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Objective: To further investigate the mortality risk of employees who
worked in the petrolewm vefinery indusiry, we updated an earlier
investigation by extending the mortality follow-up by an additional 14
years through 2003. Methods: The cohort consisted of 10,621 employees
with an average follow-wp of 34 years. We used the standardized
mortality ratio (SMR) adjusted for age, race, and calendar years as a
measure of visk. Results: Overall mortality (SMR = 0.77, 9%
confidence interval (CI], 0.74—-0.79), all cancer mortality (SMR =
0.87, 95% CI = 0.82-0.93), and most cause-specific mortalities for
the total study population were lower than or similar to that of the
population of Harris County, Texas. This study did not show a
significant increase in leukemia in the total population or in any of the
subgroups. The only statistically significant excess of mortality found in
this study was an increase in mesothelioma among maintenance employees;
the SMR was 4.78 (95% CI = 2.54-8.17) among employees who
worked for a minimum of one year and was 7.51 (95% CI =
3.75-13.45) among those with 10 or more years of employment and 20
or maore years of latency. Conclusions: Afler more than half a century of
Sollow-up, employees at this facility continue to show more favorable
mortality oulcomes than the general local population. Overall, mo
statistically significant increase of leukemia or of any of the specific cell
types was found. The increased mesothelioma is likely related to past
exposure to asbestos. (] Occup Environ Med. 2007,49:557-567)
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he Deer Park refinery began opera-
tions in 1929 with approximately 500
employees. The addition of a new
chemical division in 1941 incorpo-
rated another 55 employees, includ-
ing many transfers from the refinery.
Through the mid 1940s and the early
1950s, operations significantly ex-
panded and the last 60 years have
seen numerous changes, including
the addition of new units, as well as
the shutdown or selling of other
units, and process changes at both
the refinery and chemical plant.

Today, the Shell Deer Park Manu-
facturing Complex (DPMC) refines
crude oil and manufactures various
tuels and petrochemicals such as ben-
zene, toluene, isopropyl alcohol, and
butadiene. Other potentially hazardous
substances found at the facility include
hydrogen sulfide, polynuclear aro-
matics, asbestos, and various sol-
vents. In the past, manufacturing alse
included epichlorohydrin, epoxy
resins, vinyl chloride, oil lubricants,
and other products. Pattems of po-
tential chemical exposure have likely
changed over the years with the
changes in equipment technologies
and in work practices. The complex
is currently one of the larger oil
refinery/petrochemical plants in the
United States, employing approxi-
mately 1750 workers.

Since the Iate 1970s, a large
number of epidemiological studies
of petroleum workers have been con-
ducted to examine the possible ad-
verse health effects of employment
in facilities where workers are poten-
tially exposed to a variety of refinery
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preducts and chemical agents, in-
cluding benzene and other hydrocar-
bons.!”"7 In a previous report, the
mortality of employees from the
DPMC was followed up through
1989.7 Results from these analyses
were generally favorable in that the
all-cause mortality, overall cancer
mortality, and deaths from most spe-
cific causes were lower than those of
the comparable local population in
Harris County, Texas, where the fa-
cility is located. However, mortality
from certain diseases including me-
sothelioma and cancer of lymphopoi-
etic tissue was increased, particularly
among long-term employees.

The purpose of this study was to
update the earlier study by extending
the mortality follow-up through
2003. Employees who were hired or
transferred to the DPMC since 1990
haye,also been included. A total of
10,621 émployees were included in
this update. The large size of this
cohort and the additional 14 years
of follow-up provide substantially
increased statistical power to the
previous cohort in quantifying any
mortality risks associated with hav-
ing worked at this tacility.

Materials and Methods

The previous study consisted of
9720 subjects, which included all
male and female hourly production
and maintenance employees, as well
as all salaried employees with rou-
tine field or laboratory assignments,
employed at least 3 cumulative
menths at the DPMC from January 1,
1948, to December 31, 1989. Sala-
ried employees included foremen,
first-line supervisors, chemists, labo-
ratory technicians and certain engi-
neering, quality control, and security
personnel. Analysis of hourly and
salaried employees separately was
not feasible because some employ-
ees, such as foremen and first-line
supervisors, may have progressed
from hourly to salaried during their
employment at this facility and sim-
ply presenting the results as “ever/
never hourly” would not add much in
the way of detail. A detailed descrip-
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tion of the study cohort was reported
elsewhere.” For this update, the pop-
ulation consisted of employees who

 had worked at the DPMC for at least

3 months from 1948 to 2003 and
who met the previous study eligibil-
ity criteria. A total of 10,621 em-
ployees were identified.

Source documents for the study
include work history and personnel
records retrieved from the plant for
the period between 1948 and 1976
and computerized records from
Shell’s human resources system,
containing demographic and work
history records for all employees
from 1973 on. Cohort members’
work histories were brought up to
date through 2003 and were coded
with an updated version of the
original study’s coding manual. A
more detailed description is pro-
vided elsewhere.”

Vital status as of December 31,
2003, for each study member was
determined from a number of
sources, including company records,
the Social Security Administration’s
{SSA’s) Master Beneficiary file, and
the National Death Index (NDI),
which has been shown to have al-
most complete ascertainment of
deaths (97%) occurring since
1979."%'% A (otal of 1641 cohort
employees were actively employed
at DPMC as of December 31, 2003,
and were classified as living. Persons
who were presumed living as of De-
cember 31, 1989, the end of the
previous study, were also presumed
living as of December 31, 2003, if no
death record was found from the
vital status sources. Forty-five deaths
were identified among employees
with unknown vital status at the end
of the previous study (» = 136), and
no death records were found for the
remaining 91 employees who were
classified as lost to follow-up in this
update. Those employees who were
terminated after December 31, 1989,
and who were not identified by SSA
or NDI searches were assumed to be
alive.

Death certificates were obtained
for deceased employees, when avail-
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able, from company benefit files.
Death certificates for those potential
decedents identified by the SSA,
NDI, or both were requested from
the respective state vital statistics
departments and verified with com-
pany information to ensure a correct
match between these records. A cer-
tified nosologist trained by the Na-
tional Center for Health Statistics,
according to rules of the Interna-
tional Classification of Diseases
(ICD) in effect at the time of death,
coded the underlying cause of death.

