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Critical Review of Cancer Epidemiology in
Petroleum Industry Employees, With a
Quantitative Meta-Analysis by Cancer Site

Otto Wong, ScD, FACE, and Gerhard K. Raabe, DrPH, MS

A critical review of clese to 100 published and unpublished but otherwise available
epidemiologic reports of pewoleurn industry employees from the United States, United
Kingdom, Canada, Europe, Australia, and Japan was conducted. Analyses by duration
of employment and latency are discussed, and summary standardized mortality ratios
(SMRs) or meta-SMRs are developed for selected cancer sites. Findings indicate that the
industry experienced 2 significantly lower cancer mortality than the general population
for all cancer sites combined, digestive systemn, stomach, and ling. For the industry as
a whole, SMRs similar to the general population were observed for skin, brain,
pancreatic, prostatic, and kidney cancers. However, some data indicate that certain
small groups within the industry might have elevated prostatic and kidney cancer risk.
This review supports the conclusion that some refinery employees, particularly those
employed before the 1940s, may have been at increased risk of leukemia. There is some
indication that cancer of other lymphatic tissue may also be elevated. Unresolved issues
affecting these conclusions are discussed. and specific directions for future research are
offered.
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INTRODUCTION

A large number of epidemiologic studies of workers in the petroleum industry
have been conducted. Although these studies differ in design, size, and length of
follow-up, they examine the mortality pattern of workers with similar ‘eXposures,
including refinery process strearns chemically similar in composition to commercial
gasoline. These workers were exposed to a higher concentration and for a longer
duration than the general public. Therefore, these studies represent the best available
data on human effects of exposure to gasoline hydrocarbons.

Although several epidemiologic reviews have appeared [Raabe, 1983; Savitz
and Moure, 1984; EPA, 1987; Harrington, 1987}, none of these reviews examined
the complete literature systematically or provided a quantitative meta-analysis. The
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284 Wong and Raabe

purpose of this review is to examine critically this literarure and to develop a
quantitive assessrnent (meta-analysis) of the site-specific cancer mortality patterns
that emerge from these studies.

Close to 100 published articles and unpublished but otherwise available reports
from the United States, United Kingdom, Canada, Europe, Australia, and Japan have
been reviewed. Particular attention has been directed toward the appropriateness and
adequacy of study design, study subject selection, exposure data, and follow-up of
study subjects. Since we are dealing with the assessment of carcinogenicity of
industrial chemicals, the most appropriate study design is that of a retrospective or
historical cohort mortality study. In a cohort study, the population at risk is defined,
and the exposures (at least in general terms) are relatively well documented. Further-
more, mortality is 2 valid endpoint for most cancer sites. In addition to study design
and data quality, statistical methods have been examined, as well as the validity of
interpretations and conclusions. Our assessment is based on relevant and appropriate
studies. A number of articles were not included in the final assessment because they
were found to be inappropriate or inadequate,

We will first describe briefly the studies used in this review. Table I provides
some of the basic information for the studies reviewed: company, location of facility.
length and period of follow-up, minimurmn length of employment for cohort eligibility,
cohort size, person-years, and the number of deaths. A full report with a summary
and comments on each study is available upon request.

In the United States, the first large-scale industrywide cohort mortality study in
the petroleurn industry was sponsored by the American Petroleum Institute {API) and
conducted by Tabershaw/Cooper Associates [TCA, 1974]. Based on this study, Wong
{1980] reported an analysis of brain tumor mortality, which was not included in the
original TCA report. Subsequently this API refinery study was updated from 1971 to
1980 [Kaplan, 1986]. Also urder the sponsorship of APl was the Memorial Sloan
Kettering Cancer Center (MSKCC) registry of mortality and cancer incidence of 19
oil companies. The results of the first three years of data were reported by Schotten- .
feld et al. [1981].

A large number of studies on refinery workers have been conducted or spon-
sored by individual oil companies in the United States. Although the majority of the
studies were historical cohort mortality studies in design, a small number of studies
was actually based on a limited- length of follow-up. From the methodological point
of view, théseé studies fall into a Hybrid cdtegory between the traditional cohort
(longitudinal) study and a cross-sectional survey.

The individual company studies that fall into the hybrid category include the
AMOCO companywide study [Nelson, 1985]; the Exxon study of the Baton Rouge
refinery [Hanis et al., 1982); the Exxon study of the Baton Rouge., Baytown, and
Bayway refineries and cherical plants [Hanis et al., 1985a,b}; and the two Shell
studies of the Wood River [McCraw et al., 1985) and Deer Park [Joyner, 1983]
refineries. As indicated in Table I, the follow-up was relatively short for these studies
with the hybrid design. In most cases, the start date of the follow-up period coincided
with the date of the computerization of personnel records. This type of study,
although limited from a methodological point of view, was relatively quick and less
expensive.

The traditional cohort mortality study, with a much longer follow-up, requires
the time-consuming task of manuallv coding both the demogranhic and work historv
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TARLE 1, Description of Cohort Studies in the Petroleum Industry

Follow-up  Lenpth  Minimum  Cehart Person Toal
Authorl/year Company Favility perind yeurs  empinyment  size years alenthe
Tahershaw Cnoper Asee Industry wide 17 refincries 1962187} th Phyenrs 200163 137,183 [ InS
11974
Wang [19RD} Industrywide 17 refineries 1962-1971 1D {4 years 20,163 137,15} 1165
Kaplan | 1986] Industrywide 17 refineries 1962-1980 19 Vyours  2L163 297,591 V9
Schotenfeld et al. {19K1] 19 companies Refinerier and other facifitios 1977-1979 3 none  S5AW7 1226007 N2
Nelson {1985} AMOCO 10 refineries 19701982 13 64 months 10,763 104,954 =K}
Wang et al. { 1986) Chevron Richmond. Il Sepuado 19501980 31 f4years 14179 266 470 2,292
Refineries
tlanis et ol [19R2} Exxun Baton Rosge Refinery 1970-1977 ) T +runth  RO666  52.79] 11w
Hanis et al. [ {9RSa] Exxtwn Baton Rouge. Haylown, 19701977 8§ Fanonths 21,098 137702 VY8
Bayway Relinerics
Wen et al {1983} Gult Port Artiwr Relinery 19371978 42 None 15,005 372,508 4.269
Wen et al. {1984¢] Guf Port Arthur Refinery 1937~-1983 47 Nene 15095 427,394 5470
Morgan and Wong] 1984} Mobil Beaumont Refinery 1945-1979 35 14 years 6,139 123,354 |.582
Morgen and Wong| 195} Mabil Paulsborn Refinery 19461979 34 | + years 4,263 1164
Enterine snd Hendernon Mubil Torance Relinery 19591978 20 1 4 years 1621 250
119K5]
MeCraw et al. [19R5] Shell Wood River Refinery 1973~1982" 10 None 1976 Oat
Jayner [19R)Y] Sheli Deer Park Refinery 1973~1981 4 Nune 7
Divine et al. {1985} Texaco 13 refineries 4 uther facitities  1947-1977 3% S+years 19,077 158.02¢ 4.024
Divine und Baron | {987} Texaco Production + pipcline 1946-1980 35 G 4anonths 11,098 220,414 | .KRa
Rushiun nnd Alderson | 19812} Industrywide 8 UK refineries 19501975 26 1 byesrs  34,7R1 S75.9H2 4,406
Rushton and Alderson | 1981} 3 companies UK distribulion venters 1950~1975 206 P4years 23,306 397.56v 196
Hanis ot 8!, [1979} Imperial Oit  Refineries and vther faciities 19641973 107 Styears 15032 B2US7 15K
Thériault and Goulet [1979] Shelt Canada Easl Montresl Refinery 19281975 4% 5 Fyears 1.205
‘Thériault and Provencher Shell Canada  East Mongreal Refinery 19281981  S4 S 4 years 1,207 25,224 115
{1987)
Chiristie [1987) Industrywide Ol companics in Australia 19811986 65+ years 10.489 40.214 133
Naksmura (1287} Industrywide 51 Japanese refineries 1961-1981 2! I4years 19,475 19.476 451
e -
. [P
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information of the cohort members, usually in the range of several to tens of
thousands. Included in this category are the studies of the Chevron Richmond and El
Segundo refineries [Wong et al., 1986); the Gulf Port Arthur refinery (Wen et al.,
1983, 1984a]; the Mobil Beaumont [Morgan and Wong, 1984], Paulsboro [Morgan
and Wong, 1985], and Torrance refineries {Enterline and Henderson, 1985]; and the
Texaco companywide study [Divine et al., 1985; Divine and Barron, 1986, 1987].

These cohorts have also generated a number of reports based on specific
subcohort analyses. For example, the Gulf Port Arthur data were the bases for two
subcoherts: employees assigned to the benzene [Tsai et al., 1983) and to the MEK
dewaxing units [Wen et al., 1985]). Based on the cohort data, a few nested case-
coantrol studies have also been conducted. An example was the leukemia study on the
Shell employees at the Wood River refinery [Austin et al., 1986].

In Britain, an industrywide study of eight refineries was conducted [Rushton
and Alderson, 1981a]. A subsequent case-control study of leukemia was carried out
within this cohort [Rushton and Alderson, 1981b]. A study consisting of employees
at the distribution centers of three comipanies in England was also conducted by the
same investigators [Rushton and Alderson, 1983].

