 55.7 1.4 310.6
Cancer of bladder and other urinary organs 1 2.03 49.3 1.2 274.5
Malignant melanoma of skin 3 1.06 282.9 58.4 826.8
Cancer of eye 1 0.05 2,172.8 54.3 12,107.0
Cancer of central nervous system 2 1.89 106.1 12.8 383.1
Cancer of thyroid and other endocrine glands 0 0.21 0.0 0.0 1,793.7
Cancer of bone 0 0.20 0.0 0.0 1,844.4
Cancer of all lymphatic, hemopoietic tissue 5 6.87 72.8 23.6 169.8
Lymphosarcoma and reticulosarcoma 0 0.79 0.0 0.0 465.8°
Hodgkins disease 0. 0.45 0.0 0.0 819.9
Leukemia and aleukemia 2 2.70 74.2 9.0 268.0
Cancer of all other lymphopoietic tissue 3 2.93 102.2 214 298.7

All other malignant neoplasms 6 5.62 106.7 39.2 232.3
Benign neoplasms 0 0.76 0.0 0.0 482.7
Diabetes mellitus 3 5.16 58.2 12.0 170.0
Cerebrovascular disease 15 17.76 845 47.3 139.3
All heart disease 125 117.84 106.1 88.3 126.4
Rheumatic heart disease 0 1.70 0.0 0.0 216.5
Ischemic heart disease 105 102.54 102.4 83.8 124.0
Chronic endocardial disease; other myocardial insufficiency 1 4.08 245 0.6 136.5
Hypertension with heart disease 3 2.41 124.5 25.7 363.8
All other heart disease 16 16.30 98.2 56.1 159.4
Hypertension w/o heart disease 2 0.82 243.4 28.5 879.3
Nonmalignant respiratory disease 18 24.22 74.3 44.0 117.5
Influenza and pneumonia 5 8.66 57.7 18.7 134.8
Bronchitis, emphysema, asthma 4 5.06 784 216 202.5
Bronchitis 0 0.80 0.0 0.0 458.6
Emphysema 4 3.90 102.7 28.0 262.8
Asthma 0 0.36 0.0 0.0 1,012.7
Other nonmalignant respiratory disease 9 10.97 82.1 37.5 155.8
Ulcer of stomach and duodenum 0 1.21 0.0 0.0 303.9
Cirrhosis of liver 13 6.84 190.1" 101.2 8254
Nephritis and nephrosis ] 1.54 0.0 0.0 239.2
All external causes of death 34 26.34 129.1 89.4 180.4
Accidents 17 16.67 108.5 63.2 173.7
Motor vehicle accidents 12 7.24 165.7 85.6 289.4

All other accidents 5 8.49 58.9 19.1 187.5
Suicides 13 6.23 208.6° T3 356.7
Homicides and other external causes 4 4.10 97.6 26.6 249.9

2 Number of employees = 1,075; person-years = 23,419. OBS, observed; EXP, expected; SMR, standardized mortality ratio.
* Significant at 5% level.
** Significant at 1% level.
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TABLE 7
Cause-Specific Mortality of Male Process Employees at the Torrance Refinery®

95% Confidence Limits

Cause of Death OBS EXP SMR Lower Upper
269.45 81.3* 70.9 92.8

n
—h
w

All causes of dea]h

All malignant neoplasms 42 62.44 67.3" 48.5 90.9
Cancer of buccal cavity and pharynx 0 1.59 0.0 0.0 232.3
Cancer of digestive organs and peritoneum 13 15.24 85.3 45.4 145.8

