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ccupational and environmental health 
issues occupy a major role in our so- 
cieties. In the last two decades, a large 
number of epidemiologic studies of 

- 

petroleum refinery employees have 
been conducted to address the qua- 
tion of possible excess cancer mortal- 
ity among these workers. Although 
overall mortality and major causes of 

This study examined the 1973 to 1989 mortality experience of Shell's two 
California manufacturing locations' employees who worked more than 6 
months before December 31, 1989 and pensioners who were alive as of 
January 1, 1973. Vital status of each employee as of December 31, 1989 
was determined fiom various sources including company records, the Na- 
tional Death Index, and the Social Security Administration's Master B&- 
ficiary Recordfle. The study included many long-tenn employees, with more 
than half(57%) of the total population working 20 years or longer. The total 
population exhibited 11% lower all causes mortality and 20% lower cancer 
mortality, as compared with the California general population. There were 
no significant excesses of any cause-specific mortality including cancer. 
Among total employees, mortality for several cancer sites showed a statisti- 
d l y  nomignfiant increase, for example, cancer of the kidney (8 observed 
deaths and 6.02 expected), cancer of the bladder (II observed deaths and 
9.1 7 expected}, and Hodgkin 's disease (2 observed deaths and 1.01 expected). 
A review of these work histories revealed no predominant work area or job 
assignment. In contrast to the ecologic studies based on local county rates, 
lung cancer mortality in this study was significantly lower (Standardized 
Mortality ratio [SMR] = 0.73). In addition, statistically significant defcits 
in mortality were found for cirrhosis of the liver (SMR = 0.63) and all 
external causes of death (SMR = 0.74). This study also failed to show an 
increased mortality rate for cancers ofthe brain, stomach, and prostate- 
causes which have been reported to be elevated in other refinery and petro- 
chemical employee studies. 

death have been shown be s u b -  
tially lower among refinery employees 
than those for the general population, 
deaths from a number of cancer sites 
have been elevated.'-" These include 
cancer of the lung, stomach, skin, kid- 
ney, brain, and lymphopoietic system. 

To investigate whether these mor- 
tality risks existed in Shell's manufac- 
turing employees in California, we 
conducted a mortality follow-up 
study. This study includes two Shell 
refinery and petrochemical manufac- 
turing facilities in California, ie, 
Martinez Manufacturing Complex 
(MMC) in Contra Costa County and 
Wilmington Manufacturing Complex 
(WMC) in the Los Angeles Basin. The 
two populations combined provided a 
data base for evaluating rhe mortality 
patterns of these employees. 

Both Shell facilities studied include 
refinery operations and smaller chem- 
ical production units. The original oil 
refining processes d a t e d  with 
these facilities generally date back to 
the early 1920s. While differences in 
potential employee exposure did exist 
periodically because of different crude 
feedstocks. additives. and chemical 

From the Corporate Medical Department, Shell OiI Company. P.O. Box 2463, Houston, operations, generally long-term em- 
TX 77252-2463. ployees would have had similar o p  

. .  - 
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Examples would have included 
both high and low boiling point refin- 
ery intermediate streams that result 
From distillation, treatment, cracking, 
and other processes. These include 
pitch, fuel oil, gas oils, propane, h n -  
zene, toluene, etc. Additionally, cer- 
tain process streams would have con- 
tained polynuclear aromatics. De- 
pending on the process involved, 
various catalysts were used (eg, 
nickel). Other occupational exposures 
possibly encountered by MMC/WMC 
employees include asbestos insula- 
tion, sulfur dioxide, ketones and al- 
cohols, various solvents used by main- 
tenance workers, and chemicals used 
by laboratory technicians. 

Contra Costa County has been the 
focus of ongoing controversy regard- 
ing the role of industrial pollution in 
the distribution and magnitude of 
cancer rates in the county.1Las The 
original National Cancer Institute 
Cancer Atlas'" showed that both Con- 
tra Costa County and Los Angeles 
County had significantly higher lung 
cancer mortality than all US counties 
combined. Since then, a series of ecol- 
ogic studies in Contra Costa County 
has demonstfated a consistently in- 
creased lung cancer rate for residents 
in the more industrialized northern 
part of the county compared to the 
southern, less industrialized and 
somewhat more affluent, part of the 
co~nty?~- '~  This gradient in cancer 
incidence has been variously attrib- 
uted to industrial activity or socioeco- 
nomic and life-style factor differences. 
Since 1970, lung cancer mortality 
rates in both Contra Costa and Los 
Angeles counties have not been any 
higher than the rates for surrounding 
counties nor significantly higher than 
the United States as a whole.2s Studies 
of occupational groups within Contra 
Costa County have failed to show an 
excess of any cancer.Lz24 Because em- 
ployees of an industrial complex ex- 
perience potentially far more expo- 
sure to industrial process chemicals 
and chemical emissions than the gen- 
eral public, examination of occupa- 
tional groups employed by manufac- 
turing facilities offers the opportunity 
to help determine whether industrial 
activity is producing cancer or 

