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Cancer Mortality in QI

Refinery Workers

NancyM. Hanis, Ph.D.; Kathleen M. Stavraky, M.D., Ph.D.; and}. L Fowler, MD.

Crude petroleum, its fractions and the polycyclic
aromatic hydrocarbons produced in the refining process
have all been shown to cause cancer in laboratory ani;
mals, most commonly in the liver, lung and kidney.' 2
Studies of humans exposed to petroleum or its fractions
have demonstrated increased risks of cancers of the skin,
scrotum and lung, and less frequently, the gastrointestinal
tract and bladder.?”

Inspite of the evidence suggesting that workers in the
oil refining industry might experience an increasedrisk of
cancer, few studies of cancer risks among these workers
have been made until recently. Inastudy of workers in17
oil refineries in the United States, Gaffey et al* found that
the ratio of observed to. expected cancer deaths was
greatest inworkers with the lowest exposure to hydrocar-
bons. The risk of death from cancer oF the digestive
system decreased with increasing exposure to hydrocar-
bons, whereas death from respiratory and genital cancers
increased with such exposure. On the other hand. the
results of a study conducted by the medical director of
Imperial Oil Limited suggested that refinery employees
had increased death rates from cancers of the intestine
(ICDA 152-153) and other digestive organs (ICDA 155-159).

The present study was designed to test the following
hypotheses: (1) Workers exposed to petroleum and its
products have an increased risk of mortality from Cancer,
especially df the intestines (including rectum) and other
digestive argans, than do nonexposedworkers. Reference
to the intestines throughout this article will assume the
inclusionof the rectum (ICDA codes 152-154). (2) Workers
on a refinery site have a similarly increasedrisk of cancer
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mortality, compared with nomefinery workers. The sec-
ond hypothesis was intended as a rather crude assess-
mant ofthe presence-on—a—refinev—site d carcinogens -

other thaniHdse present in petroleum and its products.”

Materials and Methods

Trhe Data. — Imperial Oil Limitedprovided the follow-
ing information for 21,732 male employees, who were
either active in the company, or were company annui-
tants (both full annuitants and deferred annuitants, i.e.,
persons no longer with the company after 1015 years
service. but members of the pension scheme) during the
period 1964to 1973. inclusive: (1) current age; (2) years of
service with the company; (3} status (active, retired, ter-
minated, dead}; (4] date of retirement;(5) date of death; (6)
cause of death;(7) job title (e.g., chemist, warehouseman};
and, (8) job function and location (kind of activity. e.g.,
producing. chemical plant. and its location by province
and reiinery a non-sefinery site).

This information regarding job title. location and func-
tion was sufficient to- categorize employees by exposure
andrefinerywork. accordingto the following definitions.

1. Exposure was defined as daily occupational contact
with petroleum or its products; moderate exposure as
contact less than daily {e.g., it could representas muchas
two Weeks every monthl and nonexposure as no known
occupational contact. On the advice of the company's
industrial hygienist, the department, site, job titles and
functions were used to place employees in one of the
three exposure categories. A small group of employees
(1.69 of the total) was exposed for only part of the 10-
year period. Since the group was small, those members
working at least half of the 10-year periodinexposed jobs
were designated exposed, and those working less than
half, nonexposed.

2 Refinerywork was defined as daily work on a refin-
ery site. irrespective of exposure to petroleum. Informa-
tion provided regarding location of work permitted the
classification of employees as refinery ar norrrefinery
workers.
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" Definitionof the Study Population
Following the categorization of employees, the final
study population was defined by making the following
exclusions from the total population: (1) females, because
the numberwas very small; (2) summer students, because
the number was 'small and the total exposure time for
each student short; (3) short-term employees who termi-
nated during the study period, with less than five years
service with the company, because it was not practicable
to trace these employees; {4) employees active with the
company in the final year of the study, but who had had
less than one full year of employment;(5) 19 retired em-
ployeeswho died early in the study period, but forw
“no mrermation could DE TouRT Witn which to categorize
e aXpoTare o pTacE o WoTe AMEng e -oxluded
short-term employees and the 19 annuitants, only two
cancer deaths were known to have occurred.
Fg 1 details the final study populationof 15,032 male
employees, who had been observed either as active em-

ployees or annuitants for all or part of the 10-year obser-
vation period

A total of 865 emglo¥ees were lost to follow-up. This
group was not part of the 6,681 short-term employees ex- .

cluded from the study population, but was made up of
persons with 5 to 15 years service who left the company
and with whom no contact was maintained by the com-
pany because they were not members of the pension
scheme. These untraced employees were distributed as
follows in the refinery/exposure comparison groups and
their controls: exposed, 4.9%; moderately exposed, 5.9%;

nonexposed, 7.4%; refinery, 2.2% and non-refinery, 7.9%.

