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Mortality Patterns Among Workers
in Three Texas Oil Refineries

Terry L. Thomas, M.S.; Richard }. Waxweiler, Ph.D.; Rafael Moure-Eraso, MS;
Sharon itaya, M.D.; and JosephF. Fraumeni, Jr., MD.

The cause-specific mortality experience 0f 2,509 active
and retired members of the Qil, Chemical, and Atomic
Workers faternational Union (OCAW¥) who worked at
three oil refineries In the Beaumont/Port Arthur area of
Texas was examined to determine whether there might be
unuswol patterns of fatal disease reloted to workpluce
exposures. Deaths that occurred between 1943 and 1979
were identified from membership records of the OCAW
heudquarters in Denver und from the records of union
foculs in Texas which represent workers ut the three
refineries. Deuth certificates were obtuined from stute vital
records offices for the decedents. Couse-specific Proportion-
ate Mortality Ratios (PMRs) were calculated using the
mortality experience of the U.S. general population as a
stundurd. Excess mortulity from stomach cancer occurred
emong wctive union members who worked at Refinery A
and emong active and retired members who worked at
Relineries B anc C. PMRs forleukemia, multiple myeloma,
and other lymphomas were elevated, ‘especialfy umong
retired workers. Relative frequencies of brain tumor deaths
were significantly elevated umong active members at all
three refineries and slightly elevated among retirees at
Refineries A and C. Findings suggest that oil refinery
workers may have elevated risks of ,these cancers ond
indicate that more definitive studies ure necessury.

ln a study of mortality pattcrns among active members
of the Oil, Chemical, and Atomic Workcrs International
Union (OCAW) in Texas, rclative frcquencics of Icukcmia,
of multiple myeloma,”and of cancers of the stomach,
kidney, and brain were found to bc incrcascd among
workers in petroleum rcfincrics and petrochemical plants,
particularly umonyg those who had been union members Tor
at least 10 years.? Proportionate Mortality Ratios for
canccrs of the liver, pancrcas, lung, and skin wcrc also
clevatcd but wcre not associated with longer union mem-
bership, When data from those refineries with at feast
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100 deaths were analyzed separately, increased relative fre-
qucncics of cancers of the brain (Refincries A and C), lung
(Rcfineries B and C),and stomach (Refincries A and 8)
werc found.

Refineries A, B, and C are located within 20 miles of
each other in the Beaumont/Port Arthur area of Texas, a
region with a heavy concentration Of chemical plants. All
were opened shortly after oil was discovered there during
the carly 1900s. Although technology has changed with
time, production processes at the thrcc plants arc very
similar and consist primarily of standard rcfincry operations
that involve separating crude oil into various components
including fuels, petrolcum solvents, lubricating oils, petro-
Icum wax, greases and other products. Each of the plants
has a small pctrochcmical opcralion.

Because of the limited nature of the original sct of datal
{i.c., only dcaths among active union mcmbcrs), cfforts
were made 1o assemble a more complete et of dcaths. With
the additions of rctirce dcaths, this study examines the
cause-specific mortality cxpcricnce of an cxpandcd group
of union mcmbcers cmploycd at Refineries A, B, and C.

Materials and Methods

For the original study, data on the 3,105 active mcrnbcrs
of OCAW locals in Texas who died between 1947 dnd 1977
wcrc obtaincd from the Mcmbcrship Dcpartment at OCAW
hcadquartcrs in Denver, Colorado. Among these dcccndents
were 1,161 who had worked at Rcfineries A, B, or C. The
present study focuses only on dcccased active and retired
OCAW members Who had been employed by Rcfincrics A,
B, and C. Records of the union locals representing workers
at these refineries were reviewed to determine whether data
werc available to identify deaths among rctircd union mem-
bers and additional deaths among active members who had
worked at the threc rcfincrics. The union local rcprescnting
Rcfincrics A and B had maintained rccords of dcccascd
active and rctircd rncrnbcrs since about 1943; however,
most of the retirce deaths wcere reported after 1960,
Records of rctircc deaths within the local representing
Refinery C were available only from 1972. Data from the
original study wcrc thus expanded to include 1,194 retiree
deaths and 154 additional active mcrnbcr dcaths that
occurred as early as 1943 and as late as 1978. This number
includes all dcalhs which occurred during 1979 among
mcmbers Of the local rcpresenting Refinery C.
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| Table 1 = Distribution of Male OCAW Decedents by Membership Statusat Death, by Refinery, and by Race
= —
Refinery A Refinery B Refinery C Total

