Western University

Scholarship@Western

Digitized Theses Digitized Special Collections

1977

A Study Of Intestinal Cancer Mortality In A
Population Of Canadian Oil Workers

Nancy Marilyn Hanis

Follow this and additional works at: https://irlib.uwo.ca/digitizedtheses

Recommended Citation

Hanis, Nancy Marilyn, "A Study Of Intestinal Cancer Mortality In A Population Of Canadian Oil Workers" (1977). Digitized Theses.
1037.
https://irlib.uwo.ca/digitizedtheses/1037

This Dissertation is brought to you for free and open access by the Digitized Special Collections at Scholarship@Western. It has been accepted for
inclusion in Digitized Theses by an authorized administrator of Scholarship@Western. For more information, please contact tadam@uwo.ca,

wlswadmin@uwo.ca.


https://ir.lib.uwo.ca?utm_source=ir.lib.uwo.ca%2Fdigitizedtheses%2F1037&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ir.lib.uwo.ca/digitizedtheses?utm_source=ir.lib.uwo.ca%2Fdigitizedtheses%2F1037&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ir.lib.uwo.ca/disc?utm_source=ir.lib.uwo.ca%2Fdigitizedtheses%2F1037&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ir.lib.uwo.ca/digitizedtheses?utm_source=ir.lib.uwo.ca%2Fdigitizedtheses%2F1037&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ir.lib.uwo.ca/digitizedtheses/1037?utm_source=ir.lib.uwo.ca%2Fdigitizedtheses%2F1037&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:tadam@uwo.ca,%20wlswadmin@uwo.ca
mailto:tadam@uwo.ca,%20wlswadmin@uwo.ca

¢
’

it

i et D o

{

o
I

l* National Library of Canada~w

Cataloguing Branch . T
Canadian Theses Division e
< .. Ottawa, Canada "~ ~ - .
K1A ON4* . . n .
. . - e )
\ NOTICE
- " P

bl -

The quality of this microfiche is heavu.ly_dependent upon'

the quality of the original thesis submitted for microtilm-
ind. Every effort has @een made to ensure the highest
.quality of reproduction possible.

If pages are missing, contact the umiversity which
l'granted the degree e » .

Sh

~*  Some pages may have indistinct print especnally if
the original pages were typed with a‘poor typewriter

ribbon or if the university sent us a poor photocopy.
. . *

Previously copyrighted materials {jousnal articles, ‘

puBlishe% tests, etc.) are not filmed-:

Reproductlon infullorin part of this film is governed
by the Canadian- Copynight ‘Act, R.S.C. 197Q; c. C-30.
Please read the authonzatnon forms which acé@mpady
this thesis. -

- THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

S

NL-330 (3/77)

o . i Mameatyiael agr o . v e - tenmm
M N B
\ : T~ . {
e ‘ ' .
- .

Bibliotheque néti’onale du Canada

Direction du catalogage

Dwnsuon des théses canad:ennes Te - -
N\ \[ T
A o 1
[}
’ . AVIS 7

Vi )
La qualité de cette microfiche dépend grandement de Ia
quahté de la thése soumist au microfilmage. Nous avons
tout fait pour assurer une qualité supérieure de repto-
duction. ) .

»
s

Sl manque des pages veuillez communiquer avec
Iumversute qui a confete le grade. ) )

La qualité d'smpressuén de certaines pages peut
laisser & désirer, surtout si les pages onginales ont été
dactytographiées at'aide d 'un ruban.usé ou si l'université

nous a fait parvenir une photocopie de mauvaise qualite.

~ Les Jdowments gui font déja I'objet d'un droit d'au-
teur (articles de revue, examens publles etc.) ne sont pas
mncroflf?nes /

]

La reproducﬁon méme partielle, de ce mlcrofnfﬁ est

.soumise a la Loi canadienne sur le droit d'auteur, SRC

1970, ¢>L£-30. Veuillez prendre connaissance des for-

«+ Mules d'autorisation qui accompagnent cette these.

LA THESE A ETE - .
 MICROFILMEE TELLE QUE
. NOUS L'AVONS REGUE

[



A STUDY OF ~
INTESTINAL CANCER MORTALITY

.. IN A

=4

POPULATION OF CANADIAN OIL WORKERS

by
- Nancy M. Hanis

.

Department of Epidemiology and’ Preventive Medicine -

~

Submitted in partial fulfillment
of the qequiréments for the degree of

Doctor ‘'of Philosophy : .

2

Faculty of Graduate Studies
The Uniy;rsity of Western Ontario
Léndon, Onta;riov
April, 1§77

P

. ' = ? » ‘



-

. . . . ’ el ~
*.éuring the 1l0-year observation pef:fd, or retired, with thoge of the

. ' ABSTRACT

.
©

In 1972, an historical cohort study .of the Canadian Imperial 0Oil
Compan& dmployee population, duriﬁg the period 1964 through 1973, was

designed wiéh the folleming purposes: (1) to compare mortalit§ patterns

~

of male oil company employees who were activélfor at least one year
. et N ]
1969 Canadian male population of the same age; (2) to determine whether

or not workers exposed to crude oil or.petroledﬁ products on a daiﬁy

@

basis were at greater risk of death due to intestinal cancer than non-.
- * o

exposed workers in the same company; exposure, to petroleum or its
) -

derivatives, was defined by an employee's place and nature of work;

and (3) to compare mortality between refinery and non-refinery groups;
; y _ o,

refinery workers were identified on the basis qf.haVing a job at a

refinery site, regardless of whether or not it was assoclated with an
¥ . .

occupational expgsure. : . . ,
. -

.

The results of mortality comparisons of the population at risk

.with the Canadian population were clearly favourable to the employee

population. All but one of the causes of death examiﬂéd showed

%

ét;andard mort:ality ratios (SMR) of -less ¥han 100. Tl'-: exception,

PR Y

A malignant neoplasms of other digestive organs (ICDA‘codeé 155-159) with

an $MR,9f 106, was not signifiéantly elevated. t -

- . . e

Occupational exposure to petroleum or its p ucts was not
L3 . A . : .
associated with increased mortality due to intestinal cahcer. It ;§--’f"
' . . . . L .
unlikely that a sizable increase'in intestinal cancer mortality could -

PR

have been missed. Lung cancer mortaiity was -twice as high in exposed i

-

‘workers when compared with non-exposed-workers. This difference,

-
-

4
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which increased with in€reasing duration of employment, is believed to

o
'

.

<

. represent arspecific effect of exposure. ° R

© B

Refinery workers expefienced'a higher intéstinal cancer death rate -

P— .
°

than non-refinery workers. Howevér, no consistent patterns were

. ¢ : |

observec, when specific exposure/refinery subgraups wers examined nor

-
»

was there any "dosé—rgéponse" relationship apparent. The two-fold
. '/ . \

" increase in‘intestinai'cancer'mortaiié;iin the refine;y group cannot be ///ﬁ\\

ascribed with certainty to an occupational carqinogenic exposure. N
i ' o : - T \\g,f”
Specific xecommendations for further study, with this populatioﬁ:
. ’ ° » ' . -
, . ) L ) i o
were ‘made. They include: - (1) 1ongitud%§a1 extension of this study;

.

T (2), the stddy of cancer morbidity as well'as‘mortality; (3) further

"

n - -

~ examination of high intestinal and lung cancer mortality'riék groups o

~

o

. iden;ified in this study, particularly with respez;’to effects of other -~

T variabieg §uch‘a§ smoking; (4) coilectingiqdaptifa Tve ag well as
qUalitativé information abéut potentiéllf haiardoug exposures; éS)

* keeping mére comprehehsiyé’work h;st;ries'gh all_employeés and (6)
‘fszléw-up of all empioygés whotleave the"combany.

+

-
. "
- [+
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5" ) INTRODUCTION

- A

- v

In th& 18th century certain occupational exppsures were found to

™ \

-

) . . : . \ : .
be associated with cancers in workers. Percival Pott (1775) observed
, ! i

v

LY
that coal soot was the carcinegenic agent associated with scrotal .

. .
skin cancer in British chimney gweeps.

More frequent exposures to soot and similar subgtances came about

Pl

wifh the industrial rébolutionh The need for lubricants for machinery
, « ’
gave rise to the mineral oil industry. Also, fuel requirements

allowed:the coal, gas and petroleum industries to flourish.

-
-

Butlin (1892) recognized -that scrotal cancer could be associated

with mineral oils and other crude carcinogens. . onn examining the

. .

occurrence of scrotal cancer aﬁong workers exposed to tar, paraffin and
. *

- . . .

shale gil, he speculated that these substances might also be responsible

for the increasing occurrence of cancer in internal organs.
. A : v N

Subsequently a series of experiments showed that laboratory

-

_animals treated with petroleum oil and fractions ‘thereof wére likely

., :
to develop. tumours of the internal organs, as well as skin cancers

(Medical Research Council, 1968; LushBauwgh, 1947;,.Lorenz and Stewart,

11940) .

a

Since 1arger\hfmbers of workers have bécome exposéd to tar,
. / ‘ ‘

4

paraffinf mineral ©6ils, petrochﬁgféals and substances resulting from .

the incomplete combustipn of these fpels,‘one might éxpect to observe

an inc?ease df‘cancef int thé internal organé of these workers. Although
there have been studies relating skin, lung, bladder and most recéntly
liver cancer to employment ;n'£he pe;roleum industry, intestinal cancer

\

< ! 1 . - .
has not béen investigated as an occupatlshal tumour. Yet, intestinal

1

. ~
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cancer has beén shown to be more frequent in.industriélized countries
(Wyﬁder and Shigematsu, 1967). If the risk of death dué to intestinal
caﬂcer increases with exposure to carcinogenic substances produced by
incomplete combuétion of fuels, then workers exposed to high daily
concentrations of these substances Qould be' at greater risk than the

.

general population. Such a group.of workers presents an apbropriate

population in which o test the hypothesis that exposure to cafcinogenic
subséancés in petroleum and its derivatives increases the risk of death
. from intestinal cancer. This study was developed to test this

hypothesis.

. -
1.1 Statement of the Purpose of the Research

The primary purpose of this study was to investigate the possi-
) .‘1

bility that male workers exposed to cr;de petroleum, and/or its products,

ran a grgaﬁer risk of dying fromxintéstinal‘cancer than did-emp;oyées

of‘£he same company who were not so exppsed. |
‘The secondary purpose was te compare the morfality experience

of male company employees with that of the 1969 Canadian male

pqpulaﬁion of the same age.

This study was developed with full cooperation of the management of

Imperial 0il Co., Ltd.-é% Canada, who provided,emplo?ee records for
abOutKZi,OOO male employees‘throughout Canada for the period 1964 thrqugh
1973,’ Among these employee histories was enough informatioh to ideﬁtify -
wbrkers who were eprd%d fo crude petrolegm an@/or its product;l In

addiﬁion, information on variables su¢h as age, geographic location,

years in service, and job description was included. The company

»




provided the;cause of death for active and retired employees who died -

) Co ..
between 1964 and 1973.
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REVIEW OF THE LITERATURE

o

Since there have been no studies published that are directly
N

addressed to the question of a relationship between intestinal cancer

] B
and occupational exposure to petroleum this review will take the

A ]

following diieétion:

‘. el

tion 2.1 is a brief summary of the petroleum refining

~ ¢

process) The process is described for two reasons: (1) to define
torhnx?\%‘;orms which will be used subsequently in this text and

» ’ ' 7 .
{2) te list the known carcinogens which are present in crude petroleum

or 1ts breakdown products.
. “. . [

Section 2.2 describes studies which provide experimeptai suppYrt

o ¢

for the assumption that chemicals which exist in crude petroleum, and
produocts thereof, are carcinogenic in laboratory animals.
Section 2.3 provides an historical account of clinical observations

of occupational tumours in workers exposed to coal and petroleum and

their derivatives, such as tar and other supstances resulting from
the incomplgté-cngustion of fuels. The reason for including studies

b

Jinvolving the. coal industry is that many of the carcinogens found in

.

petroleum derivatives produced by incomplete combustion are also found

. 14
in coal prqdu&ts.

-

4

The final section, 2.4, presents a discussion of previous

- B
epidemiological studies directly related to the question of whether

or not workers coming in contact with these carcinogens have higher

cancer incidence or mortality rates than workers or population cchorts

)

not so exposed. - ‘ : -
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2.1 The Petroleum.Industry: Definition of Processes Which May Lead '

to the Production of Chemical Carcinogens .

Cee o . - -~

)
Q

J

Uhlegs otherwise specified, infaormation concerning certair *
. . Y -
° t .l - - - 13 £ )
technic3l processes and substances derived from oil refining was -

summarized. fron Purdy (1957). - . . e
i Q ] - - N
The .range of producing activities in the petroleum industry-*

includes everything from the digging of an oil well to the packaging
. ”

and shipping of petroleum products. Refining processes refer to those
processes employed in the actual productid@ of petroleum products.

