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An epidemiological study of petroleum refinery
employees

OWONG.' RWMORGAN," WJ BAILEY? R ESWENCICKI,?
KRATHLEEN CLAXTON,' AND LEEKA KHEIFETS' -—

From the Environmental Health Associates, Inc,' Oakland, CA 94607, and Chevron Qorfora:ion Medical
Staff.* San Francisco, CA 94104, USA -

ABSTRACT A cohort study of 14 179 current and former Chevron USA employees at the Richmond
and El Segundo, California, refineries was conducted. The cohort consisted of everyone working at
either refinery for a minimum of one year. The observed mortality of the cofiart, by cause, was
compared with the expected based on the United States mortality rates, standardised for age, race,
sex, and calendar time. Analyses by refinery, job category, hire date, duration of employment, and
latency were performed. For the entire cohort, mortality from all causes was 72:4% of-that

expected, a deficit that was statistically significant. [n additi==; a significantly lower mortality was

found for all Torms of cancer combined, digestive cancer, lung cancer, heart disease,_non-malignant
respiratory disease. diseases of the digeéstive system, and accidents. Only Tymphopoietic cancer
showed a pattern ofincreased risk suggestive of a possible relation to an occupational exposure, The
excess appears confined to cancer of lymphatic tissue (not leukaemias) at Richmond, and only
among those hired before 1948. A follow up caseanalysis of the deaths from lymphatic cancer failed
to identify a common exposure pattern.

Several epidemiological studies of petroleum refinery
workers have been conducted!~'¢ (Divine Bl er al,
unpublished report). Although these studies differed
in size and design and covered different periods they
showed several cancer sites with significant excesses
among individuals exposed to petroleum and its
byproducts when compared with the general popu-
lation or with non-exposed employees. The cancer
sites that have been implicated in more than one study
include cancers of the respiratory system, stomach.
lymphopoietictissues. and, perhaps. brain. Although
some of these studies have certain limitations, either
because of their design or because of the particular
data source available to the investigators, they have
suggested possible health risks among refinery
employees. TO investigate whether these risks existed
among itsemployees, Chevron undertook a long term
mortality study at its Richmond and El Scgundo,
California, refineries.

Accepted 22 April 1985

Materials and methods

DATA COLLECTION

The cohort consisted of all individuals who had com-
pleted one year of work by 31 December 1980 and
who had worked for at least one day between 1-Jan-
uary 1950 and 31 December 1980 at the Chevron
refineries in Richmond and El Segundo. California.
The cohort was constructed by using employment
records at the two refineries, corporate offies. and
other Chevron record storage facilities.

For efficiency,onlly the first and last jobs (job titles.
locations. and dates) wers coded. By not coding the
entirework history, it is possible to miss specific jobs
of high risk. Neverthelass, we thought that this would
correctly identify most subcohort members yet offer
considerablesavingsin both time for completionand
cost of coding. It was also recognised that should the
study generate enough interest in certain causes of
death. any further investigation would require either
a detailed case analysis or, ultimately, a case<ontrol
study (with complete job coding of cses and con-
trols) if feasible and warranted by theavailable data.
A third, lesslikely, possibility would be a reanalysis of
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An epidemiological study of petroleum refinery employees

the entire cohort, but after adding complete job
coding.

Theemployment records generally included the fol-
lowing information: name, social security number.
sex, race, date of birth, date of hire (or service date),
date of separation, and an employment history. Dates
of death and death certificates were available for
some individuals who had died while employed or
after retiring.

COHORT VERIFICATION

We investigated the possibility of using social security
quarterly reports (Form 941) to verify the com-
pleteness of the cohort but found that that method
was not practical because these reports were not
specific to locations within the state. The best data
source for verification within the company, but inde-
pendent of the source of data collection, was
employes year end tapes from the centralised
personnel/payroll system These computer tapes are
made at the end of each calendar year ofall employ-
¢es who had had some employment ar retirement
activity in that year. Year end tapes arc available
from 1962.

For verification purposes, three sets of year end
tapes (1965-6, 1970-1, 1977-8) were randomly
selected within each of the three six year periods
(1962-7, 1968~73), 1974-9). A cohort of 7097 individ-
uals were generated from these tapes. Of these, 279
(3.8%) were not included in the cohort (183 from
Richmond and 96 from El Scgundo). About half
these (< 2%) were found to be eligible for the cohort
but were missed in our data collection, either because
they were not present in the files at the time of
microfilming or were inadvertently omitted from the
microfilming. The few potential cohort members
missed was not over represented in .any particular
occupational department or file storage facility and
we do not believe. therefore. that any bias in cohort
ascertainment would be likely to result.

VITAL STATUS FOLLOW UP
It was necessary to determine whether those workers
who had terminated their employment (including ter-
mirnees, transferred. and retirees) before 31 December
1980 were still living or whether they had died
between leaving and the end of the study. Sources
used in the vital status follow up of former employees
included:

(1) Social Security Administration Vital Status Fol-
low up.

(2) California Automated Mortality Linkage Sys-
tem (University of California, San Francisco), and

(3) the California Department of Motor Vehicles.

DEATH CERTIFICATE ACQUISITION

We retrieved death certificates for 2242. or 97-82% of
those identified as dead, most of whom had died in
California. All death certificates were coded by a
trained nosologist according to the 8th revision of the
International Classification of Diseases by underlying
cause of death.”

STATISTICAL PROCEDURE

The most common summary index for assessing the
risk of death in a cohort study is the standardised
mortality ratio (SVR).The basic unit of computation
is the number of years each employee was followed up
(person-years) from the anniversary date (one year of
service) or 1January 1950 (whicheverwas later) to the
end of the study period or the date of death (which-
ever was earlier). For those “lost to follow up,”
person-years Of observation were counted up to the
last date of contact, which was usually the termi-
nation date or the last driver’s license renewal date,
Thereafter, these individuals were taken out of the
analysis. ThiSamounts to assuming that the mortality
experience of these individuals was similar to that of
the rest of the cohort. Each year (or fraction thereaf)
contributed by an individual worker was classified by
age, race, s¢x, and calendar year. and these person-
years of all workers were then summed up by age,
race, sex, and calendar year. The United States
national age-cause-race-sex-specific mortality rates
for five year periods from 1950 to 1980 were applied
(0 those person-years to obtain the number of deaths
from a particuldr cause to be expected from an qual
numiber of person-years of the same race and sex and
similar in age and calendar year.