Membership Whita Nonwhite Whits Nonwhite Whits Nonwhite White Nonwhits

| suws N, % No. % No. % No. % No. % Mo. % Ne. % Ne.o %
Active 484 480 79 908 346 475 119 773 210 530 77 566 1040 488 275 729
Retired 524 2.0 8 °"92 382 825 35 27 186 40 59 434 1,02 5.2 102 7.1
Total 1,008 1000 87 1000 728 100.0 154 100.0 396 100.0 136 100.0 2,132 100.0 377 100.0

Information on date and place of death was abstracted
from union rccords. Cause of dcath, age, sex, and race were
determined from dcath ccrtificatcs obtaincd from state vital
rccords offices. Underlying cause of dcath was coded to the
Eighth Revision of the International Classification of
Diseascs? by a trained nosologist according to the rules in
cffcct at the time of dcath.

Observed numbcrs of dcaths wcre compared to ex-
pccted numbcers that werc calculated using cause-specific
proportions of all dcaths among U.S. rnalcs as a standard,
with appropriate adjustments for age, calendar time, and
race.? The ratio of obscrved to cxpccted dcaths is the
Proportionate Mortality Ratio (PMR). For each canccr
site with a significantly clcvatcd PMR in the total group,
cxpccted deaths wcerc re-calculated using as standards the
sitc-age-time-race-specific rclative frcquencics of all cancer
dcaths among males in the total U.S. and among males in
the two-county region in which the plants arc locatcd.
Using this approach, the ratios of obscrved to cxpcctcd
deaths arc the Proportionatc Canccr Mortality Ratio
(PCMR) and the County Proportionate Cancer Mortality
Ratio (CPCMR), respectively.  Statistical significance was
dctcrniincd by a summary chi-squarc test with one degree o
of frcedom,* Ratios and chi-squarcs werc not computed
whcn both obscrved and cxpccted numbcers of dcaths werc
less than five,

interpretation of the results is subject to scveral limita-
tions in methodology. If the OCAW study group has a
lowcr mortality rate for all causes than U.S. rnalcs, PMRs
represent inflated estimates of cause-specific risks. Since the
PCMR and CPCMR arc bascd on the proportion of total
cancer dcaths, they might bc bctter estimates of cause-
specific risks if the age-specific rates for total cancer in the
study group rcscmblc thosc of the corresponding compari-
son population. Sincc the ratios are bascd on the rclative
frcqucncy of spccific causes of dcath, excesses for some
causes will force the rclative frequencics of others to bc
lower than expected. Finally, because of multiple compari-
sons, once would cxpcct a few ratios to be statistically
significant bascd on chance alone.

Results

About 92% of the death ccrtificates requested from state
vital rccords offices were tocated. Because of very small
numbcrs, fcmalcs were omitted from the analyses.

Table 1 shows the distribution of decedents by race and
by membership status al dcath for cach plant. About half
of the whitcs werc rctirces. Less than 30% of the nonwhitcs
wcerc rctircd; howcver, 43% of the nonwhite decedents who
worked at Plant € wcrc rctircd.

Table 2 shows the distribution of study subjects by age
at dcath. Seventy pcrcent of the white male study subjects
and about 6(0% of the nonwhitcs were age 55 or older at
dcath.

PMRs for selected causes of death among white and non-
white males are shown in Table 3 for the three refineries
combined. PMRs for all cancers combined were significantly
elevated among whites (PMR = 1.19) and nonwhitcs (PMR
= 1.23). The PMR for circulatory disease was slightly in-
creased for each racial group but was significantly elevated
only among whites. Thcre wcrc relative deficits in mortal-
ity from respiratory diseasc and from "all other causes”
in both racial groups. A significant cxccss of dcaths due to
accidents, suicide, and homicide occurrcd among non-
whites but noexcess was sccn among whitcs.