Cancer of esophagus 1 1.61 62.1 1.6 346.3
Cancer of stomach 3 2.22 135.3 27.9 395.4
Cancer of large intestine 3 5.60 53.6 b 156.6
Cancer of rectum 1 1.29 775 1.9 4321
Cancer of biliary passages and liver 0 1:35 0.0 0.0 273.6
Cancer of pancreas 5 3.08 162.3 52.7 378.8
Cancer of all other digestive organs 0 0.42 0.0 0.0 872.0
Cancer of respiratory system 10 22.48 445" 21.3 81.8
Cancer of larynx 0 0.81 0.0 0.0 4553
Cancer of bronchus, trachea, lung 10 21.43 46.7% 22.4 85.8
Cancer of all other respiratory 0 0.23 0.0 0.0 1,5925
Cancer of breast 0 0.08 0.0 0.0 4,883.0
Cancer of prostate 3 5.82 51.5 10.6 150.6
Cancer of testes and other male genital organs 0 0.19 0.0 0.0 1,933.0
Cancer of kidney 2 1.51 132.7 161 479.5
Cancer of bladder and other urinary organs 0 1.75 0.0 0.0 211.1
Malignant melanoma of skin | 0.89 1125 2.8 627.0
Cancer of eye 0 0.04 0.0 0.0 9,620.5
Cancer of central nervous system 2 1.58 126.4 16.3 456.5
Cancer of thyroid and other endocrine glands 0 017 0.0 0.0 2,1421
Cancer of bone 0 0.17 0.0 0.0 2,166.8
Cancer of all lymphatic, hemopoietic tissue 74 5.88 119.0 47.8 245.1
Lymphosarcoma and reticulosarcoma 0 0.65 0.0 0.0 564.4
Hodgkins disease 1 0.37 267.8 6.7 1,492.1
Leukemia and aleukemia 2 2.32 86.4 10.5 312.1
Cancer of all other lymphopoietic tissue 4 2.54 157.3 42.9 402.7
All other malignant neoplasms 4 4.78 83.6 22.8 214.2

Benign neoplasms 0 0.66 0.0 0.0 562.7

Diabetes mellitus 0 4.41 0.0* 0.0 83.6

Cerebrovascular disease 14 15.03 93.2 50.9 156.3

All heart disease 92 100.22 91.8 74.0 112.6
Rheumatic heart disease 1 1.42 70.6 1.8 393.5
Ischemic heart disease 78 86.86 89.8 71.0 1121
Chronic endocardial disease; other myocardial insufficiency 0 3.73 0.0* 0.0 98.9
Hypertension with heart disease Q 2.07 0.0 0.0 178.3
All other heart disease 13 14.26 91.2 48.5 155.9

Hypertension w/o heart disease 0 0.69 0.0 0.0 532.1

Nonmalignant respiratory disease 18 21.34 84.4 50.0 1333
Influenza and pneumnonia 4 7.67 52.1 14.2 1335
Bronchitis, emphysema, asthma 7 4.29 163.2 65.6 336.2

Bronchitis 2 0.68 2927 35.4 1.057.5
Emphysema 5 3.30 151.6 492 353.7
Asthma 0 0.31 0.0 0.0 1,178.8
Other nonmalignant respiratory disease 7 9.80 714 28.7 1474

Ulcer of stomach and duodenum 0 1.01 0.0 0.0 364.6

Cirrhosis of liver 8 5.71 140.1 60.5 2761

Nephritis & nephrosis 3 1.33 226.0 46.6 660.4

All extemal causes of death 25 23.70 105.5 68.3 155.7
Accidents 17 13.89 1224 71:3 195.9

Motor vehicle accidents 12 6.48 185.3 95.8 323.7
All other accidents ] 7.47 67.0 210 156.2
Suicides 6 5.60 107.2 39.4 233.4
Homicides and other external causes 2 3.98 50.3 6.1 181.6

* Number of employees = 1,069; person-years = 20,815. OBS, observed; EXP, expected; SMR, standardized mortality ratio.
* Significant at 5% level.

** Significant at 1% lavel.
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TABLE 8

Mortality from Lymphohemopoietic Cancers of Male Employees at the Torrance Refinery®

Cause of Death

Total cohort
Acute lymphoid leukemia
Chronic lymphoid leukemia
Acute myeloid leukemia
Chronic myeloid leukemia
Multiple myeloma
Non-Hodgkin's -lymphoma

Maintenance
Acute lymphoid leukemia
Chronic lymphoid leukemia
Acute myeloid leukemia
Chronic myeloid leukemia
Multiple myeloma
Non-Hodgkin's lymphoma