SMRs were computed by expressing the actually
observed deaths as percentages of the expected. An
SMR higher or lower than 100 indicated an excess or
a deficit in mortality. The deviation from {00 was
tested to determine whether it was statistically
significant at the 5% and 1% levels. The actual com-
putation was performed using a standard computer
program.'?

Results

DESCRIPTIVE STATISTICS
Altogether 14 179 individuals who satisfied the cohort

Table | Distribution by sex und race of alf cohort members
at Richmond and El Segundo refineries

Race Men Woman Total

White 10127 508 10635
Non-white 718 4 m
Unknown 2656 116 2772
Total 13501 678 14179

Iy

W




8 Waong, Morgan, Bailey, Swencicki, Claxton, and Kheifets

Tabic 2

Distribution by vear of hire of all cohort memhers ar Richmond and El Segundo refincries

Yrar af hire

Richmond El Segundo Both refineries
Frequency Y Frequency Y Frequency A

<1920 258 288 68 125 123 2.2R
1920-4 229 258 133 2-56. 362 2-55
19259 137 1-53 115 221 252 1-78
19304 9 1-01 1 |-48 168 118
1915-9 86 3.9% 167 321 523 369
9404 750 8:15 23 845 (189 8.0
1945-9 1783 1991 837 16-10 225 18-51
19504 9R4 10-96 631 12:14 1615 11-39
1955-9 946 10.53 523 10-06 1469 .5
19604 762 8.48 375 721 137 802
1965-9 847 9-43 517 995 1364 9-62
19704 861 9-59 671 1291 1532 10-80
1975-9 972 10.82 648 1247 1620 1143
Total 8381 100-00 5198 100-00 14179 100-00

criteria were included in the analysis. Table 1 gives
their sex and race distribution. Table 2 shows the dis-
tribution by year of hire for the two refineries and for
the entire cohort. Major hiring at the two refineries
occurred in the late 1940s. Almost 40 of the cohort
were hired before 1950, thus providing a possible
latency of up to 30 years for this group.

Table 3 shows the distribution by duration of
employment for the entire cohort. Over 47% of the
cohort was employed for {0 years or more and 33-5%
were employed for less than five years. The average
duration of employment for the entire cohort was
about {4 years.

Table 4 shows the vital status of the cohort on”
31 December 1980. At the end of the study period,
11 177 (78:83%) were still alive. A total of 2292 indi-
viduals had died during the study period and death
certificates were obtained for all except 50 {2-18% of
all deaths). At the end of the study, the vital status oF
710 individuals (501%) remained unknown.

CAUSE SPECIFIC MORTALITY ANALYSIS

The race of 2772 individuals was not available from
their employment records. Then were, however, few
known non-whites (772) among the Chevron employ-
ees at the two refineries included in thiS analysis. In
order not to bias any racespecificanalysis, race infor-

Table3 Distribution by duration of employment of all
cohort members at Richmond and El Segundo refineries

Employment duration (years) Frequency %

<$ 4753 3352
59 2752 19-4)

10-14 417 999
1519 823 5-80
20-24 837 5-90
25-29 1194 8.42
30-34 1292 911
35-39 724 $11

240 387 273

Total 14179 100-00

mation fram death certificateswas not used and for
the analysis, those individuals with unknown race
(2772) were assumed to be white.

In the study 2292 deaths were identified. Death
certificates were obtained for 2242. The SO deaths
without death certificates. but with dates of death,
were coded as cause unknown. These 50 deaths were
included in the calculation ofoverall SMRSbut notin
any cause specific SMRs.

ANALYSISOFTOTAL COHORTAND BY REFINERY
Table 5 shows the observed deaths and SMRs by
cause for each refinery and the total cohort. For both
refineries, the total mortality was significantly {ow
(SMR =74-1 at Richmond, 692 at El Segundo; 72-4
for both) by comparison with the United States
national mortality experience. For most causes of
death, the SMRS at the two refineries were similar.
and our discussion will focus on the total cohort.
Mortality from cancer of ali sites combined for the
total cohort was also significantly lower than the

Table4 Distribution by vital status (on 3! December 1980)
of all cohort members

Vital status

Frequency % Death certificates
Obtained Ouistanding
Alive: mn 78-83
Active (3465) (24-44)
Retired (1987)  (14901)
Terminated “nn 3327
Transferred (1008) (7-11)
Dead: 2292 1616
While employed (465) (3-28) 459 6
¥elm;d o (l;gg (5-;]) 1149 4
erminat { (4-20
Transferred ) (ossg 634 }‘0
Unknown: 710 501
Terminated (667 (470)
Retired 39 (0-03)
Transferred (39) {0-28)
Total 14179 100-00 242 50 (2:2%)
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Table 5 Observed dgatlu. and SM Rs by cause for total cohort at Richmond and Ef Segundo refineries