These include distillation at exfremely high temperatures and catalytic
- . + . a

-

cracking, a process\by which hydrocarbons are broken down and re-

a

- arranged into multiplensized chains. Some distillation products are

‘ <
listed below in the order of increasing distillation temperature.

Gases
kj Naphthas (gasoline~components, solvents) 2
Is ¥ .

. Kerosene and stove oil

.
o

Light gas-oil (3iesel fuels and furnace fuel oils})
. . o

. X .
Heavy gas oil (psed ih catalytic cracking) .
. . o

- , Lubricating cils

. Wax (paraffin) % -
. S
Asphalts or Tars S "\*P’ .

<
(53

"Crude 0il" and "mineral oil" are terms used thfdb&Qout the

[+]

literature as synonymsl;or,petfbleum. Shale oil is a specific form

of petfbleuh, with properties somewhat like asphalt, extracted from

shale fields. It is a source @f lubricating oils. "Pitch", "tar" or

"tarry sﬁpstances" refer to asphalt, one of the more viscous distill-
e ’ ) ]

ation products. "Tar" may also result from catalytic cracking as a

-
o @

o [ 4
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heavy residual oil. Mineral oil mists are oil droplets in the

-

"atmosphere disseminated from the lubricating oils.on machinery.

P . .
"Parwffin workers" or "wax pressmen" refer to workers employed in

~

the productigy of wax.
Aromatic hydrocarbons are substances which occur naturally in
) .
crude petroleum and as impurities in many of its products. .Crude

petroleum from various parts of the world differ in the amount of

aromatic hydrocarbons which they contain. The catalytic cracking

process produces a variety of aromatic hydrorarbons, some of which

are used in the manufacturing of solvents and explosives. Aromatic
- .

hydrocarbons, characterized by the 6-carbon atoms making up their

s

ring structures, are chemically active and form a variety of hydro-~

carbons through the attachméfits of various side chains. However,

the carcinogenic properties of petroieum are believed to be mainly

.

associated with the more complex polycyclic aromatic hydrocarbons

*

* which are aromatic hydrocarbons with multiple ring structure attach-

ments. . An example is beh tene. Improved technology such as-

catalytic cracking has increa§ed the amount and variety of such ‘
. - v

q 4 . Y.

" compounds.

Doe ‘ .

Substances othér than polycyclic arcmatic hydrocarbons which

have been shown to be carcinogenic in laboratory animals are inorganic

lead (a petroleum additive) and some petrochemicals such as carbon

tetrachloride lused as a solvent), benzidine (a,coﬁponent of dyes

-
‘

and plastics), and some nitroso-compounds (used as solwvents and 'as

componernits of rpckét,fuel).(WOrlé Health Organization, 1972;1973).

n

.

iy

P

’:‘l
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2.2 Animal Experiments on the Carcinogenicity of Petroleum

. o7 c
Fractions’ ’ .

o~ «

In 1915, two Japanese researchers, Yamagiwa and Ichikawa

\ipveloped an assay method for testing suspected carcinogens op‘tﬁe

@

N
skin of laboratory animals. They were able to demohstratqﬁthe ”
in of

¢

: ' ) X .
carcinogenic effect that co%y rar applications had on the sk
.‘ . '/ : A
live rabbits. Since thenﬁ'coal tar, shale oil and atmospheric oil

s C
o

mists have all been shown to produce skin cancers and in some cases

. . . NP
gastrointestinal cancers in rabbits, mice.or monkeys through various

s Q
~

routes of administration (Medical Research Council,r1968{. o ¢

o

' Fractions of uncracked mineral oils, as well as® cracked samples,

have also been tested and shown tob have high carcinogenic activity in °9

c

laboratory -animals (Cook et al., 1958; Holt et al., 1951; Smith et al%,

P o

1951; Sugiura et al-éjl956; Twort and Ing, 1928). The British ~ .

c o

o

Medical Research Council (1968) documented studies concefningcthe

. . ©

: O , . . . NP .
chemical analysis of mineral oils and described their carcinogenic,
° . ) , N v

‘activity in laboratory animals. Chemical analyses showed that the

L

carcinogens belonged to the group of chemicals knownoas @oiycyclic

v

i

aromatic hydrocarbons, Table 1 lists the crude petroleum fractions

. — - ° ° * o
and their bdoiling ranges apd ipdicates the range of greatest

El

o

o carcinogenic activity basged on these animal experiments.;

‘o ©

With the development of ﬁhééggkrthemical industgy, chemicals:

o
u

which are produced on refipery sites other than “polycyclic aromatic
,,e,,-:/r' 3 3 - . N ~ . . o
hydrocarbons have been tested and shown to be carcinogenic in . o

- o
o D

laboratory animals. Inorgamic lead, used as a petroleum additive,
’ - ' . A ! o
has a tumourigenic effect on mouse and rat kidney. t’hlorirfatedo

hydrocarbons,. aromatic Wmines and N-nitrosot compounds have also been

A

o

b
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2.3 Historical Aspects

s . t!! o . < . © s ;
Yo < ‘ ' o . o) .
By e early 1900"s, it was well nqted in the°medical literature
° . ¢ ° N N
© - L. y . 5
that pccupational exposure to fertain byibgoducts of incomplete

.
¢ N ° (43 \

s combustion of an} and petroleuﬁ could be aﬁsociated,%ith specific

> o
3 L]

caricers .n man. @ v

v > L . i ' e o
Percival Pott's synthesis of clinital observatiens of scrotal’
. ’ .
0 o o
cancer and knowledge of the occupationscof his“gatients not only
o v @ i 4

s

2

initiated studies of occupational disease.but adso gave rise to the ”
. o

5
w » > s ° . > v &

. o area of study known as chemical'caréinogenesis°(Potter, 1963).

. . o o

omuepgr (1942) gives‘an excellent historical account of observa-

o o ¢

A=

- tions of paraffin cansfr of the skin. The following studies’ are N
T © c L] . ’ -

ped

- i Ao L - ¢ 3 e .‘ . . : v
summarized from his accountm‘fThese early studies mainly involved
o Ny @ > -
o R . o . C <o (\é , o

'tepprfing the clinical description and number of cases observed. >
‘ y . ’ . o -
'« s v Cases of skin cancer® in Scottish® araffin workers wgre identified
. . @ g » .
o .

¢ v in 1876. Cotton "mule" spiﬁﬁ%rs‘in the British yarn industry, whe
v’ o ' o
s

o were expasea to gtreams of lubricating oils disseminated from the
' < .

©
©

spindles of the spinning machined, wete observed to have a high

. o 3 , ¥ . * Ce .

. 4] v N N
_ occurrence of s¢rotal, cancer. , The machines were called "mules";
s NN ' . P) N vy ' ‘
hence, the title "mule spinner". In 1928, Southam estimated that the
. - ) ) ¢ ? . ou . [T
0, incidence of scrotal cancer in mule spinners «was about 2.5 cases per

(9 . < -

© o u € v

1,000, spinneys per year. Hé}alsb made &he, observation that primary

- cahcers of the lung, tonsil, and stomach ‘co-existed with scrotal
(&) - v -
4] . ./_ - - o, o & . o o
.cancer in several mule spinners. Cas@s of cancers ‘were observed
S ,

23 o ' .
among U.S. refinery and cotton workers exposed to paraffin and oils -

o
c.

v

in the early 1900's. Coal tar dyes had been‘thought to be rgspo;sible

o . M . b o g Coe “P
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for bladder and kidney cancer as %arly as 1895. The responsible agents
have since become known.as aromatic amines (Hueper, ,1942).

- . Recent clinical observations have isolated what may be &

)
° w . v

» relationship between occupational exposure to vinyl chloride monomer
; o - "
o

- - (a petréchemical precursgor of p}astics)aand the occurrence of a rare
] : ¢ ' T )
[ . @ . N .
form of cancer =-- angiosarcoma of the 'liver (Center.for Disease

“

fax} & Y

Control, 1974). . . o
Y o _ o 0

2.4 Epiéemiolog}cal Stugjes of, the Carcinogenicity of Petroleum

o

Constituents in Humans

N °
o

Polycyclic aromatic hyd:ﬁﬁatbons are known constituents of

~ petroleum and are well established as carcinogensgan laboratory

s 14 o

animals. Humans have been exposed to combinations of these chemicals

L

tgrough contact with soot, coal, tar, pitch, mineral-oils, tobacco
smoke and automobile exhausts (World Health Organization, 1973).
ER ° Workers exposed to these hydrocarbons on a daily basis ana in

- concentrated doses might be expected to run a greater cancer risk than

the general rpopulation. o ¢

- .
.

The emphasis ,in this review will be on studies in which the
occupational exposure was apt to be due to sources of polycyclic

. * aromatic hydrocarbons such as coal tar and petroleum. Studies in

4 3

which the resulting cancers were in the dolon or other digestive

-

otgans are of major relevance here. Inorganic lead, chlorinated
. L]

J

hydrocarbons and N-nitroso compounds have not been aséociated with

o a

tumour development in-man. However, aromatic amines have been shown

to have a carcinogenic effect on man and will be mentioned in .this
~ s ! c

°0 review (World Health Organization,‘I972).

- -
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The outstanding characteristic of the studies cited in Section

~

o 2-3 was that the association between mineral oils and cancers in man
was based mainly upon clinical observations. Appendix II provides a
brief historical summary of cancer risk to man from exposure to

sources of(polycyclic aromatic hydrecarbons. It includes references

to observations mentioned in Section 2.3 as well as epidemiological

studies discussed ind this section.

In an occupational survey, Peller (1936) claimed that workers

in contact with tar had increased cancer rates at a number of sites,

J includiné the .intestines. He compared British tar Qorkers,wiéh
other workers in éhe same sécial class. RateS'were based on “per—
formance;years". The data on deaﬁhs from 1921-1923 were extrécted
from the Reéistrar General's Decennial Supplement, England and Wales.
That he corrected for. age and social class makes this a worthwhile
study. Also his use of "performance-years" waé Unique. His gesults;
in the form of age-adjusted incidence rates, showed a rate of 122 per
100,000 perfo;mance years in his contro} group andléne of ¥59 ., in
workers of theosame social class exposea to "tarry substances".l
Included were cancers of the intes}ine;, al;mentary glands and urinary

organk. As such it is not possible to single out intestinal cancer

risk. Raw data were not provided the reader thus making it impossible

to perform a statistical analyéti on these results.’

-

A 20-year prospective cochort study of cancer morbidity in a
refinery population did not reveal a statistically significant
increase in intestinal cancers. Hendricks (1959) compared the age-

adjusted cancer incidence of the United.States,white male population
. . f H

with, that of a refinery population consisting of 3,000-4,000 workers

-

12




aunualﬁy. ;The cancer incidence rate, 339/100,000 of the refinery

popul@tidn was well within the expectéd limits. However, when the

’ .

refiﬁery population was delimited to specific workers, namely wax
pregsmen, the averéqé annual incidence rate for this grbup was

‘//\;;}kedly higher. Wax workers, other than pressmen showed rates

a

similar to that of the U.S. éopula?ion. Eighty-two wax pressmen,
o
with ten years or mpre.service, repreéented 3% of the réfinery

population but accounted for 11% of the cancer cases. The average

.

annual cancer incidence rate was 1,393/100,000. Of the 19 cancer
cases in the group of 82 wax pressmen, 11 were scrotal cancer; 6

were gast;o-intést{nal; 1 was 1upg cancer and 1 Qas Gnclaésified.
The higher scrotél cancer rate for wax pressmen was statistically
siqnificant; while the others were not. However, this pobulation

represented a small sample. With a total of only 6 gastrointestinal

o -

cancer deaths the results for this site were unreliable.

Mancuso and El-Attar (19677\in a'cohort.study of dye manufact-
uflng workers found an increase in death due to cancer of the pancreas’
in wQrkers exposed to the aromatic amines, benzidine and betanaphthyl-

B
amine. An increased rate was also seen for cancer of the digestive

organs and peritoneum (7 deaths observed to‘3.54 expected) in the

exposed. workers, éges 45-64. Ex!;cted values were determined by apply-
‘ , N .
ing age-specific death rates of the non-exposed workers to correspond-
, \ , .
ing populations of exposed workers. The use of an internal control

group is justified in an occupational mortality study. However, with
small subgroups and small numbers of cancer deaths, this approach
is unreliable. There were 3 pancreatic cancer deaths in the exposed

group where~honé was expected. The authors advised further exploration

4




of this observation.

Members of the American Chemical Society, during the period 1948-

1967, showed an increase ip pancreatic and intestinal cancer. deaths
~
]

in the greater than 64-year age group. This was in contrast to the
U.s. professionalwmale population. Proportional mortality rates (PMRs)

were used as the statistical measure since a population at risk could

- v

not be §e¥ined. ¢onclusions based on PMRs are unreliable since a high

. N T -
risk for a giygen cause of death may be the result of a real increase

e

- .