An employee entered the fol-
low-up period on April 1, 1948, if he
or she began employment before
1948. Otherwise, he or she entered
the study 3 months after the start of
employment at DPMC. Person-years
were accumulated from the entry
date unti! the earliest of either the
date of death, the study end date
(December 31, 2003), or the date of
lost to follow-up.

The mortality experience for se-
lected causes is expressed as a stan-
dardized mortality ratio (SMR).
SMRs and corresponding 95% con-
fidence intervals were calculated
with the Occupational Cohort Mot-
tality Analysis Program (OCMAP),
using the ICD revision in effect at
the time of death.*® The SMR is the
number of observed deaths in the
study group divided by the number
of deaths that would be expected if
the study group experienced the
same death rates as a comparison
population. The number of expected
deaths was adjusted for age, race,
and time pericd. Employees with
unknown race (n = 2892) were in-
clnded as white for statistical analy-
ses. [n addition, to help control for
geographic variations in mortality,
we used death rates for Harris
County, Texas, where the majority of
the stndy population resides, as the
comparison. We performed statisti-
cal analyses on the total cohort, sub-
cohorts stratified by primary work
location (ie, refinery or chemical
plant), calendar year of hire, and
length of employment,
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County mortality rates were ob-
tained from the Mortality and Popu-
lation Data System (MPDS), which
includes cancer death rates starting
from 1950.%! For the period between
1948 and 1949, expected deaths from
cancer were calculated based on
rates between 1950 and 1954. Non-
cancer MPDS mortality rates begin
in 1962, so rates between 1962 and
1964 were applied to calculate ex-
pected deaths for 1948 to 1959, A
total of 60 deaths for which no death
certificate was obtained were in-
cluded in the overall analyses, but
not in the specific cause analyses.

Because of the potential for ben-
zene exposure in the refinery envi-
ronment and the a priori interest in
benzene-associated leukemia, 72224
a cell-type specific analysis was con-
ducted for acute non-lymphocytic
leukemia (ANLL), acute lympho-
cytic leukemia (ALL), chronic lym-
phocytic leukemia (CLL), acute
myelocytic leukemia (AML), and
chronic myelocytic leukemia (CML).
Because of the relatively small num-
ber of deaths in Harris County, na-
tional death rates for these cell types
were used to calculate the expected
numbers of deaths from cell-type
specific lenkemia. Age-specific leu-
kemia cell-type mortality rates from
1969 to 1977°% were used to calcu-
late the expected number of deaths
before 1980. Similar data from 1982
through 1986, published by the Na-
tional Cancer Institute, were used to
calculate the expected numbers for
1980 to 1989.%° Mortality rates from
1990 to 2003, retrieved from the
National Cancer Institute database,
were applied to the corresponding
years of the study population. The
ICD codes (according to the 9th re-
vision codes) for ALL, CLL, and
CML were 204.0, 204.1, and 205.1,
respectively. Three ICD codes were
used to identify AML: 205.0, 207.0,
and 207.2. Acute non-lymphocytic
leukemia was limited to the two
main subtypes: AML and acute
monocytic leukemia (ICD code
206.0).

To further evaluate any excess me-
sothelioma deaths in this facility and
to assess other potential asbestos-
related cancer risks among employ-
ees with the greatest potential for
asbestos exposure, we examined a
subgroup of male employees who
had werked in maintenance jobs for
a minimum of 1 year (n = 2569).
The jobs included insulators, pipefit-
ters, boilermakers, electricians,
welders, carpenters, and laborers.
Because long latent periods are usu-
ally required for chronic diseases to
develop, a subgroup of male employ-
ees who had worked for 10 or more
years in maintenance jobs, with 20 or
more years since their first poten-
tially exposed job (z = 1222), was
also examined.

Results

The 10,621 study cohort members
contributed 353,724 person-years
during the 56-year observation pe-
riod, This updates the previous co-
hort by 107,503 person-years. Male
employees were followed an average
of 34 years, whereas the average
follow-up for female employees was
23 years. More than half of male
employees (54%) were hired before
1960, whereas the majority of female
employees (86%) started working at
this factlity after 1970. The average
duration of employment for men was
17 years and for women, 11 years.

Male employees comprised almost
92% of the cohort (Table 1). The
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majority of male employees in the
cohort were either retired (34.3%) or
terminated (47.3%). Of all male em-
ployees included in the cohort, 64%
were alive and 35% were deceased.
Death certificates were obtained for
more than 98% of the identified
deaths.

Overall mortality was significantly
lower for male employees at the
refinery (SMR = .80, 95% CI =
0.77-0.84), chemical plant (SMR =
0.71, 95% CI = 0.67-0.75), and the
total cohort (SMR = 0.77,95% CI =
0.74-0.79) compared to that of the
general population in Harris County,
Texas (Table 2). Contributing to the
deficit in overall mortality was the
significant decrease in mortality
from a number of chronic diseases
such as diabetes mellitus (SMR =
0.58, 95% CI = (0.43-0.75), cerebro-
vascular disease (SMR = 0.67, 95%
CI = 0.57-0.78), heart disease
(SMR = (.73, 95% CI = 0.69-0.77),
non-malignant respiratory disease
(SMR = (.82, 95% CI = 0.72-
0.93), and liver cirrhosis (SMR =
0.47, 95% CI = (0.35-0.62). Similar
patterns were seen for the refinery
and chemical plant populations.