. Verification of Cause of Death

The Provincial Registrars, in all but one province, and
Statistics Canada assisted the company medical director
by praviding, from the death certificates, verification of
the underlying cause of.death. Death certification infor-
mation on underlying cause was not located for

e 1, eaths which occurred during the period of ob-
servation. Analyses in thii study are based upon those
deaths citing cancer as the underiying cause on the death
certificate.
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Fig 1. = Study population. imgerial Oil Limited. 1964-1973.
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Analysis of the Data

Since employees were observed for varying lengths of
time during the 10-year observation period. person-years
at risk were used as the denominators for mortality rates,
Both active employees and annuitants contributed to the
person-years at risk.

Age-adjusted cause-specific mortality ratesformed the
basis for comparisons of the exposed and nonexposed
and the refinery and non-refinéry groups. The direct
method of dge adjustment was used throughout, with the
total study population as the standard. Tests of signifi-
cance have been made by a chi square test df the dis-
crepancy between the distribution of the observed
number, 0f deaths in each exposure category and the
number expected. assumingthat the number of deaths in
each category is proportional to the distribution of
person-years in each category.! This procedurewas used
in preference to direct significance tests of differences
betweenage-adjustedrates. since the latter tests havenot
been adapted for usewhere the denominators of the rates
are person-years at risk.

For examination of mortality rates by duration ofF em~
ployment, person-years in each duration category were
determined by allocatingthe person-years contributedby
each employee during the 10-year period, 1 the appro-
priate age and duration category.'®* For example, an em-
ployee enteringthe company in1940 at age 20 would be
age 44 in 1964, the beginning year of observation, and
would have had 24 years of employment The first five
years of the 10-year observation period would be allo-
cated to the appropriate age group in the less than 30-
year duration group. The remaining five years, from“age
49 onwards, would be allocated by age to the30 and over
duration group.

Results

Inthe study population during the 10-year observation
periodtherewere 1,511 deaths of which 301 were due to
cancer. Table 1 shows the percentage distribution of
deaihs by major cause. Disease 0f the circulatory System
and malignant neoplasms together account for nearly
80% of all deaths. An analysis of deaths from causes
other than cancer will be the subject of a separate paper.
An examination ofthe distribution of deaths by causeand
age revealed that only five cancer deaths occurred n
employees under the age of 40. Consequently, the under
40 age group was excluded from subsequent mortality
comparisons. The distributions of person-years at risk by
age contributed by employees age 40 and over in the

Table 1 = Perceatage Distribution of Deaths i
inthe Study Population by Major Cause. 1964-1973. |
Cause of Beath® No. LA

Malignant neoptasms (140-209) 301 199
Diseases of circulatory system (390-458) 905 59.9
Diseases of respiratory System (460-519) e 60
Diseases of digestive system (520-577) 51 34
Accidents, poisonings and violence (800-999) 59 3.9
All other 108 6.9
Total 1511 100.0

*ICOA Codes. 8th Revision (1965) shown in parentheses
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Table2. — Person-Years at Risk by Age for the Study Population, 1964-1873.°
Moderately

Age Totai Nenexposed Goosed Exposed Non-Refinery Refinery
40-44 16,750.5 46610 2.980.0 9108.5 10.961.0 5.789.5
45-49 15.114.0 3.9325 2.396.0 8,785.5 9,258.5 5,855.5
50-54 12,661.5 3,321.5 1.606.5 7.7335 7,354.5 5.307.0
55-59 10,783.0 2,944.5 1,209.5 6,639.0 6,005.0 4,788.0
6064 9,065.0 2,349.0 830.0 5,886.0 4,741.0 4,324.0
65-69 71105 1,718.5 456.0 4,936.0 3,445.5 3,665.0
70-74 ¥ 50740 11435 352.0 3,578.5 2.326.0 2,748.0
75-79 31785 1,111.5 292.5 2.220.0 1,404.0 1,774.5
T 80-84 1,667.5 34255 152.5 1.172.5 686.0 981.5
85+ 642.5 133.5 '34.5 4745 271.0 3715
Total 82,057.0 21.212.5 10,309.5 §0.535.0 46,452.5 35,604.5