There are also a number of cohort mortality studies of refinery workers from
Canada, Australia, and Japan. Hanis et al. [1979] reported the mortality experience
of the Imperial Oil (Canada) employees at several refineries and other facilities. The
Thériault and Goulet [1979] report was based on the mortality experience of the Shell
East Montreal refinery. which was subsequently updated by Thériault and Provencher
[1987]. The Australian study was based on the first 3 years of mortality data
accumulated in the prospective registry in the petroleum industry sponsored by the
Australian Petroleum Institute [Christie, 1987]. Finally, 2 brief report from Japan
described the results of a mortality study of Japanese petroleumn workers sponsored by
the Petroleum Association of Japan [Nakamura, 1987].

The studies described above have been reviewed in detail. However, because of -
the limited space available, detailed comments on specific studies will not be
discussed here. Because of the study design, the defined population at risk, the
availability of mortality rates, the defined exposures, and the completeness and length
of follow-up, these studies were judged to be adequate methodologically and to be of
sufficient quality to form the basis of our assessment below. - :

A number of studies that we have reviewed were excluded from our assessment
because of various serious limitations. Several studies that fell into this category were
proportional mortality ratio (PMR) studies based totally on death certificates available
to union locals {Thomas et al., 1980: Thomas et al., 1982a; Reeve et al., 1982]. In
addition to the well-known methodological deficiencies of PMR studies {[Wong and
Decouflé, 1982; Wong et al., 1985], these particular studies also suffered from
incomplete ascertainment of deaths [Wong and Tabershaw, 1980]. For example, in
the Reeve et al. [1982] study, deaths were identified through local union death
notifications, obituaries, word of mouth, and lists of surviving families to whom
bibles were sent. In the Thomas et al. [1980] study, it was stated that death certificates
for 10% of the deaths identified were not retrieved. Furthermore., employment

hicrAarmoe twwara rmat avnilnhla fre thoaca DAMD condicr anmd tha amalurar veea Heaiend
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Two company-sponsored studies were also excluded from our assessment
because of methodological or data deficiencies. The study conducted by Baird [1967]
on Humble Oil (Exxon) employees was very crude judging by today's standard. The
pumber of deaths reported in that study was likely incomplete, and the estimate of
employees at risk was most likely inaccurate. The Thorpe [1974] study of eight Esso
European facilities was likewise based on incomplete death ascertainment and
inaccurale estimate of population at risk.

In addition to studies conducted on employees in the petroleum industry, there
are also a number of population-based case-control studies that included petroleum or
petroleurn-related occupations in the analysis [McLaughlin et al., 1984; Mommsen et
al., 1983; Lin and Kessier, 1981; McLaughlin et al., 1385; Howe et al., 1980;
Sternhagen et al., 1983]. The relationship between various occupations and cancers
of the bladder, kidney, pancreas, and liver was investigated in these studies. None of
these studies provided adequate information about the nature of exposure or details of
employment. Methodological problems (such as control selection, recall of employ-
- ment histories, adjustment of confounding factors in analysis) further complicated the
interpretation. With the exception of the concern for kidney cancer raised by the API
animal work [MacFarland et al., 1984], none of these cancer sites has been implicated
by occupational studies. These studies were excluded from our final assessment.

RISK ASSESSMENT BY CANCER SITE

In this section, we summarize the epidemiologic data from the cohort mortality
studies on petroleum workers by individual cancer site. If a study had been updated,
the updated data were used. Industrywide studies are not included in the data
summarization, since part of the data overlap those in individual company studies.
Subtohort analyses are not included in the data summarization either, since the data
for the entire study are utilized.

In evaluating the data for causal relationship, some of the criteria set forth by
Hill [1965] are used. In particular, we emphasize, to the extent possible, the strength
of association, consistency of findings, and dose-response relationship. However, our
application of Hill's criteria is limited by the data available from the original srudies.
An overall index for strength of association is a summary standardized mortality ratio
(SMR) or meta-SMR based on all the available appropriate data. A method of
calculating the summary SMR or meta-SMR is given below. In terms of dose-
response relationship, the issue is more complicated. Most of the studies did not
provide any dose-response analysis. Few industrial hygiene data existed in the
industrv prior to the mid-1970s. whereas relevant exposures occurred much earlier. In
some studies, broad exposure categories were used. Some used length of employment
as a surrogate for Jength of exposure. Even for these latter studies, the groupings were
so different that no quantitative summarization can be done without access to the
original data. Thus. dose-response results can only be used in a qualitative manner in
our assessment.

The statistical procedure for data summarization (meta-analysis) consists of
summing up the observed and the expected deaths for a specific cancer site from all
alioihia emdiac and ralenlatine the summary SMR or meta-SMR. (The Hanis et al.

EXX-MOR-003364



288 Wong and Rzabe

the data summarization, thus ‘‘adjusting’’ for individual studies while preserving the
original adjustment using substrata specific to age, sex, race, calendar year, and
country. The summary or meta-SMR is automatically weighted by the size of the
individual studies (observed and expected deaths). Chi-squares are calculated to test
the significance of the summary SMR. Ninety-five percent confidence intervals are
also calculated for the summary SMR (presented in the last table). Similar procedures
have been used in summarizing data in several epidemiologic reviews: ashestos and
gastrointestinal cancer [Morgan et al., 1985], artificial sweeteners and bladder cancer
[Morgan and Wong, 1985], formaldehyde and respiratory cancer [Nelson et al.,
1986], chemical dyes and bladder cancer [Matanoski and Elliott, 1981], and radiation
and colon cancer [Day, 1985]. In particular, this method was discussed in the
interpretation of negative epidemiological evidence for carcinogenicity by the Inter-
national Agency for Resesarch on Cancer [Wald and Doll, 1985]. Although other
statistical procedures for meta-analysis are available, the meta-SMR procedure is
used in this review because of its simplicity in computation and interpretation, its
preservation of the adjustments in the original studies, and its resemblance to the
analyses in the original studies.

An additional benefit of meta-analysis is that it comprehends the multiple-
comparison problem exhibited in these cohort studies. Most of the cohort studies that
we reviewed examined over 40 individual cancer sites each. Statistically significant
results for as many as two sites could have occurred by chance alone given a 95%
" confidence level. By our examination of these multiple sites across these studies,
chance excesses or deficits for a particular cancer site in individual studies are less
likely to influence the overall interpretation.

Since the summary SMR is based on the expected deaths derived from national
mortality statistics in the original studies, the issue of appropriateness of applying
national rates to specific locales applies to the meta-analysis in this review as well. To
be consistent with the data presented in the original papers, we have kept two decimal
places in the expected numbers of deaths.

Although the summary SMR gives an overall risk index for the industry as a
whole, it has the disadvantage of dilution. If the risk is low and affects only a small
portion of the employees instead of the entire industry, an overall summary index may
not be sensitive. Therefore, data from each study have to be examined for any
dose-response relationship and any significant risk for any subcohort. Unfortunately,
few studies provided analysis by length of employment on a comprehensive basis,
i.e., for all causes of death. Those reporting comprehensive analysis by length.of
employment included the Chevron Richmond and El Segundo refineries {Wong et al.,
1986], the Mobil Beaumont refinery [Morgan and Wong, 1984], the Mobil Paulsboro
refinery [Morgan and Wong, 19857, and the Mobil Torrance refinery [Enterline and
Henderson, 1985]. Length of employment analysis was done for a few selected
causes of death in the Gulf Port Arthur study and in the Texaco study. Rushton and
Alderson reported length of employment analysis for selected causes of death as well
as selected subcohorts in the British refinery and distribution center studies.

In addition to length of employment analysis. another analysis that is helpful in
establishing an epidemiologic association is an examination of the data by latency or

EXX-MOR-003365



Cancer Epidemioclogy in Petroleurn Industry 289
TABLE I1. Summary of Mortality From Cancer of All Sites in Cohort Studies of Iieﬁn:ry and
Other Petroleum Employees* -

Observed  Expected Statistical ~ Latency Duration
Author year Facilin deaths deaths  SMR o significance  snalvsie  analysis
Tabzrshaw Cooper Assc [1974]% 17 refineries es 27 s 080 f
Waong {1980} 17 refineries
Kaplan | 1986} 17 refineries 793 915.59 (.87 f
Schotienfeld et al 119811** U.S. refineries 127 168.77 0.75 f
Nelson |1985) 10 refineries 273 330.10 083 3
Waong et al. [1986) Richmond, 467 610.70 0.75 f x¢ I
El Segundo Refineries
Hanis et al [1982)* Baton Rouge Refinery 249 270.40 092
Hanis et al. [1985a) Baton Rouge. Baviown. 666 705.00 0.94
Baywuy Refineries

Wen et al. J19E3) Port Anhur Refinery 664 681.54  0.97
Morgan and Wonp [ 1984] Beaumont Reflinery 46 360.27 0.56 x¢ x¢
Morgan and Wong {1985) Paulsboro Refinery 243 265.24 031 x4 x4
Enterline and Henderson {1985 Torrance Rcﬁn‘ct}' 56 69.32  0.80) x4 x®
McCraw et al. |1985) Wood River Refinery 161 177.00 091
Joyner | 1983) Deer Park Refinery
Divine ef al. {1985] 13 refineries & others 767  1.019.40 0.75 f
Divine and Barow {1987) Production & pipeline 393 581.10 Q.68 f x¢ x¢
Rushton and Alderson {1981a] 8 UK Refineries 1,147  1.286.40 0.89 f x*
Rushton and Aldarson |1983} UK distribution centers 1.002 1.156,70 O.B7 f
Thériaull and Gouler {19797* East Monwreal Refineries 25 28.54 Q0.BB x¢
Thénault and Provencher |1987] East Monmreal Refineries 39 48.82 (.79 x¢
Christie {1 986) Ausrralia 52 56.90 091
Nakamura [1987) 51 Japanese Refineries 134 176.80  0.76 )
Tonal 6,408 7.525.3% 0,85 (p<.0000O))

*Note: Blank entries indicate thal the observed and expecied deaths are not reporied by the authors,

“Excluded from the calculation of surnmary SMR

"Only refinery employees are included.
“Only male hourly employees with 1 or more years of employment are included.