Mortality from all malignant neo-
plasms was significantly decreased
in the total population (SMR = 0.87,
95% CI = 0.82-0.93), as well as in
the refinery (SMR = 0.87, 95%
CI = 0.81-0.95) and chemical
(SMR =0.87,95% CI = 0.79-0.97)
populations (Table 2). Mortality

TABLE 1
Distribution of Study Population by Vital Status as of January 1, 2004
Male Female Total
Employment and Vital Status N % N % N %
Gurrently employed 1482 15.2 159 18.6 1641 15.5
Terminated 4620 473 534 62.3 5154 48.5
Alive 3122 (67.8) 501 (93.8) 3623 (70.3)
Dead 1413 (30.6) 27 (5.1) 1440 (27.9)
Unknown status 85 (1.8 8 (1.1} 91  (1.8)
Retired 3345 34.3 159 18.6 3504 33.3
Alive 1637 (48.9) 130  (81.8) 1767  (50.4)
Dead 1708 (51.1) 20  (18.2) 1737 (49.6)
Unknown status a (0 g @ g ©
Died while employed 317 3.2 5 0.6 322 3.0
TOTAL 9764 100 857 100 10,621 100

Values in parentheses represent the percentage of the corresponding subcategory.
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TABLE 2
Observed Deaths and Standardized Mortality Ratios (SMAs)? of Male Employees, 1948-2003

Refinery (n = 5468; Chemical (7 = 4206;
184,042.6 person-yrs} 148,485.6 person-yrs}

Total (n = 9764; 332,527.8
person-yrs)

Cause of Death (8th ICD revision code) Observed SMR 95% Cl Observed SMR 95% Cl Observed SMR 95% CI
All causes (DD1-899) 2204  0.80* 0.77-0.84 1234 071" 0.67-0.75 3438 0.77° 0.74-0.79
All malignant neoplasms (140-209) 590  0.87* 0.81-0.95 391 0.87* 0.79-0.97 981 0.87* 0.82-0.93
Buccal cavity, pharynx (140-149) 12 0.68 0.35-1.20 9 DBD 0.36-1.51 21 0.73 0.45-1.11
Digestive organs, peritoneum (150-159) 145 081 0.77-1.07 85 0.83 0.66-1.02 230 0.88* 0.77-1.00
Esophagus (150) 17 0.94 0.55-1.51 10 082 0.32-1.51 27 088 0.59-1.30
Stomach (151) 18 D.84 0.50-1.32 7 056 023-1.56 25 074 0.48-1.09
Large intestine (153) 54 1.01 0.76-1.31 34 DI7 0.67-1.35 a8 0899 0.80-1.22
Rectum (154) 14 1.31 0.72-2.20 2 0.28 0.03-1.03 16 090 0.52-1.47
Blliary passages, liver primary 14 070 0.38-1.17 11 0.81 D.40-1.45 25 0.74 0.48-1.10
(155,156)
Pancreas (157) 26 0.81 D0.53-1.18 20 0.88 0.60-1.52 46 0.88 0.64-1.17
Respiratory system (160-163) 211 0.80* 0.70-0.92 150 0.85* 0.72-0.99 361 0.82* 0.74-0.91
Bronchus, trachea, iung (162) 201 0.80 0.69-0.92 145  0.85 0.72-1.00 346  0.82* 0.74-0.91
Prostate (185) 61 0.96 0.73-1.23 32 0.86 0.58-1.21 93 0.92 0.74-1.13
Kidney (189.0,189.2) 14 0.84 0.46-1.42 7 080 0.24-1.24 21 0.74 0.46-1.14
Biadder and other urinary organs 14 086 0.47-1.45 6 062 0.23-1.36 20 077 0.47-1.20
(188,182.9)
Maiignant meianoma of skin (172) 5 0.48 0.15-1.11 7 0.86 0.34-1.76 12 0.64 0.33-1.12
Cantral nervous system (191,192) 13 0.77 0.41-1.32 14 1.12 0.61-1.87 27 0.82 0.561-1.34
Ali iymphatic, hematopoietic tissue 62 098 0.75-1.25 41 094 0.67-1.27 103 096 0.73-1.17
(200-208)
Hodgkin diseasa (201) 4 1.16 0.32-2.97 0 - 0.0-1.63 4 0.70 D0.19-1.78
Non-Hodgkin lymphoma (200,202) 27 1.13 0.74-1.84 13 075 0.40-1.28 40 0.97 0.69-1.32
Leukemia, aleukemia (204-207) 23 0.25 0.60-1.42 18 110 0.65-1.73 1 1.01 0.72-1.36
Diabetes mallitus (250} 38 D.66* 0.46-0.92 17 0.45° 0.26-0.72 53  0.58* 0.43-0.75
Ceraebrovascular disease (430-438) 110 0.68* 0.56-0.82 56  0.65* 0.49-0.84 166 0.67* 0.57-0.78
All heart disease (330-398,400.1,400.9, 7687 0.78* 0.72-0.83 380 0.64* 0.58-0.71 1147 0.73* 0.69-0.77
402,404,410-414,420-429)
Nanmaiignant respiratory disease 171 0.85* 0.73-0.99 91 077" 0.62-0.94 262 0.82* 0.72-0.53
(46D0-519)
Cirrhosis of liver (571} 28 0.44* 0.29-0.64 23 0.51* 0.32-0.76 51 0.47* 0.35-0.62
Accidents (EBDD—E948) 117 0.89 0.73-1.06 66 0.68" 0.52-0.86 183 0.80" 0.69-0.93
Suicide (F950-E953) 45 0.81 0.59-1.08 27  0.83* 0.41-0.92 72 0.73* 0.57-0.82
Homicicles, other externai causes (residuai) 20 0.39* 0.24-0.60 1 0.26* 0.13-0.47 31 0.33* 0.22-0.47
Unknown causes of death 45 - - 15 - - 60 - -
*P < .05,

aExpected number of deaths based on the Harris County (Texas) male papulation, ICD revision in effect at the time of death,

from several specific cancer sites
was also decreased including cancers
of the digestive organs and peritoneum
(SMR = 0.88, 95% CI = 0.77-1.00)
and lung cancer (SMR = (.82, 95%
CI = 0.74-0.91). There was no sig-
nificant increase for any specific
cancer site in any of the groups.
However, cancer of the rectum
showed a non-significant increase
among refinery employees (SMR =
1.31, 95% CI = 0.72-2.20). There
were also slight increases in mortal-
ity from Hodgkin disease (SMR =
1.16, 95% CI = (.32-2.97) and non-
Hodgkin lymphoma (SMR = 1.13,
95% Cl = 0.74-1.64) among refin-

ery employees, and from leukemia
(SMR = 1,10, 95% CI = 0.65-1.73)
and cancer of the central nervous
system (SMR = 1.12, 95% CI =
0.61-1.87) among the chemical plant
employees, but none of these was
significant.