Cuuse of death (8th ICDA) Total Richmond - El Segurudo
Obs SMR Obs SMR Obs SMR
All causes 2292 72:4t 1507 741t 785 &9:2¢
Infective & parasitic discases (000-139) 377t X7t 9 69.3
All cancers (140-209) 462 157t 302 T7-5¢ 160 T2:3t
Cancer Of buccul cavity & pharynx(l40—i49) 47-0* 7 572 2 29.0
Cancer of digestive system (150-159) 125 71-6% 85 76-0t 40 637t
Cancer oOf oesophagus &I 50) 12 835 8 86-4 4 78.1
Cancer of stomach(151) 26 762 21 953 5 414
Cancer of large intestine (133) 40 7140 27 157 13 64-0
Cancer of rectum (154) 18 891 13 100-5 5 688
Cancer of liver (155-156) 6 49.0 2 25-4* 4 917
Cancer of pancreas (157) 20 5920 13 &3 7 573
Cancer of respiratory system (160-163) 135 68-7¢ 82 65-6t 53 7410
Cancer of larynx (161) 99-6 6 104.0 3 91.9
Cancer of lung (162-163) 124 569t 74 62-8¢ 50 74-0¢
Cancer 0f skin(172-173) 10 92,5 7 101.2 3 1
Cancerofbmsl(lu) 3 101-8 2 177:2 | 72:8
Cancer Of prostate (185) A 784 23 .6 1 709
Cancer Of testis (186~187) 2 530 2 81.1 0 -
Canccr of bladder (188) 12 62.4 10 81-6 2 187
Canar of kidney (189) 13 87-7 9 95.2 4 745
Canar of bninand CNS (191-192) 22 1259 IS 134-5 7 1107
Lymphatic & haematopoietic cancer (200-209) 64 105-0 46 1180 18 819
Lymphosarcoma K reticuiosarcoma (200) 17 126:4 13 151.3 4 823
Hodgkin'sdisease{201) 4 521 3 60.4 | 368
Leukaemia & aleukaemia (204-207) 22 83 14 878 8 89.1
Other lymphatic tissue cancers (202, 203, 208) m 1416 IS 167.0 S 97.3
Benign neoplasms (210-239) S 615 2 384 3 1025
Diabetes metlitus (250) 17 7t 12 408t 5 30-5¢
Discases of blood (180-289) 6 8s-2 4 88-2 2 79-7
Discases of nervous system (320-339) 12 4764 10 61-8 2 2.7
Discases of circulatory system (390—458) §228 736t 804 749t 427 M4t
Chronic rheumatic heart discase (393-1398) | 61t 8 40-1t il 98.4
Anteriosclerotic heart disease (410-413) 924 793t 605 81-2¢ 319 15:9¢
Vascular lesions of CNS (430—438) 158 666t 10S 685 53 63-0t
Non-malignantrespintory disease (460-519) 105 557t 71 59-0t A 49-8¢
Pneumonia (480-486) 3s 49-5¢ 21 461 14 55-5¢
Emphysema (492) 26 534t 17 551 9 50-5¢
Diseuses of digestive system (520-577) 97 64-7¢ 68 07t 29 40t
Cirrhosisot liver (551) 60 79:0 41 44 19 69.5
Diseases of genitourinarysystem ($80—629) 22 49.8¢ IS 52:3¢ 7 453
Semhly & ill-defined condmon: (780—79‘9) 10 272t 7 29-3t 3 232t
& E800-E998) 243 79:2t 162 80-9¢ 76 (*
Au:udcnu(wo-N ) 146 712 9% 739 47 66-1t
Motor vehicle accidents (810-527) 74 770 5t 80-8 23 698
Suicide (950-959) 88 127:6° 56 1262 32 1303

*Significant at0-0S.
tSignificant at 0-0L.

United States experience. The deficit came primarily
from the following sites: canar of buccal cavity and
pharynx (SMR =47-0, p < 0-05), digestive system
(SMR =716, p<001), and lung (SMR = 669,
p < 0-01). Non-significant deficits were also observed
forseveral other sites, including cancer oFthe prostate
and bladder, Hodgkin's discase, and leukaemia.
Slight. but non-significant. increases in mortality
were found for cancer of the bruin (SMR=1259),
lymphosarcoma and reticulosarcoma  (SMR =
126:6), and othcr lymphatic tissue cancers
(SMR = 141-6). The excesses came primarily from
the Richmond rcfincry. wirich experenced an SMR of
{34-4 for brain cancer. 1513 for lymphosarcoma und
reticulosarcoma, and 167.0 for other lymphatic tissue

cancers; none OfF these SMRs was statistically
significant.

Mortality from cancer ofthe larynx (SMR = 99-6),
skin (SMR = 925), breast (SMR = 101-8), and kid-
ney (SMR =87:7) for the total cohort was similar to
that expected.

Both benign neoplasms and diseases of the blood
showed a non-significant deficit (SMR =61-5 and
852, respectively). Statistically significant mortality
deficits were obsened. however, for many non-
malignant causes: diseases OF the nervous systcm
(SMR =47-6, p <0-01) and circulatory system
(SMR =736, p < 0:01), nonmalignant respiratory
discases (SMR = 55-7, p < 001), discases of the
digestive system (SMR = 64:7, p < 0-01), and genito-
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Tablc 6 Obhserved deaths by cause and SM Rsfor all cohort members in laboratory, maintenance, and operating locations at

Richmond and El Segundo refineries

Cause o death (8thICDA)