*Age groups lessthan 40 exciuded {rom this tabie

refinery and exposed groups and their correspondingcon-
trol groups are shown inTable 2

Comparison of Cancer Mortality in the Exposed and Re-
finery Croups and Their Controls '

Before cancer mortality was examined, the compara-
bility of the exposed and refinery groups and their respec-
tive controls was assessed for the following variables:
year of first observation in the study, age at last observa-
tion, and geographic location. A high percentage of both
study groups and their controls entered the study in1964,
the first year of observation. Over 70% of the exposed,
moderately exposed and nonexposed groups and about
80% of the refinery and nowefinery groups entered in
1964. In all groups. small percentages entered observa-
tion in each subsequent year. Thus, the vast majority of
each study group was employed with the company in
1964, the beginning dF the observation period,

The geographic comparison revealed that the distribu-
tion of the exposed/moderately exposed/nonexposed
groups by province was as follows: about 10% (exposed)
vs. 5% (moderately exposed) vs. 6% (nonexposed) in the
Atlantic provinces; 50% (exposed) vs. 48% (moderately
exposed) W. 60% (nonexposed) in Ontario and Quebec;
and, in the western provinces. 33% (exposed) vs. 48%
(moderately exposed) vs. 3% (nonexposed). The refin-

ery/non-refinery groups were not as consistently compa-
rable geographically. Ten percent of the refinery group
compared with 7% of the nomefinerygroup were in the
Atlantic provinces; the refinery:norn-refinery comparisons
in Ontario and Quebec and in the western provinceswere
60%:47% and 27%:40%, respectively. The remainders .
were in scattered sites. These obvious differences dictat-
ed the need to consider the geographic variable in exam-
ining any differences in disease rates among subgroups.
Since there were few deaths in the scattered geographic
sites this group was omitted from these analyses.

The age distributions of workers over the age of 40 in
the exposed and refinery groups and their respective con-
trols were compared. Both comparisons revealed age dis-
crepancies, with the exposed and. refinery groups being
older than their respective controls. Thirty-three percent
of the exposed vs. 16% of the moderately exposed vs.
25% of the nonexposed and 37% of the refineryvs. 23%
of the non-refinery were 65 years old or more.

The exposure and refinery study groups and their con-
trolswere not examined for comparabilitywith respect to
other variables, such as year of birth and year beginning
employment, because these variables were highly corre-
lated with age at last observation. NO information was
available. such asincome or education, to examine care-
fully the comparability of the study groups and their con-

| Table 3. = Perceatage Distribution of Cancer Deaths in the Exposure and Refinery Comparison Croups, 1964-1973.*

Cancer Deaths
Moderately

Nonexpased Exposed Exposed Non-Refinery Refinery
Site of Cancert (N=865) (N=186) N=215) M=132) N=164)
Buccal Gty and pharynx (140-149) 1.5% - 2.8% 2.3% 24%
Esophagus and stomach (150, 151) 4.6 12.5% 13.0 11.4 11.0
Large intestine and rectum (153.154) 185 6.2 13.5 10.6 171
Other digestive organs (155.159) 12.3 312 9.3 9.1 12.8
Traches, bronchus, tung {162) 20.0 125 312 295 26.2
Other respiratory organs (160, 161, 163) 1.5 - 1.4 15 1.2
Bone, connective tissue, skin (1 70-174) 1.7 6.2 23 - 53 24
Prostate (185) 10.8 - 84 76 91
Urinary ergans (188.1 89) 77 - 6.5 6.8 6.1
Cther and unspecified sites (190-199) 77 6.2 5.6 4.5 73
lymphatic and hematopoieticSystem (200-209) 77 25.0 6.0 114 4.3
Totat 100.0 99.8 100.0 100.0 99.9