The use of national rates as a
comparison population generally de-
creased the number of expected
deaths by 3% to 5%. Mortality from
all causes (SMR = 0.80, 95% CI =
0.77-0.83), all cancers (SMR =
091, 95% CI = (.86-0.97), and
heart disease (SMR = 0.73, 95%
CI = 0.70-0.79), for example, was
lower than expected. Mortality from

leukemia was similar to the national
experience (SMR = 1.04, 95% Cl =
0.75-1.41). Mortality from lung can-
cer was also similar to national rates
(SMR = 0.92, 95% CI = 0.83-1.02).
However, the SMR was 12% greater
than the SMR calculated using Har-
ris County as the comparison popu-
lation, reflecting a generally higher
mortality in the county for this can-
cer during the study period. Interest-
ingly, mortality from non-malignant
respiratory disease in the study pop-
ulation was lower compared with
Harris County (SMR = 0.76, 95%
CI = 0.67-0.85) than compared with
the general US population (SMR =
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TABLE 3

Martality From Cancers of the Digestive and Respiratory Systems and Mesothelioma Among Maintenance Employess With
Potential Exposure to Asbestos, 1948-2003

Total® (n = 2569)

=20 yrs Latency® (n = 1222)

Cause of Death (8th ICD revision code) Observed Expected® SMR  95% Cl Observed Expected® SMR  95% Cl
All causas (001-999) 1261 1487.56 0.85* 0.80-0.90 695 825.39 0.84* 0.78-0.91
All malignant neoplasms (140-209) 353 39035 090 0.81-1.00 193 208.45 0.93 0.80-1.07
Buccal cavity, pharynx (140-149) & 1010 059 0.22-1.29 2 5.0 0.38 0.05-1.42
Digestive organs, peritoneum {150-159) 84 9453 089 0,71-1.10 48 50.48 0.95 0.70-1.286
Esophagus (150) g 11.26 080 0.37-1.52 3 5.78 052 0.11-1.52
Stomach (151} 10 13.83 0.73 0.35-1.35 4 7.14 0.56 0.15-1.43
Larga intestine (153) 27 31.02  0.87 057-1.27 18 17.23 1.04 0.62-1.69
Rectum (154 5] 6.16 098 0.36-2.12 3 3.18 0.94 0.49-2.7%
Biliary passages, liver primary 10 11.64 086 0.41-1.58 7 6.10 116 0.46-2.38
(155,156)
Pancreas (157) 20 18.50 1.08 0.66-1.867 11 9.99 1.10  0.55-1.87
Respiratory system {160-163) 137 150.85 0.90 0.76-1.07 66 80.01 0.83 0.64-1.05
Larynx (161) 4 4.89 082 0.22-2.10 3 2.56 117  0.24-3.42
Bronchus, trachea, fung (162} 130 14453 -0.90 0.75-1.07 63 76.73 082 0.63-1.05
Mesothelioma® 13 272 4.78* 2.54-8.17 11 1.46 751 3.75-13.45

*P< 0.05.

“Employess who had worked =1 yr in a maintenance job (21,876.5 person-yrs).
EEmpioyees who worked for =210 yrs in a maintenance job and had = 20 yrs of iatency (25,792.5 persan-yrs).

“Expected number of deaths based on the Harris County (Texas) male popuiation, iCD revislon in effect at the time of death.
dExpected number of deaths based on SEER US incidence rates, 1973-2003.

0.82, 95% CI = 0.72-0.93). The
data is not shown.

Because of the use of asbestos

contatning materials as insulation at
the complex in the past, we also
examined mortality from mesotheli-
oma, which has been associated with
asbestos exposure. For deaths from
mesothelioma, routine ICD coding
was not used but rather all death
certificates were reviewed for any
mention of mesothelioma. The re-
view revealed 21 deaths with me-
sotheltoma mentioned among male
employees. Incidence rates for 1973
to 2003 from the Survetllance, Epi-
demiology, and End-Results (SEER)
Program were used to estimate the
expected number of deaths because
age-specific mortality rates were not
available for the Harris County pop-
ulation. For the total male cohort,
8.40 deaths from mesothelioma
would have been expected, resulting
in a statistically significant SMR of
2.50 (95% Cl = 1.55-3.83). Four-
teen of the 21 cases were identified
during the follow-up from 1990 to
2003. The SMR during the 14-year
update period was 2.63 (95% CI =

Cespyri f Gase:7.23=cx-0089¥-RJ :Docuiment:485<1L . Filech08/24/25+-Page!6 of dRi: prahibiod.

1.44-4.42), which was higher than
that reported in the previous study.
Table 3 presents the observed and
expected deaths, SMR, and 93%
confidence limits for potentially ex-
posed maintenance employees for
selected cancer sites. Among em-
ployees who had worked at least 1
year in maintenance jobs, the overall
mortality was 15% lower (SMR =
0.85, 95% CI = 0.80-0.90), and
cancer mortality was 10% lower
(SMR = 0.90,95% CI = 0.81-1.00),
than comparable rates in Harris
County. Generally, there was no in-
crease in mortality from any specific
cancer sites. However, based on 13
observed and 2.72 expected deaths,
mortality from mesothelioma was
significantly increased (SMR =
4,78, 95% CI = 2.54--8.17). Among
employees who worked for 10 or
more years in maintenance jobs and
also had 20 or more years of latency,
overall mortality (SMR = 0.84, 95%
CI = 0.78-0.91) and all cancer mor-
tality (SMR = 093, 95% CI =
0.80-1.07) was also decreased.
However, based on 11 expected and
1.46 observed deaths, mortality from

mesothelioma was increased in this
group (SMR = 7.51, 95% Cl =
3.75-13.45).