.for that cause or 'may be simply due to @ decrease in mortality from

" anqther category of disease (Li et al., 1969). ‘ . ’

%

The hypothesis that an increased risk of death may be associated
with an occupational exposure to an oil mist atmosphere was tested by

Pasternach et al. (1915). A l1l2-year mortality'study of newspéper
o

workers was undertaken. The risk of death in 778 pressmen exposed to

an oil mist was compared with that of a control éroup of 1,207~

- 2
compositors. Age adjusted death rates<were calculated for the press-

men, using the compositors as the sténdérd'popplationl No significant’ .
*
differences in mortality patterns were observed in workers (with at,
. ’ 'd
least 20 years employment) beginning emplgyment at less than 40 years

of age: At more than 40 years of age at beginning employment and after

at least 20 years employment the préssmen experienced higher death rat'es..
. f

Cause-spécific death rates were not analysed since there were only 75

deaths observed among the piessmen‘and‘129 among the compositors.

However, a search for trends revealed no obvious patterns. The small

sample size may have precluded finding a real difference even if one

had existed. , . . .

‘a SurGef of 1961 occupational mortality in Britain at the time of the




“census@idnotrevealastFtisticallysignificantincreaseinriskofdeath
“from intestinal cancer‘fot‘gas} coke and chemical makers (Adelstein, 1972).

»

The fesults of a morfality study.of oil refinerf workers in the

U.S. have recently begn made available (Gaffé& et al., 1976). Person
’ ‘
¢ . A ’ -

years of observation were calculated for l7-refinery populations for

workers employed between January 1, 1962 and Décember;3l, 1971. The
. N @ , i ! .

total population was 20,163, representing 137,153 years of observation.

o

There were 1,165 deaths. SMRs were calculated for specific causes of

death for the total pdpulation of refihety workers as well as for three
. . ES

" sub-groups rated for exposure‘to hydrocarborns as high, moderate, and low.

Expecte& deaths were calculated psing U.S. male age-and cause-specific

B s , N .
death rates. Gastrointestinal cancers were highest in men in the
lowest exposure group.  Mortality due to genital cancers and lymphomas
was greater in the refinefy workers than in the qeneral‘populélion but

the excess was not statistically significant. One problem occurring in

»
-

this study was. the definition of exposure. The exposure for each worker

was defined according to the nature of his work on his'«last record of,

- B

-

employment. If a worker were disabled or unable to carry on with a

»

physically taxing job, he might be given a more sedentary position, such
as that of a Watchmap'or inspector, during his Ingt'feﬁ_years of

o

employment. If heshad a history of héavy exposure in his earlier years,

this would be missed. Watghmen were included in the lowest exposure

group. Thus, misclassification’in the direction of underestimating
) R . ‘ :
exposure may have biased these results., “

Cohort studies of the occupational mortality experience of coke

: . . ’
oven steelworkers in Pennsylvania, U.S.A., have revealed an increas® Y
N .
in mortality from lung cancer among toéside and side oven wérkers when
' A

’




7 .
compared with workers employed in other parts of the plants. The risk,

increasing with the length of employment, was greatest ahong the top-
*side workers. Althougﬁ conclusions based on the small number of
deaths_involved would be risky, it was noted that employees in the
non-oven a;eas of the coke plant had a high but not statistically
significant excess of digestive tract cancers (Lloyd, 1971). Since
then, follow-up studies have brought the total population of workers
in the study to 58,828 over a periéé of 14 years. The total deaths
’during this périod were 8,628. Two subgroups we?e compared: coke

oven workers and "non-oven" workers. Resnlts indicate an elevated risk .
of mortality due to lung and kidney cancer in the oven workers. A
statistically significant excess of colon and pancreatic cancer deaths
were observed in the "non-oven" by-products workers employ?d for at

least five years. However, in the discussion, the authdrs raised the

-

issue that racial differences and changes of jobs or work areas in
employee histories cast. doubt as to occupation as a factor in the etiol-

&

ogy of colon cancer (Redmond et al., 1975). o ’

Hammond et al. (1976) examined specific -causes of mortality in a
: i

2

group pf 5,939 U.S. asphalt workers who were union memﬁérs between

January 1,41960 and December 31, 1971. The specific interest in

asphalt workers was related to the high exposure of these workers to
benzpyrene, a known carcinogen. Mortality ratios were based on

expected déaths calculated from the U.S. male life tables for the same

years. ,Resulting ratios were not tested for statistical significance.

Lung cancer mortality was highest in the workers with 20 or more years

emplayment. Elevatéﬂ death rates from cancers of other sites were also

observed in this group. The SMR for Colon- and Rectal cancer was 1l.46

W
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for workers with 9—19 years since joining the union and 1.32 for

workers with 20+ years. Smoking histories for these workers were not

‘ S .
available., Thus, it was not possible to explore the question of a

A ! L.

synergistic effect, of smoking'and exposure to asphalt fumes, which
could be associated in the e tiology of lung cancer.
Dr. J. Fowler, Medical Rirector of Imperial 0Oil Co. Ltd. of

*
Canada attempted to compare mortality due to intestinal and other diges-

.

. ' : ’

tive system caﬁcers.in Ontario refinery workers with that of non-
refiner? workers, from 1965 to 1969. The refinery and non-refinery
groups were each c¢ompared with Ontario males of similar age. Table 2
shows that the SMR of 181 for intest;nal cancer was high but fell short
pf statistical significance while that of 216 for other digestive system

cancers was éignificantly elevated. The non—fefinery population showed
s

SMRs. 6f less than 100 for both of these causes, indicating no excess
mortality due to intestinal or other digestive system cancers in this

group.

The most obvious shortcoming of these results is the small numbers
. of deaths involved. Person years of observation were based oh estjmates
of average annual company populations. The definition and classificat-
ion of "refinery" workérs did not exclude office workers and personnel
not directly involved ige refining processes, who would tend to have
- occupations similar” to those of the "non-refinery" workers.
A statement made by Hueper in 1942 is appropriate here.

"These‘!ncomplete'data may suffice to illustrate

the uncertain and contradictory character of the

“evidence obtained in regard to the occupational
incidence of alimentary malignancy. General
agreement seems to exist upon one point; namely,

an excessive frequency.of cancer of the digestive
organs is present in individuals exposed for
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Table 2 "

Standard Mortality Ratios for Intestine and
. . 1
Other Digestive Organ  Cancers fgr Ontario Reanery
and Non-Refine’ry Populations of *rial oTl, Ltd.

(1965 - 1969)

Y

. 2 . .
Refinery Non-Refinery .
Cancer Observed *pxpected3 " ~ Observed Expected
site deaths deaths SMR deaths deaths SMR
Intestine . 7 . 3.87 181 1 3.52 ;DOO
P .
[s] ) " -
Other 4 )
Digestive 7 3.24 216 > 3. 3.09 <100 °
Organg °
ICDA 8th Revision Cgdes {1965); 153, 154 (Intestine and Rectum);

155-159 [(Other Digestive Organs).

c

Refinery population 9,111 person years;
Non-refinery population 15,038 person years.

Expected deaths were based on age-and cause-specific death rates
for Ontario males, 1965-69.

* e

Statistically significant at the 5% level, assumxng that the site-
specific number of cancer deaths was distributed as a Poisson
variable. The probability of the difference between observed and
expected deaths being due to cRlance was calculated from Table 39 -
of Pearson and Hartley (1966).

o
- #
c
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occupational reasons to tar or tarry products.

It is 33 years later and the question of intestinal cancer as an
~occupational risk has still to be resolved. These equivocal results

gave rise to the present study. ] -

— — .

o
v}

[<]

~

.

Hueper, W.C. '(1942). Occupational Tumors and Allied Diseases.
The Ryerson Press Canada, 314.
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“in coﬁpany policy'obligedvemplbyees:with 10 yvears of service who left

"MATERIALS AND METHODS

3.1 Source of Data . .

. ~

0

Imperial 0Oil Co., Ltd. of Canada supplied the gata‘for this study.. .

The company has refineries, marketing and producing departménts and _

N ]

administrative q{ficés throughout mosy of Canada. It employs 10,000

. 3 -

to~ll,000'males per yéqr in its refineries and other operations.

The Personnel Depa;%ment supplied.information on active company
” - :&J X -
employees, as well as information on annuitants (retired employees on

pension) and deaths for the I0-year period, 1964-1973. Incomplete

: il
information prior to 1964 precluded the extension of the observation

S [

period ang further. : . ° . -
An annuitant was defined as any employee who retired at the usual”

age or .any employee.who left service before retirement age who wdas .

involved with the‘company's vesting. scheme. The latter will be referred

to in subsequent sections as “deferred annuitants". Until January 1,

1966, all employees with at least 15 years,service with the company ° .

automatically took part in the vesting scheme which allowed them a

claim to a retirement pension upon reaching age 65. In 1966, a change

Y

the company prior to retirement to be in the pension plan.

The Medical Department of the 0il company keeps all notifications

of deaths on record. In most'cases, the Medical Direatpr is informed

2
[=)

of cause of death. Thus, the necessary death information was available B

for sub;equent verification.

’
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3.2 Form and Cbntent of Data -
- » “ . o .
-

. o
. N N -~ N 2
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a

o >
vt o
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Lists of ac¢tive dompany employees were‘provided,on Eomputer t%pes
. ~ N, ' o

" . N . "o o RN ] [ ’
which covered the time perjods 1964 to 1968 and T969 to 1973. Annuitant’

& ¥ 8

N -3 o : (e . .
information was made available on computer tape. Deféetred annuitant
o ' ¢ ' : . °0

. informdtion was in -list form and death fnformdtion was provided on

o

. _ punch cards. ' . | L jﬁ ’ » T
L o . o . . S
o . The computer tape for 1954—1?68 contained the f;llowihé‘informatioh"
. faor Gaqﬁ eméloyee,gfor’each year; ;‘ . ’ |
e Name (Givéa, Sur;ame) 4 V‘ , | k
“ ¢ ‘ Title (Mr., Mrs., Miss)i ' io.e g "o e

<

o

Employee‘Numbér (corresponding to élphabe ical listing of éufname)

Y . g ‘s,

Department Number O(indicated the type of g‘wefa tment , su&:bl'l as
. ‘ “ refinery, ‘accounting, & “as we'll ag the
) o locatipon within the given provincey and the job
function of the given employee.  For ekample,

. v ©770069"meant comptroller's office, Toronto,
' - N corporate, accounting; "33203Q" meant’ chemical
R o plant, Sarnia refinery.) B
- Job Title (Job Description, e.g. chemist, warehouseman, etc.) .
~ ° ’ . ' © Lo T e ’ ‘ B
) ’ ) Job Category J(i.e. occup%tional scale:sprofegsional, administrat-
) < ive, clerical, etc.) ° .. o
° Ve ’ , ’ s ‘ g
Age and Years Service, as of December 31 of data year
IS " Y : 5 © [ N
{ The 1969-1973 information containgdﬂthg foregoing as well as the
° - - . n . N
foll ng items: o o .
~ . . ° a2 B “\ ' " L ’ - . A o
’Status (Active, Retired, Tegminqted);. 0 .
.. Q a ; R ~ M
Beﬁ’iremept date P ’ R o
- . . . ° ' Cee A . . . .
, . ‘Death datg ‘o ° . ) ' .
) ‘ . ° ] , - . . - : o -
o ° N \ ' : ' hd :

C o ‘ - c2e o A . .
The annuitant tape andodefarred’annuitant listings gave information
- A ritan .
. o . o FF R W o o . L]
Cow APTAY N " I

similar to the above for each former emplovee.’ R Lo Q
i o \ o S - .

\ " 8 «
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em§1oyment) as wefl(gs- R ’

© ;c" o Q e .P o n N
. .

4 Date.of birth LT to. R o o . : .

B o e " “ 0 ke ¢ . iV ‘o > o , .

e [] © N ) [} - -
g ¢ ¢ Province¢of dea¥h- . . - e

Date of death . ' - A o . . ° . . .
° >

a a « - ] . Y

nO
b
®

.
Q

. ' .- . © . 5 @ S . - PR . IS
o , . Cause of death (as coded -oh the death certificate)
! . .t g o " ool v : v
- B oL N v ° 2
v - . e . . ¢ Lre g ¥ R

o - . Age at death o . ’ "

- . -7 & [ ° 3 W= . ¢

* . e VeriFicatfanbodé (ezg. "v" iﬁ deathfwa§ végifiédfo‘“ V . ) Lo

‘. . " - . -
< « v b v .