*Age groups lessthan 40 exctuded from this table.
1ICDA Codes. 6th Revision (1965) shown in brackets.
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Table 4 — Age-Adjusted’ Canoer Mortality Rates for Specific Sites in Exposed and Nonexposed Workers, 1964-1973.t
Age-Adjusted Mortality Rater per 10,000 Perron-Years
Nonexposed ModeratelyExpased Exposed
Site of Cancer¢ Rata fate Refative Risk Rate Refative Risk
AU sites (140-209) 323 18.4 057 39.7 1.23§
©s)1 - (16) (215)
Esaphagus and stomach (150,151) 16 - 1.7 1% 5.2 325§
) 2 (28)
tntestines and rectum (153.154) 6.1 1.5 06 8.3 08
" (12 (1) 29)
Other digestive organs (155+159) 39 26 0.67 s 0D
8 (5) (20) .
Trachea, brenchus, lung (1 62) 6.6 26 (03] 125 1.89§
(13) @ 67)
Prostate (185} 3.8 - - 3.2 031
[y {18)
Urinary bladder. kidney (1 86.189) 24 - . 26 138
) - (14)
Lymphatic hematopoieticsystem (200.209) 26 49 1.88 23 088
Ry O] (13

~*Direct adjustment using the study population as standard
$Age groupsless than 40 excludedfrom this tabile
$1CDA codes. 8th Revision(1965) shown inbrackets

§indicates that the exposed rates differed significantly from the nonexpased at p< 8.05, chisquare, df.=1

{Numbers of deaths upon which ratesare based shown inparentheses

trols for social class. Nor was any information available
on personal habits, suchas tobacco and alcohol use.

The distribution of cancer deaths at ages 40 andover in
the exposure and refinery groups and their controls is
shown in Table 3. In all groups the sites accounting for
the largest percentages of deathswere trachea, bronchus
and lung. and the digestive tract, particularly the intes-
tines in the expased and nonexposed and other digestive
system organs in the moderately exposed workers. There
were no cancers of the small intestines. Hence, all further
mention of intestines will assume the large intestines
(ICDA 153} and rectum (ICDA 154).

Table 4 shows the ageadjusted cancer mortality rates
for the major sites in the exposed and nonexposedgroups
and the ratios of the exposed:nonexposed and the mod-
erately exposed:nonexposed. Mortality from all malig-
nant neoplasms in the exposed group was significantly
above that in the nonexposed. The two sites for which
mortality was significantly higher and which accounted
for the largest part of the excess cancer mortality in
the exposed group were esophagus and stomach, and

trachea, bronchus and lung. The risk of death from cancer
of the esophagus and stomach in the exposed group was
3Y times that in the nonexposed = for tung cancer,

risk in the exposed group was almost twice that in the
nonexposed. The risks in the moderately exposed group.

pet
w

were lower than the nonexposed. The numbers of deaths /
o e meclagately mxbased croun were sl heren all &7

rou

f re_comparisons excluded the W— te ﬁ

The pattern of increased risk of death from cancers of /4[”‘”"

the esophagus and stomach, and trachea, bronchus and
lunginthe exposed group persisted when geographic fac-
tors were considered. Table 5 shows these comparisons.
Although none of the. exposed/nonexposed differences
were statisticallysignificant, it B noteworthythatthe rela-
tive risk of esophageal and stomach cancer was elevated
among exposedworkers in Ontario and Quebec and to a
lesser degree in the western provinces The risk of lung
cancer seemed to increase geometrically from eastern to
western Canada

Table 6 shows the age-adjusted stomach and lungcan-

Table 5. = Age-Adjusted* Stomach and Lung Cancer Mortality Rates
in Exposed and Nonexposed Workers hy Geographic Location, 1964-1973.¢

Cancer Mortality/10,000 Person-Years .
Esophagus and Stomach . Trachea, Bronchus and Luag
Geographic Locationt Exposed Nonexposed Relative Risk Exposed Nenexposed Retative Rigk
Atlantic provinces 1o - - 13.8 07 Q7
_ ()8 @) @
Oatario/Quebec 46 08 5.8 116 73 16
(14) {1 (34) )
Westerm provinces 73 a 1.8 140 a5 40
(n - 4] 1) ¢4
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Mortality Ra:2s ia txpased Workers by Duration of Employment.

Tablz 6. — Age-Adjusted® Stomach and Lung Cancsr l

1964-1973.1
Cancer Moctality Rates/ 10,000 Person-Years
(Exposed Workers)
Duriiga of Esophagusand Trachea. Bronchus
Employment (Yexs) Stomach and Lung
1122 3.0 : 101
. (% (1)
2139 5.8 14.7
(L) - {27
i+ 18 19.6
13} 29)

*Direct zCursooerd with e study population, age>40, > 10 years
Service =% T sncaid
$AgQe craucs ess Tan 40 excluded from thistable