Table 4 shows the patterns of mor-
tality for male employees by calen-
dar year of first employment: before
1950, 1950 to 1959, and after 1960.
Overall mortality was signiticantly
lower than that in the corresponding
Harris County population for all
three-time periods of hire, with
SMRs of 0.85 (95% CIL = 0.82-
(0.88), 0.66 (95% CI = 0.61-0.71),
and 0.57 (95% CI = (.51-0.64),
respectively. A similar pattern was
noted for all malignant neoplasms,
with SMRs of 0.94 (95% CI = 0.87-
1.01) among employees hired before
1950, 0.79 (95% CI = 0.70-0.90)
between 1930 and 1960, and 0.72
{95% CI = 0.57-0.89) among the
most recent hires. However, non-
significant increases in mertality
from non-Hodgkin lymphoma were
seen among employees in the earliest
hire group (SMR = 1,12, 95% CI =
0.73-1.64). Among employees hired
atter 1960, mortality from cancer of
the large intestine was tncreased, al-
beit not significantly (SMR = 1.62,
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TABLE 4

Observed Deaths and Standardized Mortality Ratios {SMRAs)® of Male Employees by Period of Hire, 1948-2003
Before 1950 (n = 3230; 1950-1959 (n = 2067; After 1960 (1 = 4467;
131,824.2 person-yrs} 90,161.4 person-yrs}) 110,542.8 person-yrs}

Observed SMR 95% CI 95% Ci

Cause of Death (8th ICD revision code) Observed SMR 95% Cl Observed SMR

Ali causes (001-999) 2399 0.85* 0.82-0.88 722 0.66* 0.61-0.71 a7 0.57* 0.51-0.64
All malignant neoplasms (140-209) 651 094 0.87-1.01 248 0.79" 0.70-0.90 82 0.72* 0.57-0.89
Buccal cavity, pharynx (140-149) 19 1.08 0.65-1.70 1 0.13* 0.00-0.72 1 0.28 0.01-1.56
Digestive organs, peritoneum (150-159) 155 0.95 0.81-1.11 47 0.66* 0.79-0.88 28 1.00 0.66~1.44
Esophagus (150) 16 0.91 0.52-1.48 7 0.76 0.31-1.57 4 113 0.31-2.80
Stomach (151) 17 0.75 0.44-1.21 6 0.75 0.27-1.62 2 0.59 0.07-2.13
Large intastine (153) 57 102 077132 17 0.71 0.41-1.13 14 1.62 0.88-2.71
Rectum (154) 11 1.03 0.52-1.85 5 099 0.32-2.32 0 — 0.00-1.82
Billary passages, liver primary (155,156) 18 092 054-1.45 5 053 0.17-1.23 2 0.44 0.05-1.80
Pancreas (157) 34 1.03 0.71-1.43 5] 0.44" 0.16-0.95 5} 1.12 0.41-2.43
Respiratory system (160-163) 23 0.86" 0.75-0.98 107 0.83 0.68-1.00 23 0.56* 0.35-0.84
Branchus, trachea, lung (162) 218 0.85" 0.74-0.97 105 0.85 0.69-1.02 22 0.56" 0.35-0.85
Prostate (185) 72 098 0.76-1.23 18 0.78 0.46-1.23 3 0.76 0.16-2.22
Kidney (189.0,189.2) 13 0.79 0.42-1.35 6 0.72 0.27-1.57 2 0.58 0.07-2.11
Btadder and other urinary organs 15 0.82 0.46-1.36 3 0.50 0.10-1.45 2 1.28 0.16-4.64
(188,189.,9)

Malignant mefanoma of skin (172) 8 0.84 0.36-1.65 4 0.68° 0.19-1.75 0 — 0.00-1.12

Central nervous system (191,192) 12 0.Y5 0.39-1.30 1 1.13 0.54-2.08 5 1.11 0.36-2,59

All lymphatic, hematopoietic tissua . 67 105 0.82-1.34 22 0.75 0.47-1.13 14 1.00 0.54-1.67

(200-209)

Hodgkin disease (201) 3 090 0.19-2.82 1 0.67 0.02-3.70 0 — 0.00-4.26
Non-Hodgkin lymphoma (200,202) 26 112 0.73-1.64 8 0.69 0.30-1.35 & 0,93 0.34-2.02
Leukemia, aleukemia (204~207) 25 1.01 0.65-1.49 10 090 0.43-1.66 8 1.23 0.45-2.68

Diabetes mellitus (250) 34 0.62* 0.43-0.87 12 0.46" 0.24-0.80 7 0.61 0.25-1.26

Cerebrovascular disease (430-438) 127 0.70" 0.58-0.83 29 0.59* 0.39-0.84 10 0.59 0.28-1.08

All heart disease (390-398,400.1,400.9, 838 079" 0.73-0.84 225 0.60" 0.53-0.69 84 0.62* 0.49-0.76
402,404,410-414,420-429)

Nonmalignant respiratory disease 195  0.87* 0.75-1.00 58 080 0.61-1.04 9 0.40* 0.18-0.77
{460-519)

Cirrhosis of liver (571) 29 050" 0.34-0.72 13 0.43* 0.23-0.73 2] 0.44* 0.20-0.84

Accidants (EB00-EJ49) 96 0.89 0.72-1.09 41 0.70" 0.50-0.95 46 0.72* 0.53-0,97

Suicide (E950-E959) 46 1,02 0.75-1,36 7 0.28" 0.11-0.57 19 0.68 0.41-1.05

Homicides, other external causes (residual) 16 0.54* 0.31-0.88 4 0.17* 0.05-0.44 11 0.27* 0.14-0.48

Unknown causes of death 40 — — 16 — -_ 4 — —

*P < 0.05.
"Expected number of deaths based on the Harris County (Texas) male population, ICD ravision in effect at the time of death.

95% CI = 0.88-2.71) as was mor-
tality from leukemia (SMR = 1.23,
95% CI = 0.45-2.68). One of the six
people who had died from leukemia
worked briefly at DPMC for less
than 6 months; had this persen been
excluded from the analysis, the ob-
served and expected deaths from leu-
kemia would have been the same (5
observed and 4.9 expected).