Process
Acute lymphoid leukemia
Chronic lymphoid leukemia
Acute myeloid leukemia
Chronic myeloid leukemia
Multiple myeloma
Non-Hodgkin's lymphoma

oBS EXP SMR 95% Cl
0 0.36 0.0 0.0-1,035.2
1 1.34 74.4 1.9-4143
1 2.20 45.4 1.1-252.8
2 1.02 195.6 23.7-706.8
4 3.28 122.1 33.3-312.5
9 7.42 1214 56.5-230.4
0 0.14 0.0 0.0-2,721.8
0 0.48 0.0 0.0-769.7
0 0.83 0.0 0.0-443.0
1 0.39 253.6 6.3~1,412.8
0 1.22 0.0 0.0-302.4
2 2.81 712 8.6-257.2
0 0.12 0.0 0.0-3,042.5
1 0.42 240.6 6.0-1,340.6
1 0.72 139.4 3.5-776.5
0 0.34 0.0 0.0-1,083.8
1 1.03 96.8 2.4-539.2
4 241 166.1 45.3-4254

2 OBS, observed; EXP, expected; SMR, standardized mortality ratio; Cl, confidence interval.

TABLE 9

Mortality From Lymphohemopoietic Cancers of Male Employees at the Torrance Refinery by Length of Employment and

Time Since Hire?

Cause of Death OBS SMR 95% ClI OBS SMR 95% Cl OBS SMR 95% Cl
Length of employment <10 Years 10-29 Years 30+ Years o
Years
Acute lymphoid leukemia 0 0.0 0.0-3,332.3 0 0.0 0.0-1,989.3 0 0.0 0.0-6,125.3
Chronic lymphoid leukemia 0 0.0 0.0-1,869.5 1 120.5 3.0-671.6 0 0.0 0.0-1,160.3
Acutg myeloid leukemia 0 0.0 0.0-706.9 1 80.6 2.0-4494 0 0.0 0.0-834.1
Chronic myeloid leukemia 1 344.2 8.6-1,918.0 1 179.3 4.,5-999.3 (4] 0.0 0.0-2,115.9
Multiple myeloma 1 166.6 4.2-928.1 1 51.1 1.3-284.7 2 277.9  33.6-1,003.9
Non-Hodgkin's lymphoma 4 2259 61.1-578.5 5 119.4 38.8-278.7 0 0.0 0.0-253.0

Years

Time since hire <20 Years 20-39 Years 40+ Years
Acute lymphoid leukemia 0 00 0036133 0 00 0028929 0 00  00-29103
Chronic lymphoid leukemia 0 0.0 0.0-4,546.3 0 0.0 0.0-628.1 1 147.8 3.7-823.8
Acute myeloid leukemia 0 0.0 0.0-958.5 0 0.0 0.0-357.7 1 126.9 3.2-707.2
Chronic myeloid leukemia 2 729.5  93.1-2,780.0 0 0.0 0.0-861.3 o] 0.0 0.0-1,103.6
Multiple myeloma 1 2713 6.8-1,511.6 2 125.3 15.2-452.7 1 76.2 1.8-424.6
Non-Hodgkin’s lymphoma 4 298.3 81.3-763.9 2 57.9 7.0-209.1 3 1145 23.6-334.6

® OBS, observed; SMR, standardized mortality ratio; Cl, confidence interval.

100.0). The lung cancer SMR for all
male employees was 76.0 (95% CI,
56.6 to 99.9). Exposure to asbestos
has been linked to malignant perito-
neal and pleural mesothelioma in
epidemiologic studies. Malignant
peritoneal mesothelioma is part of
“malignant neoplasm of the perito-

Case 7:23-cv-00897-RJ

neum and retroperitoneal tissue”
(ICD-8 158), and malignant pleural
mesothelioma is part of “malignant
neoplasm of the pleura” (ICD-8
163). The most comprehensive mor-
tality rates for malignant peritoneal
and pleural mesothelioma for the
United States are those compiled by
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the National Cancer Institute in the
SEER program.™” In the SEER pro-
gram, cases were selected having the
International Classification of Dis-
eases for Oncology morphology
code 905 (mesothelial neoplasms)
and topography codes 158 (peritone-
um) or 163 (pleura). In addition, only
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malignant cases were included.® In
the present study, diagnostic infor-
mation was based entirely on death
certificates and no morphologic in-
formation was available. In the Tor-
rance cohort, there was one death
coded as ICD-8 163 (malignant neo-
plasm of the pleura). Based on the
SEER rates, approximately 1.08
deaths from malignant mesothelioma
of the pleura were expected. The
corresponding SMR was 92.6 (95%
CI, 2.4 to 516.0).