- {Numtess oi d2sos upem which rates am based are shown in

parenceses

cer mortzixv rates in the exposed workers by duration
'of emplosmert, where duration of employment was the
only availz=le means of estimating the dose of petroleum
or itspregucss accumulated overtime. Itshould be noted
that therew=r2 ro cancer deaths for these causes among
workerswi:: 10 or less years of employment Clearly both
esophagus z~d stomach, and trachea. bronchus and lung
cancer maoezzitty rates increasedwith increasing duration
of emplovant

The feregoing analysis of cancer mortality by major
sitewas rapszted for the refinery and non-refinerygroups.
Table 7 sfows the site-specific age-adjusted rates in
the two grmeps, and the relative risks. As with the ex-
posedinceaxposad comparison, there was a significantly
increased ~sx of all malignant neoplasms in the refinery
group. The sizas which here accountedfor the largestpart
of the excess were intestines and other digestive organs,
the risks fcr s=finery workers being almost twice as great
as those fz¢ nenrefinery workers. The mortality in the
refinery growp from neoplasms Of the lymphatic and
hematopcietc systems was about half that in the non-
refinerygrsep.

The exczss of intestinal and other digestive system
cancers in =2 refinery group was examined specifically
for geogrz=fic location and for duration of employment.
Table 8 s~cws the geographic analysis. The increased
risks of mcr=lity from intestinal cancer, and from intes-

Ape-Adjusted Mortality Rate$/ 10,000
Person-Years
Site of Cancert Refinery  Non-Refinery Relative Risk
Al sites (125-235) 40.6 314 1.29§
(164)% {132
Esophagus 2 swx=2ch 45 3.7 1.22
(150.13%) (18) (15)
intestines G :zctum 6.9 35 1.97¢§
(153,154 {28) (1a
Other diges=ve organs 5.1 28 . 182)
{155-155} @n (12)
Trachea. tronchus, 09 10.9 92 1.18
(162) 43) (39
Prostate (1£5) 33 26 1.27
{15} (10)
Urinary blacsier, ricey 2.5 21 1.19
(188, 1€3) (10
Lymphatic 2 ez 1.7 19 o.4s>
poistic sysi=m {2£0-2C5) @) (15)
stcy
233

7. age-speciiic mortality rates for both sites were com-
pared. NO consisient age-specific diiierences betweenthe
refinery group and its control wete seen for either site.
Stomach and lung cancer mortality in the refinery and
non-refinery groups were not explored further.

Table 8. — Age-Adjusted' Intestinal and Other Digastiva Drg2a Cancer Mortaity
in Refinery and Nan-Refinery Workers by Geographic Locatsn, 1964-1973.%
Cancer Mortafity Rates/10.CSD Persan-Years
: intestines - _ ictestines and Other Digestive Organs .
Geograzhic Loszen Refinery Non-Refinery Relative Risk$ Refinesy Non-Refinery Relative Risk$ |
[
Atiantc srovrces = - - 105 50 22 |
' 25 @ |
Ontaric.SLesee 88 58 1.5 147 97 1.5
(22) a2 Gn (20)
Viestim rovinces 6.7 1.5 4.5 73 2.9 2.7
i : 4 0] 2} 4

*Direc: acicstnes usey; the study poputation as standard
tAges >2)

$No rzerary e Sitared significantly from the comresponding non-reficery rate
§lumcers 3¢ cz2s upon which cates are based are shown in parenthases
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Table 9 — Age-Adjusted' Intestinal. Other Digestive Organ; _ Mortality Rates in Specific Subgroups of the Employee
Stomach and Lung Cancer Mortality Rates Population )

in Relinery/Exposure Subgroups. 1964-1973.t Age-adjusted mortality rates forintestinaland other di-

- - gestive organ cancers and esophageal and stomach, and

Age-Adjusted Cg‘;ff;’:f:::"‘s" Rates/10.000 trachea. bronchus and lung cancer, the sites which were

S T elevated in_the refiner)_/ and exposed groups. rgspectively,

Digestive  Esophagus Bronchus, are shown in Table 9 in subgroups of the refinery expo-

. . . |intestines  Organs. aod Stomach and Lung sure categories. The slightly elevated stomach and lung

Subgroup (153, 154)¢ (155-159) (150,151) (162 cancer mortality inthe exposed and moderately exposed

F groups relative to the nonexposed groups supported the

Refinery exposed (72';")5 "‘7; (:77) . ::ég earlier evidence that increased risks of stomachand lung