To assess the possible effect of
long-term employment, we also ex-
amined a subgroup of male employ-
ees (n = 5635) who worked for 10 or
more years (Table 5). This group
contributed 47% of the total person-
years and 69% of deaths in the total

cohort, Mortality from all causes
combined (SMR = 0.78, 95% CI =
0.75-0.81) and from all malignant
neoplasms (SMR = 0.91, 95% CI =
0.85-0.98) was again significantly
decreased. Lung cancer mortality
was significantly decreased among
both the total population (SMR =
0.85, 95% CI = 0.75-0.97) and the
refinery population (SMR = 0.84,
95% CI = 0.71-0.98). The SMR for
lung cancer among chemical employ-
ees was also decreased but was not
statistically signiticant (SMR = (.88,
95% CI = 0.71-1.07). The cause-
specific mortality pattern is virtually
the same as that exhibited by the total

cohort in Table 2. There were no
significant excesses of any causes of
death. Similar to the total cohort re-
sults, non-significantly elevated SMRs
were noted among the refinery popu-
lation for cancer of the rectum
{(SMR = 1.42, 95% CI = 0.71-2.54},
Hodgkin disease (SMR = 1.36, 95%
CI = 0.28-3.96), and non-Hodgkin
lymphoma (SMR = 1.18, 95% CI =
0.72-1.83). Small and non-significant
increases in mortality from cancers of
the large intestine (SMR = 1.22, 95%
CI = 0.80-1.77) and from leukemia
(SMR = 1.22, 95% CI = 0.63-2.12)
were noted among employees of the
chemical plant.
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TABLE 5

Observed Deaths and Standardized Mortality Ratios (SMRs)® of Male Employees Who Worked for = 10 Years, 1948-2003

Refinery (n = 3355;

Chemical (n = 2280;

Total (7 = 5635; 156,404.8

94,160.9 person-yrs) 62,244.0 person-yrs) person-yrs)
Cause of Death (8th ICD revision code) Observed SMR 95% Cl Observed SMR 95% Gl Observed SMR 95% Gl
Ali causes (001-999) 1638  0.82* 0.78-0.86 748 0.72* 0.67-0.77 2386 078" (.75-0.81
All malignant neoplasms (140-208) 462 0.94 0.85-1.02 243 0.87* 0.77-0.99 705 0.91* 0.85-0.98
Buccal cavity, pharynx (140-149) 9 070 0.32-1.34 6 0.86 0.32-1.87 186 0.76 0.43-1.25
Digestive organs, peritoneum (150-159) 110 0.24 0.77-1.13 59 0.92 0.70-1.18 169 0.93 0.80~1.08
Esuphagus (150) 12 096 049-1.67 5 0.67 0.22-1.56 17 085 0.49-1.36
Stomach (151) 12 075 0.39-1.31 5 0.63 0.21-1.48 17 071 041-1.14
Large intestine (153) 43 1.08 0.78-1.45 27 1.22 0,80-1.77 70 1.13 0.88-1.43
Rectum (154) 11 142 0.71-2.54 0 — 0.00-0.86 11 0.92 0.46-1.64
Biliary passages, liver primary (155,156) 13 091 0.48-1.55 7 0.83 0.33-1.71 20 088 0.54-1.36
Pancreas {157) 18 0.75 0.45-1.19 14 1.09 0.60-1.83 32  0.87 0.60-1.23
Respiratory system (160-163) 162 0.85* 0.72-0.99 28 0.89 0.72-1.08 260 0.86* 0.76-0.97
Bronchus, trachea, lung (162) 154 0.84* 0.71-0.98 93 0.88 0.71-1.07 247 0.85" 0.75-0.97
Prostate (185) 49 098 0.72-1.29 18 0.75 0.45-1.17 68 0.80 0.70-1.14
Kidney (189.0,189.2) 13 1.09 0.58-1.86 4 056 0.15-1.43 17  0.89 0.52-1.42
Bladder and other urlnary organs 13 101 0.54-1.73 3 0.47 0.10-1.36 16 0.83 0.47-1.35
(188,189.9)
Malignant meianoma of skin (172) 5 0.71 0.23-1.66 3 0.67 0.14-1.95 8 0.69 0.30-1.37
Centrai nervous system {181,192} 1@ 0.86 0.41-1.58 2 0.28 0.03-1.00 12 0.64 0.33-1.11
Cancer of all lymphatte, hematopoietic 48 1.06 0.78-1.41 26 0.99 0.65-1.46 74 1.04 0.81-1.30
tissue (200~209)
Hodgkin disease (201) 3 1.36 0.28-3.96 0 — 0.00-3.33 3 090 0.19-2.64
Non-Hodgkin lymphoma (200,202) 20 1.18 0.72-1.83 7 0.68 0.27-1.40 27 0.89 0.65-1.44
Leulkemia, aleukemia (204-207) 17 097 0.57-1.55 12 1.22 0.63-2.12 29 1.06 0.71-1.82
Diabetes mellitus (250) 25 0.64* 0.41-0.94 6 0.26" 0.09-0.56 - 31 0.50* 0.34-0.70
Cerebrovascular disease (430-438) 86 0.67* 0.54-0.83 38 0.66* 0.46-0.90 124 0.66" 0.55-0.79
Ail heart disease (390-398,400.1,400.9, 592  0.78" 0.72-0.85 244 0.64* 0.57-0.73 836  0.74* 0.69-0.79
402,404,410-414,420-429)
Nonmalignant respiratory disease (460-519) 131 0.83* 0.70-0.29 57 0.72* 0.55-094 188  0.80* 0.69-0.92
Clrrhosis of liver (571) 22 051 0.32-0.77 0 0.35" 0.16-0.66 3 0.45* 0.31-0.64
Accidents (E800-~E949) 59 0.82 0.62-1.06 30 0.72 0.49-1.03 89 0.78" 0.63-0.97
Suicide (ES50-EQ59) 30 0.92 0.62-1.31 16 0.80 0.46-1.30 46 0.88 0.64-1.17
Homicides, other externai causes (residual) 5 0.24* 0.08-0.57 5 0.35° 0.11-0.81 10 0.29* 0.14-0.52
Unknown causes of death 24 — — 2 — — 26 — —

*P < 0.05.

“Expected number of deaths based on the Harris County (Texas) maie population, iCD revision in effect at the time of death.

To further assess the possible ef-
fect of long-term employment, we
also examined a subgroup of male
employees (# = 3906) who worked
for 20 or more years between 1948
and 2003 {data not shown). Mortality
from all causes combined (SMR =
0.78, 95% CI 0.74-0.82) and
from all malignant neoplasms
(SMR = 0.91, 95% CI = 0.83-0.99)
was virtually identical to that of the
group working for 10 or more years.
However, mortality from cancer of
the large intestine (SMR 1.25,
95% CI = 0.95-1.62), as well as
Hodgkin disease (SMR 1.61,
95% CI = 0.33-4.72), non-Hodgkin
lymphoma (SMR = 1.35,95% CI =

0.88-1.98), and leukemia (SMR =
1.18, 95% CI 0.75-1.77) was
higher among employees working
for 20 or more years, compared with
that of employees working for 10 or
more years.