ThlS lnformathn was sufflcient o esgaﬁllsh a-study populatlon i

o ca -
o - @ © 9

for the 10’year perlod from 1he llstlngs of 21 732 male emplqyeesh

o o o ¢ . \

s 0o - e

T W

v . . N

N Jab histqries were’ complete over thls 10 yegf perlod for all of ‘the ’:(

c J be < [o] v

g actlve employees and mést; - of the getlred pérsoanel . {f o > 0

.
&

o

v

o

General Methods

”manually.

K Data°Corporatlon (CbC) Cybbt 73/14, a batch pr0c9551ng machlne.~

3

'Y -
o " Programs were either® custom désiyned in RQRTRAN or,’
7. ' . “ t N -

.

K -]
o v

(=)

o T 9

)
.
n Sa

e O o

o ~ B <

tD

an . o . N o ° ) ‘ L .
L e "‘anee the_population si%e was so large,(ﬁl}7}2}~1t was”more

.

.

<

’ expedlént to combxne all the daga collectlngd edltlng ando,t%raqectésks

in a camputer $y3temsxappro&ch than to deal w1th thus 1nformat10n

Most of the cbmputer work: was doae by means ofra Contrel

o
< 5

€.

o
3
o

&

E .
° e ]

° (]

< ¢ 2

"

N

<
pacgggeduproqramSugére used..
;o b o o © . ©
¢ . : c 3 B .9 ) .

2

g

5

+ Package for fhe Secial Sciences (3SPSS)
. . o 0 .

(Nie ‘et ai., 1970y.

-

)

o

All

3

o

N . ~ (‘“
.Theése werg adapted from the Statisgtical

2y

Q

where pqssibl%,

programmingJéervicés were available thtough the Socdial Sciences

. o ket " T - <} © - v n, o . -

© >

°

-
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S - 4. 1 "l Cohort Degign
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. " Computing Laboratory at ‘the University of weséern Ontario. .

.

o

3 : Since longltudlnal data were avallable for a period of 10 years ‘a
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rotroqu;tlve‘cohort de51gn was chosen. All the relevant gvents il.e.

- Iy < - Q
v - -
. causes and effects) had occur;ed by the time the study was underway.
X :\r °c

[
e

” specifically, -the study poputation of allémalc'gmpioyeeseand anhuitants

v - ° ° o .

02 o .
of th 041 Company from 1964 through 1973 had experienced the exposurte
) 2 . o A . v
defined in terms of the
1) .

.tharactéristic ewposure. For the percentage of‘the population who died,

N
c

under study and the populationiwas,
v oo 9 s ¢ B < oo

therefore,

<

[ - Y
o &

«

o o
the.study effect

~

mortalit?, ,Uhad ocbprred“byvthe onset. of ﬁpe study.

o .

. I} < o . s
Thus, the issue of awaiting final eygnts,°wh;gh is a costly disadvantage

< -
o o

Since the population at risk cah

“ip some cohort’ studies, was aVertéd.
4 u -

< n v &

‘e defined in éqcohort'Etudy, direct'measuge;aof ridk may be ca%culéted
s -'. : ' 5 T ' ?
. (MacMahon and Eggh, 1970).
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. The observatlon perléd of thlS sthdy spanped the 10 years "from

, 19 n , 197 . R
m 1 64 t.hroug aDecemk;er 3 . ' . , <4

. - w .
B “ cT =

. ] v "‘4_ o \‘_‘ : B

4.1.2 ‘Deflnltlon of.E&posure ] ~ e

et T : s &
. . . Q .

) Exposure was defined as daily contact with crude’'petroleum, gas

9 . -
~ Eal w° “ o

9

~

mixed hxstory refinery, non—expesed/nog ref1nery,
non-expésed

o ' «
o o

[

or breaKdown products thereof. The following exposure categories were
defined with the help of Mr. John Johnston, Director of Hygiene of
o A . X P . .
Imperial 0il-Co., Ltd.: B ) .
AR | =;refinery,;exposed :
“ * 2 = refinerys non-exposed
3 = qpn-refiaery,“exposed .
o ° "
S « 4 = non-refinery, non-exposeéd Co. . ‘
5 = mixed history of exposu}e/non—exposure '
-~ . N s e . o <
‘ wr ¢ ) L ° > ‘
\ . .6 = moderate exposure group o
. . . . I R .
o 7 = mixed history refinery, exposed/non:refinéry, exposed




<

Ny

s 9 = not enobugh information for definition

0.= no information’availabl%

® c

v <

A worker was classified by the company as a refinery worker on

the basis of his department number. Thus, any worker at a

site regardless of his joE was regarded as a refinery worke

“

£ach worker was further classified as @xposea on a dail
crude 0il or-its breakdown products, qn.the criteria of location and
© s . ’ “ a
function number7{‘~Examp1es of this group wquld be those workers
o I\ , W
involved in "producing”, either at a refinery site or at a non-refinery

o o -
-

marketing_ plant.

It soon became apparent that some function codes were non-specific

u

and that one function code could imply many different jobs with varying

degrees of exposure to crude oil or its prodhcts. An:example of this

L
2

!
was function number 108, This function tumber was given when an

employee, close to retirement, was placed\in & pre-retlrement job that
A .
was physically less taxing. This numbexr indiceted the state but not

» .

the job the man had been doing. However, the “job description, which

indicated the type of work, was also available. . Job descriptions weré
o A ; -

o 4]
used, in the3e cases of non-specifip fundtion codes, to determine the

. (- «

exposuré category. Appendix III shows the job desgriptions and the
, o A .

corresponding code numbers whial} were assignedx

3

° o

The moderately exposed group, defined on the basis of exposure

v

“as much as two weeks of every month, was retained in the non-exposed,

©
a o 2]

group becausec of its size. Persons in this group might be agents, or
. A e : :

Jfield auﬁitofs, who travelled from site to Site checking equipment,
. . ; , °

or erigineers at a refinery site. ¢

A miied-exposure group was defined as follows: any®change in

¥ @ e 9 o
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- exposure status for at 1#st one year, during the 10 years of obser-

-

vation. Since the group turned out to be small (1.6% of the total

-7 . L, . : :
popul;ggbn at risk) it was decided that any member should be allocated

[

to «he exposed category if at least 50% of his employment years were

spent exposed. This group was not included with the moderate exposure

group- because it was not deemed appropriate to include persons exposed
f -]
‘ i .
for a solid period of time then removed froin exposure with those

exposed regularly throughout their careers but not daily. A code has
b&en retained for this group in case extension of the study should

require it,

The reasons for retaining a refinery as well as an exposure

classification were;

(1) To repeat the initial 5-year study undertaken by Dr. Fowler

o

+ - (Section :2.4).
(2) The definition of éxposure could lead to failute to detect -~

any differences due to factors other than exposure

to crude oil or its products. It 'is pogsible that $
merely having been at a refinery site‘on a'daily basis -

exposed workers to some carc¢inogenic agent, not directly

related te exposure to petroleum.

(3) Finer breakdown by refinery and exposure'could perhaps ’

. .
.

identify groups of woxkers aé particulariy highrrisk.

1
-

Generalaproblems in the definition of exposure may be summarized: . -

. .

(1) The definjtion of exposure was subjective. -It was based on

.the opinion of the Director of Hygiene. No quantitative or
. v

qualitative environmental measurements were available.

3

(2) Exposure infmation was available only between 1964 and
N R




1973. The work history of an employee prior to 1964 was
assumed to be similar to that observed during the-.obseyxvation

period. The evidence in favour of this assumption was the

small percentage of mixed exposures observed (1.6%).

o

(3) In 1969, a new set of 9-digit departmeﬁt, loc¢ation, function

codes reblaced the origihal 6~digit codes. This presented
¥ a problem,when assigning exposure since the old codes were
not all'réadily translated into the new codeé. Rather than
" convert the old numbers to’the new the following approach
was taken. All of the yearly listings up to 1969, in an
employee's reéora, were compared for the 6-digit department,"
location, gunctioﬁ codes. If all were identical, only the

'1969 listings were retained. The same was done on the new

. 9-digit code for the years 1969 ﬁﬁrbugh 1973. Again, if these

were the same for all years, the last record was kept. If not,
all the years' listings with differing information were kept.
The next step defined exposure based on the debartment,

location, function numbers for the retained listings in an

.

employee's record. Listings for a given employee were then

; _ ,
- compared for exposure category. If the.exposure code was'

[ < -

the same for each listing, only the final listing was kept.

I1f there were exposure code differences, the employee's
complete record was'prihted out and checked manuaily. * Thus,

the bre-1969 tistings were compared with post-1969 listingy

.

for each employee record. In equivocal cases, the Director
of Hygiene helped to determine whether the different

exposures were indicative of real changes inwexposure or
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merely problems in coding.

(4) Errors may have occurred in the classification procedure
itself. The ﬁwo most-likely types of errorsgwere decisions
based én faulty information and‘random erfors such as key-
"punch mistakes.

The outcome, cause of,death, was not known b; the investigator

at the time of claséification assignments. Thus, if inaccuracies did

N

. occur, they were not biased by this type of knowledge.

- ' . -

4.;.3‘ Outcome
-

- . Outcome was defined as mortality due to intestinal and rectal

we
2

cancer. The reasons for including cancers of the rectum with intestinal
cancer deaths were (1) the total number of cancer deaths was too small
to permit finer breakdown by site; (2) there has been controversy

concerning the pathological definition of fhe rectosigmoid:junction and
clinical ambiguity in assignigg cancers at that site to the large bowell
"or rectum; and (3) there is no strong evidence to suggest that the
etioloqiés for these two sites would differ (Everson and Colé, 1969).
. There were no cancers of the small intestine in this group, which was -
not surprising given the low proportion of cancers at this site
cpmpared with other sites in the digestive system (Everson and Cole,
1965). Asc?rtainment was based on thé cause of death from company A o 1
. ‘ records which were verified subsequently by searching death
certificates. The underlying cause of death’, as ‘coded on t;e fegistrat4
ion, was takén as the cause of déath.

. All provincial registrars, except one, either verified the death

information sent to them by the Medical Director of the compény or



»!

o of the circulatory system.

3

. ' &

hd A

gave me permission to verify the records at the Vital Statistics Section

.of Statistics Canada.. The U.S. Department of Health, Education and

Welfare cooperated in the verification procedure of employees who had

o

retired to and subseqﬁenEIy died in the United States:

Special regulations in one Canadian .province governing confiden-

tiality of death records prohibited release of cause of death informat-
. . i ' o '
ion for specific deaths. :However, Statistics Canada was permitted to

verify cause of death information and report it in the form of numbers

of deaths by cause. The grouped'data did not suggést that the changes
would make any difference with respect to the final results. Grouped

verification added 4 deaths due to malignant neoplasms (of sites other

than the intestines) which had been previously ascribed to diseases

'

|

Two intestinal neoplasm deaths before verification were replaced

by two réctal neoplasm deaths after verificatioen. Assuming these

changes occurred with respect to the same individuals, thié could be
expected to have little effecf iﬁ‘th‘final analysis since_all intestinal
and rectal cancer deaths were summed. | .

Table 3 shows the .results of the verification process By province.
The totaihnumber of unverified records reﬁains 25, resulting in a
percentage of vérified geaths of 98.4; No attempt was made to verify
deaths in foreign countries other %hanvthe U.S. Therefore, in thé
foreign subclass 18 of 45 deaths (40&) were unverified.

The "céuse éf death“rcodes were in two forms.__Before L1969, alll N

.

-causes of death were coded by acdépted criteria of the ICD, 7th

‘Revision (World Health organization,‘1957), while,thosg deaths from

1969 through 1973 were based on the ICDA, 8th Revision (U.S. Department

B -
o
.o ’
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Verification of Deaths

fmperial 0Oil Male Employees, All Ages, 1964-1973

Place of Death -
Province .

Newfoundland
New Brunswick
Nova_écotia
P.E..I. ‘

. Quebec
Ontario °
B.C.
Saskatchewan
Manitoba
Alberta
N.W. Territories
Yukon

- Foreign

Total

Total Number
of Deaths

- 16
13
136 .

270
686
p 156

was

Records Which Could
Not Be Verified

1 -

L]

1 Percentage unverified deaths = 25/1,551 x 100 = 1.6%.

1

1
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of Health, Educaticn and Welfare, 1965). Therefore, it became necessary
to check each cause of death by year in order to classify all deaths

in a common system. The 8th Revision was chosen, as all future work

with this file would undoubtédly have deaths coded in the most recent

form.

[l

4.2 Definition of the Population at Risk

.

The material provided by the company was sufficient for defining
a population at risk. An employee was included in the populatipn at
risk if he had spent at least one year as an employee with the company

and if, when he terminated, he had more than five vears service with

the company.

4.2.1 Data Collection and Editing

-y
kY

-3

Steps were taken to merge and edit éll the data provided.
L)
Appendix IV includes the details of these steps at various stages of

transition from the original data to the final format used.

4.2.2 . Exclusions from the Population at Risk \

-

(1) Females. ‘There were few females employed in positions which might’
exyose them directly to petroleum and derivatives, thus females

were excluded from the study.