Refinery moderately| 8.8 6.7 13 _’ cancer occurred inworkers exposed to crude petroleum

 exposed m @ ) and its products. and suggested that the increased risks

Refinery 5.5 9.3 - - were independent of place of exposure. The pattern of

Noz“:r:‘n“g“ 1(}) :3 60 136 intestin.al and other digestive organ cancer risk by expo-

expased 8) @ 1 @5) sgre{refmery subgroupis Iess clear. Ifworkers ata refinery

Non-refinery modes- - 15.2 5.1 7.2 site were exposed to a carcinogen other than petroleumn,

ately exposed ) (1) 2) one would expect the rates for the refinery subgroups to

Non-refinery 6.4 3.2 1.9 6.9 be greater than the rates for nomefinery groups, but

. nonexposed S ® & a3 | there was no such consistent pattern. However, the rates
Direct adjustment using the study populationss sandard were baseduponvery small numbers of deaths.

tAge groups less thian 40 excluded from this table Table 10shows the ageadjusted cancer mortality rates

$ICDA codes. 8th Revision (1965) shown in brackets by job titles for the following sites: intestines. other

§Numbers of deaths uponwhich rates are basedshown in parentheses digestive system organs, esophagus and stomach, and

trachea, bronchus and lung. The ratios of the job-specific
mortality rates to the study population rate are included.

Table 10. = Age-Adjusted’ Cancer Mortality Rates by Site and by Specific Job. 1964-1973.t
Age-Adjusted Cancar Mortakity Rates/10,000 Perton-Yarn
Intestines Other Digestive Organs Esophagus and Slomach Trachea, Bronchus andlung |
(153.154) (155-159) (150.151) (169 -

Job Tittet Rate Risk Ratio§ Rate Risk Ratia Rate Risk Ratle Rata Risk Ratio

Services; laundry, 11.91 23 - - 119 30 - -
custodial, watchmen, 3 . )
inspectors{N=155){ RE} .

Mechanics, boiler- 98 19 54 14 40 1.0 127 13
makers, pipe fitters (13) - ® e . . an
(N=1496)(E)

Operations, processing, 6.7 1.3 45 11 4.8 12 91 09
field supervisors, ) (5 &) (10)
dewaxing. asphalt

* stills, crude stills,
clay press (N=1303)
(RE)

Office workers 6.1 12 26 5 - - 225 22
(including executives) | (1) - (S) : (12

. (N=2546) (NE) .

Garage workers, route 42 8 as 9 9.0 22 120 1.2
salesmen (N=807) @ ¢4] 10)) G]
(NR.E)

Ptant clerks (N=609) 36 J - - - - 17.9 1.8
(ME, E) @ (9)

Utilities, building trades, 34 g - - 53 13 223 22
::g,emouse (N=226) 2 (4] )

Engineers (N=625) - - 9.2 23 7 0.9 - -
(ME) : “ @ ’

Packaging, shipping - - — - 4.4 1.1 10.6 1.1
(N=434)(€) @ ]

Study pogulation 5.1 1.0 4.0 1.0 40 10 10.0 1.0

: {42) 33 (33) 82)

*Direct adjustment using the study population as standard

tAge groups less than 40 excluded from this table

$Refinery and ¢ xposure groupsare shownin parentheses: R=sefinery, NR=Non-sefinery, E=exposed, ME=moderazely exposed. NE=nonexposed
§Ratio of rate in subgroup to Study poputation rate

$Numbers of deathsuponwhich rates are based are shown in parentheses
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* Rasas bz me=n czlicuilated only for job categories con-
tZining 21 2ist ~wo deaths. Some job categories o er-
lzmpeg rafimery 2ad exposure groups, and refinee: EZ‘.d
eroosLr2 grouss 202 identified for each job title. Becz
the ok growoimg used for this analysis did not arise fcn a2
peorn SLpctre=es, Sut from an examination of the ico cis-
DOutica of —e ce2:hts, no tests of significance have osen
mada. Alithazh most of these rates were based woon
very smail nu—>bers. some of these observations meriz fur-
ther explorzzcr) Rares for the specific cancers wiic
were z>0ut swca 25 high in particular groups of jcbs zs in
the stody porxclaticn, occurred as follows: (1) intessnal
cancer. in s2mace workers (laundry workers, cus:ocizns,
wztchmen 22¢ inscectors), mechanics, botlermakers znd
pipeficers: ) oxhzr digestive organ cancers in enginssrs;
(3) stomach czocer in service workers, garage workess 2nd
rout= salesmerr 2nd. {4) lung cancer in office worxars,
workers inwziisies, building trades and boilermakers.