PMRs for cancers of the stomach, pancreas, and skin
wcre clevatcd among whites and nonwhites (Table 3) and
reached statistical significance whcn data for both races
wcrc combined. A significant excess of prostate canccr
dcaths occurrcd among whites but not among nonwhites.
The observed numbcer of kidncy cancer deaths was greater
than expected among whitcs; however, there was a deficit
of deaths from bladder canccr. Among whites, the ob-
served numbcr of dcaths from malignant brain tumors was
more than twice that expected. Thcrc was also an increased
frcqucncy of benign and unspccificd tumors of the brain
among whites. Although many of thcsc tumors actually
may be malignant, the term “brain tumor” is often used
clinically to describe brain cancer on death certificates;
therefore, data for malignant, bcnign, and unspecificd
brain tumors are shown grouped in subsequent analyses.
All of the dcaths in the bcnign and unspccificd category
wcere of an unspecified nature (i.e., the underlying cause of
dcath was recorded on the death certificate as “brain
tumor”). The PMR for all hematopoietic and lymphatic

Table 2 — Distribution of Male OCAW Decedents by
Age at Death and by Race
Age White Nonwhite Total
at Oeath No. % No. % No. %
<45 233 10.9 60 15.9 293 11.7
“45-54 394 185 96 5.5 490 19.5
55-64 621 201 133 3H.3 754 0.1
65-74 570 5.1 58 154 628 250
75+ 34 147 30 80 344 137
TOTAL 2,132 100.0 377 100.0 2,509 100.0
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Table 3 —Mortality Experience of Male OCAW Members Employed by Refineries A, B, and C, by Race, 1943-1978
White Nonwhite A Total
Underlying Cause of Death Observed Expected Observed  Expected Observed  Expected
(8thRevision, ICDA) Deaths Deaths. PMRt  Deaths  Deaths. PMRt Deaths  Deaths' PMRAT
All causes of death 2,132 2,132.0 1.00 377 3r7.0 10 2,509 2,90.0 1.00
Alf cancer {140-209) 474 4008 1.19% 79 64.0 1.23% 553 4648 1.19¢
Stomach {151} 36 55 141y 12 61 136§ 48 37.6 1.52
Large intestine (153) 38 6.6 10 6 40 148 44 406 108
Rectum {154) d 145 0% 0 16 - 8 6.1 0.50
Liver (155, 156) 7 90 0.78 1 19 - a 109 0.73
. Pancreas{(157) 32 225  1.42% 5 35 14 37 26.0 1.42%
Larynx {161} 4 6.3 0.&4 0 12 - 4 74 054
Lung {162,163) 131 1195 1.10 26 181 14 157 137.6 114
Skin (172, 173) 11 6.8 1.61 2 0.3 - 13 7.2 181y
Prostate {185) 39 26.8 1.466 7 6.6 106 46 33.4 1.38%
Bladder (188} 1 129 0.08% 1 15 - 2 14.4 0.14
Kidney {183) 15 10.0 15 0 10 - 15 11.0 1%

. Brain (191,192,225,238) ¢ 33 156 211§ 3 - - 36 -
Malignant {191, 192) 27 1.8 2.28% 1 0.8 28 2.7 2.213
Benign and unspecified (225,238) 6 3.8 13 2 - - 8 - -

Hematopoietic and lymphatic (200-209) 68 9.5 1724 3 45 - 71 44.0 16ls
Hodgkin's disease {201) a 54 1.8 0 0.5 - a 59 1.3#4
Non-Hodgkin's lymphoma (200,202,208) 19 29 14 l 23 - 20 5.2 1.2

.— Multiple myeloma (203) 9 44 2.4 0 0.2 - 9 46 1.9

. _Leukemia (204-207) 3l B4 189y . 2 16 - 33 180 1833

Other malignant neoplasms 57 5.0 097 15 128 117 72 71.8 1.00

Circulatory disease {3390-458) 1.177 1,124.1 1.05% 176 1711.4 1.8 1,353 1,205.4 1.04%