whether other factors are more impor- 
tant. 

Method and Materials 
The study population consisted of 

4,585 Shell MMC and WMC M-time 
male employees who worked more 
than 6 months before December 3 1, 
1989 and who were actively employed 
as of January 1, 1973 and pensioners 
who were alive as of January 1, 1973. 
These study subjects were identified 
from the Shell Health SurveWce 
System which contains demographic, 
mortality, morbidity, physical exami- 
nation, and work history data.26 

Vital status as of December 31, 
1989 for each employee, including 
those who terminated employment 
for reasons other than retirement, was 
determined From a number of sources. 
Company records were supplemented 
with results of data-linkage searches 
From the National Death Index and 
the Social Security Administration's 
Master Beneficiary Record file. Ter- 
minated employees not identified by 
the National Death Index search or 
the Social Security Administration 
search were assumed to be alive. 

Because a death certificate is re- 
quired as proof of death before the 
payment of benefits to a surviving 
spouse, most certificates are received 
by the company. Those not received 
were requested from the appropriate 
state vital statistics department. Death 
certificates were obtained for more 
than 99% of the decedents. For each 
death certificate, the underlying cause 
of death was coded according to the 
revision in effect at the time of death 
and then converted to the eighth re- 
vision of the International 
tion of Diseases by trained Shell 
~ o s ~ i o g i s t s ~ ~  

A person entered the study on Jan- 
uary 1, 1973 if he began employment 
at least 6 months before that date. 
Otherwise, he entered the study 6 
months after the day of employment 
at these two facilities. Person-years 
were accumulated From the entry date 
to the date of death or the study end 
date, whichever m e  first. 

Mortality excesses and deficits in 
this report are expressed as standard- 

ized mortality ratios (SMRs) which 
were calculated using the Occupa- 
tional Cohort Mortality Analysis Pro- 

The SMR is the number of 
observed deaths in the study group 
divided by the number of deaths that 
would be expected if the death rates 
for a comparison population were in 
effem The number of deaths that are 
expected is adjusted for age and race 
of the study population and for the 
time period during which the study 
takes place. In addition, to help ao 
commodate for geographic variations 
in mortality, the California mortality 
rates were used as the comparison. 
The 95% confidence interval for each 
SMR was calculated and its deviation 
From 1.00 was tested assuming a Pois- 
son distribution for the observed 
deaths, using a two-sided test of sig- 
ni!ican~e.~~ 

Results 
A total of 4,585 individuals who 

satisfied the cohort criteria were in- 
cluded in the analysis. The average 
age at entry into the cohort was 45 
years. The total number of person 
years of observation was 57,657, and 
the subjects were followed for an av- 
erage of 12.6 years. A total of 3,534 
employees (77%) were still alive at the 
end of the study period. White males 
are the largest grouping, representing 
95% of the study population. Employ- 
ees, primarily pensioners, whose race 
could not be determined (1 1 %) were 
included in the "white" category. At 
the end of 1989, retirees comprised 
SO% of the study population, followed 
by active employees (29%) and tes- 
minees (1 9%). A total of 1,051 indi- 
viduals had died during the study 
period. Ninety-one percent of these 
deaths occurred in retirees (Table 1). 
Sixty-two percent of the total popula- 
tion were employed after 1950 while 
86% of the deaths occurred among 
individuals hired before 1950 (Table 
2). Approximately three fourths of the 
employees worked 10 years or longer 
and 57% worked 20 years or longer. 
The average duration of employment 
for Martinez employees was 20.8 
years and for Wilmington employees, 
20.4 years. 
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Table 3 shows the observed deaths, 
SMRs, and their 95% confidence in- 
tervals. For both refineries, the total 
mortality was significantly lower than 
the corresponding California popula- 
tion (SMR = 0.89 at Martinez, 0.90 
at Wilmington; 0.89 for the com- 
bined). Since the operations of these 
two facilities were similar, our pres- 
entation will focus on the total com- 
bined cohort. Mortality from all can- 
cer for the combined population was 
also significantly lower than the Cali- 
fornia experience (SMR = 0.80). 