Tha intastimal cancer death rates by job and refireryax-
posure su>oo €id not follow any pattern, since the
highest ra:=s cocumed in workers exposed on a refimery
sia [szrvice werkars) and in workers classified as exz -<ed
sz at 2 rermery site and othars not necessariy zt a2
refiery s2 =gz, meachanics) Stomach cancer mor=iity
By job was corsistenty highest in workers in jobs czz=z0-
rmed 25 ocsad fsarvice workers and garage worksrs),
Lunz canczer meeziiny was high in a group of axposed
workers LIiZes, building trades, boilerhouse) and —ost
no..\ca...n' n monaposed office workers. Since the zzer
group includss enacutives, it is possible that workers ore-
Viousiy in exooses jobs have been moved later in 72 to
exeouiive postions or less physically taxing office iozs.
Dicossion ]

Comperison of workers exposed to crude petrotewn or
its products wizh nonexposed workers revealed a simifi-
cat =xczss =ong the former of cancers of esercrzzus
ané stomach ZCDA 130 and 151), and trachea, brerchus
and ung 0C2A 1:':2’, The excess mortality in the er:;aed
woxkess was sener?.uv consistent in comparisons sp=cific
for geozrzohic zrea and refinery/exposure suizsoup,
althouzh sz rumbers of deaths in some categenss in-
troduced €iSouizes in interpretation. Further, exocsed
workars exhites increasing stomach and lung cz=cer
mor=lity win increasing duration of employmenz No
excass of rrestinal (ICDA 153154) or other Cigsstive
oegan {ICD2 7561 3%) cancer was apparent in the exoosed
grouwn. These resclts tend to support the hypothesis that
exposure 1o Suce petroleum and its products incr2ases
the rick of 3=22th from cancer of the stomach and lung
bt rot frors zancers of the intestine and other dig=siive
organs.

A small Feease in the risk of intestinal cancer z—ong
expozad workers could have been missed. It was esd-
mated the: e grobability of detecting, at the 3% ‘=vel
of s g:-..r:c-"a a relative risk of 3 in the exposed zroun,
given 42 t=surel cancer deaths and 62% of the study
pop.latice - <he enposed group, was 0.82.

Tte mc—.“w"’ increase in lung cancer mortalitv s con-
sisters w2 number of other studies of occupziional
expfw’e 2= oet-sieum or aromatic hydrocarbons.™ *3 B A

£ n conmarh rancae rmartalitg hae nes Woan
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described.? Two siudies of occupanon ard gasiric cancer
fa. ed to incriminate occupalticns . oiitg excosure to

azoleum or aromatic hydrccerbo-s™ ' — however, a-
s.udy of purgative use bv stomach cancer pazients and
their controls revealed a significant excass of liquid paraf-
fin use among the cancer patients.”

The second hypothesis tested bv s szudy, that refin-
ery workers have increased cancer mortaity, pamculaﬂy
of the intestines and other digesthe organs, is also sup-
ported by the resuits. although the =Dsence of a positive
relationship with duration of ewpcsure. and inconsis-
tencies in tha refinery/exposure scDgroup coraparisons
weaken the evidence.

In this study bias could have cori
served cirteren

currently known to De associ2ieC wrn parsicular cancers.
For examp'e. difierences in smoking kabits could underlie
at least part of the excess risk of lung cancer in the ex-
posed workers and might afford an explanaticn of the
excessive lung cancer in office workers. Since stomach
cancer razas are inversaly related 1o the social class,' it-
is important to compare the exposed and r'o..exposed
groups fcr this variable, in order to rule out a concomi-
tant of soma attridute of social class othar than exposure
to petroiaum as the explanation of =e rascits. Ethnic ori-
gins of workers in both groups shou!ld z!so 5e compared.
Social class differences betwzen she :zfinery workers
and controls shouid be ruled out 25 21 expianatien for the
increased risk of intestinai cancer in e r2finer; group."”
However, major sccial class cifferences between the
refineryaxposure groups and thair coatrcis seem unlmely
as explanations for any of the obsanr.ed Siiferences, since
the relationships between sccial cia.s ard ilung and stom-
ach cancer on the one hand and inzzstinzl cancer on the
other, are in opposi..e directions.™ ** ¥ The refinery/ex-
posed and non-fetmerwnonexposec grouss are different,
yet overlap o a dagree that makes = imprebable that any
social class imbalance in the two sets of comparison
groups would be in cpposite directions.
number of methodologicai p.-o lems could