,(2) Summe re (or Vacation) €tudents. Many of the students were employed

in positions in which they were not ekposed to petroleum and

derivatives. Those who were exposed accumulated short total

‘ -

exposure times. “ d

(3) Short-term Employees. All employees terminating during the 10-
= , -
year observation period with less than 5 years service ‘at

a ,
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.

termination were labelled short-term employees. The distribution
of terminations by years service (Figure 1) shows that 50% of i

. 5 o
the terminations occurred in employees with less than or cqual to o

5 yeafs service. This group was generally.young in age and

- '
somewhat unstable in that they tended to work for a period, then

~

took leave and returned after a noticeable absence. The decision

[

to exclude them was a practical one, in that tracing them would be

almost impossifle. However, this was probably a s®fe decisiom for

. O N ~. »
the following:ré%éons: (1) this group was ﬁartiﬁularly young and

"therefore unlikely to show large numbers of cancer deaths since

9

cancer generally affects older age groups; and (2) long exposure

-and latent periods are usually necessary before occupational
carcinogens show their effect; therefore this group of workers

would likely never have been exposed long enough for a carcino-

‘genic effect to occur.
.

Another group of short-term workers excluded from the study were o

+

employees who were active in 1973 but had not yet fulfilled one

full year'é service with the company. If this study is contiﬁued'\\\\

they-will of course be returned tq)the population at risk.. ¥

. The reason, for including workers st{ill active in 1973 even if they

o

had less than 5 years service, was that unlike the terminated short -.

, . r
term workers this group remained active through 1973. It was

practicafix:incﬂude them, as further follow:hp would be easier if

i)

the study period should be extended to future years. .

§ 0

(4)‘ Uncldssified Annuitants.. There were 19 employee records which ) :

o

lacked information for exposure classification. BAll of these were
B ¢ ' '

o

anphuitants who died in 1964 or 1965. An attempt made to locate
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further employment information in the company archives was

‘unsuccgssful.

Table 4 shows-the distribution of cause of death for all male

employees exéluded from the Population at Risk.
»

. »
4¢2.3 Frinal Population at Risk

. o
« ¢ 4 .

o The population at risk for the purpose of analysis was made up of
) © .

15,032 male employees who, 1f terminated, had spent at least 5 yedrs
. * -

1Y ® v
~with the gompany or who were observed for some or all of the 10-year

.
-

observafﬁon-period, 1964 throufh 1973. Figure 2 shows how active

employees and annuitahts may have been present during the observation

. a
L I
r

period. . - 4
s . .

-

A population hierarchy in Figure 3 shows the distribution of the

L Ll
<

papulation at risk by exposure classification and status at the end of

“the observation period. : . . s

" Lost-to-Follow-Up . N - .

L]

The employees who were "1ost-to—foliow—up" were those who left the

¢ -

company and, becaeée of insufficient length Qf employment, did not
. L]

remain on the deferred annuitant listings. They would have had between

‘5 and 15 years service. There were 865, or 5.8 ‘ the populatian at 8 . 3
- - N 4
risk who were in this category. Thus the follow-yp rate of this study
& . s -

was 94.2%. This may be slightly inflated since being desiqpated a

"deferred annuitant" did *not necessarily imply foliOW*up byd%he

L)
L]

“company.® In fact, ,no attempt is made to contact these annyitants ™

-

»

until they reach pension age. This could result in a timek}ag between

J ﬁ\




Table 4 ©

o

Distribution of Cause of Death Among A

Employees Excluded From Study

<

©
-

*Short~Term-v
1 Employees
Death Due to ‘ (N = 6681)-

Malignant Neoplasms (140-209) : 1 (Genito-
. * Urinary)

I'ndocrine, Metaboiic
“ Disease (240-279)

Diseases of:
Circulatory System {390-458) -, 4

Respiratory System (460-519) 1,

Diqestive’gxgggm (520—577)
- s . ’/’ s )
Accidents, Poigonings,
Suicides THO0-999

t
{

¢
-

{l Male

i

\\ .

o
sUnclassified
Annuitants

(N°= 19)

1 (Intestinal)

1 (Di%betes
Mellitus)

13

ITDA, 8th Revision (1965); codes shown in-bracketsf
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—_— e e e e e _— = e e e — e

Fig. 2. Ways in which- actlve employees and a 1tants may. havea
entered and exited the observatlon pefxod. . 3

'c ’ . ' . , }l - '
.(a)f(bL Actiye -for aﬂ‘leést one ‘year during the:lo—year observation
period and stlll present 1n 1973, the last year of the
study perlod : . . S -

(c),(d) 'Active empioyee for at lease 5 years durlnq the QbserVatlon
-~ period, but tarmlnat;ng at some tlme in the lO—year Span,
Cermlnatlon due to death or. re51gnat$on e

" (e) Actlve employee during portion of, %he 10-year pEDlod
‘ Terminablon due to retlrement with part1c1pat10n 1n the ) '
company's’ pen51on scheme, thus remalnlnq under dbservatlon. »

. (f),4qg) -Retlre& empfbyee, rece1v1nq penslon or <on line for deferred
oo pension, under observation. Termination due to death.
. . -, o ‘ .
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the occurrence of a death and the notification of the event to the o

‘, ’ ) "
Medical Department. However, the company's experlenceohas‘begn that
o N -

beneficiaries would notify the company of deaths when they occurred.

Al

Also, there is no reason to expect that notification Wguld differ among
‘ .. . -
workers who had experienced varying degrees of exposure to petroleum.

< 5} O




STATISTTCAL METHODS

™ I

5.1 'Deébriptive Methods ‘ ‘ >

& /

3 N /
~1, -

Frequency distributions of the study populgtion by certain

£
°

2

o

. ) . > ) .
variables were examined. Product-moment correlations between certain
variables, which could be related to mortality, were also performed.

Co%puter programs for these calculations were borrowed from the

Statistical Package for the Social Sciences (Nie et al., 1370).

,c » ) . s

5.2 Measures of Mgrtality

. Various meaSures of martality were applied depending upon whether
- - :
o N - ' .
the tofﬁl population was being compared with the Canadian population or

whether internal sub-group population comparisons were being-made.

'%hese are dutlined below. . :

N

.
° ~, .

Since “person years" was the denominator ‘employed in all of the
<
mortality comparisons, a description of the calculation of perseon years

follows. Employees may have entered or exited at any time during the

10-year observation period. Each person was followed over the.stud’r

period and contributed 1 person year to the appropriate age group for
. <

eachTyear that”he was observed. The assumptions made were:

“*

(1) : If an employee was shown to be present for a inen year he was

given credit for one fulil year of observation.
(2) If an employee terminated, without opportunity for;fﬁrfher follbw-
. : k ! .

. up, or died, he was given gredit s for % yeai of observation for

- that year; the assumption being that terminauicns and deaths were

evenly distributed throughout the year. An annuitant.would still

be observed subsequent to terminatidg-employmen?. . Hence, He would

~ 35)¢r
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-—

.

"continue to contribute person years of observation either until
death or 1973, the last observation year of the study. -
(3) Assuming that birthdays were evenly distributed throughout the

year, an employee was moved up one yvear of age at each mid-year

.

" of observation.

a

-

5.2.1 Standard Mortality Ratios (SMR) .-

’\\_7 ~ - .
. SMRs were calculated, using the method described by Hill (1971), in
by i , ‘
order to compare cause-specific mortality of the comphny population
) u

with that of Canadian males of the same age. The 1969 Canadian .

Population death rates were used to calculate expected deaths (Dominion

A-4

Bur E% of Statistics, 1969). The bésic formula for this calculation is: o

©° SMR = o/e X 100 L

where
. Q
-~ SMR = Standard Mortality Ratio for specific cause
. ! N i -
o = the number of observed deaths in the employee population
e = the number of expected deaths in that populdtion obtained
by age-specific calculations
~i.e. e =1L (PY x M), where PY = number of person years

. in the ith age group and M = death rate of the standard

th

" population in the i‘" .age group.

This method was ‘also used to compare refinery mortality with that

.

of non-refinery aﬁ@fexposed_group mortality with that of the non-

- exposed group. . Since direct comparisons were desired between refinery

and non-refinery groups and between exposed and non-exposed groups,

non-refinery death rates Wére'used to calculate expected deaths in the

. hi

refinery population and non-exposed wq;kg; mortality rates were used to

\ ' | ‘ .

caleulate expected deaths in the,exPOSeg population. Raw data
. . '

necessary for these calculations are ihcluded in Appendix VII

L} . .
“ .

.




and Appendix VIII. A computer program was written to perform the person

years calculation as well as the calculation of Standard Mortality

Ratios. Appendix X contains a copy of this program. .

v
-

5.2.2. Age=-Specific and Age-Adjusted Death Rates

In the detailed analysis of Intestinai and Rectal Cancer ﬁortality
and Other Digestive System Cancer mortality, age—specifié'rates were
examined iq inter-group céﬁparisons. This was adv#ntageOU§ in the
event that a summary figure might mask an effect’ in one age group.

Age-specific death'rates (per‘lo,OOO) were calcula£ed in tﬁe convent-
ional manner (Hill, £97l) but with pérson‘yegrg as the denbminatorl

To. examine the effe;ts o% certain variables on the cancer mortality
+of interest, age-adjusted raFes were compffgg., ?g?”réF?§‘y?§ﬁ adested

T e e 5& the direct method (Hill, 1971) with the employee population at risk
as the standard. ‘As the number of deaths per-celf'declided with each

dichotomization of variable, it was necessary to conflate the population
- Id .

by 5-year age groupings at age 40 to the following 3 groups: 40-64;
65-79; 80+. An example of the calculation of difectly adjusted, rates,
is included in Appendix VI. Data necessary for these éalculations are

in Appendix VII and-Appendix VIII.

-
'

5.3 Testing .for Statistical Significance

) ) . o
5.3.1 Standard Mortalitgﬂitios
; AN

% .
Standard Mortality Ratios were.not tested for statistical

- significance as no method is available for dealing with persoﬁ years.




e

‘would have been expected, had the proportiorr of deaths been equivalent

5.3.2 Differences between.Death Rates

Actual numbers of deaths were compared with the numbers which

to the propertion of the population in which they had occurred (Doll

’

and Hill, 1956).

+

Intef*group compa;isons were based on the éhi2 test
(Yafe's correction) with 1 degree of f;eedom. The advantage of this
method is that the persoﬁ years do not eater into the caléulatiop
directly. The person years for gi4én age group i is divide&hby the

total person years, -- This proportion. is then used to calculate the
caﬁse-specific deaths egpected in this age group. -An example of this,
calculation may be-found iﬁ Appendix VI. | ‘

When sub-group comparisons were desired, age~specific and age-

adjusted relative risks were calculated by dividing the rate in one

group by thé rafe "in-the other. el

‘
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e RESULTS ~

6.1 Description of the Population at Risk

This sectipn will be devoted to a description of the populatibn.at
. N ! ] .
risk and to a comparison of its mortality experience with the mortality

of the 1969 Canadian male population of comparable age. - ™y

6.1.1 Variables Expectéd to Affect Mortality *

The employee population %as geographically distributed throughout

al{ provinces.. Age and geographic location are known to have an effect

> -

on the probability of death (Table (11), Appendix V). Therefore, these

variables were considered in the analysis of the data. Years of

2

service, as a measure of duration of exposure, was also a variable of

Y

itnerest in examining effects of exposure. Lo~

Other variables which may haQe been rklated to mortality differencés
were year of birth, age and year at beginning employyent and age ané\

years of service at the beginning &f the obse;vatibn pefiod. ng relation-
ship of these’variables to age a;d years of service at least pbéérvation
was exaﬁined‘by displaying a c;rrelation matrik_(Figqré,l, Appendix V).

All but\Lne of the variables shoﬁed higﬁ correlations with age at last

observation and/of years of service at last observation. The correlations

-

of age at beginnming employmeént with the other vériables were not high.

This could suggest a high turnover of workers or perhaps the hiring of

A}

transient employees of ‘all ages from other oil companies.
. Table 5 shows that a lgrée proportion (78%) of the population at
risk was present in 1964 at the beginning of observation and that

small propbrtions were added annually thereafter. The distributioné,

of the population at risk by age, years,.in service, status at last

L “ | | g&3 '. o .

-
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Distribution of the Population at Risk by the Beginning

-
Year of Observation in the Study
) _ N
Year of . Frequenc )
Beginning .
Observation Number Percent _
1964 11,725 78.0.
1965 219 ~ 1.5 i
1966 324 2.2 \\\
1967 394 ’ 2,6 '
1968 - 374 ’ 2.5
1969 388 Je .
1970 . 503 - ' 3.3
1971 279 . . l.9
~
1972 236 1.6

1973 590 ) .« 3.9

Total 15,032 . 100.0

‘J

Yuaac .




o
-

[

‘obstrvation and geographic location were examined (Tables 1-4,
. . .
. {
Appendix V). z .
ol ! . . -

. Nearly :30% of the population were under age 40 at last observation;

<
-
[

about 801 were under age 65. "Over half of the population at risk had

¢

more than 20 years of service with. the company. The frequency .of .