Laboratory Maintenance Operating
Obs SMR Obs SMR Obs SMR
All causes 134 74-4¢ 1329 T2:2¢ 817 79-5¢
Infective & parasiticdiseases (000-139) 0 — 12 56-0° 2 18-2¢
All cancers (140-209) 29 81.7 266 75-0t 163 82-5*
Cancer of buccal cavity & pharynx (140-149) 0 - 4 35-8° 6 96-9
Cancer of digestive system (150-159) 7 712 70 68-8¢ 36 63-8¢
Cancer of oesophagus {150) 0 —_ 7 826 0
Cancer of stomach (151) 0 - IS 752 10 9l-8
Cancer of large intestine(153) 2 63-2 17 52-4t 13 -2
Gnarof rectum (154) 4 356-4 13 110.6 5 76.6
Canar of liver (155-156) 0 —_ 5 707 2 516
Cancer of pancreas (157) | 51.2 12 60-8 4 36-5*
Cancer of respiratory system (160-163) 3 251t 80 69-1t 54 837
Cancer of larynx (161) 0 — 7 1316 4 1360
Cancer of_lung(l62-l63) 3 26-6t 72 65-9t 50 82Q
Caacer of skin (172-173) 2 300-1 7 1125 2 71
Cancer of breast (174) 0 —_ 1 5150 0 —
Cancer of prostate (185) 3 1331 m 769 7 480
Cancer of testis (186-187) [} _ 2 93-1 | 85-2
Cancer of bladder (188) I 95-4 7 61.7 6 93.9
Gnar of k|dney (1 C)N 2 2258 7 209 3 62.3
anefo ﬂlnand S(l9l 192) | 90-1 14 1399 7 1275
L,_ P (200-209) g 520 33 l;)gZ;; 28 l;li%.l
m iculosg TOMa (200 6 1 129- 7 164-S
Hodgkm s dlsczs: (ZOI) 200 Q - 2 459 3 1274
Leukacmia & alcukaemia (204-207) | 63-8 13 90.2 10 124.2
'Other lymphatic tissue cancers (202, 203, 208) 3 3574 | 133-7 7 1585
Benign neoplasms (210-239) 1] —_ 2 431 3 118-6
Diabetes mellitus (250) 2 773 7 26'5¢ 4 71t
Discases of blood (280-289) 0 — 3 743 ] 219-5
Diseases of nervous system (320-389) 1 66-0 6 41-6° 5 62.5
Discases of circulatory systemn (390-458) n 76-8¢ 719 73-6¢ 421 772t
Chronic rheumatic heart disease (393-198) 0 9 51-0° 2 21-5¢
Arteriosclerotic heart disease (410-413) 57 86 -S 54t 79-1¢ 329 86-0t
Vascular lesions of CNS (430-438) 6 4388 93 670t 46 59-0t
Non-malignant rspun(ory discase (460-519) 5 47-6 61 5s-ot 39 62-5t
Pneumonia ( ) | 263 21 50-6¢ 1S 64.3
Emphysema (492) 2 124 12 41-6¢ 9 55.4
Diseases of di ‘gcuvc system (520-577) 4 44-5 58 67-0t 38 ™1
Cirrhosis of liver (554} 3 62.4 34 717 26 106.6
Discases orifemtounnary system(580-629) [} 421 t 42:.8¢ 5 35-9¢
Senility & ill-defined conditions (780-799) | 466 6 281t 2 16-9¢
Accidents, poisonings, & violence (E800-E998) 17 817 138 80-5t 96 98-7
Accidents (800-949) 7 53.4 90 78-0° 59 92.3
Motor vehicle accidents (810-827) 1 15-9¢ 41 76.7 3t 104-6
Suicide (950-959) 9 205-7 44 1130 33 150-5*

*Significant at 0-08.
tSignificant a1 0-01.

urinary system (SMR =49-8, p < 0:01), senility and
ill defined conditions (SMR =27-2, p < 0:01), and
accidents (SMR = 71-2, p < 0-01).

Among all the causes of death examined, mortality
from only one CaUSE. suicide, was significantly raised
(SMR="127-6, p < 0-05). Both refineries showed an
equal amount of increased nortality from suicide.

ANALYSIS OF WORK LOCATION

As mentioned earlier, the locations as well as thejob

titles for the first and last jobs wen coded. The

locationswere classified into several broad categories.

Three oOfF the major categories were:
Operating—Light oil. lube oil, thermal cracking,

catalytic cracking, chemical and packaging.

Maintenance—Field maintenance, shops, quip
ment inspection, labour, and engineering.

Laboratory—Analytical laboratories, chemical lab-
oratories, physical laboratories, inspection, and tech:
nical.

In this analysis cohort members were grouped by
location (either the first or last jd)). Some of the
members were in two. groups. This analysis repre-
sented an attempt to identify any association between
general work locationswithin the refineries and mor-
tality. Detailed analysis (such as by duration at a cer-
tain location. combination of location. and job title)
was deemed inappropriate, since only the firstand last
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Table 7 Obsgrved deaths by cause and SM Rsfor the total cohort ai Richmondand E| Segundo refineries by latency

Cuuse of death (8th ICDA) Latency
< 10 years 10-19 years > 20 years
Obs SMR Obs SMR Obs SMR
All causes . 169 65-4¢ 388 765t 1738 72-2¢
Infective & parasitic discases (000-139) 2 30-5 2 23-2¢ 10 45-5¢
All cancers (140-209) 21 58-7¢ n 791 369 161t
Canccr of buccal cavity & pharynx (140-149) 0 —_— | 324 8 533
Cancer of digeslive sysiem (150-159) 2 22-6° 14 55-2* 109 T7-6¢
Canczr of oesophagus (1S0) 0 —_ | 486 t 8
Cancer of stomach (151) 0 — S %09 21 %
Cancer of lasge intestire (153) 2 71 2 27-5* 36 789
Cancer of rectum (154) 0 — 4 131-8 14 874
Cancerof||ver(155-156) 0 — 0 —_ 6 63
Cancer of pancreas (157) 0 —_ 2 416 18 655
Cancer of respiralory sysiem (160-163) 8 96-9 25 914t 102 634t
Cancer of larynx (161) 0 — 2 151.5 7 957
Cancer of lung (162-163) 8 104-5 23 899 93 61-1t
Cancer of skin (172-173) 1 793 2 83-4 7 979
Canccr of breast (17 gS 0 — | 171 2 1356
Canccr of prostate (I185) 0 — 0 — A 85-0
Cancer OF testis (186-187) 0 — 1 900 1 72:1
Canccr of bladder (188) 0 — 0 — 12 7.2
Cancer of kidney (}89) 2 2438 3 1252 8 69-0
Cancer of braina d CNS (191=192) 2 87-2 7 164-3 3 1194
Lymphatic & hasmaopoieiic cancer (200-209) 2 304 12 107.3 S0 (157
Lymphosarcoma & reticulosarcoma (Z00) 0 — 5 180-7 12 1287
Hodgkin's disease (201) 0 — 1 461 3 82:4
Leukasmia & aleukaemia (204-207) | 383 | 232 20 1§} 0]
Other lymphatic tissue = oczes (202, 203, 208) 1 135-2 S 2633 14 1219
Benign neoplasms (210-239) | 93-5 0 - 4 751
Diabetes mellitus (250) 0 — 0 - 17 41-7¢
Diseases of blood (280-289) 0 —_ | 88-$ 5 96-2
Diseases of nervous system (320-389) | 275 1 19-5 10 60-8
Diseases of circulatory system (390-458) 43 54-8¢ 186 999 73-6¢
Chronic rheumatic heart dism e (393-398) 2 42-1 5 62-3 12 65-5
Arteriosclerotic heart discase (410-413) 33 66-0° 152 92.6 139 71-6¢
thrlmonsofCNS(ﬂO—ﬂS) 5 510 12 452t 141 70-1¢
Non-malignant respiratory dissase (460-519) 2 22-2¢ 12 54.4¢ 91 ST-1t
Preumonia (430—486) | 23-3 2 21-8¢ 32 55-8¢
Emphysema (492) 0 — 7 145-3 19 44-2¢
Di: (520-57T7) 8 5§7-6 20 63-1* 69 66-2¢
Cirehoss of oer &) 4 538 s 835 4 812
Diseases of genitourinary system (580-629) 4 e7.4 3 414 IS 46-5¢
Senility & itl-defined conditions (780-79%) | 240 1 14.9¢ 8 30-9t
Accidents, poisonings & violence (E800-E998) 79 86-3 71 837 93 -3¢t
Accidents (800-949) 58 92-3 41 73-8 47 54-2t
Motor vehicle sexidents (810-827) 32 90-0 19 712 3 680
Suicid¢ (950~-959) 13 3 1159 3 1437 40 1203