Statistically significant deficits were 
seen for cancer of the lung (SMR = 
0.73), cirrhosis of the liver (SMR = 
0.63), and al l  external causes of death 
(SMR = 0.74). The SMR for brain 
cancer was low with only two oh- 
served deaths (SMR = 0.34). Of over 

50 causes of death examined, none 
was statistically significantly in- 
creased. The observed number of 
deaths from all diseases of the respi- 
ratory system was less than that ex- 
pected (SMR = 0.88), while emphy- 
sema was slightly elevated with an 
SMR of 1.1 I. 

Among the total males, the SMR 
for several cancer sites showed a non- 
-cant increase, for example, can- 
cer of the skin (SMR = 1.07), cancer 
of the bladder (SMR = 1.20), and 
cancer of l.he kidney (SMR = 1.33). 
The excesses came primarily h m  the 
Wilmington refinery that experienced 
an SMR of 1.1 6 for skin cancer, 1.42 
for bladder cancer, and 2.16 for kid- 
ney cancer. The SMR for total lym- 
phopoietic tissue cancer was slightly 
elevated (SMR = 1.04). This increase 

- 

TABLE 1 
Vital Status by the End of the Study 

Martinez Whnlngton Combined 
w Status 

No. % No. % No. % 

(Mrently Employed 731 29.5 610 28.8 1341 29.2 

Terminated 464 18.8 407 19.3 871 19.0 
Alhre 454 (97.8)' 391 (96.1) 845 (97.0) 
Dead 10 (2.2) 16 (3.9) 26 (3.0) 

Retited 
AUve 
Dead 

Died while employed 43 1.7 30 1.4 73 1.6 
Total 2474 100.0 2111 100.0 4585 100.0 

+ Number in parentheses represents percentage withjn subgroup. 

was mainly due to the elevated mor- 
tality from Hodgkin's disease (SMR = 
1.99 based on two observed deaths) 
and can= of other lymphatic tissue 
(SMR = 1.22). A statistically nonsig- 
nificant elevation was noted for leu- 
kemia at Wilmington (SMR = 1.47). 

Long latent periods are usually re- 
quired for chronic diseases to develop. 
To assess the possible effect of latency, 
a subgroup of employees (n = 3,335) 
who worked for a minimum of 10 
years was also examined. This group 
contributed 69% of the total person- 
years in the total cohort. The SMR 
for all causes was 0.9 1 (P < .05) with 
10 19 observed deaths and 1 124 ex- 
pected. The number of observed 
deaths for all cancer was less than 
expected (213 observed deaths and 
264 expected, SMR = 0.81). The 
cause-spdic m d t y  pattern is vir- , tually the same as that exhibited by 
the total cohort in Table 3. There were 
no statistically significant excesses in 
any cause of death. Similar to the total 
cohort results, nonsignificantly e l s  
vated SMRs were noted for several 
cancer sites including cancer of the 
kidney (8 observed and 5.8 1 expected, 
SMR = 1.38), cancer of the bladder 
(1 1 observed and 9.05 expected, SMR 
= 122), malignant melanoma of the 
skin (4 observed and 3.34 expected, 
SMR = 1.20), Hodgkin's disease (2 
observed and 0.82 expected, SMR = 
2.43), and all lymphopoietic tissue 
cancer (25 observed and 23.77 ex- 
pected, SMR = 1.05). A statistically 

TABLE 2 
Distribution of Study Population by Year of Hire 

Year of 
H ire 

1910-1919 
1 920-1 929 
1930-1 939 
1940-1 949 
1950-1 959 
1960-1 969 
1970-1 979 
1980-1 989 
Total 

Employee' 
(%I 

13 (0.5) 
21 9 (8.9) 
240 (9.7) 
502 (20.3) 
278 (1 1.2) 
358 (1 4.5) 
463 (1 8.7) 
401 (162) 

2474 (1 00.0) 

Deaths 
(%) 
4 (0.8) 

160 (32.7) 
93 (1 9.0) 

152 (31 .l) 
44 (9.0) 
22 (4.5) 
9 (1.8) 
5 (1 .O) 