Respiratory disease (460-519) 65 123.0 053¢ 17 2.7 078 a2 1447 0.57%
Accidents, suicide, homicide {(800-398) 198 203.2 027 66 46.3 1.42y 264 2435 106
All other causes 218 281.0 0.78y% 39 735 0533 257 4.6 0.72%

*Based on proportionate mortality for US. males

tObserved deaths/expected deaths

1 Observed and expected for ICDA 225 and 238 are not included in the total for cancer
$Statistically significant at the 0.05 level

—Not calculated

Table 4 = Proportionate Cancer Mortality for Selected Cancer Sites among Male OCAW Members Employed by Refineries A, E and C,
1943-1979
White Nonwhite
Observed  Expected Expected Olserved  Expccted Expected
Deatlis Decaths* PCMRt Deatlist CPCMRT Deaths Deaths* PCMRt Decathst CPCMRY
Stomach (151) 36 A1 1.06 26.9 1.34 12 a9 1.34 13.0 0.2
Pancreas(157) 32 216 1.16 32.8 1.00 5 4.6 1.0 36 1.0
Skin {172, 173) 11 8.8 124 n.7 0.A 2 05 - - -
Prostate {185) 39 32.6 1.2 2.5 1.20 7 8.9 0.79 - -
Brain (191,182) 27 147 1.84§ 18.4 1.47 1 1.0 - - -
Leukemia {204-207) 31 2.9 1.48% 1 1.06 2 2.0 - - -
*Based on proportionate cancer mortality lor US. males
t Observed deaths/expected deaths
¢ Based on proportionate canter mortality for malesin a twa-county area
§ Statistically significant at the 0.05 level
~Not calculated
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Table 5 —Mortality Experience of White Male OCAW Members Employed by Refineries A, B, end C
by Membership Status at Death, 1943-1878
i Active Retired
Underlying Cause of Death Observed Expected Observed Expected

(8thRevision, ICDA) Deaths Deaths. PMRt Oeathr Deeths® PMRt

All causes of death 1040 1040.0 100 1092 1092.0 1.00

All cancer (140-209) 231 186.5 127§ 231 2142 ut

Stomach {151} 21 12.6 166§ 15 28 1.17

Pancreas{157) 18 100 1.3 14 24 1.13

Lung {162,163) 67 %.8 120 64 3.1 1.00

Skin {172,173) 8 41 124 3 2.7 -

Prostate {185) a 42 1& 31 21.8 1.42%

Kidney (189) 9 52 1.74 . 6 48 1.5

Brain (191,192, 225, 238)¢ 25 10.9 2.29% 8 48 1.6
Hematopoietic and lymphatic (200-209) 26 209 12 42 18.6 2.26%
Hodgkin's disease (201) . 3 40 - 5 14 3.65§

Non-Hodgkin’s lymphoma (200,202,238) 9 6.6 1.37 10 6.4 15/
Multiple myeloma {203} 2 2.0 - 1 24 2.95%
Leukemia {204-207) 12 82 146 19 8.2 2.32§
All other cancer 60 64.6 023 55 73.1 0.75%

Circulatory disease {390-458) 518 482.6 1.074 659 6419 1.0
All other causes 285 . 3709 0.77% 196 236.8 0.83%

‘Based 0N proportionate mortality for U.S. males
tObserved deaths/expected deaths

v -

1 Observed and expected lor ICOA 225 and 238 are not included in the total for cancer

§ Statistically significantg the 0.05 level
— Notcalculated

brain cancer. The CPCMR for pancreatic canccr was cle-
valed among nonwhitcs.

There were several differences in mortality palterns
among white active and rctircd union members (Table 5).
Although PMRs for all canccr and for circulatory disease
were clevated in both membership groups, they wecrc
statistically significant only among active mcmbers. Rcla-
tivc cxccsscs of stomach, pancrcatic, skin, kidney and
prostale canccrs were sccn among active membcers and to a
Icsscr extent among retirees. The obscrved numbers of brain
tumor dcaths wecrc greater than cxpcctced among active
incmbers (PMR = 2.29) and rctirces (PMR = 1.65), but the
PMR was significant only among active members. There
wcrc significant excesses of dcaths from Hodgkin's disease,
multiple mycloma and Icukcmia among rctirccs but not
among active membcrs.