Among female employees, mortal-
ity from all causes {(SMR = (.70,
95% CI = 0.54-0.91) and all malig-
nant neoplasms (SMR = (.68, 95%
CI 0.40-1.07) was decreased.
Most of the cause-specific mortality
was also decreased, including breast
cancer (SMR = 0.50, 95% CI =
0.10-1.46), heart disease (SMR =
0.82, 95% CI = 0.49-1.30), non-
malignant respiratory disease
(SMR = 0.86, 95% CI = 0.28-

2.00), and all external causes of
death (SMR = 0.52, 95% CI
0.14-1.33). However, mortality
from a number of cancer sites was
non-significantly increased, includ-
ing cancers of the lung (SMR =
1.50,95% CI = 0.69-2.85) based on
nine observed deaths, of all lym-
phatic and hematopoietic tissue
(SMR = 1.30, 95% CI = 0.27-3.80)
based on three deaths, and from non-
Hodgkin lymphoma (SMR = 2.20,
95% CI = 0.27-7.96) based on two
deaths {data not shown).

The mortality data that we used in
the OCMAP program does not pro-
vide analyses for cell-type specific
leukemia. Therefore, a separate anal-
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TABLE 6

Observed and Expected Leukermia Deaths and Standardized Mortality Ratios
(SMRs) of Male Employess According to Cell Type, 1948-2003

Total
Leukemia Cell Type Observed Expected® SMR 95% Cl
Total population
Acute non-lymphocytic (ANLL) 12 1241 8.97 0.50-1.69
Acute myelocytic (AML} 11 12,16 0.90 0.45-1,62
Chronic myelocytic (CML} 3 4.53 0.66 0.14-1.93
Acute lymphocytic (ALL} 3 1.81 1.66 0.34-4.84
Chronic lymphocytic (CLL} 9 7.88 114 0.52-2.17
Others 14 12.76 1.10 0.60-1.84
=10 yrs of employment
Acute non-iymphocytic (ANLL) 8 8.02 1.00 0.43-1.97
Acute mysiocytic (AML) 7 7.84 082 0.36-1.84
Chronic myelocytic (CML} 2 2.87 070  0.08-2.52
Acute tymphocytic (ALL) 3 1.07 280 0.58-8.19
Chronic lymphocytic (CLL} 5 5.57 0.90 0.20-2.09
Others ik 8.76 1.26  0.63-2.25
=20 yrs of employment
Acute non-lymphocytic (ANLL) 7 5.85 120 0.48-2.46
Acute myelocytic (AML) 6 5.1 105 0.39-2.29
Chronic myelocytic ({GML) 2 2.01 1.00 0.12-3.59
Acute lymphoeytic (ALL) 2 0.74 2.70 0.33-9.76
Chronic lymphooytic (L1} 4 4.27 0.94 0.25-2.40
Cthers 8 6.73 1.19 0.51-2.34

“Expected number of deaths based on the US male population, ICD revision in effect at the

time of death.

ysis was carricd out for acute non-
lymphocytic leukemia (ANLL),
acute and chronic myelocytic leuke-
mia {AML, CML), and acute and
chronic lymphocytic leukemia (ALL,
CLL). There was no significant in-
crease in mortality for any specific
leukemia cell type (Table 6). For the
total cohort, the observed numbers of
deaths from ANLL and AML were
the same or lower than the expected,
with an SMR of 0.97 (95% CI =
0.50-1.69) and 0.90 (95% CI =
0.45-1.62), respectively. Similarly,
for those who worked for more than
10 years, the SMR was 1.00 (95%
CI = 0.43-1.97) for ANLL and was
0.89 (95% CI = 0.36-1.84) for
AML. Mortality from ANLL was
slightly elevated, with 7 observed
and 6 expected deaths, among em-
ployees working for 20 or more
years {(SMR = 1.20, 95% CI =
0.48 —2.46). The number of observed
deaths for CLL was slightly higher in
the total cohort (SMR = 1.14, 95%
CI = 0.52-2.17) but was lower
among those who worked for more

than 10 years (SMR = 0.90, 95%
CI = (1.29-2.09) or among those
employees who worked more than
20 years (SMR = 094, 95% CI =
0.25-2.40). Based on only three
deaths, there was no significant in-
crease in mortality from ALL in the
total population (SMR = 1.66, 95%
CI = 0.34-4.84) and among em-
ployees who worked for 10 or more
years (SMR = 280, 95% CI =
0.58-8.19) and 20 or more years
(SMR = 2.70, 95% CI = 0.33-9.76}.

Discussion

After more than half a century of
follow up of employees with poten-
tinl exposures to a variety of petro-
leumn products and petrochemicals,
this cohort continues to show a more
favorable meortality experience than
does the general population in Harris
County, Texas. The overall mortality
and all cancer mortality were 23%
and 13% lower for the total study
population, respectively. Because
35% of the male cohort members
died during the study period and

because most of the male cohort
members were hired before 1960,
with an average follow-up of 34
years, the mortality ratios for many
causes of deaths are stable and rep-
resentative. The 23% lower overall
mortality of this population can be
translated into longer life expectancy.”’
Based on the mortality experience of
these employees, the life expectancy
at age 25 among cohort members is
estimated to be 2.6 years longer
than their counterparts in the gen-
eral papulation,

This study did not show an increase
of any lymphatic or hematopoietic tis-
sue cancer among employees work-
ing for 10 or more years. However,
among employees working for 20 or
more years, mortality from Hodgkin
disease, non-Hodgkin lymphoma,
and leukemia was non-significantly
increased. Among the 23 cases of
leukemia in workers employed for
20 or more years, 20 of the cases
were hired before 1950 and 3 were
hired between 1950 and 1955. Poten-
tial for benzene exposure or ben-
zene~confaining mixiures exists at
every petroleum refinery complex.*
High level and long duration of ben-
zene exposure has been reported to
be associated with ANLL and
AML,*®7! but evidence linking
ALL, CML, or CLL to benzene ex-
posure is lacking.* In this study, the
observed numbers of ANLL and
AML deaths were about the same as
those expected, with SMRs approxi-
mately equal to or lower than 1. This
observation might suggest that ben-
zene exposures in the past at this
facility might have been too low to
cause an increase in ANLL or AML.
ALL was non-significantly elevated
based on three deaths. However,
there is no obvious explanation for
this increase. No epidemiological
study has shown an association be-
tween exposure to benzene and ALL.
The existing literature has also
shown that ALL was not associated
with refinery work.?>** Although a
recent study has reported a statistical
increase of ALL, the authors con-
cluded that an occupational causa-
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tion was unlikely.® There were also
no increases of CML and CLL in the
current study.