Discussion

First, we will compare some major
results in the updated study with
those previously reported for the
Torrance cohort.> We will then dis-
cuss several specific findings in the
updated study that are of particular
interest in epidemiologic studies of
refinery workers.

Extended enrollment and fol-
low-up in this update on Torrance
refinery workers added 1337 work-
ers (+67.2%), 27,281 person-years
(+81.8%), and 297 additional deaths
(+72.8%). One of the reasons for the
sizable increases was that only white
men were included in the previous
study, whereas no restriction on gen-
der or race was imposed on cohort
eligibility in the update. In the pre-
vious analysis, 20.5% of cohort
members were deceased, compared
with 21.2% in this update. Updated
results for the total cohort were con-
sistent with earlier reports, which
demonstrated a favorable overall
mortality experience of the Torrance
refinery workers. According to na-
tional rates, the updated SMR of 81.9
for all causes showed a significant
deficit of 18.1%, which was similar
to the deficit previously observed
(SMR, 81). As in the previous study,
the favorable overall mortality expe-
rience of these refinery workers
might be attributed to the “healthy
worker effect,” whereby working
populations exhibit decreased overall
mortality because of initial selection
into the workplace and maintenance
of this healthier status through bene-
fits derived from employment.

Case 7:23-cv-00897-RJ

This Electronic Copy of Copyrighted Material Was Made and Delivered for Governmental Regulatory/Judicial Purposes Under License
from Copyright Clearance Center, inc. - No Further Reproduction is Permitted without a Separate License.

Upuateu VI LAty Sluay o1 retroleum Hehinery Workers « Wong et al

In terms of specific causes, for the
cohort as a-whole or the male sub-
cohort, no significant mortality in-
crease was observed for any cause of
death. The earlier reports showed
nonsignificant deficits for cancer of
the digestive system and cancer of
the respiratory system. In the up-
dated study, similar deficits were
observed, and because of the larger
numbers of deaths, the deficits for
both cancer of the digestive system
and cancer of the respiratory system
were statistically significant. In the
previous reports, a significant deficit
of ischemic heart disease was re-
ported. In the current update, a sim-
ilar significant deficit was observed
for ischemic heart disease. In addi-
tion, a significant deficit was also
reported for the category “all other
heart disease.”

Analysis by length of employment
also indicated that there was no
work-related mortality pattern for
male employees. No significant in-
crease of mortality was found for any
cause for any length of employment
group, . and no upward trend was
detected for any cause of death.
Analysis by latency (time since hire)
showed that there was a significant
mortality excess from the miscella-
neous category “cancer of other lym-
phopoietic tissue” for the group with
less than 20 years of latency (5 ob-
served vs 1.09 expected; SMR,
458.6). Of the five deaths in this
category, one was attributed to mul-
tiple myeloma (ICD-8 203), and the
other four involved “other lympho-
mas” (ICD-8 202). As discussed ear-
lier, a proper analysis of NHL should
include “lymphosarcoma and reticu-
losarcoma” (ICD-8 200) and “other
lymphomas” (ICD-8 202). In the
group with less than 20 years of
latency, no death was observed for
“lymphosarcoma and reticulosar-
coma” (ICD-8 200). Thus, according
to the disease grouping provided in

.the OCMAP analysis, NHL was re-

ported in two places: no death was
attributed to “lymphosarcoma and
reticulosarcoma” (ICD-8 200) and
four deaths involved “other lympho-
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mas” (ICD-8 202). When NHL
(ICD-8 200 and 202) was analyzed
as a group (Table 9), the SMR was
298.3 (95% ClI, 81.3 to 763.9) and
not significant. The more important
observation was that there was no
upward trend by length of employ-
ment for NHL.