‘employees with 5 or less years of service, and still adtive in 1973,
M - L] - n

was 14.5%. Nearly 58% of the population at risk were'active at last
observation: A total of 10% died during the.l0-year period.’ Eiqhty

percent of these deaths occurred in retired personnel, c

h ©

“ The population at risk was not eveplzodistributed geoqraphically.

-~

Over .50% of the ’empldyees were located in Ontario (40.1%) and Quebec

(12.8%) while 35% were in the Western Provinces. The remgining 8% and
3.8% were in the Atlantic Provinces and Other Locations (offshore,
fgreiqn subsidiaries, N.W. Territories), respecfively. : o

» wv
° o h R -

6.1.2 Mortality of the Population at Risk

.

The number of deaths 1in this pdbpulation was 1,511. Of these,

V4 . . .
99.6% occurred in the group of employees already under observation in o

> . . -

¢ ’ 1964. ¢

o [3

Table 6 shows the distribution of deaths by major cause in the
population atzrisk. About 60% of the deaths-were due to diseases of
g N - ) -

the qirculatory System. The next‘major cause, accoﬁntinq for 20% of

the deaths, was malignant neopiaéms. The distribution of the 301
’ ’ .
_ deaths due to malignant peoplasms, by site, is shown in Table 7.

Q

. 3 Appendix V shows selected causes of “death by age (Table 5) .and

o
o

province (Table. 6). Over 50% of the deé}hs'due to malignant néoplasms
R R - T P :

(V]
occurred in workers employed in Ontario 4nd Quebec:sites. Eighty
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v
Distribution of Deaths by Major Cause in the

Populatien at ‘Risk, 1964-1973

3

. 1 . .
Major Cause of Death ) . Number Pergent.
Infectious and Parasitic Diseases (0Q01-136) 79 : 0:6
Malignant Neoplasms (140-209) . 301 19.9
Othertﬁeoplasms (210-239) v 4 . 0.3
Endocrine, Nutritional and Metabolic £ :
Dideases (240-279) . ° 29 S 1.9°7
Mental Disorders {290-315) " 2 0.1
Diseases of: ' .
: Blood and' Blood Forming Organs {(280-289) 5 0.3
v . e °
‘Nervous System and Sense Organs (320-189) . 16 - 1.1 .
Cipculatory System (390-458) 905 59.9
Respiratory System (460-519) ’ ‘ 90 ‘ . 6.0
Digestive System (52Q-577) 7 . 5L C 3.4
Genito-urinary 8System (580-607) .- S19 - © 1.3
Skin and Sycutanequs Tissue (680-709) . .1 0.1
Musculoskeletal..and Connective . o ., . .
Tissue (710-738)° ) : e 2 R 4 0.1
Congenital Anomalies (740-759)° - R T 0.
. R ,‘ - N c.
Symptoms and Ill—DeﬁinednCondit;ons°(780-7@6) 17 1.1
o, ) . . R o
Accidents, Ppisonings and Violence (800-999) 59 ' 039
o - » b s e PV - L ———
Total, o » ..+ 1,511 . 100.1

) . B R
o . o

€ “
.

l .
See footnote i,: Table 4. o e
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-~ ‘ ¢
g .Table 7 ‘ . .
. Distribution of Deaths Due to Malignant Neoplasms 1n o
. the Population at Risk, 1964-1973 , -
Specific Cause of, Death due to
Malignant Neoplasmsl Number Percent
. »- - Rttt LA LIS
. . 4 .
“Buccal Cavity and Pharynx (140-149) .7 , 2.3 :
. . Esophagus and Stomach (150, 151) 3 , 11.0 ;
Large Intestine and ‘Rectum (153, 154) N ° 42 14.0
Other Digestive Organs (155-159) ‘ ’ 33 10.9 -
L ] . LT
frachea, Bronchus, Lung (162) © 82 27.2 b
‘:df ' che.r,:Respiratory Organs (160, 161, 163) 4 1.3 L
: ' . ! . ¢ e ’
Bone, Lonnective Tissue, Skin (170-174) 12 4.0 o
Prostate (185) ° . 25 . 8.3 O
_ Urinary Organs (188, 189) " N .19 . 6.3 T
- . . ' L -
Other .and Unspecified Sites (190-199) ’ 19 ‘ 6.3
- * -
. : N
i Lymiphatic and Hematopoietic System :
(200-209) : 25 8.3 e
Total . . * 3ol 99.9 Ak
. .- ]
, See footnote 1, Table 4. . i .
) . A 4
" o -
- L4
* ‘ e? v ’ »
- - ~ .
: . ‘ .
. g . -0
, - . P
o < . . . v
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Table 12

Distribution of Exposed and Non-Exposed Groups

by Duratigk of Employment, All Ages, 1964-1973

u

Duration of
Employment

(years)

0-5

6-10"

¢+ 11-15

16-20

21+ 

\
i

hxposea
Number Percent
1170 13.6
887 10.3
530 6.2
1203 ™ 14.0
. 4822 56.0
8612 :100.1°
rl

Non-Exposed
_Number  Percent
1012 15.8

‘ L 4
906 , 14.1
527 8.2
955 14.9
3020 , 47.0
— —_—
6420 100.0

-

Cen v e AR RS AR ST S il o 24
.
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Lt ) " ".Table 8 .° . ) '
. 5 . . .
. o Standard.Mortality Ratios (SMR) for Selected Causes of -
L . Death for the Population at Risk, All Ages, 1964-1973
) e : -Number’ of .
o , - L J* . Deaths . 3 «
Death Due Yo Obs. /Exp.~ SMR
; o . . X . . . .
A1l cCauses (001-999) . ., ©1,511/1,801.0 83.9. )
Malignant Neaplasms (L40m209) - : 301,466, 0 82.2
L ' . , . A s
Diseases" of : . : S ;
) Clrculatory aystem (390—458) o 905/960. 6 .- 94.2
Respud’tory System (460—5f9) ,9041’20:7, . H9. 4 o
‘Malignant Neoplasms ofs ¢ o A C _ ’
Inltestines,‘lftectmn (152 153,. 154) . 42/51.6 ?21.4
-Othet Digestive Qrgans (155-159) ©33/31.0 .« 106. 3
-+ » Trachea, QBreinc:f\us , Lung (162) ‘ '82/2)4. 0 87.0
g Prostate (185) 25/33.6 74.4
R Urinary Bladder; Kidney (188, 189) 19/22.9 ..83.1
01 e Lymphatic andﬂ Hemato'pv, System. ': T e . S .
Co= e (200-209) k K ©25/35,9° . 69.7
' ‘Accidents, Pdisonings, V;olen'cé u o : R .
(800-999) T 59/152.6 38.6
' yumber of Employees - 15,032 _, a
. -, Number of person years . / ’ 120,636 ‘G .
o ¢ | o ’ o ) e ‘- = ‘ - d
'nl:’. ! LI P ,'-, R !”
" See footnote 1, Table 4. . ’
_ Z'Eipec;teql deaths were-based on 1969 age-ahd qaus’é‘;specific death
~ rates for-Canadian males.' g a )
3 Data‘ for_ calculat ng- SMRs are "in’ Table (S),Appendlx V; 'I'able (1),
Appendxx VII, a@able» (1?, Appendix viti. L .
. « . ,. L ! ) ’ R ' ) [ . N
DL T
S * - . : .
.' /Z,/ e o 0
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- ALl qeobrébhdk comparlsons were made uSLng these grouylngs

Table 9 shows the SMRS«for selected cau'ses of death by geographlc

~ o

RE . qroup.’ For a' number of cawses of death, in the Western Provinéei\iie -
1 ) . . y

:inkohtario/Quebecﬂ employee mortality was significantly lower than

- mottality'aménq'Canadian males in general. ' Nowhere mployee

~

. ' . For some causes there was variation fromfregion to region in the

employee/national compgrisons. In the Onterfo/Qﬂebec employees,.the

: C e e SMR for - 1nteet1nd1 and rectal cancer was 112 while both tﬂe Atlantlc

. 1 .
. T and wQstorn Prov1ntee had SMRs below lOO _ The. SMRs for Malignant

o - - Nebplasms,ef Other Digestivo Orqans (ICDA 155—159) were above 100 in

o o . [N Y
o -

employee groups in the Atlantic Prov1ceb and in Ontarlo/Quebec but the

-

¢ . . . v -
4 . R .,-SMR for thxs cause of - death was behnyd‘m in the Western Provincés.
. o ’ o re : - ! -

. . 6.2 Comparing Exyoseé and Non4Exgosed'PopulatiopSy ..z, t 4

v
+ . «
‘ L

. o The exposed : pulitioh consisted 8,612 employees, 79.9% of
po :

N - whom were under observatlon at the beglnnlnq year of observatxon (1964) .

il (‘ @
3

o e ‘ L. 6eventy~five percent of the 6,420 non-exposed employees were unde'
s z\” . ° ) L ‘-4-.'/\_‘;/ - ’ ‘ R 0 F o ’ . .
‘ : observation in 1964. Table L0 shows the distrib

L] - - »

)

ions of theéese qroup;'

»
P

—~

<

. ) , < by year of beginning observa;idnhfn the study.

N - . .
B ) -
. v

-+ 6.2.1 'variables Expected “to Affect Merfality o -

The dietributioné by age at:-end of observétion, duration of -

1

d

! - - - . s . : o
te employment and geographjc locatlon were‘examlned for exposed and non-

. i . . . . I . .

P : . exposed populations.® Tables 1#, 12 and 13 show these dlstrlbutlon§

<
-

ThenexpOSed group had a la:qer proportlon of workers oldetr than 65 than
@ °, {u

vy . ’ d1d the non-exposed Seventy 51xnpercent of the exposed ‘population had

»

mortality siqﬁificaht;y above national mortadjfty for any.cause of death.

.
o
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Year

1964-

1965

;} * 1966
1967

1968

" 1969

1970

1971

-

N
N 4

1972

1973

Distribution of Exposed and Non-Exposed Groups

by Year ,of Beginning Observation in the Study, All Ages,

Total

e L

Table 10

<

1964-1973 - . . o
- » ’ . ]
Freqdency .
Exposed( . ' Non-Exposed
~Number Percent . Number Percent
6865 79.9 4840° 75.4
113 1.3 106 ¢ 1.7
158 1.8 . 166 - 26
201 2.3 . 193 ,é.o.
171 2.0 203 - 3.2
220 2.6 ' .. 168 2.6
296 3.4 : 207 3.2
135 1.@' 144 | 2.2
141 16 , 95. " 1.5
292 3.8 298 4.é'
— e T X o
8612 99.9 6420 " 100.0
. .
! = c
T /
r." i hid .
. .



-t . .- . Table 11
. ] .

4

< 2

Distribution of Exposed and Non-Exposed Groups by Age at -

¢ . ) ) . Last Observation, Full Age Range, 1964-1973
M . Frequency
e . Exposed Non-Exposed
Age Group - Number Percent Numbeér Percent

15-39 2083 24.2 2543 3%9.6
40-44 . 887 10.3 510- . 7.9
45-49 970 .3 807 12.6
50-54 936 10.9 674. 10.5
g  58-59 857 '10.0 - 482 © .5

| _
- 60-64 676 7.8 474 7.4
65-69 702 8.2 317 4.9
70~74 611 7.1 236 . 3.7
75-79° 424 4.9 190" . '3.0
80-84 285 3.3 119 1.9
85+ 181 2.1 68 1.1

" )
‘Total 8612 100.1 6420 ©100.1
. X
.
« , i
[y ' . -
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Table 12

Distribution of Exposed and Non-Exposed Groups

by Duratio\n of Employment, All Ages, 1964-1973 -
f \
Duration o - S
Employment Exposed . , ‘Non-Ex;:)osed
(years) Number Percent ©© Number Percent
0-5 1170 13.6 1012 . 15.8
v . . N ) : . (
6-10 887 0.3 906 L 1401
- 11-15 530 6.2 527 8.2
16-20 . 1203 ™ 4.0 . 955 14.9
21+ 4822 56. 0 . 3020 , 47.0
=" ‘Total 8612 :100.1° . 6420 100.0



Table 13 .

3

LY
.