¢Analysis done.
°p < .05.
b < .01

and the Texaco studies included some latency analysis by speciﬁc causes of death.
Finally, several studies [TCA, 1974, Wong et al., 1986; Wen et al., 1984a; Rushton .
and Alderson, 1981a, 1983] provided some analyses by hire date.

Cancer of All Sites Combined (ICD8§, 140—2089)

Table II presents the observed and expected deaths and the corresponding SMRs
for cancer of all sites from the eligible cohort mortality studies of petroleum
employees from the United States, Canada, Great Britain, Australia, and Japan. The
all-cancer SMR ranged from 0.68 (p < .01) for Texaco production and pipeline
employees to 0.97 for Gulf Port Arthur male workers. No study found any excess or
trend (significant or otherwise) for all cancer. In fact, most of the larger studies
Asranerrated cionificant deficits for all cancer. The deficit was quite consistent for all
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TABLE III. Summary of Mortality From Digestive Cancer in Cobort Studies of Refinery and
Other Petroleum Employees®

Observed  Expecied Statistical  Latency Duration
Author/year Facility deaths deaths  SMR  significance  analysis  analysis
Tabershaw Cooper Assc {1974]* 17 refineries 81 8571 Q.84
Wong | 1980} 17 refineries
Kaplan [1986] 17 refineries 233 246.91 0.%0
Schontenfeld et al. [1981)%® U.S. refineries 31 41.12 075 )
Neison {1985] 10 refineries 97 82.30 .17
Wong ct al. {1986} Richmond, 125 174,62 Q.71 c x* x4
El Segundo Refineries
Hanis et al. {1982 " Buton Rouge 73 74.50 097
Hanis et al. [1985a] Baton Rouge. Baytown. 196 195.30 100
Bayway Refineries
Wen et al. {1983]° Port Arthur Refinery
Morgan and Wong [1984] Beaumont Refinery 86 113.04 076 e x4 x¢
Morgan and Wong { 1985] Paulsboro Refinery 80 80.90 0.98 x¢ x?
Enterline and Henderson [1985]  Torrance Refinery {0 18.30 0.54 z¢ x4
McCraw et al. [1985] Wood River Refinery '
Joyner {1983} Deer Park Refinery
Divine et al. [1985] 13 refineries & others 215 306.80 0.70 [
Divine and Barron [1987] Prodtiction & pipeline 105 168.70 0.62 3 x4 xY
Rushion and Alderson [19812] 8 UK refineries
Rushton and Alderson [1983] UK distribution eenters
Thériuult and Goulet { 1970 East Montreal Refinery 12 10.22 117 x?
Thénault and Provencher {1987} East Monueal Refinery 18 18,20  0.98 x4
Christie {1986) Australia s 16.70  0.90
Nakamura [1987] 51 Jupanese refineries
Toral 947 1.174.86  0.8B1 (p<.00001)

*Note: Blank entries indicate that the observed and expected deaths are not reported by the authors.
“Excluded from the calculation of summary SMR.

*Only refinery employees are included.

“Only male hourly employees with 1 or more years of employment are included.

4 = Analysis done,

o< 01,

Digestive Cancer (ICD8, 150—1 58) "

For digestive cancer, four studies showed a s1gmﬁcant deficit (Table OD). Of all
the studies listed in Table III, only one study, the AMOCO companywide study.
showed a slight nonsignificant excess (SMR = 1.17). A closer examination of the
AMOCO data indicated that out of the ten refineries investigated, the digestive cancer
excess came from only one refinery (Whiting) and among employees hired before
1940. This isolated finding was not consistent with the rest of the data. For the
industry as a whole, the digestive cancer meta-SMR was 0.81 (547 deaths observed),
significant at the .00001 level.

Stomach Cancer (ICD8, 151)

Table IV presents stomach cancer SMRs from the eligible cohort mortality
studies. No study detected any significant excess. The stomach cancer SMRs ranged

S DL AN Ve # NI e Tovama ceadivariam amd mlmaline oAb ore ta 1 AN (Ant
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TABLE IV. Summary of Mortslity From Stomach Cancer in Cohort Studies of Refinery and
Other, Petroleisih Employees ’

Obsterved  Expected Swuatistical  Latency Duravon
Avthorrvear Fecility deyths | deathse  SMR significance  analysis  analysis
Tubershaw Cooper Asse 1974 17 refineries
Wong {19KO) 17 refineries
Kuplan | 1986)* 17 refineries 43 4406 00E
Schottenfeld et al. [ 1981]** U.S. refineries 6 595 1.00
Nelson | 1985) 10 refineries 17 11.90 143
Wong ef al. {1986] Richmond, 26 3410 076 x¢ x®
E] Scpundo Refinenies
Heanis et al. {1982 Baton Rouge Refinery 11 13.70 0.80
Hanis et al. [1985a] Baton Rouge. Baviown, 33 3430 096
Buyway Refineries
Wen et al. {1983) Pori Arthur Refinery 63 56.63 1.t}
Morgan and Wong [[984] Beaumoni Refinery 24 26,55 090 x4 x4
Morgan and Wong 1985} Pavlsboro Refinery 14 17.56 079 x¢ x4
Enterline and Henderson [1985)  Torrance Refinery 4 3,36 1.8 x4 x4
McCraw et al. [1985) Wood River Refinery
Joyner [1983) Deer Park Refinery
Divine et al. [1985) 13 refineries & others 45 63.%0 0.70 3
Divine and Bamon [1987] Production & pipeline 13 33.60 039 f x¢ x¢
Rushton and Alderson [1981a] 8 UK refineries 167 160.86  1.04 x4
Rushton and Alderson [1983] UK distribution centers 123 144.47 0.8B5
Thériault and Goulet [19797* Easl Montreal Refinery .
Thériault and Provencher [1987] East Monueal Refinery 7 436 160 x¢
Christie | 19B6) Aususlia
Nakamura |1987} 51 Japanese refineries 49 68.9%0 (.71 ¢
Toul 585 £659.95  0.89 {p<.005)

=Npte: Blank entries indicate that the observed and expected deaths are not reporied by the authors.
“Excluded from the calculation of summary SMR.

*Only refinery employees are included.

“Only male hourly employees with 1 or more vears of employment are included.

4 = Analysis done.

°p < .05.

p < .01.

stomach deaths were observéd and 4.36 wers expected. The East Montreal investi-
gation [Thériault and Provencher, 1987] was a very small study with only 1,207
employees. Another Canadian study based on Imperial Oil employees [Hanis et al.,
1979] detected a significant relative risk of esophageal and stomach cancer among the
exposed employees when compared to the nonexposed employees (not shown in
Table IV), the excess came from refineries in Ontario and Quebec. Exposure
classification in this study was based on partial employment histories (post-1964);
therefore, misclassification was likely, and analysis based on job or exposure
categories was subject to error. In both Canadian studies, the stomach cancer excess
came primarily from Quebec. The possibility of a confounding factor associated with .
that region should be investigated. In the United States, Nelson [1985] found a
nonsignificant stomach cancer excess in AMOCO employees (SMR = 1.43). Similar
1 the findino in total dieestive cancer. the stomach cancer excess came from the
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TABLE V. Summary of Mortality From Pancreatic Cancer in Cohort Studies of Refinery and
Other Petroleum Empioyees®

Observed Expected Statistical  Larency Ouration

Authorryear Facility deaths deaths SMR significance analysis  analysis
Tabershaw Caoper Asse [1974]* 17 refineries
Wong {19801 17 refinerics
Kaplan {1986} 17 refinenies 44 51,25 036
Schottenfeld er al, [1981]1=F U.S. refineries 10 B.85 ‘ 112
Neison {1985] 10 refinenies 18 {7.00 1.05 ‘
Wong et al. [1986] Richmond, 20 13.78  0.59 e T x x?