The finding of no association be-
tween NHL and employment at the
Torrance refinery is consistent with
the conclusion reached in a recent
review of NHL in petroleum work-
ers.' The review was based on more
than 308,000 petroleum workers
from the United States, the United
Kingdom, Canada, Australia, Italy,
and Finland. None of the individual
studies showed a significant increase
of NHL. For all refinery studies com-
bined, there were 408 observed NHL
deaths, comparable with the 412.20
expected (SMR, 99; 95% CI, 90 to
109). Specifically for US refinery
studies, there were 317 observed
deaths, slightly fewer than the
330.79 expected (SMR, 96; 95% (I,
86 to 107). There is no evidence that
employment at petroleum refineries
is associated with an increased risk
of NHL.

For male employees with 20 to 39
years of latency, mortality from cir-
rthosis of the liver was significantly
elevated, but it was significantly low
for male employees with fewer than
20 years of latency (Table 5). There
was no upward trend of mortality
from cirrhosis of the liver by length
of employment (Table 4). Cirrhosis
of the liver is associated with alcohol
consumption. Unfortunately, no in-
formation on alcohol consumption
was available in the study. Cirrhosis
of the liver has not been linked to
any petrochemicals present at refin-
eries, and no other epidemiologic
studies of petroleum refinery work-
ers have reported an increased mor-
tality from cirrhosis of the liver.

Because of potential differences in
exposures and exposure patterns,
separate analyses were performed for
maintenance and process workers at
the refinery. Among maintenance
workers, mortality from cirrhosis of
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the liver was significantly elevated
(13 observed vs 6.84 expected;
SMR, 190.1; 95% CI, 101.2 to
325.1). As discussed above, the ex-
cess of cirrhosis of the liver was not
likely to be related to employment at
the refinery. There was a significant
increase of mortality from suicide
among maintenance workers (13 ob-
served vs 6.23 expected; SMR,
208.6; 95% CI, 111.1 to 356.7).
However, there is no reason to be-
lieve that the increase was related to
exposures at the refinery. Among
process workers, no significant in-
crease of mortality from any cause of
death was detected.

As stated above, the OCMAP pro-
gram does not provide analyses spe-
cific to subgroups of lymphohemo-
poietic cancers. When analyses were
performed separately for acute lym-
phatic leukemia, chronic lymphatic
leukemia, acute myeloid leukemia,
chronic myeloid leukemia, MM, and
NHL, no significant increase was
found for any category for the cohort
as a whole or for the sub-cohorts of
maintenance or process workers.
However, it must be noted that the
number of deaths for each category
was small, with the possible excep-
tion of NHL (9 observed deaths vs
7.42 expected). Nevertheless, the
data indicated that there was no in-
creased mortality from any of the
subcategories of lymphohemopoietic
cancers.

Similar to other industrial facili-
ties, asbestos was used at the Tor-
rance refinery in the past, and de-
tailed analyses of asbestos-related
diseases were performed for male
employees. Although specific expo-
sure measurements were not avail-
able, data from the industry as a
whole indicated that asbestos con-
centrations at refineries were gener-
ally extremely low." Among Tor-
rance refinery employees, no death
was attributed to “asbestosis” as the
underlying cause of death. The term
asbestosis refers to pulmonary fibro-
sis in persons with documented as-
bestos exposure history. Because
certifying physicians might not be

Case 7:23-cv-00897-RJ

aware of the decedents’ asbestos ex-
posure, such deaths could have been
coded simply as pulmonary fibrosis
or pneamoconiosis. In terms of pul-
monary fibrosis, 3 deaths were re-
ported, compared with 4,24 expected
(SMR, 70.8; 95% CI, 14.6 to 207.0);
one of these decedents had worked in
both process and maintenance jobs,
and the other two in administrative
or technical jobs.

One death in the cohort was coded
as ICD-8 163 (malignant neoplasm
of the pleura), whereas 1.08 deaths
were expected. This individual
worked for approximately 2 years in
the late 1950s at the Torrance refin-
ery and died 4 years after termination
of employment. Epidemiologic stud-
ies have reported the average latency
of malignant pleural mesothelioma
to be around 30 to 40 years, even
among heavily exposed workers. The
extremely short interval of 6 years
between employment at the Torrance
refinery in 1958 and death in 1964
does not support an association be-
tween the two. In addition to the
malignant pleural cancer case, the
words “malignant mesothelioma”
were mentioned on another death
certificate. The cause of death listed
on the death certificate was “malig-
nant mesothelioma, metastatic™ (with
no specific site) and was coded as
ICD-8 199.1. According to the SEER

criteria, the information provided on .

the death certificate was not suffi-
cient to classify this death specifi-
cally as either malignant mesotheli-
oma of the peritoneum or malignant
mesothelioma of the pleura.