*Significant &t 0-05.
tSignificant at 0-01.

jobs were coded.

Table 6 shows the mortality of the subcohorts of
employeesin laboratory, maintenance, and operating
locations. Among the 244 employees in the labora-
tory locations. the overall SMR for the two refineries
combined was 74| which was significant at the 0-01
level. In addition. three causes of death showed a
significant deficit: lung cancer (SMR = 26-6), diseases
of the circulatory system (SMR = 76-8), and motor
vehidc accidents (SMR = 15-9). None of the calcu-
lated SMRs was significantly raised.

About half the oohort members (7838) were
classified as having worked in maintenance locations

and their overall morulity (SMR =72 2)
si| nificantiy iower than expecfed %table 6). Slgnlflcant

mortality deficits were found for all cancery
(SMR = 75-0), digestive cancer (SMR=68.8). lung
cancer (SMR = 65-9), diseases of the circulatory sys-
tem (SMR = 73-6), non-malignant respiratory dis-
gase (SMR = 55-0), and accidents (SMR=78-0).
Slight, but non-significant, mortality excesses were
detected for cancer of larynx. cancer of brain, lym-
phosarcoma and reticulosarcoma, and other lym-
phatic tissue cancers,

The §510 oohort members classified as operating
(manufacturing) personnet showed significantdeficits
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Table 8  Observed deaths by cause and SM Rs for the total cohort at Richmond and El Segundo refineries by duration of
cmployment

Cause of death (8th ICDA} Luration o employment
<5 years S-i4 years >S5 years
Ohs SMR Obs SMR Obs SMR
¥
All causes 262 801t 525 789t 1505 69-2t
lafective & parasiirc discases (000-139 2 457 | 558 6 272t
Allaneers (146°205) ¢ ) 41 845 89 128t 328 753t
Cancer of buceal cavity & pharynx ([40-149) 0 — | 254 8 59-4
G n ar of digestive system (150=159) 7 53-8 17 50-0t 101 791
Cancer of oesophagus (150) 0 —_ 3 1081 9 861
Cancxr of stomach (151) 0 — 2 289 24 96-6
Cancer of large intestine (153) 4 93-6 b 47§ 31 753
Cancer of rectum (154) 1 0 4 101-1 13 87-6
Cancer of liver (155-156) 0 — 0 — 6 674
Carezr of pancreas (157) 2 764 2 308 16 6a-8
Cancer of respiratory system (160-163) 21 121-5 A 899 80 56-6t
Cancer of laryns (161) 0 —_ | 513 8 1214
Cancer of lung (162-163) 21 1284 33 92:8 m 524t
Cancer of skin (172-173) 1 581 4 1452 S 790
G narofbreast (174) 0 — | 93.2 2 20Q.8
G nnof prostate (185) 0 —_ 4 651 30 81-8
Cancer of testis (186-187) | 880 0 - 1 74:4
Cancer of bladder (188) 0 —_ 0 — 12 793
Cancer.of kidney (189) 4 284<| 3 97:2 6 - 581
Cancer of bninand CNS(191-192) 3 1052 8 1682 It 1115
Lymphatic & hzematoporetic cancer (200-209) 3 389 11 783 50 1281
Lymphosarcoma K reticulosarcoma (200 0 — 3 945 14 162:7
Hodgkin's disease (201) 0 - - | 417 3 5-0
Leukaemia & akeukxasmia (204-207) 0 — 2 362 20 12724
Other lymphatic tissue caners (202, 203,208) 3 2199 3 1780 12 120-6
Benign neoplasms (210-239) 1 891 | 474 3 612
Diabetes mellitus(250) 0 — '3 322 14 435t
Diseass of blood (280~259) 0 — 2 1346 4 84-1
Dgsasuofngwomsysmn (320-~389) | 249 2 318 9 60-4
Discases of dreulatory system (190-458) 24 700t 256 80-1t 888 -2t
Chronic rheumatic hartdiseass (393—398) 2 43 4 44-2 13 6
Arteriosclerotic hear{ disease (410—4(2) 64 76:2° 202 90-6 658 766t
Yascular lesions of CNS (430-438) 13 562 23 549t 122 67:0t
Nona-malignant respiratory disease (450-519) 6 “-70 25 743 14 §2:3t
Pneumonia {430-—484) | 17:7¢ 8 59-3 26 50-4¢
Emphysema (492) 2 80-1 6 97 46-6t
Driseases of difesxivc sysiemn (520-57T) 17 88.4 27 14.1 33 i6-2t
Cirrhosis ot liver (551) 14 1180 19 939 27 61-0t
Diseases of genitourinary systemn (580-629) 3 722 4 408 s 49-7¢
Senility & ilidefined conditions (780-799) 1 18-5 5 58:9 4 17-4t
Accidents. poisonings. K violence (E800-E998) 19 88.2 83 870 81 66-5¢
Accidents (800-949 56 947 52 81-3 38 46-4t
Motor vehicle accidents (810-827) 0 92-3 24 775 20 61-4*
suicide (950-959) 20 1199 27 1266 4 13126
*Significant at 0-05.
tSignificant at 0-01.

for all causes (SMR =79-5), all cancers (SMR
=82-5), digestive cancer (SMR =63-8), cancer of
prostate (SMR = 48-0), diseases of the circulatory
system (SMR = 77-2), and non-malignant respiratory
disease (SMR =62.5). Non-significant excesses were
found for cancer of larynx, lymphosarcoma and retic-
ulosarcoma, other lymphatic tissue cancers, and dis-
eases Of the blood. A significant excess was detected
for suicide (SMR = 150-5, p < 0-05).