at much useful intormation was .cst
employees with less than five yeass service, since this
group was young and very few cancar daaths occurredin
employess under the age of 0. However, inability O
follow empioyees with five to 15 vears service is a more
serious matter. Inthis study. since e preportions dF lost
employes with five to 13 years senice were lower inthe
two study groups than in their rascectve controls, it is
unlikely that losses contributed 1o the obsenved differ-
ences. Itis possible, however, thz: gifferential l0ss could
have contributed to tfailure to Catact tea! differences if
occupational exposure were reiz:zJ both to {eaving em-
ployment and subsequently toczz:h

Anather difficult problem was 102 aceurate categoriza- ?@

tion of emglgyees ZCCOIdINg 10 So0%uTe 10 petroleum .

and its products. Errm in clasgwicaton cannot have
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. biased the study since classification was carried

ipnorance of the fact and cau. ut such erro

ave contributed to failure to det

araras .
was enhanced by the lack of availability of employee job
histories prior to the 10-year observation period. Thus. it
was possible that employees. older ones particularly.
could have moved from the exposed a refinery classes
prior to the start of observation, and were classified as
nonexposed @ nomefinery regardless of where the
majority of their working years had been spent. Move-
ment in the reverse direction may have occurred also.
Duringthe 10~year period, only 1.6% of the study popula-
tion changed exposure status, and this problem may have
been no morefrequent priorto1964.

The cause of death information on the death certifi-
cate is always subject to inaccuracy. The conseguence
for this study of using death certificate information
should not have been bias. since the determination of
cause of death was done independently of knowledge of
exposuré/refinery status. However, any inaccuracy which
reduced the number of cancer deaths in the study in-
creased the difficulty in detecting real differences. Mor-
bidity data were not available to Us, but their use would
be preferable, because access to Ml morbidity data can
provide some indication of accuracy of diagnosis. Fur-
ther, the study of cases rather than deaths is desirable
when studying a cancer (e.g., of intestines and rectum)
with an appreciable survival rate.

The problemswhich have besetthis study are common
in studies of occupational hazards in man. They cannot
be overcome until industry accepts responsibility for the
maintenance of complete records. including changes in
job for each employee throughout hil period of employ-
ment, and developing and using objective methods of
measuring exposure, both interms df quantity and quali-
ty. It is important for industry, with government and
union cooperation. to develop record linkage methods
for following workers from 0ne employer to another and
for unions and industry to cooperate in obtaining infor-
mation on demographic factors, hobbies and personal
habits, necessary for the rational interpretationof occu-
pational studies. Imperial Oil is presently updating this
mortality study and is in the process of designinga cancer
morbidity study.

Summary.

The :cancer mortality experience from 1964 to 1973 of
employees df the Imperial Qil Limitedwas examinedina
cohortstudy. Employees injolbs which exposed themona

" daily basis to crude petroleum or its products, compared

with nonexposed employees, were found to have more
than three times the risk of esophageal and stomach
cancer and about twice therisk d lung cancer. In .the ex
posed group, increasing risks of both cancers occurred
with increasing duration of employment In the absence
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of misclassification ot axnnsure

<ed and nonexposed employees, these results cannot

ascribed with certainty to a carcinogenic effect Of

petroleum However, there was no other clear explana-
tion forthe results. and further study is required.

When refinery workers were compared with non-
refinery workers without consideration of exposure to
petroleum in either group. the refinery workers were
found 1o have twice the risk of cancer of the intestines
(including rectum) and other digestive organs. NoO re-
lationship with duration of employment was evident
Although the increased intestinal cancer mortality in the
refinery workers was not consistent, bias was not an obvi-
0Us explanation for the observed relationship. Therefore,
the presence 0N a refinery site of a carcinogen other than
petroleum has not been ruied out, and further study B
urged.

\«be more complete informationon the similarity of the &-
po

ﬂnuﬂmmiﬂ:&dwhwm lmtedfcrlucoop«ahondlmd»

+ out this study, and particularly 10 M. John Johnston, the company's industrial hygien-

ist, for bis invakuable contribution: to Mrs. Lena Hamilton for technical assistance
and to Or. §. mmmdemmm
Mml«lﬁﬁvummmmdd\em
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