A non-significant increase of can-
cer of the large intestine was noted
among employees hired after 1960.
There were no increases of this can-
cer among employees hired either
before 1950 or between 1950 and
1959. An increased risk of this can-
cer has not been noted in this indus-
try."* A review of the individual
work histories did not reveal any
common work area, job assignments,
or process operation for these 14
cases, The predominant jobs held in-
cluded a variety of operations (phenol
acetone, olefins, catalytic cracking, lu-
bricant, shipping, epichlorohydrin,
and alkylation), maintenance (con-
trol systems, field engineering, weld-
ing, instrument systems, pipefitting,
and engineering services), and labo-
ratory (technical-chemical Jaboratory
positions). Thus, the non-significant
increase of this cancer is likely a
chance occurrence rather than asso-
ciated with potential exposures at
this facility. The average age at hire
was 37 years, and median duration of
employment was 10 years.

A noticeable finding from the pre-
vious study was a 2-fold increase in
mesotheljoma mortality.” The in-
crease in mesothelioma deaths is in-
dicative of asbestos exposure.>
Of the causes of death examined in
this vpdate study, mesothelioma is
the only condition showing a statis-
tically significant increase. A total of
21 deaths from mesothelioma were
found, 14 of which were identified
during the wpdate period from 1990
to 2003. Several other studies of
petroleum workers have reported an
increase of this disease and have
attributed this increase to the past
asbestos exposure, >’ 12173639 Do,
pending on the study design and the
proportion of study subjects poten-
tially exposed to asbestos, the SMR
for mesothelioma among petroleum
industry workers ranges from ap-
proximately 2 in a recent Australian
study'” to more than § in a Canadian
refinery cohort.'® The increased risk

of mesothelioma was particularly
profound among those who had
maintenance jobs,””* especially for
those employed as insulators.*7

Sixteen of the 21 people with me-
sothelioma started working at DPMC
before 1950, four started between
1951 and 1953, and one person
started in the early 1970s. The SMR
for those who starting working
before 1950 was 3.18 (95% CI =
1.82-5.15), whereas among employ-
ees hired since 1950, the SMR was
148 (95% CI = 0.48-3.46). An
examination of their work histories
reveals that two thirds (n = 14) of
the 21 workers had been employed in
majntenance positions, which had
the greatest potential for asbestos
exposure. Among workers with me-
sothelioma who starting working at
DPMC after 1950, one had worked
as a pipefitter (one of the jobs with
greatest potential for exposure to as-
bestos) for 5 years at another refining
facility during the early 1950s. His
DPMC career started in the early
1970s, where he worked in a non-
maintenance position for less than 10
vears. Excluding this case, the ob-
served and expected numbers of
deaths from mesothelioma among
those beginning work at DPMC after
1950 would have been no different
(4 vs 3.4, with an SMR of 1.18).

In the subgroup of male employ-
ees who had worked in maintenance
jobs for a minimum of 1 year, the
jobs included insulators, pipefitters,
boilermakers, electricians, welders,
carpenters, and laborers. Mainte-
nance work covers a broad range of
activities, principally repairing, re-
placing, or modifying process equip-
ment and related structures. The type
of work with the greatest potential
exposure to asbestos has been the
removal, repair, or reapplication of
asbestos-confaining thermal insula-
tion. It is to be noted that non-
asbestos insulation has been used for
reapplication since the early to mid
1970s, A more detailed description
of maintenance work at this facility
has been reported previously.*
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The overall mortality in the main-
tenance subgroup was favorable
compared to that of the population of
Harris County. Cancer mortality was
8% to 10% lower, which was border-
line significant. The observed num-
bers of deaths as a result of cancers
of the digestive system, including
stomach, large intestine, rectum, and
other specific sites, were lower than
or similar to those expected; none of
the SMRs were significantly lower or
higher than 1, Although positive asso-
ciations of these cancers have been
suggested in some studies,?*-3%41-43
other studies have not shown an
effect.*=** Only mortality from me-
sothelioma showed a statistically sig-
nificant increase, and that was seen
among employees who had worked
at least 1 year in maintenance jobs
and among the group of employees
with 10 or more years in potentially
exposed jobs with 20 years since
their first maintenance job at DPMC.

One weakness in our assessment
of mesothelioma was the lack of
information about jobs before join-
ing or after leaving the facility, or
both. Of the 13 deaths from mesothe-
lioma identified in the maintenance
group at Deer Park, previous work
histories were available for only 6 of
them. Notably, two employees had
worked as pipefitters, one at a ship-
yard and the other at another refin-
ery. Both workers had potential
exposure to asbestos, particularly the
one who worked for the shipyard,
where he likely encountered signifi-
cantly greater asbestos exposure be-
fore working at DPMC.

The lack of increase of lung cancer
among employees who had the great-
est potential for asbestos exposure in
this population has been documented
previously.”® Similar findings have
also been reported in many other
studies on petroleum workers.>'”
This observation might suggest that
mesothelioma can be induced at a
lower cumulative exposure than is
needed for induction of lung cancer,
although other factors may also play
a role.*’
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" In summary, after more than half a

‘cen
this

tury of follow-up, employees at
facility continue to show a more

favorable mortality than does the
general local population. Although
mortality from leukemia associated
with benzene exposure in this indus-

try

has been a concern, no statisti-

cally significant increase of overall
leukemia or any of the specific cell
types was found. The increased rate
of mesothelioma is probably related
to past exposure to asbestos, since

the

latent period for this disease is

approximately 40 years. The non-
significant increase of cancer of the
large intestine is likely a chance oc-
currence after reviewing the detailed
individual work histories.
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