El Segundo Refineries
Hanis et al. [ 1982]" Buaton Rouge Refinerv 23 15.10 |.52
Hams et al. [1985a)} Baton Rouge. Baytown. 42 Jg.20  1L.O7

Buayway Refinerics
Wen er al. [ 1983} Port Arthur Refinery 37 37.80 0.99
Morgan and Wong [1984) Beaumont Refinery 23 20.14 114 x¢ x4
Morgan and Wong [1985] Paulsboro Refinery 15 14,81 1.01 x4 x4
Enteriine and Henderson [1985] Torrance Refinery 3 3,56 075 x¢ x4
McCraw ¢t al. [1985) Wood River Refinery
Joyner [1983] Deer Park Refinery
Divine et al. [1985] 13 refineries & others 62 57,70 1.07
Divine and Barron [1987] Production & pipeline 27 32.00 0.84 x4 xt
Rushton and Alderson [1981a] 8 UK refincrics 50 51.55 0.97
Rushion and Aldérson [1983] UK distribution centers 39 46,89 0.83
Thériault and Goulet {1979 East Montreal Refinery
Thénault and Provencher [1987] East Montreal Refinery
Christie {1986] Australiy
Nakamura {1987} 51 Japanese refinenes
Tortal 336 154,83  0.95 {(p=.32)

*Note: Blank entries indicate that the observed and expected deaths are not reported by the authors.
“Excluded from the calculation of sumrmary SMR.

®Only refinery employees are included.

“Only male hourly employees with | or more years of employment are included.

“x = Analysis done.

‘p < .05.

cancer; the SMR was 0. 70 in the refinery employees and 0.39 in the pr’oducnon and -
pipeline employees. The Japanese industrywide study also found a significant deficit
of stomach cancer. Mortality deficits from stomach cancer were also found in other
studies. As Table [V indicates, the Chevron Richmond and El Segundo refineries and
the Mobi] Paulsboro refinery showed a modest deficit in stomach cancer. Rushton and
Alderson [1983] found a lower than expected stomach cancer mortality in distribution
workers (SMR = (.85, p = .05, borderline significance).

Summing over all the eligible studies, the stomach cancer meta-SMR was 0.89
(585 observed deaths, p < .005). Thus, taking all studies into consideration and
weighting the finding of each study by its sample size, the petroleum industry as a
whole demonstrated a significantly lower stomach cancer mortality.

Pancreatic Cancer (ICD8, 157)
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TABLE V1. Suonmary of Morteiity From Lung Cancer in Cohort Studies of Refinery and
Other Petrodeans Employees*

Observed  Expecicd Suatisticul  Latency  Duration
Authorveas Facility deaths desths  SMR  significunce  analysic  analvsis
Tahershaw Tooperr Asse [1974]1 17 refineries %0 X7 0 f
Wong | 1980 7 refineries
Kaplan | 19885 i7 refineries 270 3772 Q.85 3
Schonenfel < i, [19817** U.S. refineries 48 65.07 0.73 e
Neison {1985 10 refineries 77 12590 0.6) f
Wong et al. {195U6) Richmond. 124 JR5 42 Q.66 f 8 X
El Scgundo Refineries
Hanis o1 al. |22 Baton Roupe Refinery 78 85.30 Q4.91
Hams et al [198534) Baton Rouge. Bayiown, 209 219.80 Q95
Bayway Refinenes
Wen et al [¥RIL) Port Anhur Refinery 182 1R3.22 0.9
Morpan and Wonp | 1984]) Beaumont Refinery 101 0a.11 1.0 x? x?
Morgan apt Wong [1985] Paulsbore Refinery 61 76.38 0.79 x4 x¢
Enterline ainé Henderson {1985)  Torrance Refinery 24 2386 1.00 K x¢
MeCrew et al, {1985) Wood River Refinery ‘
Joyner {18¢3) Deer Park Refinery
Divine et ati {1985} 13 refineries & others 1B2 306.00 0.59 f
Devine und Barron |1987} Production & pipeline 109 179.00 0.6} f xd x4
Rushton an.: Alderson [1981a) B UK refineries 416 53270 0.78 f
Rushion ant’ Alderson |1983) UK distribution centers 384 482,83 (.80 f
Théraull and LGoulet [1979] East Montreal Refinery 3 8.48 0.35 x¢
Thériault snd Premvencher {1987)  East Monural Refinery 7 1578 Q44 [3 x4
Chnistie | 19885 Australia 9 18,80 0.48 [
Nakamure {1587) §) Japancse Refiperies 18 19.80  0.91
Total 1.503 2469 60 077 (p< 00001

*Note: Bianis-entries indicate thar the observed and expectied deaths are not reporied by the authors.
*Excludsd froom the calculation of summary SMR.

*Only refeemm:employees are included.,

“Only mei: hoourly employees with | or more years of employment are included.

% = Ansdvesisdone.

°p < .05.

'p<.01.

significantly low mortality from paricreatic cancer among Chevron employees at the
Richmond and El Segundo refineries (SMR = 0.59, p < .05). Hanis et al. [1982]
reported an SMR of 1.52 (p = .05, borderline significance). However, the subse-
quent Hzanis et al. [1985a.b] study found 2 much reduced SMR of 1.07 (p = .65, not
significammt). No dose-response relationship was demonstrated by any of the studies:

For ithe entire industry, the pancreatic cancer meta-SMR was 0.95 (336 ob-
served deatis;, p = .32). The data did not indicate an excess of pancreatic cancer in
refinery worksers.

Lung Cangerr (ICDB8, 162, 163)

As indic:ated in Table VI, most of the studies showed a significant lung cancer
deficit. Four cof the five industrywide studies showed a significant deficit, The U.S.
industrywide s study, based on 270 lung cancer deaths, showed an SMR of 0.85 (p <
05\ significzantly less than the expected [Kaplan, 1986]. The two industrywide
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studies in Britain also reported similar results; SMR of 0.78 in refinery workers
[Rushton and Alderson, 1981a] and SMR of 0.80 in distribution workers [Rushton
and Alderson, 19831, both significant at the .01 level. The Australian registry for the
petroleum industry also reported a significant lung cancer deficit (SMR = 0.48). The
Japanese industrywide study showed a slight nonsignificant deficit.

Significant lung cancer deficits were also detected in AMOCO refineries
[Nelson, 1985], Chevron Richmond and El Segundo refineries [Wong et al., 1986],
Texaco refinery and production workers [Divine et al., 1985; Divine and Barron,
1987], and the Shell East Montreal refinery [Thériault and Goulet, 1979].

The Imperial Qil study by Hanis et al. [1979] concluded that there was a
significant lung cancer excess among the exposed employees when compared to the
nonexposed employees (not shown in Table VI). As commented above, because of
the limited job history data, misclassification of exposure was likely. Furthermore,
most of the lung cancer cases in that study were office workers, clerks, boiler makers,
and construction workers. In some of these occupations, asbestos exposure was
likely. Furthermore, when the data were examined by exposure category, the medium
exposure group had a lung cancer relative risk (RR) of 0.39, when compared to the
nonexposed. This was not consistent with a causal relationship. The most serious
evidence against the positive finding in this study is that its lung cancer result was
totally inconsistent with the rest of the industry worldwide.

No study has adequate smoking data for a proper analysis mcorporatmz such
information. However, in a few studies, some smoking data were available. In the
Nelson [1985] study, smoking data were available on 60% of the cohort members,
and among those with such information, 69% used tobacco. In the Exxon cohort,
smoking information was available on 70% of the employees, among whom 73%
smoked cigarettes [Hanis et al., 1985b]. In the Enterline and Henderson [1985] study,
smoking data were collected on 71% of the Mobil Torrance cohort, with 65% among
them having ever smoked. Van Peenen et al. [1984] reported that 72% of white male
refinery hourly employees studied at Standard Oil of Indiana smoked cigarettes,
pipes, or cigars. These figures from the above companies, although limited, were
quite comparable to the percentage of smokers in the general population. Thus,
smoking was not likely a serious confounder when comparing petroleum employee
cohorts to the general population.

Summing up all the data on lung cancer, the meta-SMR was calculated to be
0.77. This SMR was extremely stable, with 1,903 observed deaths, and was
significant at the .0000! level. Based on the totality of the data, there was a
significant lung cancer deficit in petroleum workers.

Skin Cancer (ICD8, 172, 173)

The reported skin cancer mortality in petroleum workers spread over a wide
range (Table VII): from a low of 0.24 among the Mobil Paulsboro employees
[Morgan and Wong, 1985] to a high of 2.16 in the British industrywide study of
refinery employees [Rushton and Alderson, 1981a]. In the Rushston and Alderson
study, only melanoma was reported, and 11 of the 14 melanoma deaths came from
two of the eight refineries. No dose-respouse analysis was provided in the study. and
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TABLE VII. Summary of Mortality From Skin Cancer in Cobiort Studies ol Reflinery and
Other Petroleum Employvees®

Observed  Expecied Swtistical  Latency Duration

Authorsyear Facilin deaths deaths  SMR  significance analysis  analysis
Tabershaw Cooper Asse [19747 17 refinenss
Wonp 198D} 17 refineries
Kaplan [19R86)° 17 refineries 15 14 03 1.07
Schonenfeld et al. [1981)2 U.S. refineries 3m) 3.35  0.89
Nelson |1985) 10 refineries 11 5.70 1.93
Wong e #1 |I9B6) Richmond. 10 10.81 0.92 x4 x¢

El Segunda Refineriey
Hunis e1 af. [1582)* Bawon Rouge Refinery
Hanis et al, |1985a) Baton Rouge. Bavtown, 9 910 0.99

Baywsy Relineries
Wen ef al. [19K3]" Port Arthur Refinery 10 9.53 1.05
Morgan und Wc}ng {1984} Beaumont Refinery 7 5.0% 1.3% xd x°
Morgan and Wong [1985) Paulsborn Refinery i 4.06 024 x¢ x°
Enteriine and Henderson }1985)  Torrance Refinery Hm* 102 D4R x¢ x¢
McCraw st al. [1985] Wood River Refinery )
Joyner | 1983) Deer Park Refinery
Divine et ul. |1585) 13 refineries & others 14 16.70 0.84 .
Divine and Barron [1987) Production & pipeline 7 9.80 0.72 x4 x¢
Rushion and Alderson {1981&] 8 UK refineries T14{m)° 6.48 2.16 f
Rushton and Alderson {1983] UK distribution centers 5 B.52 0.59
Thériault and Goulet {1979 East Montreal Refinery
Thérisult and Porvencher [1987) East Montreal Refinery
Christic | 1986) Ausiralia . Hm) 2.48 1.62
Nakamura [ 1987] 51 Japanese refineries
Total 93 89.23 1.04 tp=.70)

*Note: Blank entries indicale thal the observed and expecied deaths are not reported by the authors.
“Excluded fram the calculation of surnmary SMR.

