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Abstract
Objective—To examine patterns of mor-
tality for specific causes of death with
increases in the Texaco mortality study to
determine if the patterns are related to
employment in the petroleum industry.
Methods—Mortality patterns by duration
of employment in various job groups were
examined for mesothelioma, non-
Hodgkin’s lymphoma, multiple myeloma,
cell type specific leukaemia, and brain
tumours.
Results—Mortality from mesothelioma
was examined for the total cohort and for
two maintenance groups with the greatest
potential for exposure to asbestos. The
insulator group had a standardised mor-
tality ratio (SMR) of 3029, and a larger
group consisting of insulators, carpenters,
labourers, electricians, pipefitters, boiler-
makers, and welders had an SMR of 411.
The mortalities from mesothelioma in-
creased with increasing duration of em-
ployment. Mortality was lower for those
first employed after 1950. An analysis of
all brain tumours for the total cohort and
some job and unit subgroups resulted in
an SMR of 178 for those employed on the
units related to motor oil and 166 for those
employed as laboratory workers. Mor-
tality from brain tumours in both of these
job groups was higher for those employed
>5 years in the group. An analysis of non-
Hodgkin’s lymphoma showed no consist-
ent patterns among the various
employment groups. Mortality from mul-
tiple myeloma was non-significantly in-
creased among people employed on the
crude (SMR=155) and fluid catalytic
cracking units (SMR=198). Leukaemia
mortality was not increased for the total
cohort, and a cell type analysis of leukae-
mia mortality for the total cohort showed
no significant increases for the major cell
types. However, there were significant
increases for acute unspecified leukaemia
(SMR=276) and leukaemia of unknown
cell type (SMR=231).
Conclusions—Analyses of specific causes
of death by duration of employment in
various job and process units did not show
any patterns which suggest that, other
than for mesothelioma, any of these
increases in mortalities were likely to have
resulted from workplace exposures or

from employment at one of the places
included in the Texaco mortality study.
(Occup Environ Med 1999;56:174–180)
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A recent report presented the 1947–93 pat-
terns of mortality for the workers of the Texaco
mortality study employed for >5 years at com-
pany refineries, petrochemical plants, and
research laboratories.1 The study cohort con-
sisted of over 28 840 workers, and the results
showed that the overall mortality and most
cause specific mortalities were lower than those
of the general United States population. The
patterns of mortality for the job and process
units were similar to those for the overall
cohort. However, there were a few increases
that were found consistently in several of the
analysis subgroups, were significantly in-
creased, or have been found in other studies of
petroleum industry workers.

Significant increases for cancer of other lym-
phatic tissue, which includes both lymphoma
and multiple myeloma, were reported in the
earlier study of workers employed on the fluid
catalytic cracking unit and on the crude stills.
Non-significant increases were also found for
several other job and unit combinations. Mor-
tality from non-Hodgkin’s lymphoma and
multiple myeloma were examined separately to
reflect more recent classifications of these
diseases.

The total cohort of white men showed a sig-
nificant excess for benign and unspecified neo-
plasms, and the excess was also noted in some
of the job and unit analyses, especially for those
ever employed in laboratories or on the motor
oil units. Twenty one of the 41 deaths in the
benign and unspecified neoplasm category
were from benign and unspecified neoplasms
of the brain. Brain cancer mortality was also
increased for those ever employed in laborato-
ries or on the motor oil units. Therefore,
further analyses of all brain tumours (malig-
nant, benign, and unspecified combined) by
job and unit combinations were carried out.

A recent publication by Tsai et al2 showed
that a group of maintenance workers defined
by their potential for exposure to asbestos had
a significant excess of mesothelioma. There-
fore, it was decided to examine mortality from
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mesothelioma for several job groups with the
potential for exposure to asbestos.

An investigation of the mortality for leukae-
mias of specific cell types was also performed.
Refinery workers have the potential to be
exposed to benzene which has been associated
with an increased risk of acute myelogenous
leukaemia at high exposure levels.3 Wong and
Raabe4 recently conducted a meta-analysis of
leukaemia by cell type in petroleum industry
cohorts but found no significantly increased
risks for any cell type, including acute myelog-
enous leukaemia. Satin et al5 found an excess of
acute lymphocytic leukaemia in a recent cohort
mortality study at a large refinery next to the
largest factory included in the Texaco mortality
study. However, there was no exposure-
response relation, and the authors also found a
large deficit for chronic lymphocytic leukae-
mia.