ANALYSIS BY LATENCY
Long latent periods are usually required for chronic

diseases to develop so that it may be more appropri-
ate to examine mortality experience only after a cer-
tain lag period has ¢lapsed, Table 7 shows the
observed deaths and SMRs by-cause for the total
cohort by latency since hire. In general. persons fol-
lowed up for less than 10 years from hire date had
exceptionally low SMRs. Among those followed up
for 10-19 years, the only significant SMR was for
suicide (SMR = 1487, p < 0-05). In the same group
SMRs for cancer of the rectum (131-8), lympho-
sarcoma and reticulosarcoma (180-7), othcr lym-
phatic tissue cancers (263-3), and emphysema (145-3)
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were raised, but none was significant. For those fol-
lowed up for m¥re than 20 years. no significant excess
from any cause was found. In fact, most causes of
death were either similar to or less than expected
(significantor otherwise).  *

No obvious upward trend by latency was found,
except for cancer of the digestive system. Never-
theless, when the subcategories within the digestive
system were examined, no consistent trend was evi-
dent.

ANALYSIS BY DURATION OF EMPLOYMENT
Table 8 gives the observed number of deaths and
SMRs. by cause, for the total cohort by duration of
employment at the refineries. There was a slight
downward trend of overall mortality, but the mag-
nitude of the trend was small. More prominent down-
ward gradients were observed for lung cancer, kidney
cancer, and cirrhosis of the liver.

The only obvious upward trends were those for all
lymphaticand haematopoietic cancer and for suicide.
For suicide, however, the magnitude of the trend was
small. When the subcategories of lymphatic and hae-
matopoietic cancer were examined. lymphoma and
reticulosarcoma, Hodgkin's disease, and leukaemia
showed a slight upward trend. albeit no death was
observed for any of these three causes in the shortest
duration of employment (<S5 years) group. On the
other hand. there was a downward trend for other
lymphatic tissue cancers.

ANALYSIS BY HIRE DATE
The refinery workers in the study were potentially
exposed to benzene. which has been implicated in
several previous studies for inggeasing the risk of leu-
kaemia and lymphomas.”™ © Occupational stan-
dards for benzene have undergone several changes
historically. In 1947 the recommended benzene stan-
dard (8-hour TWA) was lowered from {00 ppm to
50 ppm, and was further reducedto 3§ ppm in 1948.
In this analysis the cohort was divided into those
hired in or before 1948, and those hired after 1948, in
order to assess mortality risks before and after this
reduction. The most striking contrast was in the
SMRs for lymphatic and haematapoietic cancer
before 1948 (120.9 based on 58 observed deaths) and
ufter 1948 (46:2 based on 6 ooserved deaths). For
lymphosarcoma and reticulosarcoma. the SMRs were
1496 (16 observed deaths) and 36-6 (I observed
death), respectively. All 22 deaths from leukaemia
(SMR= 110.2) occurred among those hired in or
before 1948, and nO deaths from Jeukaemia werc
obscrved among those hired aftcr 1948. Similarly, all
six deaths (SMR = 103-6) from discascs of the blood
occurred among those hired in or before 1948 and
none among those hired after 1948.

Similar analyses by hire date were performed sepa-
rately for the refineries. The contrast in total lym-
phatic and haematopoietic cancer mortality and its
subcategories by hire date appeared to come primar-
ily from Richmond. In fact, for those hired in or
before 1948 at the Richmond refinery, the SMR for
lymphosarcoma and reticulosarcoma was 186-9 (13
observed deaths, p <0-05) and - that for other
lympathic tissuc cancer was 185-8 (14 observed
deaths, p < 0-05). For these two categories, only one
death (from other lymphatic tissue cancer) occurred
among employees hired after 1948. .

When comparing mortality by hire date, one must
remember that hire date is confounded by latency. In
this analysis, however, those hired after 1948 could
have a maximum latency of 32 years (1948-80), which
appeared to be reasonably adequate.

ANALYSIS FOR LYMPHATIC AND
HAEMATOPOIETIC CANCER

Based on results from previous studies, lymphatic and
haematopoietic cancer was an area of concern in this
study of refinery workers and so this cause of death,
as well as the subcategory, leukaemia, was examined
in greater detail. Table 9 shows the mortality from all
lymphopoietic cancers, which includes all lymphatic
cancer and leukaemnias, both by latency and duration
of employment. Although total lymphopoietic cancer
had an SMR of only 105-0 (not significant), analysis
by duration of employment andlatency (time since
first.employment) shows some upward trend in SMRs
by both variables, albeit with small numbers in the
short term categories. For le

the lymphopoietic catcgory, the data show a some-
WEITSimilar trend but with even smaller numbers in

She—SHOTT (P calegorics 1or either latency of
uratiof, an e was significant.
mentioned earlier, the excess'in lymphopoietic

cancer mortality was entirely due to deaths from non-
Hodgkin's lymphatic cancer. In an attempt to identify
any common work assignments and to assess the

Table9 Observed deaths and SM Rs, by latency and
duration of employment from lymphatic and haematopoietic
cancer among Richmond and El Segunda refinery workers

Latency Duration of employment (years )

<5 5-14 215 Total
Obs SMRObs SMRObs SMRObs SMR

<10 (1] _ 2 653 0 — 2 304

10-19 2 947 5 K4S B2 107)
20 ! 442 4 4245 126650 1is?
Total 3 380 11 783 S0 128164 1050

Mecan exposuse = 25-9 years.
Mean latency = 329 years.
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Year of death
1980 . . e 1980
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Z
1970 7 N [-1970
Z N
., N
1960- 7N 7 N |- 1960
o N
7 7 N
. - X
1950- o 7a é N |~ 1950
mlzz %
a
19404 - 1940
1930 g -1930
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19204 b -1920
IC0 200-0 " ICD 202 1CD 203 'ICD 208
Il Maintenance Light oil dCracking 5 Lube oit Packing
Laboratory  -[[[Jutitities and P Office and Unknown
mm general services administration: D .