489 (99.9) 

Combined 

Emplol(ee m t h s  
(%I (%I 

17 (0.4) 1 6 (1.5) 
41 1 (9.0) 325 (30.9) 
394 (8.6) 21 6 (20.6) 
897 (1 9.6) 343 (32.6) 
595 (1 3.0) 85 (8.1) 
630 (1 3.7) 43 (4.1 
827 (1 8.0) 15 (1.41 
814 (17.7) 8 (0.8) 

4585 (1 00.0) 1 051 (1 00.0) 

+ Employees hired during specific employment period. 
t Deaths of employees hired during specific employment period. 
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TABLE3 
Standardized Mortality Ratio (SMR) for Selected Causes of Death by Location' 

Cause of Death Martrmz Wlmlngton 
g&V 
lun 
exP 
nu1 
resl 
oft 
exK 

(Ico& 8th Observed M R  85% CIt Obsened SMR 95% CI Olwerved SMR 95%CI 

AH tnfilgnant neoplasms 
(140-m) 

Buccalcavityand 
pharynx(lll0- 
1 49) 

Digegtiveorgansd 
peritoneum (150- 
159) 

Esophagus (1 60) 
Stwnach (1 51) 
Large irltstlne (1 53) 
Rechan (1 54) 
b a ' l d b f m ' p a e -  
ww (155, 156) - (157) 

R ~ o r y s y s t e m  
(1 60-163) 

Luns (1 82) 
Sldn (1 72.0-1 72.4, 

172.61 72.9) 
%)state (1 85) 
Bkdder (1 88. 189.9) 
Kidney (1 89.0.189.1, 

189.2) 
Braln and centrsl 

nervous system 
(191. 192) 

Thyroid (1 93.194) 
Lymphatic and hema 

topoietic tissue 
(200-209) 

Lyrnphosarcoma and 
retiwlospumma 
(200) 

Hodgklnb d@Em 
(201 

Leukemia (204-207) 
Other lymphatic ns- 
sue (202.203. 
208,209) 

Benign neoplasms 
(21 0-239) 

D i t e s  mellltus (250) 
Heart asease (390- 

398,400.1,400.9, 
402,404,410- 
41 4,420-429) 

Cerebrovctscular dis- 
-=(430--638) 

Resptratoly disease 
(460-51 9) 

Chhosis of liver (571) 
Extemal causes of 

death (E800- 
E999.8) 

Accidents (E800- 
E949) 

Motor vehicle a d  
dents (E810- 
Ef323) 

Suiddes (E950- 
E959) 

Dis 
1 

rou 
ti01 

, Sht 
pol 
OC( 
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ter 
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a t  
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an 
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CU 
sh 
tic 1 

'White and nonwMte combined. 
t ConfMence Interval. 
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significant deficit was observed for 
lung cancer (63 observed and 85.58 
expected, SI$R = 0.74). The observed 
number of deaths h m  nonmalignant 
respiratory disease was lower than that 
of expected (94 observed and 105.12 
expected, SMR = 0.89). 

Discussion 
Mortality and morbidity data are 

routinely collected as part of occupa- 
tional health surveillance programs at 
Shell Oil Company in order to detect 
potential adverse health effects due to 
occupational hazards or personal risk 
factors. The Health Surveillance Sys- 
tem has been used to monitor the 
health outcomes of a given work 
f o r ~ e . ' ~ , ~ "  Examination of data from 
a health surveillance system can pro- 
vide an indicator of both the current 
and past health status of the work 
force and identify unusual disease oc- 
cwrences that may require additional 
study to assess possible work associa- 
tions. 

Like most other epidemiology stud- 
ies of employees, the overall mortality 
rate seen in this study is lower than 
the comparable mortality rate for the 
California general population. The 
lower overall mortality can be trans- 
lated into longer life expectancy. 
Based on the mortality experience of 
t!!ese employees, the life expectancy 
at age 25 among cohort members is 
estimated to be 1.5 years longer than 
their counterparts?' Such a difference 
may seem small, but the magnitude 
of this relative advantage is equivalent 
to the potential gain in life expectancy 
if 52% of all cancers were eliminated 
as a cause of death in the US male 
population." The favorable mortality 
findings and better life expectancy ex- 
perienced by these employees is prob- 
ably due to a combination of the 
healthy worker effect, the relative ab- 
sence of risks related to employment, 
and the beneficial effects of continu- 
ing employment, such as greater ac- 
cess to medical care and regular 