PMRs for sclectcd causes of dcath among white male
OCAW members who workcd at Refinery A arc shown in
Table 6. Because of small numbcers (N = 87), ratios for
nanwhite males who worked at this plant were not calcu-
latcd. There were twofold refative excesses of stomach and
brain canccr dcaths among activc nicmbers. Mortality due
lo multiple mycloma and to cancers of the pancrcas and
prostate was sliphtly greater than expected, regardless of
mcmbcrship status. Among rctirecs thcrc wds d significant
excess of dcaths from non-Hodgkin’s lymphoma as well as
increased frequencics of Hodgkin's discase and Icukcemia.

Table 7 shows the mortality expericnce of OCAW mem-
bcrs who worked at Rcfincry 8. An increased rclative fre-
qucncy of stomach canccr dcaths occurrcd among whitcs
and nonwhites. Obscrved numbcers of dcaths for cancers of

the stomach, pancrcas, and skin were greater than expected
among whitcs rcgardless of mcmbership status. Increased
rclative {rcquencies of cancers of the brain and kidncy
amonyg whites were more promincnt among active union
mcmbers. Mortality from brain cancer was more than twice
that cxpcctcd among white active mcmbcers. There was an
cxcess of fcukemia dcdths among white active members
(PMR = 2.59) and rctirccs (PMR = 2.46). Among white
retirees, four deaths from multiple myeloma were observed
and lIcss than one was expected. There was a significant
twofold excess of lung canccr deaths among nonwhite
males

Ai: >ng whites who worked at Refinery C, there was a
significant excess of brain tumors (Table 8), with seven
observed and only thrcc cxpccted. Brain and lung cancer
deaths clustered among active union members. The in-
creased relative frcqucncy OF stomach cancer was not
associated with mcmbcrship status. A significantly in-
crcascd relative frequency of Icukemia deaths was confined
to retirces ('MR = 4.18). Amung nonwhites, PMRs wcerc
not incrcdscd for any particular cancer sites,

Discussion

Although limitations of the PMR mcethod arc well
known, its primary purpose is to generate hypothcscs that
can be tested by more definitive analytic studies. Our study
also has limitations rclatcd to the “healthy worker effect,”
scen especially among actively cmploycd workers.® Never-
theless, the unusual mortality patterns, including rclativc
excesses of brain, stomach, and hematopoietic and {ym-
phatic malignancies, arc consistent with the findings re-
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Table 6 — Mortality Experience of White Mala OCAW Members Employed by Refinery A by Membership Status at Death. 1943-1978
(8th Revision, ICDA) Deaths  Deaths. PMRt  Deaths Deaths. PMRt Deaths  Deaths' FPMRt
All causes of death 484 484.0 1.00 524 5240 1.00 1008 1008.0 1.00
All cancer (140-283) 101 847 1194 110 1019 1.08 211 186.6  1.13%
Stomach {151) 11 57 1923 4 6.2 0.64 15 120 125
Pancreas (157} 7 45 1.55 7 59 1.18 14 105 134
lung {162, 163} 27 243 1.08 30 302 0.99 57 55.1  1.03
Skin (172, 173) 2 18 = 0 13 - 2 3.2 -
Prostate {185} 5 2.2 2.22 15 101 1.49 20 123 1.628
Kidney {189} 4 2.3 = 3 23 - 7 46 151
Brain {181, 192, 225. 238)3 12 5.1 236§ 4 24 - 16 75 2.13g
Hodgkin's disease (201) (] 2.0 - 4 0.7 - 4 2.7 -
Non-Hodgkin's lymphoma (200, 202,208) 5 3.0 169 7 3.0 2.33% 12 6.0 2.00%
Multiple myeloma {203) 2 0.9 = 3 1.1 - 5 21 243 r-j
Leukemia {204-207) _ .3 3.9 - 6 33 1.83 9 78 -1.15
AL other cancer 25 295 08.85 27 H3 . 52 64.8  0.80
Circulatory disease {390-458) 240 219.1  1.10% 325 306.4 1.06 565 5255 1.08%
All other causes 143 180.2 0.798 89 115.6 0.77¢ 232 295.8 0.78%