Distribution of Exposed and Non-Exposed Groups

by Geographic Location, All Ages, 1964-1973 . B

Geographic . - ) .
- Ex ed . -
Location E P°. s ‘ . - ~Non=Exposed
- {Province) Number Percent Number Percent

L] B e

Ontario 3186 " 37.0 2838 44.2
Alberta S 1694 19.7 1877 2972 _
. Quebec ‘ ' 1220 . 14.2 707 '11.0

" Nova' Scotia 631 7.3 . 241 3.be

,":' N ’ a
oo British- - . ) ) /

, Columpia: 511 . 5.9 '\kigd 5.2
: saskatchewan , 360 " 4.2 152 . 2.4

Offshore " 484 5.6 1 "0

Manitoba 254 " 2.9 103 1.6

.

Newfoundland . Te 126 " 1.5 50 .8

New Brunswick = - ' 69. .8
Northwz?st . ‘ P )
Territories ) 45 5
. Foreign/Subsid. : 7.2 34 .5
. N . . %

P.E.I. ‘ 15 .2 12 .2

[

Total o ‘8612 °  100.0 6420 . 100.0
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6.2.2 Mortality Comparisons of, Exposure Groups
by major cause and of cancer deaths by site in the exposed and non-

‘exposed workers. There were 1,094 deaths in ‘the exposed group and

‘had 84 cancer deaths ahd the exposed 217. Deaths f}om éance; of the

Trachea, Bronchus and Lung (ICDA 162) accounted for the. largest pro=-:

. . )

moire than 11 years eervice with the company while,?d% of the non-
exposed workers. were in this category. A slightl§ larger percentage of

exposed workers had more than 21 years of employment, 56% compared with

.

47% in the ﬁon-exposed group; Geographic distributions varied, with .
larger proportions of ﬁon-exposed workers in Ontario and Alberta and

more exposed workers in Quebec and Nova Scotia. Since the exposure

M | -
groups were not entirely compdrable for age and geographic distribution,

&

adjustments were made in analysis. Years in service, as a measure 3i’

v -

duration of exposure, was also éxamined in detail.

L Y

Tables {(7) 'and (8), Appendix V, ‘show the distributions of deaths

N . [

417 in the non-expoéed‘groupa Diseases of the Circulatory.Systemfwefe

e ~-

respon51ble for about 60% of deaths in both groups.: fmortéllty due to

Ma11gnant Neoplasms accounted for about 20%. The.ncn-eXposed workers

©

a f B N Pt
B Ty

portion of cancer deaths in both grgups while deéaths from Intestinal .-
Pt et
Cancer (ICDA 153, 154) accounted for -dlose ‘to I5% of cancer-deaths in

: [ R h ' ST e o
'both groups. R ‘ S : ,ff o ]f'

Table 14 shows the~SMRs for selected causes of death far the'
exposed workers. The expected deaths were based on n0n~exposed rates.

The exPosed group showed genefally hlgher mortallty thar the non-expos--‘”f:iﬁ&"u

ed ﬁgoup.' The twm exgeptlons were deaths due_ta cher DLqeative Organ

"“ T
e at

Cancers (ICDA 1554 159) and ml;qnant neoplasms of the iymphatic and’’
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Table 14
’ : ) . ) ’ - - ¢

#standard Mortality Ratios (SMR) for Selected Causes of. Death
for Exposed Workers,; Age > 40, 1964-1973

< .- M ‘ -
L - N ' Number Of . )

) . e . L ) o Deai':hs2 , .

e * Death Due To~ = ° -~ Obs/ExXp . SMR

ALL CAUSES. (001-999) _ , 1085/853.4 127

Malignant Neoplasms. (140-209) .. 215/160.8 .. 134

- M . . o L_‘

Dlseases of Clrculatory System : (390- 58) . 644/561.0 115 .

Dlseases of Respiratory System (460 519{. 71/42.2 . 168"

'Mallgnant Neoplasms of Intestines, o S - -
Rectum (152, 153, 154) - ~ .. . 29/26.2 . 111

,Mallgnant Neop‘laSms of Other - ’ ' i o e ‘ . :

:“ Dlgestive Organs (155~ 159) RN 20/23.9 . . 84

Mallgnant Neoolasms of Trachea, Bronchus, R ) T o

Lung (1629 ) '_. S e . 67/31.7 . ‘211
Malignant Neoplasms of Prostate (185)- 18/16.4 . lio.
-Mallgnant NeoplaSms of Urinary --- : _ .

Bladder, Kidney {188,. 189) - ... 14/9.5 147
Malz.gnant Neoplagms of Lymphatic and S o S
' Hematopoietid System (200-209) L . ~13/18.3 721
* Accidents’, Poisofiings,- Violence (800-999)- © r42/5.5. 764
- .. - . ' - ‘-" Co ..' _ o * Lw . -
. et / ’ “ n"’t . ~ - : ’ \N'
) Number cf Empioyees . N .. 6,523
..Number df Person ‘Years - e -'A " ST "50:534”
) s T o .
See fop;:note A, T_ableA. .

2 . ’ : - T ‘ rl .

i 'Expected deaths were based on the mon-exposed greup (age 2 40) .pvates.- :
Data for these calculations are in ‘Tables. (7—9), Appendix VII and .
Table (1»Append1x viir, . , : , - .

A 3 : . T “ Y T ’ l/ ‘ L cd A s , ' ’ !‘
' P ‘ LI : .
- s : T T
< o d
i - L
e . \ - ) ./’!
d j . , .
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and Hematopoietic System (200-209) which had SMgs.less than 100.
Mortélity from Diseases of ghe Circulatory System (390-458), Diseases of
the Respiratory System (460-519) and Cancer of the Trachea, Bronchuys -

'and Lupg (162) was significantly hgqhgr in the exposed workers.

Accidents,” Poisonings and Violence (800-9399) were much higher in the

<

exposed group, indicating hazards which should be studied further.
Deaths due to Malignant Neoplasms of the Intestine and Rectum (153,

154), Prostate (185) and_Urinary Bladder and Kidney (188, 189) were

slightly higher for the exposed workers. ..

»

6.2.3 Intestinal Cancer Mortality in Expesed and Non-Exposed Workers

-
- 5 -

Table 15 shows age-specific and age-adjusted Intestinal ;nd Rectal
Cancer (ICDA 153, 154) mortality rates per 10,000 person years by
"exposure group. No consistent excess of intestinal céncef mortality

[

among the exbosed workers was,evi§ent.

v

Intestinal Cancer Mortality by Geographic, Location for Expoged and

N 4
. et
o

o

Non-Exposed Groups. . B - .. ¢

-,

’ g’ ‘4 - T .
Table 16 shows the age-adjusted rates per 10,000 person vears by

°

geographic location for the exposure groups. The low relative risks

o~

do not support the conclusion that the exposed workers in these ldéatioﬁé
ran a greatéx risk of intestinal cancer mortality than the non-exposed

. : e ) ‘
. workers.

»

Intestinal ‘Cancer Mortality and Duration of Exposure by Expgsure Group
. ‘ A Y s

. o | :
' e i
Age-adjusted rates for intestinal cancer by duratjon of lexposure
for exXposed and non—expdsea workers are shown in Table 17,
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Table 15 . ot

< —
N c

Age;Speéific and Ade-Adjustéd Intestihal Canc;?l Mertality
Rates per 10,000 Person Years in Exposed-and Non-Exposed

Gnu}\{ge 2 40, 1964-1973

M e

2

Rates/10, 000, Person gl'ears

>Agé . _Expoéed . Non-Exposed :, Relative Risk2 c
) 2.6 : 2.3 -
40-64 ¢ 3 ° o
(10) ", 16)
L 10.2 7 6.5
65-79 - :
(11) ’ (3) Co.
S . N
. % 8.6 60.3
80+ N
(8) (4q)
Age;aQ)usted » v
_ Rates? 5.3 4.1

a s ' ¢
L ¢

1.

ICDA Codes_153 and 154,
' R ] a N B .

2 Risk in gﬁggfed relative to non-exposed. - None of these risks was
signiffﬁﬁntly different from 1, P < 0.05. Tests of significance’
were based on Chi2 with ¥Yates correction, 1 degree of freedlom
(Doll and Hill, 1956). . K : , -

L

Numbers of deaths shown in parentheses. -

4 Direct adjustment with the employee population at. risk (agé > -'ai.'b)
" as the standard. . < o
5 "

Data for these calculatjons are in Table (10), I&:ppendik V1T,
Appendix VI has an example of the calculation of the direct method
of age-adjustment. , ' . ox

e c




" Table 16

.

i ' .
Age-AdJusted Intestinal Cancer Mortallty Rates per 10,000
Person Years by Geographic Location in Exposed and Non-Expwd

v

° -Groups, Age 2 40, 1964—1973

‘ Age-Adjusted2 Rates per
' lO:OOO Person Years Relative
Geographic Location Expésed Non-Exposed . isk3
. .
. . . 3.4 . - -
Atlantic Provinces ; - . -
4 .
(2)
“
Yo 7.6 7.1 .
Ontario/Québec ' ) . . 1.1
e (23) (11y - . b '
N o
o o -
. . .o2.27 ’
Western Provinces, 2.7 . - ] 1.2
- (4) (2):
) 5 . 1S . '
% See® footnote 1, Table 15. R .

2 Direcﬁ adjustment with the employee populatioh at risk (age 2 40),
in thesé provinces as the stangard.
p :

3 See footnote 2, Table 15.

LN

4 see footnote 3, Table 15.° o
. . -« v ) o . ) A -3
Data for these calculations are in Table (11), Appendix VII.,

ray P

[Ty

53
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Person Years by Duration of mployment in Exposed and Non-Exposed

Age~Adjusted Intestinal Cancerl

* Table 17

El

Groups, Age z 40, 1964=1973

Mortality Rates per 10,000

- < = . — .
PR ‘ ' - ) ) ’ : T
Ei
L‘* ;o . ’ o ' * 7 -
. 3 . ’ . ) 2 N “
Age-~-Ad ted R \ N
puration of . DTN Mears
) ' Employment * ' . Relative’
g (years) Exposed Non-Exposed Risk
¢ 6.7 oo
°11-20 - -
4
- (6) . «
3.5 3.7
21-30° 0.9
. »(Lg) - (5)
6.6 5.8
314 . . .. 1.1
(15) (8)
See footnote 1, Table 15. . T __—
< 2
8 Direct ad]ustment with the employee populatlon at rlsk (age 2. 40.
duration of service > 10/y s) as the standard. .
3 ) . ' - . - a sy,
See footnote 2, Table 15.j . o
o .4 ¢ . ) o > \
See footnote 3, Table 15. . -
£ g - - . . . . _ .
Data for these calculations are in Table {12), Appendix VII.
pas . . . R
LI ~ ¥ 4 N
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no intestinal cancer deaths 1n workers with less than eleven years of
. ' ) .' N " A} . i ot _.L
“-omployment with the company.- In both exposed and non-expoged groups, ., .

. « . * - ’ 3
S - s

the rate‘of 1itestinal canter deaths increased between the 21-30 gear em-—
t . . L " . . ¢

"

i , .
- .

\ ' ployment group and the 31 yeag‘and over employmemt group. [n neither group
“ ) o TTTT— ’ ‘

- . LI - LI - .t

. - , did the rate iﬁ;thq;oprscd workers exceed that in the non-exposed. The
" N IR * o . : ) ' .

.. S . .
exposed workers ifi‘the IT-20 years service graup shawed -a higher rate.

-
. . . . . Pt

than the workers exposvd for more than 20 years. This analysis fails'
- N - A - N et " L

to offer convineing evidencerthat oither the® fagt or qupation of |
.. v e 5 . . v [ i l' ) °

‘exposure dis related 1o’ the 'Jovel of intestinal cancer.

. . . ..L«’r, . A 8, .\

s H . o

6G.2.4 Lom>ar1 Onb of Ex de'and Non—L sud Worke for Canc s of
P PO ;PQ ﬁi*‘ Gr

. . e . : '

_Other - Sltes . -, g e . _ - ‘

———————— . N L ' or
- 4', € - - J N '\

¢

ie @

. “ . . N
' . .. -

~ . . ]

cd Qernthan non—oxpDSQd workers (Tab]o 14)

.. - L e
. .

(SMR = 211)'due'ro llnq
> . - - -

P

i C {
. Table 1R ghOWS the aq -spociﬂiu and aQQ—adebted,dedth rates for qancer

£ - \

" of the lung and rcancer Jof tho{J?mphatic'anduhemétopoietic system ampnq
exposed and nop-exposed workers: It is,ebidenp thﬁt-the sigpificant. -

t . om o R

. * >

© who wore youhgelr chan 80 years old . S o o .
- , . . “ ° '—‘ A . ' LI
.- . Thoflower isk of lymphatxc cancer death Ln the.exposed gropp was
4~ : 4 = ~ o Iy ’ .
" ot Q ‘hot statxstxcally siqniflc.ant.- I o : . ~ a
i " ’ . ' t e ° >R .
L. - T The lunchancer mortalzty diffarence between exposed and non~ T

. - § Lo . . - » 4

exposed workers speclflc for geographlc area is shown in Table 19, gﬂb

. . ?