Methods
The expected numbers of deaths were obtained
by multiplying the person-years for each
subgroup analysed by the United States
mortalities. Standardised mortality ratios
(SMRs) were calculated as the ratio of the
observed and expected numbers of deaths for
specific causes multiplied by 100. The SMRs
were tested for statistical significance with
Poisson based 95% confidence intervals (95%
CIs) assuming a two sided test. The SMRs
were calculated for those people ever employed
in the job and unit group of interest, and if
there were suYcient numbers of deaths, for
those people who were employed in the job and
unit group for >5 years. The SMRs were also
calculated by the period in which first employ-
ment occurred.

ANALYSIS OF DEATHS FROM MESOTHELIOMA

Mesothelioma does not have a specific code in
the eighth revision of the international classifi-
cation of diseases (ICD-8) that can be used to
identify the deaths from this cause. Instead,
depending on the phrasing of the death certifi-
cate, mesothelioma can be coded as a respira-
tory cancer (ICD-8 codes 162.1, 163, 163.0, or
163.9), a malignant neoplasm without mention
of site (ICD-8 codes 199, 199.0, or 199.1), a
benign respiratory disease (ICD-8 codes
212.3, 212.4, or 228), or a malignant neoplasm
of the peritoneum (ICD-8 code 158). Death
certificates for the Texaco mortality study
cohort with any of these ICD-8 codes either as
the underlying or as a contributory cause of
death were reviewed. Those death certificates
with any mention of mesothelioma were
defined as a case.

Because mortalities for mesothelioma have
not been published, the 1973–80, 1985–8, and
1988–91 surveillance, epidemiology, and end
results programme of the National Cancer
Institute mesothelioma incidences were used.
As mesothelioma is almost always fatal, the
incidences were assumed to be the same as the
mortalities. It was assumed that the rates in the
1950s and 1960s were one quarter and one
half, respectively, the rates for the 1970s. These
assumptions were the same as those used for

the recent report by Tsai et al2 and are based on
the pattern of incidences from the Connecticut
tumour registry.6

Mortality from mesothelioma for the total
cohort of white men was examined as well as
the mortality in two job groups with the great-
est potential for exposure to asbestos. The first
job group consisted of people ever employed as
insulators. The second group included people
ever employed as insulators, pipefitters, weld-
ers, boilermakers, carpenters, electricians, and
labourers, a grouping similar to that reported
recently.2 The mesothelioma patterns were
examined for these groups by duration of
employment and by time first employed in the
job group.

ANALYSIS OF LYMPHOHAEMATOPOIETIC DEATHS

The combined categories of lymphohaemat-
opoietic cancers in the published United States
mortalities prevented analyses of these causes
of death as separate entities. For example, lym-
phosarcoma and reticulum cell sarcoma com-
prise one category, whereas multiple myeloma,
lymphoma, and polycythemia vera are grouped
in another category. Haematologists recom-
mend that lymphosarcoma and reticulum cell
sarcoma should be grouped with lymphoma to
make a non-Hodgkin’s lymphoma category
and that the other causes of lymphohaemat-
opoietic cancers should be examined separately
(Irons R, 1995; personal communication).
Also, all of the leukaemias are grouped together
in the published United States mortalities
although the diVerent cell types are diVerent
diseases and can have diVerent aetiologies.

Mortalities for the period 1964–92 for mul-
tiple myeloma, leukaemia by cell type, and
lymphoma were obtained from the mortality
and population data system maintained by the
University of Pittsburgh Department of
Biostatistics.7 The rates for the years before
1964 were assumed to be the same as those for
1965–9. The rates for unspecified leukaemia
for the years 1980–92 were assumed to be the
same as those for 1975–9. The rates for
lymphosarcoma and reticulum cell sarcoma
from Monson’s program8 were added to the
lymphoma rates to give mortalities for non-
Hodgkin’s lymphoma. The mortalities for each
of the causes of death of interest were then
multiplied by the person-years for the sub-
groups to give the expected numbers of deaths
for the specific cause of interest.