'Based on proportionate mortality for U.S. males
1Observed deaths/expected deaths

1 Observed and expected for {COA 225 and 238 are not included in the total for cancer

§ Statistically significant at the 0.05 level
~Not calculated

ported in other studies of pelroleum and pctrochcmical
workers. Despite biases that might exist for data sets which
arc limilcd to dcaths among aclive employces,5® the in-
clusion of rctircc deaths did not change the patterns noted
in our previous study limited to active union members.?
Analyses utilizing the Proportionate Cancer Mortality
Ratio method did not, substantially change the pattcrns

scen for most canccr sites. CPCMRs for most cancer sites
were very diffcrent from PCMRs, However, it is not clear
whcther a comparison utifizing proportions from the two-
county arca is appropriate, since about 25% of the 1otal
workforce in these two countics is cmployced in the pctro-
lcum and chemical industries.?-9 Mortality rates for brain
canccr and Icukcmia in the two-county arca arc higher than

G-
Table 7 = Mortality Experience of Male OCAW Members Employed by Refinary 8 by Membership Status at 0 eath aad by Race, 1943-1978
Wh_itt ) Nanwhile
e oo Active oo Betind Yo
Underlying Caus of Death Observed Expected Observed Expected Observed Expected Observed Expected
(8th Revision, ICOA) Oeaths  Qeaths® PMRt  Deaths  Deaths* PMRt  Oeathr  Deaths® PMRt Deaths  Deaths® PMRL
All causes of death 346 3460 100 382 3820 1.00 728 7280 1.00 154 1540 1.00
All cancer (140.209) 79 §2.0 127§ 86 735 117 165 1355  1.22% 43 28,1 1.654
Stamach (151) 7 4.5 1.57 8 48 1.67 9.3 1.82 7 27  2.54%
Paacreas (157) 6 3.3 1.80 6 4.3 1.40 12 76 1.57 2 15 -
lung (162, 1631 18 18.2 0.99 23 211 1.03 41 39.3 1.04 15 7.2 2.07%
Skin {172, 173) 4 14 = 3 09 - 7 23 3024 0 0.1 -
Prostate {185) 1 l.c = 8 7.6 1.06 9 9.2 0.98 3 24 -
Kidaey g1891 4 1.2 - 2 16 - 6 34 1.78 0 Q.4 -
Brain (181, 182, 225, 2381 ¢ 8 3.7 2.19% 2 18 = 10 5.3 1.90 1 - -
Hodgkin's diseass {201) 3 13 = 1 0.5 - 4 18 = 0 0.2 -
Nom-Hodgkin's lymphoma (200, 202, 208} 2 2.1 - 2 2.1 - 4 43 - 0 - -
Multiple myeloma (203) 0 07 - 4 08 - 4 15 ATV g - -
Leukemia 1204-207) ) 20 _259% i 28 146 14 56 2575 1 06 =
All other cancer 22 213 102 20 251 0.8 4 413 088 14 25 147
reulstory disease (390.458) 172 1621  1.08 228 2263 1.00 400 389.0 1.03 73 716 1.02
| other crutes 95 1219 0.78% 68 81.6 082 163 2035 0.80% 38 56.3 0.67%
ased ON proportionate mortality for US. males. e B
bierved deaths/expected deaths. | 1Y MIJ)/’«r)mL < | i £
bserved and expected for (COA 225 and 238 ars not included in the total for cancer, .
tavistically significant at the 0.05 level /q‘ aeod on S76 m 0wy Tagp,
ot calculated
. .. N T -
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Table 8 — Morulity Experience of Male OCAW Members Employed by Refinery C by Membership Status at Death, 1943-1979
Active Retired Total
Underlying Cause of Death Observed Expected Observed Expected Observed Expected
(8th Revision, ICDA) Deaths  Deaths* PMRt Deaths Deaths. PMRt Deaths Deaths' PMRt
All causes of death 210 210.0 100 186 186.0 1.00 396 396.0 100
All cancer {140-209} 57 398  1.43% 41 38.8 106 98 78.6  1.25%
Stomach {151) 3 24 - 3 1.8 - 6 42 142
Pancreas {157) 5 22 228 1 2.2 - 6 44 137
Lung {162,163) 22 126  1.74% 11 124 0.88 33 251 132
Skin {172, 173) 2 0.8 - 0 0.4 - 2 1.3 -
Prostate {185) 2 11 - 8 42 191 10 53 1.89%
Kidney {183) 1 11 - 1 0.8 = 2 20 -
Brain (191, 192,225,238): 5 22 2.31 2 0.8 = 7 3.0 2.35%
Hodgkin's disease (201) 0 07 - 0 0.2 = 0 09 -
Non-Hodgkin's lymphoma {200, 202,208) 2 15 - 1 12 = 3 2.7 -
Multiple myeloma {203) 0 04 - 0 0.4 - 0 07 -
leukemia {204-207} 2 16 . - 6 14  4.18% 8 3.1 250§
All~cTher cancer 13 135 096 9 13.0 0.69 22 265 0.83
Circulatory disease {390-458) 160 1015 1.04 106 108.1 0.98 212 2095 101
All other causes 47 68.7 0.68% 39 39.1 1.00 86 107.9 0.80%