The SMR for all causes of death in 
this study was somewhat higher than 
the usually observed SMR of approx- 
imately 0.80 in oil refinery and p e b  

chemical cohort This is 
primarily due to the inclusion of a 
large group of retirees (n = 1,257) at 
the beginning of the study. When 
these retirees were excluded from the 
analysis, the mortality was much 
lower than the general population. In 
fact, the SMR for all causes was 0.7 1 
(250 observed and 352 expected) for 
the combined cohort after exclusion 
of the pre- 1973 retirees as compared 
with an SMR of 0.89 when these re- 
tirees were included. It is interesting 
to note that this diminishing of the 
"healthy worker effect" by inclusion 
of pre-1973 retirees does not have 
much impact on cancer death; the 
SMR for all cancer increases only 
slightly from 0.77 (70 observed and 
9 1 expected) to 0.80. 

Two ecologic studies of cancer in 
Contra Costa County have found ex- 
cesses of several cancer sites, espe- 
cially lung cancer, in residents near 
refinery and petrochemical facilities. 
In 1982, Austin reported results from 
an analysis of the relation between air 
pollution and lung cancer incidence 
rates as well as a casecontrol study of 
lung cancer." The industrialized area 
was found to have lung cancer rates 
roughly 40% higher than the nonin- 
dustrialized area. A weak association 
was found between lung cancer and 
SO4 particulate matter in ambient air 
in white males, but not in white fe- 
males The subsequent casecontrol 
study concluded that differential 
smoking rates within the county ex- 
plained the industrial to nonindustrial 
rate elevations. KaIdor et al in I984 
published another ecologic analysis of 
cancer which concluded that increas- 
ing exposure to industrial pollutants 
was associated with increased rates of 
cancer of all sites, cancer of the buccal 
cavity and pharynx, cancer of the 
stomach, cancer of the lung, cardio- 
vascular disease, cerebrovascular dis- 
ease, cirrhosis ofthe liver, and "othern 
diseases." Socioeconomic and life- 
style factors were not evaluated in this 
study. 

The patterns observed in this Shell 
study do not show any statistically 
significant increased cancer mortality 
as a mult of working at these two 
refineries. Overall, cancer mortality 

was 20% lower than that of the Cali- 
fornia general population. This find- 
ing is similar to that seen in other 
large oil refinery cohort 

It is noteworthy that cancer of the 
lung in this study was significantly 
lower than the general population. 
There is aIso no increase in nonmalig- 
nant respiratory diseases. C i t t e  
smoking is one of the most important 
risk factors for lung cancer. The smok- 
ing prevalence (between 1985 and 
1989) of the prese3lt workers at these 
two locations was virtually the same 
as the US general population (30.2 vs 
30.0 per 100)."8 However, the smok- 
ing intensity could be lower among 
these workers since there have always 
been stringent restrictions on cigarette 
smoking in the workplace. No other 
obvious reasons could account for the 
significantly low lung cancer death 
rate in this study. Similar observations 
have also been reported in other refin- 
ery workers In 1986, 
Wong et al reported the results of a 
mortality study of workers at two Cal- 
ifornia refineries (one in Contra Costa 
County and the other in Los Angeles 
County).I2 An analysis of lung cancer 
mortality by duration of employment 
revealed an inverse association. Ott et 
a1 in 1985 reported on the mortality 
of 1,9 19 men employed at two chem- 
ical manufacturing facilities in Contra 
Costa County for the period 1940- 
1979.'4 Deficits of 20% for deaths 
from all respiratory cancer were 
found. Our study also failed to show 
an increased mortality rate for cancers 
of the braid,6.'2 st0mach,5~'~ or pros- 
tate as has been mrted in other stud- 
ies (R.W. Morgan, MD, and 0. Wong, 
ScD, ENSR, unpublished report, 
1985). 

For kidney cancer, there was a sta- 
tistically nonsignificant excess of 
deaths (8 observed and 6.03 expected 
deaths), primarily due to the WMC 
deaths The SMRs for this cancer 
among other refinery studies ranged 
from 0.35 to 1.55.17 A re+ of the 
WMC work histories revealed no pre- 
dominant pattern of job type, work 
area, or process operation. The longest 
jobs for the six cases included chem- 
ist/technologist (16 years), mechanic 
(20 years), asbestos worker (24 years), 
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