ANALYSIS OF DEATHS FROM BRAIN TUMOURS

Because several of the deaths from benign and
unspecified neoplasms in the previous report
on this cohort1 were categorised as benign and
unspecified brain tumours, United States mor-
talities for these two categories of death were
also obtained from the University of Pittsburgh
mortality and population data system. The
rates were added together, and the rates for the
years before 1964 were assumed to be the same
as those for 1965–9. These rates were then
multiplied by the person-years for the various
groups of interest. Observed and expected
numbers of deaths from brain tumours were
added to those for cancer of the brain and
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central nervous system to calculate an overall
brain tumour SMR. The SMRs were calcu-
lated for the total cohort and for the job and
unit groups where increased SMRs for either
brain cancer or benign and unspecified neo-
plasms were found in the overall analysis.1

Results
MORTALITY ANALYSES OF MESOTHELIOMA

There were 44 deaths with any mention of
mesothelioma on the death certificate. For all
but one of these, mesothelioma was the under-
lying cause of death. All but eight of the
decedents were first employed before 1 January
1950, and for all, at least 30 years had elapsed
between the time they were first employed and
the date of death. The mesothelioma SMR for
the total cohort was 297 which was significant.
There were 11 deaths from mesothelioma for
those employed as insulators for >1 year
(SMR=3029, 95% CI 1510 to 5420) and 29
deaths for those employed as insulators,
pipefitters, welders, labourers, boilermakers,
electricians, or carpenters for >1 year
(SMR=411, 95% CI 275 to 590).

Table 1 shows the SMRs for mesothelioma
for all white men and for the two exposure
groups by duration of employment in the
group and by time first employed. Almost all of
the SMRs were significantly increased and cor-
responded with increasing duration of employ-
ment in each group. The highest SMRs are
found among people employed as insulators for
>20 years (SMR=9916). The SMRs were
higher for people first employed in either of the
job groups before 1950. Increased SMRs were

also found for those people first employed after
1950 and were significant for the group of
insulators.

Several of the deaths from mesothelioma
were originally coded as primary lung cancer
deaths (an ICDA-8 code of 162.9 for the
underlying cause of death), and increased
mortality from lung cancer has also been asso-
ciated with exposure to asbestos.9 Table 1 also
shows the SMRs for lung cancer with the mes-
othelioma deaths with an ICDA-8 of 162.9
excluded for the two exposure groups defined
by duration of employment. Only the subco-
hort of insulators had a mortality that
increased slightly with duration of employ-
ment in the group. None of these SMRs was
significant. For the larger exposure group, the
SMRs increase with duration of employment,
but all are <100. There was a non-significant
increase for lung cancer for those first
employed as insulators before 1950
(SMR=159) but a large deficit for those first
employed in 1950 and after (SMR=60). No
information on the smoking histories of the
cohort was available.

MORTALITY ANALYSES OF BRAIN TUMOURS

There were 21 observed deaths and 15.5
expected from benign and unspecified brain
tumours, resulting in an SMR of 135 (not sig-
nificant). There were 64 observed deaths and
59.5 expected from cancer of the brain and
central nervous system. Combining all such
tumours gave 85 observed deaths and 75
expected, for an SMR of 113 (table 2).
Observed and expected deaths from brain
tumours were compared for persons employed
in maintenance (SMR=110); in receiving,
pumping, and storage (SMR=101); as a
pipefitter (SMR=100); as laboratory staV
(SMR=166); and on the motor oil units
(SMR=178). The total cohort SMRs for those
first employed before 1950 and for those first
employed in 1950 or later were the same
(SMR=113). Mortality from brain tumours for
people employed either in laboratory jobs or on
the motor oil units for >5 years were higher
than for people ever so employed, and the
SMRs were significant (SMRs=185, and 326,
respectively).

Table 1 Texaco mortality study: SMRs for mesothelioma and lung cancer, white men, 1947–93

Mesothelioma Lung cancer

Observed SMR 95% CI Observed SMR 95% CI

Total cohort 44 297 216 to 399 537 67 61 to 73
Insulators (duration of employment):

0 to 4 y 4 571 153 to 1462 31 77 52 to 110
5 to 19 y 1 714 9 to 3974 10 133 63 to 245
>20 y 10 9916 447 to 18237 7 128 51 to 264
Before 1950 9 4586 2092 to 8706 18 159 94 to 251
1950 And after 2 1200 134 to 4335 5 61 20 to 141

Insulators, pipefitters, welders, labourers, boilermakers,
electricians, carpenters (duration of employment):