*Only refinery employees are included.

“Only male hourly employees with | or more years of employment are included. -
4x = Analysis done.

“m) = melanoma only.

b < .01

maE

Beaumont refinery (SMR = 1.39, 7 observed deaths) and the Australian registry of
petroleurn workers (SMR = 1.62, 4 observed). In both cases, the numbers of
observed deaths were small, and the SMRs were pot statistically significant. Further-
more, analyses by length of employment and latency in the Mobi] Beaumont study
did not find any association between skin cancer and employment [Morgan and
Wong, 1984].

On the other hand, skin cancer deficits were reported in the Mobil Paulsboro
refinery [Morgan and Wong, 1985}, the Texaco refinery and production employees
[Divine et al., 1985; Divine and Barron, 19871, and the distribution workers of three
companies in Britain [Rushton and Alderson, 1983].

The meta-SMR for skin cancer based on all the eligible stadies in the petroleum
industry was 1.04 (93 observed deaths and 89.23 expected), with a p-value of .70.
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TABLE VIII. Summary of Mortality From Prostatic Cancer in Cobort Studies of Refinery and
Other Petroleum Ernployees

.t Observed Expected Statistical  Latency Duration
Authort/year Facility denths deaths SMR significance analysis  analysis
Tabershaw Cooper Asse. [19741 17 refineries
Wong [1980]* 17 refinerics
Kaplan {1986]* 17 refineries 60 58.81 1.02
Schottenfeld et ul. [1981]*® U.S. refineries 5 5.30  0.94
Nelson {1985} {0 refineries 14 16.20 0.86
Wong et al. |1986] Richmond, 34 4336 078 x¢ x¢

El Segundo Refineries
Hunis et al, {1982 Baton Rouge Refinery 19 28.60 0.6
Hanis et ol. [1985a] Bawn Rouge, Baviown, 56 7330 0.7
Bayway Refinenes
Wen ct al. [1983F Port Arthur Refinery 69 59.98 .15 xx® xx©
Morgan and Wong [1984] Beaumuont Rtl’mcry 36 3206 112 x¢ x4
Morgan and Wong [1985] Paulsboro Refinery 28 20.68 1.35 x4 IS
Enterline snd Henderson [1985]  Torrance Refinery 5 4.53 1,10 x¢ x4
MceCraw et al, [1985] Wood River Refinery
Joyner {1983 Deer Perk Réfinery
Divine et al. [1985] 13 refinerics & others 62 7310 0.BS
Divine and Barron {1987) Production & pipeline 41 43.70 0.54 xd x¢
Rushton and Alderson [1981a] 8 UK refineries 47 45.87 1.02
Rushton and Alderson [1983] UK distribution centers 53 4857 L.0S
Thérault and Goulet [1979]* East Montreal Refinery
Thériault and Provencher |1987]  East Montrenal Refinery
Christie | 19861 Australia
Nakamura [1987) 51 Jupunese refineries
Total 445 36135 096  (p= a5

*Note: Blank entries indicate that the observed and expected deaths are not reported by the authors.

*Excluded from the calculation of summary SMR.

®Only refinery employees are included.

“Only male hourly employees with 1 or more years of employment are included.

9% = Analysis done.

®xx = Analysis done for subcohort only in subsequent report (see text).

However, it must be pointed out that the above assessment of skin cancer based on
mortality data is limited, since most forms of skin cancer are not fatal.

s

Prostatic Cancer (ICD8, 185) o

Table VIII presents the results of prostatic cancer from the cohort studies of
petroleumn workers. In most ¢ases, the observed mortality was close 10 the expected.
The highest SMR was observed in the Mobil Paulsboro refinery, with 2 nonsignificant
SMR of 1.35 based on 28 deaths. Detailed analysis showed that the white male
employees with 20 years of service at the Paulsboro refinery experienced a signifi-
cantly elevated SMR of 1.60. However. analysis by work location did not reveal any
particular high-risk area.

Two small studies of Methv] ethyl ketone (MEK)-dewaxing employees at
refineries have shown a significantly increased rate of prostatic cancer [Enterline.
1978; Wen et al., 1985). These included the Shell Deer Park refinery (SMR = 9.52,
2 observed deaths, p < .01) and the Gulf Port Arthur refinery (SMR = 2.48 for the
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nponwhites based on 7 deaths, p < .05: and SMR = 1].49 for those with 20+ vears
of service and 20-29 vears of latency., p < .035). However. a similar study of
MEK-dewaxing employees at the Shell Haven and Stanlow refineries in Briwin
{ Alderson and Rattan. 1980] did not find any deaths {rom prostatic cancer, when the
expected number was Oﬂ46 Based on these three studies. the meta-SMR for MEK-
dewaxing employees was 1.93 (p < .05). It should be noted that all three MEK-
dewaxing studies were very small,

The meta-SMR for the industry as a whole was 0.96, based on 445 observed
deaths (p = .45). Thus. petroleum employees as a group had a similar mortality from
prostatic cancer as the general population. However, data from some refineries
suggested that petrolenm employees working at MEK-dewaxing units might experi-
ence a higher prostatic cancer risk. At this point. a firm conclusion on the relationship
between prostatic cancer and employment at MEK-dewaxing units cannot be made
based on the currently available data.

Kidney Cancer (1CD8, 189)

Table IX presents the results of kidney cancer from petroleurn cohort mortality
studies. Interest in this cancer site was aroused after it was reported [McFarland et al.,
1984] that male rats experienced an increase in kidney tamors after chronic exposure
1o wholly vaporized unleaded gasoline.

The lowest SMR was observed in Texaco production and pipeline workers with
an SMR of 0.35 (5 observed deaths p < .05). However, production workers have
limited contact with downstream gasoline, and, thus, their mortality experience might
not be directly relevant. The Chevron refinery study and the three Maobil refinery
studies &ll reported slight deficits in kidney cancer mortality with SMRs ranging {rom
a low of 0.39 (] death) to a high of 0.8] (12 deaths). ‘

Monality excess from kidney cancer was observed in both Exxon and Gulf
employees. For the three Exxon refineries at Baton Rouge, Baytown, and Bayway,
the SMR for kidney was 1.43 (22 deaths, p = .09). The excess came from those hired
before 1956, the SMR being 1.47 (22 deaths, p = .07). Unfortunately, no length of
employment analysis was done. Wen et al. [1984b] reported some detailed analyses
of kidney cancer based on the Gulf Port Arthur study. Overall, the Gulf Port Arthur
cohort experienced a nonsignificant SMR of 1.23 based on 22 deaths with a p-value
of .33 [Wen et al., 1984b]. When the data were analyzed by length of émployment,
a weak upward trend was found. For those who worked for 9, 10-20, and = 20 years,
the SMRs were 0.93, 1.25. and 1.38, respectively. A subsequent nested case-control
study detecled several areas with nonsignificant increase in kidney cancer. The
Japanese industrywide study did not report kidney cancer per se. However. for
urinary tract cancer, the Japanese refinery workers experienced a borderline signifi-
cant excess (p = .05), with 7 observed deaths and an SMR of 2.05 [Nakamura,
1987].

As far as downstream gasoline is concerned, the more appropriate group to
study is the distribution or marketing employees. In the British distribution employ-
ees, a nonsignificant excess from kidney cancer of 1.21 (based on 23 deaths, p =
.37) was reported [Rushton and Alderson. 1983]. However, detailed analysis (in the
original report to the sponsor but not reported in the published article) showed that
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TABLE IX. Summary of Mortafity From Kidney Cancer in Cohort Studies of Refinery and
Other Petroleum Employees*®

Observed  Expected Staristical  Latency Duranon
Authot/year . Facility deaths deaths SMR significance anelysis  analysis
Tabershaw Cooper assc. {1974]* 17 refineries
Wong [1980]* 17 refinerics
Kaplan [1986]* 17 refineries 15 2209  0.68
Schonenfeld et al. {1981]*" U.S. refineries
Nelson [1985] 10 refineries 9 8.40 107
Wong et al. {1986] Richmond, 12 14,82 0.81 . x! x4
Ef Segundo Refineries
Hanis er al. [1982) Baton Rouge Refinery 9 580 1.55
Hunis et al. [19854] Baton Rouge. Baytown, 32 {5.40 .43
i Bayway Refinerics
Wen et al. [1983)F Port Arthur Refinery 19 14.87 1.28 xx° xx®
Morgan and Wong [1984] Beaurnont Refinery 6 7.9 075 x¢ 18
Morgan and Wong [1985] Paulsboro Refinery 4 6.17  0.04 x¢ x*
Enterline and Henderson {1985] Torrance Refinery ! 1.69 0.59 x4 x¢
McCraw e1 al. [1985] Wood River Refinery
Joyner {1983} Deer Park Refinery
Divine et af. |1985) 13 refineries & others 24 25.10 0.96
Divine and Barron [1987] Production & pipeline 5 14.10  0.35 f x* x?
Rushton and Alderson {1981a] ' 8.UK refineries 22 2174 1.01
Rushton and Alderson {1983] UK distribution centers 23 19.05 1.21
Thériault and Gouler {1979]® East Montreal Refinery
Thériault and Provencher {19871 East Monireal Refinery
Christie [1986] . Australia
Nakamura {1987) 5] Japanese refineries
Toral 147 149.24  0.9% ip=_.B5)

*Note: Blank entries indicate that the observed and expecied deaths are not reported by the authors.
*Excluded from the calculation of summary SMR.