Employment histories of 37employeeswho had died of non-Hoadgkin's [ymphatic cancer.

availability of specific exposure information among
these deaths a thorough review OF the complete work
histories of the 37 deaths from non-Hodgkin's lym-
phatic cancer (1CD200, 202, 208, 208) was under-
taken. The review was conducted by members of the
medical, industrial hygiene. and safety depariments,
who were knowledgeable about both past and current
operations and jobtask at the refineries.

The figure shows the job locatios of the 37 deaths
by year of hire, year of death, and ICD code. The
figure was developed to facilitate the identification of
common work locatiasby specific ICD category and
calendar time. By visualising or drawing a line

through a single year or band of time (a five year
period across the graph for example), it is easier to
identify any dusters by work locatias. NO obvious
similarity in job assignments was evident from this
figue. At first glance the number of maintenancejobs
apg<ared somewhat high in proportion to other work
locations; 22 of the 37 (58%%) had ever worked in
maintenance at some time during theiremploymentat
the plant. Excluding cases 9and 33, who worked for
less than one year in maintenance, the percentage
becomes 54% (20/37). At Richmond this percentage
is 50% (14/28). These percentages wers not unusual
because typically close to half the refinery workforce

Table 10  Observed deaths, expected deaths. and SMRsfar malignant cancer of the brain and CNS { 191-192), benign brain
turnours (225-0), and brain tumours, nature unspecified (238 ) for total cohort at the Richmond and E| Segundo refineries

Cause of death (8th ICD) Observed deaths SMR 93% Confidence interval
Matignant cancer of brun and
CNS ( I9_|- 192) 2 17-48 1259 78-7-190-7
Benign brain tumours (225-0) 0 1-16 0 —_
Brain tumours. nature unspecified (238) | 4-36 29 . 0-6-127-2
Malignant, benign, and u ificd brain
tumours (191192, 225-0, 23%) .n 23-00 1000 63-4-150-2
Expected deaths from benign brain tumours (225-0) and brain ified (238 based on | i
rates obtained from the National Center for Health Statinuny, - pocificd (238). were bascd on 1968 United States death
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is concerned in maintenance activities at any one
time. Further.examination of specific crafts among
the cases who worked in maintenance showed no
unusual clustering. The most commonly listed craft
was that of "'still" or ““tank’ cleaner, but only five
individuals had this job title. Furthermore, thres of
the five held this job for three years or less. The
lack of adequate historical exposure data did not
parmit further analysis by quantification or even
qualification of exposure to specific chemical agents.

ANALYSIS FOR MALIGNANT, BENIGN, AND
**NATURE UNSPECIFIED'® ERAIN TUMOURS
The petrochemical industry has had considerable
interest in brain tumours and. specifically, brain can-
cer, since the publication of several studies that
reported a raised risk.' ?**~*'7? Frequently, brain can-
cers are incompletely certified and lack histological
diagnosis. To overcome this underreporting of malig-
nant brain tumours. and to recognise the lethality of
benign brain turnours, some investigators (NIOSH,
for example) have combined benign and nature
unspecified brain tumours with brain cancer asa cate-
gory straddling three ICD divisions.

Table 10 shows the analysis of all brain tumours
(classified as malignant, benign. or unspecified)
among men. National age-race-sex-specific death
rates for benign brain tumour (8th ICD 225-0) are hot
published but were obtained for this analysis by spe-
cial request to the National Center for Health Statis-
s (NCHS). In calculating the expected deaths for
benign brain tumours the 1968 United States death
rates were used. Before 1968, no separate rates were
generated for benign brain tumours. In addition.
SMRs for brain tumours, nature unspecified (8th
ICD 239) are also presented in the table, Although
there was a slight non-significant excess in malignant
cancer of the brain and central nervous system,
deficits were observed for benign and unspecified
brain tumours. When all three categories were com-
bined, the observed number of deaths (23) was identi-
cal with the expected (23-0).

Discussion

The total cohort was relatively large and was ade-
quate for examining mortality from several individual
causes. Although the Richmond and El Scgundo
refineries had a few differences in cause specific mor-
tality, their experience was sufficiently similar to jus-
tify combining them .in the analysis in order to
increuse statistical power (in analysing fess common
causes of dcath).

The all causes SMR was’ only 724, a highly
significant reduction from that expected on the basis
of United States statistics. and somewhat lower than

that often found in cohorts demonstrating the
""healthy worker effect,” Comparison of the United
States and the local county cancer statistics indicates
that similar results would have been obtained had we
compared our cohort against county rates. We can
se¢ no methodological flaw that might have produced
this low SMR; we therefore conclude that this cohort
has an unusually low mortality rate. Presumably, this
is a combination of the usual healthy worker effect
(selection of the healthy for employment). a relative
absence of serious nisk from the job, and the effects of
continuing employment with its several benefits
(including health care), and lifestyle.

Because of the essentially negative findings, we cal-
culated the minimum relative risks that were
detectable with 80% power at the 0:05 level for
several causes of death of interest. For most malig-
nant causa of death that have been implicated in pre-
vious studies of refinery workers, the cohort as a
whole was sufficiently large to detect with 80% power
any significant excess Ak greater than twofold. In
particular, the minimum relative risk was 203 for
brain cancer, 1-47 for respiratory cancer. 1-70 for
stomach cancer, 1-84 for leykaemia, 1-79 for non-
Hodgkin's lymphomas, and 2:14 for kidney cancer.