29 411 275 to 590

0 to 4 y 14 239 131 to 402 219 68 59 to 78
5 to 19 y 7 322 129 to 664 91 75 60 to 92
>20 y 16 1053 601 to 1710 75 89 70 to 112
Before 1950 25 470 304 to 694 238 78 69 to 89
1950 And after 4 230 62 to 591 52 61 45 to 80

Table 2 Texaco mortality study: SMRs for brain tumours, white men, 1947–93

Observed Expected SMR 95% CI

Total cohort:
Ever 85 75 113 90 to 140
Employed before 1950 62 54.8 113 86 to 145
Employed 1950 and after 23 20.2 113 72 to 170

Maintenance:
Ever 61 55.1 110 84 to 142

Laboratory staV:
Ever 19 11.4 166 99 to 259
Employed >5 y 15 8.1 185 103 to 305

Receiving, pumping, and storage:
Ever 11 10.9 101 50 to 181

Pipefitter
Ever 15 14.9 100 56 to 165

Motor oil unit:
Ever 11 6.2 178 88 to 319
Employed >5 y 8 2.5 326 140 to 643
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MORTALITY ANALYSES OF NON-HODGKIN’S
LYMPHOMA

Table 3 shows the results of the analysis of
deaths from non-Hodgkin’s lymphoma. Ob-
served and expected deaths from lymphosar-
coma, reticulum cell sarcoma, and lymphoma
combined were similar for the total cohort
(SMR=88) and for those employed in mainte-
nance (SMR=87), in receiving, plumbing, and
storage (SMR=118), on a process unit
(SMR=73), on the delayed coking unit
(SMR=86); on the crude unit (SMR=122);
and as a pipefitter or boilermaker (SMR=72).
The SMRs are similar for those first employed
before 1950 (SMR=87) and first employed
1950 and after (SMR=95). For those ever
employed on the fluid catalytic cracking unit,
the SMR was 155, but it decreased to 118 for
those employed on the fluid catalytic cracking
unit >5 years. None of these SMRs was
significant.

MORTALITY ANALYSES OF MULTIPLE MYELOMA

Table 3 also shows the results of the analysis of
multiple myeloma. The observed and expected
deaths were about the same for the total cohort
(SMR=101); people employed in maintenance
(SMR=112); employed in receiving, plumbing,
and storage (SMR=118); and employed on a
process unit (SMR=79). Similar results were

seen for those first employed before 1950
(SMR=103) and first employed in 1950 and
after (SMR=91). For those employed on the
fluid catalytic cracking unit, the SMR was 198,
and it rose to 270 for those employed on the
fluid catalytic cracking unit>5 years. For those
employed on the crude unit, the SMR was 155,
increasing to 172 for those employed on the
crude still>5 years. Four of the decedents were
employed on both the fluid catalytic cracking
unit and the crude unit. For those employed as
a pipefitter or boilermaker, the SMR was 153;
however, there were no deaths from multiple
myeloma among people employed as pipefit-
ters or boilermakers for >5 years. For those
employed on the delayed coking unit the SMR
was 196, but there was only one death among
those employed on the delayed coking unit for
>5 years. These SMRs for multiple myeloma
were not significant.

MORTALITY ANALYSES OF LEUKAEMIA BY CELL

TYPE

The SMRs were calculated for the cell type
specific leukaemias where there are at least four
deaths (table 4) for the total cohort and for
those first employed before and after 1950. All
but one of the cell type groups showed deficits
in the group first employed in 1950 and after.
The mortality for acute lymphocytic leukaemia
was the same as expected (SMR=101), and all
of the acute lymphocytic leukaemia deaths
occurred in people first employed before 1950
(SMR=133). There was a deficit for chronic
lymphocytic leukaemia (SMR=80) with 13 of
those deaths occurring in people first employed
before 1950 (SMR=82) and two in those
employed in 1950 and after (SMR=72).