‘Based on proportionate mortality for 11.S. males
t0bserved deaths/expected deaths

4 Observed and expected for ICDA 225 and 238 are not included in the total for cancer

§ Statistically significant at the 0.05 level
—Not calculated

those for the total United States. ® If cxposurcs in the
pctrolcum and chcmical industries account for the higher
rales in the two counties, the CPCMR would undcrestimatc
those risks in our study group.

Atthough the incrcascd frcquency of stomach canccr
among membe-s who worked at Refinery A was limited to
active union mcmbcrs, PMRS for stomach canccr wcre
clevatcd among both active and rctircd mecmbers who
workcd at Rcfincry B, and to a fesser degree among those at
Refinery C. These findings arc consistent with a report of
excess mortality from stomach cancer among pctrolcum
refinery workers in Canada. 1!

Our carlier study indicated a slight excess Of leukemia
deaths among active union members who worked at
Refinery B.! Results of the present study indicated more
than a twofold increased frequency Of leukemia deaths
among rctircd as well as active union mcmbcrs at Refinery
B and d fourfold cxccss among rctirccs at Refinery C. In
addition, PMRs for multiple mycloma (Refineries A and B)
and other lymphomas (Rcfincry A) were clevated. Al
though the respansible factors arc not clear, it is note-
worthy that leukemia s associated with bengzene expo-
surc1213 and that other petrochemical exposures may be
rclatcd to lymphoproliferative malignancies,14:13

The most consistent pattern in all thrcc rcfincrics was
the significant clevation of PMRs for brain cancer, particu-
larly among active union mcmbcrs. A more detailed dis-
cussion of the brain tumor dcaths in this study group is
presented clsewhere. 36 The incrcascd risk among active
rncmbers may be duc to a period in midlife of increascd
susceplibility to brain tumors, for which a peak in mortali-
ty is cxhibitcd bctwcen ages SO and 69 in the general
population.1® Our findings arc of special interest iiiview of
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the cxccss risk of brain cancer rcportcd among pctrolcum
rcfincry workers in Canada!? and among workers in a
chcmical plant located in the Gulf Coast arca of Texas.18
Brain tumors also appcar to bc cxccssive among workcers
cxposcd to vinyl chloride,92® and some studies have
suggested high risks in the pharmaceutical?! and rub-
ber13.22 industries. Inseveral of thcsc studics, brain tumors
occurrcd primarily among employees under the age of 65.
Itis not clear whcther this pattern reflects the age distribu-
tion of the populations studied or a biologic phcnomcnon
rclated lo the origins of brain canccr.

In summary, our analysis of proportionate mortality
ddla c¢ncompassing active and rctircd mcrnbers of the
OCAW c¢mployed in three Texas petroleum rcfincrics sug-
gests that refinery workers have clcvatcd risks of brain,
stomach and hematopoietic and lymphatic malignancies.
Morc dcfinitive studies arc nccded to estimate cancer risks
in the petroleum industry and to identify cxposurcs that
arc carcinogenic.
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