*Only refinery employees are included.

“Only male hourly employees with | or more years of employment are included.

Yx = Analysis done.

°xx = Analysis done in subsequent report (see text).

s < .05.

deaths, p = .05, borderline significance). A significant excess was detected among
men aged 55-64 years (SMR = 1.89, p < .05).

For the industry as a whole. the kidney cancer meta-SMR was 0.98, based on
{47 deaths. The data were somewhat conflicting. On the one hand, production
workers at Texaco experienced a significantly low kidney cancer mortality. On the
other hand, drivers among British distribution workers experienced a borderline
significant increase. The results from refinery studies ranged from nonsignificant
deficits to nonsignificant excesses. Additional data, particularly from those exposed
to downstream gasoline, are needed to resolve this issue.

Brain and Central Nervous System (CNS) Cancer (ICD8, 191-192)

Several studies of petroleum employees showed some nonsignificant excess of
hrain and ('NQ rancer (Tahle X1 The APILMSKOC registrv showed an SMR of 1.63
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TABLE X. Sunamsry of Mortality From Brain Cancer in Cohort Studies of Refinery and
Other Petroteunn Employers”

Observed  Expecied Statisucul  Lulency  Duration

Author!/vear Faciliry deaths deaths  SMR sipnificance  analysis  analyvsis
Tabershaw Coomer Assc. {19734 175 refinenes

Wong [19801* 17 refinenes & 1129 0.7)

Kaplan [1985) 17 refinenies 2 24.63  OBY
Schorenfeld et all. [19B1*" 8 490 163

Neison {1985 10 refipenies B 2.60 0.83
Wong et al. [198:6) Richmond. 22 17.48  1.25 x° x¢
El Segundo Refineries
Hanig et al. {19812~ Baton Rouge Refinery 5 4.9 1.02
Hans et al. {19853a] Baton Rouge. Baviown, 15 13.60 115
Bayway Refineries

Web e1 al. | 1HE3Y Port Asthur Refiners 23 2285 1.01 xx© RXE
Morgan and Wong | 1584} Besumon! Refinery Yy B.26 109 x4 x4
Marpan and Wong [1985] Paulsboro Refinery 7 6.64 1.05 x¢ x*
Enterhne and Henderson | 19887 Tormvanee Refinery 3 2.09 143 x4 xd
McCraw 2t &l [1985]) Wood River Refinery
Joyner {1983} Deer Park Refinery
Divine et al. [1985] 13 refineries & others 31 28.60 1.1
Divine and Berron |1987) Production & pipeline 11 1590 (.69 x4 x4
Rushton and Alderson [198)a) B UK refineries 36 44,77 0.80
Nushton and #lderson {1983) UK distribution centers 39 36.54 1.07

ihériadt and Gowulet {1979 East Monoreal Refinery 3 077 3.89 x4

{hériault and Prowvencher [1987)  East Monwueal Refinery 4 .87 213 x¢

‘hristie {1986) Australia 2 270 0.74

~akamurs {19871 51 Japanese Refineries

otal 210 AR 1.00 (p=.99

Note: Blank: entries indicate thal the observed and expected deaths are not reported by the authors.
‘Excluded froom the calculadon of summary SMR.
‘Only refinery employees are included.
Only male hourly employees with | or more years of cmp]ovmcm are included.
= Anslysiss done.
= Analys:iis done in subsequent report (see text).

l

brain cancer SMR of 1.63 was detected (not significant). In the Mobil Torrance
refinery, zn SMR of 1.43 based on 3 deaths was reporied (p = .50, not significant).
In Canada, the Shell Canada East Montreal refinery employees had an SMR of 2.13
{(p = .12, pot significant). All these studies were based on very small numbers (Table
x).

Bezsed on the PMR study of the Gulf and Texaco Port Arthur refineries, Thomas
et al. {1980 reported higher than expected brain cancer mortality among the refinery
employees. A subsequent PMR study of brain cancer of the Gulf and Texaco Port
Arthur and :the Mobil Beaumont refineries also reported elevated brain cancer PMRs
[Thomas et al., 1982b]. Other subsequent studies addressing the issue of brain cancer
and benign: brain tumors were also reported [Wong, 1980; Wen et al., 1982]. Wong
[1980] comcluded that there was no brain cancer excess in the TCA industrywide

voosmn e N1 bnmnd nm @ Aaathe) whirh wac cnnfirmed by a later update of the
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Although the SMR of 0.97 (30 deaths) for the entire refinery was similar to the
expected, those with 20 or more years of employment experienced an SMR of 1.43
{(p = .10, not significant), which was more than twice that for those with less than
10 years of service (SMR = 0.59). A subsequent case-control study by Thomas et al.
[1984] on three Texas refineries including the Gulf Port Arthur plant did not find any
work category associated with brain tumor mortality.

Another approach to evaluate the issue of brain cancer in petroleum workers is
to examine the data for any dose-response relationship. A few studies provided
analyses by length of employment. No trend was found for brain cancer with respect
to length of service in the Chevron Richmond and El Segundo refineries [Wong et al.,
1986], the Mobil Beaumont and Paulsboro refineries [Morgan and Wong, 1984,
1985], and the laboratory workers at the Texaco refineries [Divine and Barron, 1987].
Thus, analysis by length of service did not support a causal association between
refinery employment and brain cancer.

Brain cancer is a highly fatal disease. Little is known about its etiology, and no
preventive behavior or medical intervention has demonstrated any significant bene-
fits. As such, brain cancer in industrial groups is not expected to be influenced by the
healthy worker effect. and the corresponding SMR, in the absence of any occupa-
tional carcinogens, is expected to be close to 1.

* Overall, the petroleum workers experienced an identical brain cancer mortality
as the general population (meta-SMR = [.00, p = .99). Although some studies
showed nonsignificant excesses from brain cancer, these studies were small. It has been
demonstrated that industrial workers were more likely to have an overdiagriosis of brain
tumors as a result of more complete medical evaluation, **diagnostic sensitivity bias™
[Greenwald er al., 1981]. It has also been demonstrated that socioeconomic class can
also influence diagnostic sensitivity for brain cancer [Levine, 1985]. Further inves-
tigations in this direction on petroleum workers are needed.

Lymphatic and Hematopoietic Cancer (ICD8, 200-209)

Of the studies listed in Table XI, a few studies showed modest increases in
lymphatic and hematopoietic cancer. A significant excess was found in Mobil
Beaumont refinery employees (SMR = 1.47, 47 deaths, p < .05). Similar excesses,
although not statistically significant, were also found in the Shell Wood River refinery
and the participants in the Australian registry. The AMOCO study showed a signif-
icant deficit (SMR = 0.60, p < .05). Other studies based on a reasonable number of
deaths indicated that the mortality was similar to the expected.

Several studies with length of service analysis indicated an increased mortality
from lymphatic and hematopoietic cancer with increasing length of service. These
studies included the Chevron Richmond and El Segundo refineries [Wong et al.,
1986], and the Mobil Beaumont refinery [Morgan and Wong, 1984].

On an industry basis, the meta-SMR was 1.03 (based on 460 deaths, p = .58).
Individual study resulis were not consistent. Both significantly high and low SMRs
were reported. It would, perhaps. be more informative to examine the specific
subgroups within the broad category of lymphatic and hematopoietic cancer.