The SMR for acute myelogenous leukaemia
was 129. Nineteen of the 20 deaths occurred in
people first employed before 1950
(SMR=155), and there was a deficit among
people first employed in 1950 and after
(SMR=30). Mortality from chronic myelog-
enous leukaemia was essentially the same as
expected (SMR=105). Ten of the 12 deaths
occurred in people first employed before 1950
(SMR=116), and there was a deficit of chronic

Table 3 Texaco mortality study: SMRs for non-Hodgkin’s lymphoma and multiple myeloma, white men, 1947–93

Non-Hodgkin’s lymphoma Multiple myeloma

Observed SMR 95% CI Observed SMR 95% CI

Total cohort:
Ever 74 88 69 to 111 36 101 70 to 140
Employed before 1950 56 87 65 to 113 30 103 69 to 147
Employed 1950 and after 18 95 56 to 151 6 91 33 to 199

Maintenance:
Ever 54 87 65 to 114 30 112 76 to 161

Operators:
Ever 37 73 51 to 101 17 79 46 to 126

Fluid catalytic cracking unit:
Ever 13 155 82 to 265 7 198 79 to 408
Employed >5 y 6 118 43 to 258 6 270 98 to 589

Receiving, pumping and storage:
Ever 14 118 64 to 198 6 118 43 to 258

Pipefitters, boilermakers
Ever 15 72 40 to 119 14 153 84 to 258

Delayed coking unit:
Ever 6 86 31 to 188 6 196 71 to 427
Employed >5 y 1 156 2 to 873

Crude stills:
Ever 16 122 70 to 199 9 155 70 to 294
Employed >5 y 5 172 55 to 401

Table 4 Texaco mortality study, SMRs for leukaemia by cell type, white men, 1947−93

Observed Expected SMR 95% CI

Total cohort:
Acute lymphocytic (ALL) 5 4.9 101 32 to 235
ALL, employed before 1950 5 3.8 133 42 to 311
Chronic lymphocytic (CLL) 15 18.6 80 45 to 133
CLL, employed before 1950 13 15.8 82 43 to 140
CLL, employed 1950 and after 2 2.8 72 8 to 262
Acute myelogenous (AML) 20 15.5 129 78 to 199
AML, employed before 1950 19 12.2 155 93 to 243
AML, employed 1950 and after 1 3.3 30 0 to 168
Chronic myelogenous (CML) 12 11.4 105 54 to 183
CML, employed before 1950 10 8.6 116 55 to 214
CML, employed 1950 and after 2 2.8 70 7 to 254
Acute unspecified (AUL) 15 5.4 276 154 to 455
AUL, employed before 1950 13 4.7 276 147 to 472
AUL, employed 1950 and after 2 0.7 273 30 to 986
Cell type unspecified (UL) 15 6.5 231 129 to 381
UL, employed before 1950 14 5.3 262 143 to 440
UL, employed 1950 and after 1 1.1 87 1 to 486
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myelogenous leukaemia among people first
employed in 1950 and after (SMR=70).

There were significant excesses for acute
leukaemia, unspecified (SMR=276), and for
leukaemia cell type unspecified (SMR=231).
For acute leukaemia, unspecified, the SMR was
essentially the same among people first em-
ployed before 1950 and those first employed in
1950 and after (SMRs=276 and 273 respec-
tively). For leukaemia, cell type unspecified, the
SMR was increased for those first employed
before 1950 (SMR=262), but for those first
employed in 1950 and after, there was a deficit
(SMR=87).

Discussion
There was a significant increase in mortality
from mesothelioma for the total cohort which
was higher for people employed in mainte-
nance subgroups based on their potential for
exposure to asbestos. Although the increase
was highest for people employed as insulators,
mortality rose in all of the maintenance groups
with increasing employment in that group. An
examination of mortality by time first em-
ployed showed that the SMRs were highest for
people first employed in any of the subgroups
before 1950. Almost all of the cohort’s
increased mortality from mesothelioma was
limited to the maintenance subgroups, espe-
cially insulators. There were only seven deaths
from mesothelioma versus 5.3 expected
(SMR=130) for those never employed in the
maintenance subgroup and only two versus 3.9
(SMR=51) for those never employed in any
maintenance job.

The finding of excess mortality from mes-
othelioma in this cohort was not unexpected.
Materials containing asbestos were used in the
past as thermal insulation for various vessels
and pipes in refineries. There were no indus-
trial hygiene sampling data about the levels of
exposure to asbestos for the various crafts until
the 1970s, and by that time work practices for
asbestos handling had already been modified.
However, insulators would have had the
highest potential for exposure, followed by
workers in other crafts who had to work with
insulation to accomplish their tasks.