The petroleum industry, especially in Texas, has
had considerable interest in. brain tumours and brain
canar. To overcome the frequent underreporting of
malignant brain tumours, and to recognis¢ the lethal-
ity of benign brain tumours, we have combined
benign and **nature unspecified brain tumours with
brain cancer as a category straddling three 1CD
divisions (table 10). Our analysis indicates that there
was a slight (non-significant) excess in malignant
brain canar (primarily from Richmond) but a deficit
in the other two categories, particularly ia the cate-
gory of brain tumours, nature unspecified. For the
three categories as a whole, the observed mortality
was exactly as expected. One possible explanation for
this observation is that diagnostic practice and death
certification for brain cancer in Richmond and El
Scgundo. both within large metropolitan zreas (San
Franasco and Los Angeles, respectively). are more
specific and complete than the nation as a whole (19
of the 22 subjects with malignant brain canar lived in
the San Francisco Bay areaor LOS Angeles County at
the time to their deaths). A previous study had indi-
cated that among the medically well insured, a high
level of investigation may iead to an increased fre-
quency of the diagnosis of bnin cancer. giving an
apparent (not real) increase in reported incidence
rates,'® Within the Chevron cohort, however, other
explanations cannot be ruled out.

For malignancies of the lymphopoietic (lymphatic
and haematopoietic) system, there was a slight. non-
signifiant excess (the study had 80% power to exclude
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only an SMR of 150 or higher). Furthennore. there
was a trend of increasing SMRs with both increasing
duration of employment and latency since first
employment. This pattern was compatible with an
exposure related disease, although numbers were too
small (within each time interval) to be conclusive of a
trend.

When the subcategores within all lymphopoietic
cancer WCIC cxamined, the cxcess was [ound to come
entirely from lymphosarcoma and reticulosarcoma,
as well as other lymphatic tissue cancers (non-
Hodgkin’s lymphoma, multiple myeloma, and poly-
cythaemia vera). There was adeficit in Hodgkin’s dis-
ease (SMR = 521, not significant). but the number
was small. For leukaemia, there was also a slight
deficit (SMR = 88-3, not significant).

As previously noted. Richmond and E! Segundo
refineries differed somewhat, with Richmond having
a significant excess in other lymphatic cancer for
those hired before 1948. Although leu i

total lymphopoietic cancer experience, with Rich-
mond showing an excess (SMR = [18, not
significant) and El Segundo a deficit(SMR = 82, not
significant). The difference between the two refineries
was not significant.

Among the work location subcohorts, there were
no major differences in mortality patterns. Mainte-
nance workers had less of an excess of lymphopoietic
cancer than did laboratory or operating personnel,
The latter was the only cohort with an excess ofleu-
kaemia.

We suggest caution in interpreting mortality pat-
terns, by diagnosis within the category of lymphatic
and haematopoietic cancer ((CD 200~209). With the
possible exception Of Hodgkin’s disease of recent
diagnosis, there is considerable opportunity for mis-
diagnosis, misclassification, and even multiple diag-
noses among the other rubres in the category. For
instance.  both  lymphosarcomas and myelo-
proliferative syndromesoften end in acute myelocytic
leukaemias. Furthermore, it has been suggested that
most lymphatic and haematopoistic malignancy
reflects an oncogenicinsult to the precursor stem cell
series.”

Because only first and last job were coded, it is
difficult to draw firm conclusions concerning the
¢fTect (ifany) ofsubcohort membership ON a particu-
lar disease category of interest. such as the lymphatic
and haematopoietic cancer. The splitinto subcohorts
is most.useful in examining general patternsonly. In
view of the excess in mortality from non-Hodgkin’s
lymphatic cancer a review Of the complete work his-

Wong, Morgan. Bailey. Swcncicki. Claxton, and Kheifets

tories of the 37 deaths from this cause of death was
conducted. No unusual work assignment pattern was
dctccted and we (uiled to identify any common
exposure patlern. This observation is consistent with
two recent casecontrol studies of lymphatic cancer
among refirery workers” (Divine BJ, unpublished
report). Based on similar methodological strategies,
both concluded that there werc no unusual associ-
ations by work category (process unit or job task in
the case of the study by Divine).

Overall. the study has provided considerable reas-
surance concerning the long term heaith of Chevron
refinery employees. Total mortality was low, and
there was no suspicion of an excess risk either for lung
cancer (an important issue in both Contra Costa and
Los Angeles counties) or kidney and digestive cancer
(previously reported in refinery workers).. A recent
study suggests that in Contra Costa County, residen-
tial exposure to petroleum and chemical air emissions
was associated with an increased incidence of cancer
of the buccal cavity and pharynx.? In our study the
SMR for this cancer was significantly low for the tatal
cohort (SMR = 47:0, p < 0:05), and for the Rich-
mond refinery in Contra Costa County the SMR was
57-2 (not significant). For cancers of the lympho-
poietic system. the study is moreequivocal. Although
no statistically significant increases in lymphopoietic
cancer were observed, the results have raised ques-
tions concerning the potential risk to subcohorts or
specific exposure categories. While the sxcsss risk
appears confined to non-Hodgkin’s lymphatic cancer,
not leukaemia. among employees at Richmond hired
in or before 1948. and a detailed review of the work
histones of these casesdid not show any unusual cius-
tering of work assignments. we could not rule out the
possibility that exposure to a specific chemical or mix-
ture caused or contributed to the excess. Without a&-
quate historical industrial hygiene data. however, an
exposure specific case-control study of lymphatic can-
oer is not possible.

While it is safe to conclude that exposure in general
in the refineries. as well as exposures to many specific
chemical agents. have decreased sizeably since the
1930s to mid-1950s (the time when most cases were
employed), it will be necessary to follow up the full
cohort for an additional period to assess adequately
whether the risk of lymphatic cancer has declined in
employees hired after 1950.

Requests for reprints to: Dr O Wong, Environmental

Health Inc, 520 Third Street — Suite 208,
Qakland, CA 94507,
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