For lung cancer, an asbestos-
related malignancy, no increase was
found for the overall cohort or the
sub-cohorts of maintenance or pro-
cess workers. In fact, for all three
groups, lung cancer mortality was
less than expected. Equally impor-
tant is the observation that no up-
ward trend by length of employment
was detected. Thus, the data indi-
cated no relationship between lung
cancer mortality and employment at
the Torrance refinery. This finding is
consistent with the conclusion
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reached in a recent review of the data
of more than 350,000 petroleum
workers from the United States, the
United Kingdom, Canada, Australia,
Ttaly, and Finland.'”> Lung cancer
SMRs from individual studies
ranged from 44 to 107. For all stud-
ies combined, there were 5695 ob-
served lung cancer deaths, signifi-
cantly fewer than the 7056.25
expected (SMR, 81; 95% CI, 79 to
90). For US refinery workers, there
were 2696 observed lung cancer
deaths, significantly fewer than the
3573.27 expected (SMR, 75; 95%
CI, 73 to 78). Thus, there was no
indication that petroleum workers
were at an increased risk of lung
cancer.

It should be pointed out that there
are some potential limitations in this
study. Most limitations are typical of
a historical mortality study of indus-
trial populations. First, although both
the percentage of individuals with
unknown vital status (1.1%) and the
proportion of deaths with no death
certificate information (1.3%) were
low, it was possible, but unlikely,
that some deaths from causes of in-
terest might have been missed. We
do not believe that such low percent-
ages would have any significant im-
pact on our results.

Second, the health endpoint in our
study was mortality, which is a rea-
sonable surrogate for incidence of
many cancers. Analyses were based
on the underlying cause of death
listed on death certificates. As such,
the investigation inherited the prob-
lems associated with death certifi-
cates (diagnostic accuracy, for exam-
ple). No detailed clinical information
was available on the deaths in our
study. However, it must be pointed
out that although detailed informa-
tion derived from medical records or
pathology reports may be more ac-
curate than that based on death cer-
tificates, it would be inappropriate to
use such information for compari-
sons with national mortality rates. In
our study, we compared diagnoses
based on death certificates with na-
tional statistics that were derived
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from death certificates as well. Fur-
thermore, our analysis was adjusted
for calendar time, thus at least par-
tially controlling for changes in sur-
vival and diagnostic practices.

As in most historical cohort mor-
tality studies, little quantitative expo-
sure data were available during the
early part of the study, and analyses
by quantitative exposure indices
were not possible. In the present
study, we relied on duration of em-
ployment and the broad classifica-
tion of jobs (process and mainte-
nance). Although such exposure
surrogates could be informative, they
might lack both sensitivity and
specificity.

For some analyses in the overall
cohort, and in some sub-cohort anal-
yses (particularly those stratified by
job category or by length of employ-
ment), the numbess of deaths from
some rare causes were small. As a
result, the corresponding 95% Cls
were wide, and the findings must be
interpreted with caution. However,
for common disease categories such
as all cancers, digestive cancer, lung
cancer, prostate cancer, heart dis-
ease, and nonmalignant respiratory
disease, the statistical power of the
study was quite adequate.

Finally, information on lifestyle or
exposures from employment else-
where was not available, although it
would have been extremely helpful
in interpreting some of the findings
in the present study, such as alcohol
consumption in relation to cirrhosis
of the liver. From a methodologic
point of view, the most appropriate
approach toward incorporating life-
style risk factors and exposures from
employment elsewhere is the nested
case-control study design.

Case 7:23-cv-00897-RJ
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Conclusion

This updated study confirms ear-
lier findings of an overall favorable
mortality experience of employees at
the Torrance, California, refinery
when compared with the US general
population. In addition, significant
mortality deficits were found for sev-
eral causes of death. For the entire
cohort, no significant increase was
detected in any cause-specific mor-
tality that could be attributed to em-
ployment at the refinery. Further-
more, analyses by job category and
length of employment indicated no
mortality increase from any cause of
death associated with employment at
the refinery.
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