Several other petroleum industry studies
have also shown increased mortalities for mes-
othelioma in refinery workers.2–5 Other studies
of refinery workers have not identified excess
deaths from mesothelioma. Collingwood et al13

found two deaths from mesothelioma versus
2.3 expected at the Mobil Paulsboro refinery,
and Raabe et al14 found one death from
mesothelioma versus 3.2 expected at the Mobil
Beaumont refinery.

Although mesothelioma is known to be asso-
ciated with asbestos exposure in the shipbuild-
ing industry,6 it is unlikely that much of the
excess found in this cohort was associated with
exposures in this industry during the second
world war. No information on previous em-
ployment was available. However, even if all
people who had the potential to be employed in
shipbuilding during the second world war were
excluded, the SMRs are still significantly
increased.

Because of the lack of mortalities for
mesothelioma and of a specific ICD code for
this cause of death, the comparability of the
mesothelioma SMRs among all these studies is
unknown other than with the study by Tsai et
al.2 Our comparison mortalities were the same
as those used in that study as was the definition
of the maintenance subgroup. It is unknown
why some of the refinery studies show lower
than expected SMRs for mesotheliomas.

No increase in mortality from lung cancer
was found in the larger maintenance subgroup.
There was, however, a small increase in lung
cancer mortality for those employed as insula-
tors which rose with increasing duration of
employment. The increases were small and not
significant. There was a deficit of lung cancer
mortality among those first employed in 1950
and after for both groups. No histories on
smoking were available to indicate whether
these increases were primarily found in smok-
ers.

The SMR for all brain tumours for the total
cohort (113) was similar to that reported for
cancer of the brain and central nervous system
(108) in the earlier report.1 The highest SMRs
for all brain tumours combined were 178 for
people ever employed on any of the motor oil
units and 326 for people employed on these
units for>5 years. These results were similar to
those for cancer of the brain and central nerv-
ous system where the SMRs were 164 and 314,
respectively. An SMR for brain tumours of 166
was found for people ever employed in research
or quality control laboratories and it was 185
for people employed as laboratory staV for >5
years. Again, these SMRs were similar to those
for cancer of the brain and central nervous sys-
tem where the SMRs were 142 and 169,
respectively. Thus, other than increasing the
number of deaths, combining all brain tumours
together did not change the pattern of results
found for the category of cancer of the brain
and central nervous system alone.

There were no specific chemical exposures
that might be common to the motor oil unit
and the laboratory, and that have been
associated with brain tumours. In any event,
laboratory practices have changed dramatically
over the past 30 years and exposure potentials
have declined steadily through the automation
of test procedures and advances in the design
of laboratory ventilation. Similar decreases in
exposure levels have also been achieved on
operating units through the use of engineering
controls and enhanced work practices.

With Texas death rates as the comparison,
Satin et al5 found an increase in benign and
unspecified brain tumours at the Gulf/Chevron
Port Arthur refinery. The SMR was much
lower when United States death rates were
used. A previous report on brain tumours in
the Port Arthur refinery cohort15 discussed the
problems associated with diagnostic errors of
brain tumours. Errors occur more often among
inaccessible tumours—such as those occurring
in the liver, brain, or pancreas. A potential for
more accurate and complete reporting of brain
tumours in occupational groups as a result of
diagnostic sensitivity bias has also been dis-
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cussed in several previous investigations.16–18

Diagnostic sensitivity bias is one reasonable
explanation for the increased SMR of 113 for
brain tumours for the overall Texaco mortality
study cohort.

The causes of malignant and benign brain
tumours are still largely unknown.19 Within the
general population of the United States, the
recorded cases of, and deaths from, cancers of
the brain and central nervous system have been
rising slightly since the 1970s.20 Some or all of
these increases are thought to result from the
advent of computed tomography, magnetic
resonance imaging, and other techniques that
have led to improvements in the detection of
previously undiagnosed or misdiagnosed cases
of brain tumours.