Lymphosarcoma and Recticulesarcoma (ICD8, 200)
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TABLE X1. Summary of Mortality From Lymphopoietic Cancer in Cohort Stutlies ol Refinery and
Other Petroleum Emplovees®
Observed  Expected " Statistical  Latency  Durauon
Authorivear Fucility deaths deaths  SMR significance  analvsis  unaivsis
Tanershaw Cooper Assc. 11674]" 17 refinenes
Waong | 1980} 17 refinenes
Kaplan [1286)* 17 refinenes 33 B2.50 .07
Schonenield et al.-[1981]*" U.S. refineries
Nelson | 1985) 1Q refineries 17 28.50 0.60
Wong et al. | 1986} Richmond. 64 60.97 1.05 x? 58
El Segundo Refineries
Hanis et al, [1982)* Baton Rouge Refinery a5 23.00 1.09
Hapis =1 al. [19R5a) Baton Rouge. Baviown, 55 61.R0 0 &9
Bavway Refineries
Wer et al. {19837 Pant Arthur Refinery b2 58.62 V.06
Morgan and Wong 11934] Beaumont Refinery 47 3189 1.47 x¢ x8
Morgun and Wong | 1985} Paulsbaro Refinery 23 2452 093 x4 x9
Emerline and Henderson [1985]  Torrance Refinery N 6.63 0.75 x? x*
McCraw et al. [1985] Wood River Refinery a2 1520 1.4
Joyner [1983) Deer Park Refinery
Divine et al. [1985] 13 refinenes & others 106 96.70  1.10
Divine and Barron [1987) " Production & pipeline 43 54,60 0.88 x4 x?
Rushton and Alderson {1981a} 8 UK refineries
Rushion and Alderson |1983) UK disuibution centers
Thérault and Goulet [ 19791 East Montreal Refinery 3 2,36 1.7 x4
Thénaul and Provencher {1987] East Monteal Refinery 3 4.44 (.67 x?
Christie |19§6} Australia 8 4,84 1.65
Nakamure | 1987) 51 Japunese Refineries
Touwal 480 44571 1.0 (p=.58)

*Note: Blank entries indicaie that the observed and expecied deaths are not reported by the authors.

“Excluded from the calculation of sumrnary SMR.

®Only refinery employees are included.

“Only male hourly employees with 1 or more years of employment are included.

“x = Analysis done.
p < .05.

. SMR was 1.26. Length of employment indicated that those with 15 years of
emplovment had an SMR of 1.62 (14 deaths, p = .07, not significant). In 1947, the
recommended benzene standard [8-hour Time-Weighted Average (TWA)] in the
United States was lowered from 100 ppm to 50 ppm, and in 1948, it was further
lowered to0 35 ppm. To determine the impact of this significant reduction in the
benzene standard, analysis by hire date was done in the Chevron study. Among those
hired before 1948 at the Richmond refinery, the SMR was 1.87 (13 deaths, p = .05),
whereas there was no excess among those hired after 1948. Although this analysis by
hire date was somewhat confounded by latency, an adequate Jaiency (some with over
30 years) was achieved by those hired after 1948. Thus, there was some suggestive
evidence that historical benzene exposure might be related to an increase in lympho-
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TABLE XII. Summary of Mortality Fromm Lymphosarcome in Cohort Studies of Refivery and

Other Petroleum Employees®

i
2
|

R

Observed  Expecied

)
- Statstical  Latency Duration

Author/year Facility deaths deaths SMR significance analysis  analysis

Tabershaw Cooper Assc. [1974]* 17 refincries

Wong [198071* 17 refinerics

Kaplan [19861* 17 refineries 16 17.78 0.90

Schotienfeld ct al. {1981[**® U.S. refineries

Nelson [1985] 10 refineries .

Wong et al. [1986) Richmond. 17 13.43  1.26 x4 x4

El S¢gundo Refineries
Hams er al, {19824 Baton Rouge Retinery 3 4.20 1.9
Harus et al. [1985a] Baton Rougt. Bayown. {3 [1.40 1.14
Bayway Refineries

Wen et al. [1983F Port Arthur Refinery 2 11.6%  0.17 e

Moigan and Wong [1984] Beaurnont Refinery 10 6.8]1 1.46 =4 x4

Morgen and Wong [1585) Paulsboro Refinery 3 5.36  0.55 x¢ x4
* Enterhine and Henderson |1985])  Torrance Refinery 1 1.55 0.64 x4 x4

MeCraw et al. {1985) Wood River Refinery 0 2,80 0.00

Jovner [1983] Deer Park Refinery

Divine et al. {1985} 13 refineries & others 20 2220 0.9

Divine and Barron (1987 Production & pipeline 7 11.80  0.59 x4 ¢

Rushton and Alderson [1981a] 8 UK refineries 16 16.26 0.98

Rushton and Alderson [1983] UK distribution centers 7 8.05 0.87

Thériault and Goulet [1979]* East Montreal Refinery

Thériault und Provencher {{987] East Montrea! Refinery

Chrnistie {19861 Australia ] 0.40 2.48

Nakamura [1987) 51 Jupanese Refinencs

Total 97 14175 0.37 (p=.16)

*Note: Blank entries indicate that the observed and expected deaths are not reported by the authors.

*Excluded from the calculation of summary SMR.

*Only refinery employees are included.
“Only male hourly employeés with | or more years of employment are included.

?x = Analysis done.
fp < .01,

cause of death. The lowest SMR was observed in white male employees at the Gulf
Port Arthur refinery. 1 observed vs. [0 expected. None of the studies reporting a
deficit based on a reasonable number of deaths made any attempt to analyze the data
by length of employment.

For the industry as a group, the meta-SMR was 0.87 with a p-value of .16.
Although the Chevron data were consistent with an increase, the increase was rmodest
and was associated with historical exposure. The weight of the evidence favors a
conclusion of a sirnilar or slightly lower mortality risk from this cause for petroleum
workers when compared to the general population.

Leukemia (CD8, 204-207)
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TABLE XII. Summary of Mortality Fram Leukemia in Cohord Studies of Refinery and
Other Petroleum Employees® 7
Observed  Expecizd Staustical  lLatency Duravon
Author vear Facitiry deaths deaths  SMR significance  analvsis  anadvsis
Tahershuw Cooper Assc [1974]7 17 refinenes 1 1215 (82
Wong [ 1980)" 17 refinencs
Kaplan {1986}* 17 reflinenes iz 3L 68 1.01
Schonenfcld et al. [1981]%* U.S. refineries 4 598 0.66
Neison {1985] 10 refineries 4 9.70  D.41
Wong et al. {1986] Richmond. 22 2492 D88 x4 x4
El Sepundn Refineries
Hanis et al. {1982)° Baton Rouge Refinery 9 9.30  0.97
Hanis et al. [)9R54) Baton Roupe. Bavtown. 20 25.90  0.77
Bayway Refineries
Wen o al. [1983)F Pon Arthur Refineny 33 25.08  1.32 xx* xx*
Morgan and Wong 1984} Beaumont Refinery 23 1331 1.72 x¢ x°
Morgan and Wong |1985) Paulsboro Refinery 10 10.28 0.9 x¢ x4
Enterline and Henderson {1985]  Torrance Refipery 2 254 O.7R x4 x4
McCraw ef al. {1985] Wood River Refinery 14 6.60 2.13 f
Joyner [1983) Desr Park Refinery 6 2.60  2.30
Divine et al. |1985) 13 refineries & others 48 40.70  1.18
Divine and Barron {1987} Production & pipeline 25 12.70  1.10 x? x¢
Rushion and Alderson 119813] 8 UK refineries 30 31.96  0.94 xx®
Rushion and Alderson [1983] VK distribution centers 28 26.82 1.04
Thériault and Goulet {1979)* East Montreal Refinery
Thériault and Provencher {987} East Monreal Refinery
Christie {1986) Australia 5 193 2.59
Nakarnura |1987) 5] Japanese Refineries 9 8.5 1.06
Towl 279 253.5% 110 (p = 10

*Note: Blank entries indicate that the observed and expected deaths are not reporied by the authars.

*Exciuded from the calculation of summary SMR.

°Only refinery employees are included.

“Only male hourly employees with | or more years of employment are included.

“x = Analysis done.

®xx = Analysis done in subseguent report (see text).

b < .05,

, petroleum industry have also’ been done. Table XIII shows’ the reSults of the cehort

studies.

]

Pt

K

3]

Most of the studies reported either a similar or a hlghcr leukcrma monahty

experience. Only the AMOCO study reported a significant deficit in leukemia. The
number of deaths involved was only 4. This result was inconsistent with the rest of
the industry.

Several studies reporied significant leukemia excesses. Although the original
Gulf Port Arthur refinery study, [Wen et al., 1983] found a nonsignificant leukemia
excess (SMR = 1.32, Table XIII), an unpublished update of the study through the
end of 1983.[Wen et al., 1984c] showed a significant leukemia excess among
employees with 20 or more years of service (SMR = 1.63, p < .01). The excess
came mainly from lymphocytic and other unspecified cell types. Furthermore, an
upward trend was found by length of service. According to the updated data, of the
43 leukemias at Gulf. 28 had a latency of 30 or more years,
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the entire cohort (23 deaths. p < .05). Analysis by length of employment among the
white males detected a significant SMR of 2.35 for those with 30 or more years of
service. Similar analysis showed a significant SMR of 2.14 in white males with a
latency of 20-39 years. Different cell types were observed.

Elevated leukermnia mortality was found at the Shell refineries at Wood River and
Deer Park. At Wood River, 14 leukemias were seen when only 6.6 were expected
[McCraw et al., 1985]; the SMR was 2.13 (p < .05). The excess was associated
predominantly with acute myelogenous leukemia (SMR = 3.94, p < .01); however,
leukemias of other cell types were also observed. A similar significant excess was
also found at the Shell Deer Park refinery {Joyner, 1983]. Six leukemia deaths were
identified. producing an SMR of 2.30 (p < .05). Three of the leukemias were acute
myelogenous leukemia, and the corresponding SMR was 3.60 (p < .05). However,
a subsequent nested case-control study failed to identify any specific locations or jobs
responsible for the excess [Austin et al., 1986].

The Australian registry, even though the follow-up was very short, detected an
increase in leukemia mortality (5 observed, SMR = 2.59, p < .05).