The few established risk factors for brain
tumours account for only a small proportion of
cases. Genetics plays a part,21 and ionising
radiation to the head is a strong, but rare, risk
factor.22 23 The only occupational exposure
linked to increased risk of brain cancer is expo-
sure to high concentrations of vinyl chloride,24

which was not present at any of the Texaco
mortality study locations. For dozens of
occupational groups, slight, inconsistent excess
risks of brain cancer have been reported by
various investigators, but no convincing asso-
ciations, certainly not specific causative agents,
have been identified.19

The analysis of the SMRs for non-Hodgkin’s
lymphoma for the total cohort and for the job
and process unit groups shows primarily
deficits and slight increases. The only job
group with a noticeable increase for non-
Hodgkin’s lymphoma is the fluid catalytic
cracking unit (SMR=155), but the SMR
decreases to 118 for those employed on the
fluid catalytic cracking unit for>5 years. Thus,
the increased SMRs found in the previous
report1 for cancer of other lymphatic tissue
among people employed on the fluid catalytic
cracking unit or the crude stills were not related
to increased mortality from non-Hodgkin’s
lymphoma.

However, the SMR for multiple myeloma for
people ever employed on the fluid catalytic
cracking unit was 198, and it increased to 270
for those people with>5 years on this unit. For
people ever employed on a crude unit, the
SMR was 155, increasing to 172 for those peo-
ple with >5 years on this unit. The increases
for the groups employed for>5 years in the job
are based on only six and five deaths,
respectively, and some of these were employed
on both units.

The SMR for multiple myeloma among
those employed on the delayed coking unit for
>5 years was lower than for the 1 year group,
and there were no deaths from multiple
myeloma in the group of pipefitters and boiler-
makers employed for >5 years. There were no
specific exposures associated with employment
on the fluid catalytic cracking unit or crude
stills which have been associated with multiple
myeloma. Also, there was no evidence that
multiple myeloma was increased in petroleum
workers overall. Wong and Raabe25 carried out
a meta-analysis of multiple myeloma in a mul-

tinational cohort of over 250 000 petroleum
workers. The SMR for multiple myeloma was
93, and there was no pattern by duration of
observation.

The analysis of leukaemia by cell type
showed a non-significantly increased SMR for
acute myelogenous leukaemia for white men
overall, which was limited to those people first
employed before 1950. Because many of the
deaths from leukaemia do not have a specific
cell type mentioned on the death certificate,
this resulted in significant excesses of both
acute leukaemia and leukaemia, cell type
unspecified. More detailed information about
the specific cell type of leukaemia would reduce
the increases in the unspecified categories, and
increase the SMRs in some or all of the catego-
ries specific for cell type. However, although
death certificates are considered to be highly
accurate in their diagnosis of leukaemia,26 the
accuracy of the information specific to cell type
is much lower. It would be better to have access
to hospital and pathological information, but
that is not possible in a study of this type. A
meta-analysis of leukaemia by cell type in
workers in the petroleum industry4 did not
show increased SMRs for acute myelogenous
leukaemia or any of the other leukaemia cell
types.

Although employees’ complete work histo-
ries were used for these cause specific analyses,
information about the specific chemicals asso-
ciated with each of the job and unit combina-
tions was not available, nor was there any
industrial hygiene sampling data covering the
first 30 years of the study. (For information
about potential exposures associated with the
jobs and units, see table 1 in the previous
report1.) Jobs and units with similar responsi-
bilities were grouped together for the analyses
as a surrogate for exposures, but provided little
information to link exposure and outcome.

Patterns of mortality were examined by time
first employed to determine if the patterns had
changed over time. Although many groups
showed much lower SMRs for those more
recently employed, in many cases the number
of observed deaths was so small that the results
were diYcult to interpret.

Conclusion
Further analyses of specific causes of death by
duration of employment in various job and
process units did not show any patterns which
would suggest that, other than for mesothe-
lioma, any of these increases in mortalities were
likely to result from either workplace exposures
or employment at one of the locations included
in the Texaco mortality study. The brain
tumour rates in people employed in the motor
oil units and the laboratories and the rates for
multiple myeloma in those employed on the
fluid catalytic cracking units rose with increas-
ing duration of employment in these jobs.
However, there was no known exposure
common to these jobs which had been
associated with brain cancer or multiple
myeloma, nor has an increased risk of these
causes of death been consistently found in
other studies of petroleum workers. There was
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only a slight and non-significant increase in the
SMR for acute myelogenous leukaemia which
is the only leukaemia cell type associated with
benzene exposure. The increase in mesothelio-
mas has been found in other studies of refinery
workers, and it rose steadily with duration of
employment. The rate for mesothelioma was
higher among those first employed >45 years
ago and those employed in job groups with
greater potential for exposure to asbestos.
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