Although the industrywide refinery study [Rushton and Alderson, 1981a] in
Britain found a leukemia mortality for the entire cohort similar to that for the general
population, a subsequent case-control study [Rushton and Alderson, 1981b] found a
more than threefold risk among those with either medium or high exposure when
compared 10 those with Jow benzene exposure.

Although the industry overall expenenced only a small excess in leukemia
(meta-SMR = 1.10. p = .10), there is suggestive evidence that some small groups
within the industry may have had significantly elevated leukemia risk. This conclu-
sion is based on several considerations: the significant excesses observed for the
entire refineries in several studies {Morgan and Wong, 1984; McCraw et al., 1983];
increased risks with increasing length of service {Wen et al., 1983; Morgan and
Wong, 1984]; and case-control studies within the industry [Rushton and Alderson,
1981b]. However, several issues remain unresolved at this time.

First, high-risk groups have not been identified, and only a few studies provided
job- or area-specific analyses. Most of the leukemia cases in the petroleum industry
were not found arhong those who worked on benzene units directly [Tsai et al., 1983;
McCraw et al., 1985]. Large case-control studies. with detailed employment and
exposure data are needed to identify high-risk groups. Second. except for the two
Shell refineries, most refinery studies reported a variety of cell types, not limited to
acute myelogenous leukemia alone. The issue of whether benzene or other petroleum
hydrocarbons can affect only acute myelogenous leukemia or other cell types as well
remnains unresolved. Third, diagnostic specificity (or lack of) for lymphatic and
hematopoietic diseases on death certificates, particularly on older death certificates,
may result in inaccuracy of underlying cause of death classification. This misclassi-
fication may confound site-specific analyses. Fourth, latency in these leukemia cases
was of the order of 20—-30 years, different from the short latency reported for
benzene-related leukemias in the early literature. By comparison benzene exposure
at reﬁnenes is much lower than those reported earlier (e.g shoemakers in Turkey)
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TABLE XIV. Surnmary of Mortality From Other Lymphatic Tissue Cancer in Cobort Studies of Refinery and

Other Petroleum Emplovees®

Observed  Expecied Sratistical  Latency Duration

Authorvear Faciliny deaths deaths SMR  significance  snulvsis  analvsis
Tunershaw Cooper Asse, (19741 {7 refineries
Wongp (195D 17 tefineries
Kupian {1986} 17 rclineries 30 B2 1.3
Schottenfeld et al [1981)*" U.S. refineries
Nelson | 1985} 10 refineries
Wonp ¢t a) |1986) Richmond. 20 14,12 1.4 xd x®

E) Sepundo Refineries
Hanis et al {1982)° Baton Rouge Refinery 7 7.20  0.97
Hanis et al {1985l Baton Rouge, Baviown. 15 18,60 0.8}

Baywey Relineries
Wen et al, |1 983) Port Arthur Refinery iq 13.23  1.05
Morgan and Wong [1984) Besumont Refinery 12 7.62  1.57 x® x*
Morgan and Wong [1985] Paulsboro Refinery & 566  1.4) x4 x¢
Enterfine and Henderson {1985]  Torrance Refinery 2 1.6 1.02 x¥ x®
McCraw et al, [1985) Wood River Refinery 6 4,80 1.26
Joyner | 1983} Dees Park Refinery
Divine et al. |1985) 13 refineries & others a8 21,80  1.15
Divine and Barmron [1987] Production & pipeline 12 13.50 0.89 x¢ x*
Rushton and Alderson |1981a) 8 UK refineries
Rushton and Alderson {1983] UK diswuibution centers 6 3.63  1.65
Thériault and Goulet |1979) East Montreal Refinery
Thériault and Provencher [1987] East Monueal Refinery
Christie |1986] Australia 2 147 1.36
Nakarpura {1987} 51 Japanese refineries
Total 122 106,39 1.4 tn=.131

“Note: Biunk enries indicate thal the observed and expected deaths are not reponied by the authors.

"Excluded from the calculation of summary SMR.

*Only refinery emplovees are included.
“Only male hourly employees with 1 or more years of employment are included.

¢

'x = Analysis done.

Cancer of the Other Lymphatic Tissue (ICD8, 202, 203, and 208)

Table XIV shows the SMRs for cancer of other lymphatic tissue from the
eligible cohort studies. For most studies, the SMR was shghtly above the norm.
These included the API industrywide study [Kaplan, 1986), the Chevron refineries
[Wong er al., 1986). the Mobil refineries at Beaumont and Pauisboro [Morgan and
Wong, 1984, 1985], the Shell Wood River refinery [McCraw et al.. 1985], and the
British distribution workers [Rushton and Alderson, 1983).

Only two studies showed an SMR less than 1: 0.81 for the three Exxon
refinenies and 0.89 for the Texaco production workers. As stated earlier, the exposure
of production workers might not be similar to the refinery workers. Overall, the
meta-SMR was 1.15 (p = .13). Although the excess is not statistically significant,
several points need to be addressed.

In regard to the relationship between ‘‘cancer of the other lymphatic tissue’” and
leukemia. recent immunologic studies have shown that there are stem cells that
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TABLE XV. Power Analysis by Cancer Site*

i Observed Expecied - : 95% Cl — MIN
Cancer site deaths deaths SMR LL UL p-value SMR
All 6,405 7.525.29 0.85 0.83 0.87 <.00001 1.03
Digestive 947 1.174.86 0.81 0.76 0.86 <.DO00! 1.o7
Stormnach 585 659.95 0.89 0.82 0.96 <.005 1.10
Pancreatic 336 354.83 0.95 0.85 1.05 =32 1. 14
Lung 1,903 2,469.60 0.77 0.74 0.81 <.00001 1.05
Skin 93 89.23 1.04 0.84 1.28 =.70 1.28
Prostatic 445 461.35 0.96 0.87 1.05 =45 L 4
Kidney 147 149.24 0.98 0.83 1.15 =85S 1.21
Brain 210 209.70 1.00 0.87 .13 = .95 1.18
Lymphopoietic 460 448.71 1.03 0.94 1.13 = .58 1.12
Lymphosarcoma 97 111.75 0.87 0.71 1.06 = .16 1.25
Leukemia 279 253.54 1.10 0.97 1.23 =10 1.16
Other lymphatic tissue 122 106.39 1.15 0.95 1.38 =.13 1.25

minimum SMR

i

*95% Cl = confidence interval (upper and lower limits {LL, UL]): MIN SMR
detectable at .05 level with 80% power.

[Minowada et al., 1981]. Further work by Bakhshi et al. [1983] demonstrates that the
major clone in chronic myelocytic leukemia involves cells capable of lymphocytic,
granulocytic, and erythrocytic differentiation and has led to the conclusion that a
transformation event occurs at a very early multipotent stem cell level.

Because this ICD group consists of several lymphatic and hematopoietic
cancers, little attention has been focused on this category. Because of the diagnostic
overlap, the natural course of various [ymphatic cancers [Jaffe and Berard, 1978], and
the multipotent stem cell theory [Minowada et al., 1981; Bakhshi et al., 198&3;
Kersey, 1983}, cancer of other lymphatic tssue should be combined with other
lymphatic and hematopoietic cancers. for analysis [Wong, 1987; Heath, 1982; Dec-
ouflé et al., 1983}). A thorough examination of the industry data in this direction will
help to resolve this issue. -

CONCLUSIONS

Based on this review of the pertinent epidemiologic studies in the petroleum
industry, we conclude that employees in this industry with potential exposure to
petroleum products including gasoline-like hydrocarbons are not at increased risk for
most cancers examined. The statistical power of the combined data from these
epidemiologic studies in detecting a modest risk in most cancers is quite high (Table
XV). In fact, the review indicates that these employees experienced a significantly
lower mortality than the general population from the following cancers: all sites
combined, digestive system, stomach, and lung.

For skin cancer and brain cancer. the results from various studies were not
always consistent. However, the overall data indicated that the mortality experience
for these two cancers of petroleum employees was similar to that in the general
population.
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data indicating that certain small groups within the industry might have an elevated
“risk. For prostatic cancer, employees at the MEK-dewaxing units may be at higher
risk. but the numbers in these studies were very small, and the results were not
replicated in a subsequent study, For kidney cancer, one study indicated that gasoline
truck drivers were at higher nsk. Additional studies of these sites that include
exposure information are needed before any relevance to hydrocarbon exposure can
be determined.

The review supports the conclusion that some subg'roups of petroleurn employ-
ees. particularly those with more than 20 years of service and employed before the
1940s in the petroleum industry, may have been at increased risk of leukemia. This
conclusion is based on the fact that several studies of refinery workers showed a
significant excess, on the consistency of the data, on the positive trend with
increasing length of employment and latency, and on the results of detailed case-
contro! studies within the industry. Unfortunarely, accurate historical exposure data
are lacking. In most refineries, industrial hygiene-monitoring data were not been
routinely collected until the mid-1970s, whereas relevant exposures in these cohort
studies occurred much earlier. A risk assessment by quantitative exposure data cannot
be made based on the currently available data. An industrywide case-contro] study of
leukemia, with a strong focus on historical exposure data, would be helpful in such
a risk assessment. Furthermore, there is some indication that mortality from cancer of
other lymphatic tissue might also be elevated. Owing to the reasons provided earlier,
this broad ICD category should be given more attention in the future,
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