\

\

; location. ALthough there was no 1ncreased risk of lung ‘cancer g

mortaiLty»in exposed wo:kerg.over non-exposed in the’ Atlantic Provincgg

i * o %
!

the.exposed in Ontario/Quebec had’ a sllghtly greater risk (RR ='1.7) a

- : s, - .' , .- L - ‘.
‘ . R . P v“ ‘ s . ) ,
' . . ‘ . v .
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/and those in the Western Prdvinces had a 4-fold increase in risk.

/ - e e g
However, these increases were not statistically significant at P <’
0.05. /. C » o . -
! e S ‘ ’

‘Table 20 shows the lung cancer mortality in exposed and non- - .

.

* . exposmed workbrs by duration of employment. There were no ludg cancer

8

deaths in those with 1Q or less years ir_1 service. The exposéd workers,
employed  for 11-20 .years, when compa}ed with non-exposed workers had a

.

relative risk of 9.4, Since there was only one lung cancer death in

° . L

. the non-exposSed group, .this result is not very reliable. There was no

. . v oo
i discernible gradient in risk with increasing duration of employment in

.

'the exposed population.
Q',

. Since therevwere,only 22 cancer deaths from the Hematopoietic

* and Lymphatic sites, ‘Ro attempt-was made to analyse these results by

A

B

geographic location and duration  of employment.

.o ‘ 6.3 Comparing‘hefinery and Non-Refinery Populations o i

- : [N

The reasons for éomparing'refiﬁéry and: non-refinery workers have

¥ been outlined in Section 4.1. 2."There were 5 731 refinery workers

’

’ -
(38. 1%) and 9, 301/;6n reflnery workers {61. 9%) 1n the population at .risk.
3

’ 4 —

Of the reflnbry group,\Bl 4% were under observatlon at the Beglnning of

‘ ° -
-t L therbservqtion perioq compared with 75.9% of the.noh-refinery-grqup.
. - Table 21 ShOWS the distglbutions of these two- groups by year of
S ' - ) P . . : T
e begmnmg obserVation iﬂ thé\ study. ' . -
n ,"; . P he * \ T Lo T s )
6.3.1 -Variabldy Expected to Affect Mortality -
a T T C ' ; B - .
! ~ ! N o . " N o . . , . "‘

The following. threet variables were retained im subsequent compa-

" . P o § LIS

rieons of refinery and non-refinery populétions:‘age,-geo‘}aphic
., . K ', N Lo 4 T - .




Age-Specific and Age-Adjusted Lunql Cancer Mortality Rates
per 10,000 Person Years by Duration of Employment iﬁ .
’ .

Exposea énd Non-Exposed Groubs, Agé > 40, 1964—1973"

" Duration of

66

, Table 20 i _

-

- -

.
- N

Rates/l0,00B Person Years—

LI yeeE ‘,w‘q“-fa u':‘}"“ -

o . A | ‘-

Employment . Relative -~
- _(years) . Age . Exposed Non-Exposed Risk? -
. 4 . 7.5 2.0 o U
- 40-64 )3 (1) . 3.75
- N L}
-, ’ 65-79  °. 4?‘5? .- - e .
11-20 ‘ )
. 80+ . o v
' Age adjusfed . - s
rate 15,0 - 1:6 9.4
: 6.6 ) C
40-64 - - ..
(L3)
- .
0. 4.7"° N
. 65-79 %?2? .4(4) 0.89°
K] 21-30 ) , X ' . f
» o Y 25.2 ! . ‘
2 80+ -« . . - : -
L T , . (2) , . -
Age adjusted : . i LS .
. rate 13.4 - 8.5 1.6 ’ .
9.6 6.6 \ -
N - .45
: 40-64 (9) (5) 1.4
. . LY - .
28.5 12.0 - i
314 65-79 (19) | (4) 2.38 :
¢ : , b =
: P 15.7 24.0 -
80+ e 0.65 -
) . -7 1(1) S DA :
‘. Age adiustéd :
rate }3.4 8.1
’ . - ,1
) L S : . ¥ ..
Seé footnote 1, Table 19. ' [
2 . - - . . . : h 1] 7 - . ._ "
See footnote 2, Table 15. . -
"3 see fod%ndte 3, Jeble 15. " f )
4 R . ) . L » -
. See footnpte 2, Table 17. -
.o ‘ ’ 0 ‘ ' P )
> Data for these ca{cd;ations are summar®red in Table (12), Appendix
. VII ‘ : - St i
! v . .
* \ ™ N i
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Tablé 21

B R L o e A

Distribution of Refinery and Non-Refinery_.Qroups by Year

of Beginning Observation in the Study, All Ades, 1964-1973

Year

1964
1965
1966
1967
1964
1969
1970
1971

1972

1973 .

Total

N

¢

4

[N

é:;quency

"Refinery
Number Percent
—_ £ T
4664 81.4
56 .9
91 1.6
138 2.4 \
115 2.0
119 1 i
198 3.5
" 100 1.7
: . ]
83 1.4
173 3.0
5731- 100.0 " .
» . ’. X
» ..7> )
» o =
" A\ -
.
» ™

t
Y
Non-Réfinery
Number ' Percent
7061 75.9 ,
169 . 1.8 -
1233 2.5
256 ° 2.8, .
259 2.8, .
LR ]
\ 269 < 2.9
t 305° 3.3
179 1.9
153 1.6 - ",
- \-\ A
417 1 4.5 Ty o
9301 . 100.0
-, . - .
. 4 .
e

R e s s
o A ) »,

<&
-




1 6.3.2 'Comgarison,of.uortalityfiﬁ‘Ré%inety Workers with that in Non- T .«

-~

»
The - dlstrlbutlons of these variables in refinery and .non-

. location, and durag}on of employment in years, ky,,/"___"“"‘\\\kv
refiery

groups are shown 1d’&ables 22-24. A;alyses were made specific for age

to rule out the p0551b111ty that any age-specific effect could be .

-

masked by standardization. Years in service was retained as a measure
L] . N
L . -

of duration of exposure; geographic location was examined to detect

specific geographic differences. ) -
v ’ ' : , . ’ —

‘Larger proportions of the reflnery population swere um the older

I.-
v
®

age_groups (more than 55 years old) compared with the non-reﬁinegy“

population. Thirty percenﬁ,ﬁf the-refinery workers were yqﬁhqer than
age 44 while 46% of theé ﬁon4refinery3ﬁorkgrs were in this age- group. . e
These differences, although not extremé, werc allowed for as they were

likely to affect mortality patﬁerns. ) ‘ . .

| *~-The distribution by duration of employment (Table 23) showed 65%

?:the reflnery groqp in the longest exposure cateqory (more than 20 : : R

¥ ,e »

years) compared‘wmth 45% of.the non~ref1nery group. ) . ) . ‘ N

There was 4d dlsproportionate number of non-refinery workers in

. ~

Alberta and a corré%ponding excess of refinery workers in;OnEariO'and

Quebec. It was shown in Section 6.1.3 that moxtality varied in the- . B

population at. risk by geoéraphid-ibcgtion. - Therefore some analysos '_’ -2,

were performed tg-control. for this variable. . ) : . v ;

AR
° . I3 o .

)
- ot

- .l

Refinery Workérs ° ) e

- -
. . .
° s . ke
* 4 - “ . . [

* , Among refinery workers there were 821'déath§ and .among non- c *

’ . . - N ’

r -
!

;efinery workers, 690 dgdths.”«Diseases of the Circulatory Systém-_ . !

. - c ‘ . e Sy, -4
- accounted for 60% of the deaths in both groups. About 20% of the i ‘




L}
I3 o ,
., . -
s . Table 22
Distribution of Refinery and Non-Refinery Groups by Age at Last,
-~ Obsérvation, Full Age Range, 1964-1973
i ‘ Fregyency %- '
Refinery ' Non-Refinery .
Age ; Number Percent Number™  Percent .
’ © 15-39 . 1228 21.4 3109 33.4
40-44 - - 489 8.5 T 1197\ 12.9
45-49 ' 624 10.9 1153 - 12.4 s
* o '
50-54 " 629 1,0 0 98l 10.5
* . 55-59 ... 574 10.0 " - 765" . 8.2 7
. v . . ” . ‘
- 60-64 504 - 8.8 646 T.o6.9 §
65-7?’ : 512 o 8.9 507 5.5 A ‘:
[ 3 ' . . . .-
c 10-74 a69 . 8.2 - " 378 . 4.1 :
N . °
75-79 © 315" . 5.5, | C 299 3.2 _
. ¢ S i . o ‘ e
© 80-84 - 242 4.2 . 162 1.7 - T
C \ 85:\ 145 2.5 . 104 1,1 7 - p
. ‘ ' ) ‘l"t ' . - ‘ . b i x ' .
v, , Total 5731 99.9 . 9301 - ' 99.9 ‘ p
. R . - ;
. A . B
L 3 - = y ) -
. : L. | v ’
- ) » . . et Pl N GJ. b » PR
L1 e 5
.
. ) > . ‘ )
N . . v ) . .; » »
¢ ~» - . - ¢ -
1 * '~ Va . . - W R
‘ G R . _ .
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. N
-
- ... Table 23 - .
- ’ - . T ot
- .Distribution-of Refinery and NonwRefinery Groups . °
, “  by*Duration of Employmént, All Ages, 1964-1973 .
P . - LT v .
y - ) Frequency
‘Duration of, Refiner ‘ Non—i’iefiner' :
Employment . y . - o Y
(years) Numbér K Percent - . Number -~ ' Percent
: 0-5 700 " 12.2 1482 15.9
6-10 . 459 8.0 © 1334 - 14.3
. . 11-15-° - 199 3.5 - ' 858 9.2
16-20 » oo 671 11.7 . ! | 1487 16.0
’ 21+ T 3702 - 64.6 | 4140 44.5
// ’ —— }I —— ———
-k “‘
"7 Totar - ‘5731 «  100.0° ‘ - 19301 99.9
. S P .
{
/’/ . . l P §
3 “ /C . ]
- w _ ) .
. \ - ! L) ) 1’ -
¢ 7 * ° - a
- P - . . Y i T et .. )
' -~ " v PR - w -
- X » * T ! .
o A :0. > .‘; hd
‘- . ‘e .’\ 'ﬁu,"
- b "L P 4 -
‘. - .t e « @ &, . ‘s .
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/

. by Geographic Location, All Ages, 1964-1973

£

AN

Distribution of Refinery and N

Table 24

.
[

v

X

Frequency
Non-Refinery

...' B T \b ) , .
Geographic.
* Lpcation . Refinery
- & {Province) ~Number Percent .,

e oOntario _ 12,695 47.0
Alberta 784 13.7
Quebec ' 857 “~-15.0
Nova Scotia ' 565 9.9

: ' i '
e . British Columbia 359 6.3
Saskatchewan 258 4.5
; A ) 1 .
> QOffshore - -
s, . ‘ .
2 Manitoba 157 2.7
Newfoundland . N 1 ~ ’
-

- New Brunswick - 2 - )
Nofthwest Territories 48 0.8
Foreign/subsidiary 5 0.1
Prince Edward Island . - -

. ' Total 5,731 100.0
‘ o PR
.oy . -
‘ ‘L .
4 . .

"Number

on¥Refinery Groups

Percent

3.%"{ - 35.8

2,787.
1,070
© 307
488
254
485
, 200
175
123

10

27

30.0
11.5

3.3.

'

2




L -

e

r

. .-

deaths in both groupé»weré due to malignant neoplasms. The refinery

L

-
.

'group had 28 deaths from cancer of the large intestine and rectum

*while the non—refinery group had 14 such deathi?~\fqb1e (9), Appendix

V, shows the distribution of deaths by major cause and Table (10),
‘ | N
Appendix V, shows the distribution of cancer deaths by site for.

refihery and non-refinery populatiéns.

Table 25 shows SMRs for some major causes and for spesific
neoplasms among refinery workers who were 40 or more years old at
. -]

last observation. Expected deaths were based on age-specific mortality

&

rates of the non-refinery population. All, except one, of the SMRs were

4

+ _ greater than the standard of 100, Deaths from All Causes; Malignant
4

Neoplasms; Malignant Neoplasms of the Intestines and Rectum, Other -

» ) > o
bigestive Organs; and Accidents, Poisonings and Violence, were '’ " . f
v v '
higher for the refinery workers. The exception, Mqliqnant Neoplasms .
’ ; .o g e e $<7w S
of the Lymphatic and Hematopoietic System showed a significantly T s

»

lower SMR for the refinery group. -

) ' w
. . -
Y -

.

6.3.3 Intestinal and Other Digestive éystem Cancer Mortality in

Refinery and -Non-Refinery Workers

0 P ‘ 4

- -

. L
Refinery and.no®-refinery groups were. analysed for differences,in ~I

intesninalland other digestive system cancer mortality: Age differ-

a

ences, variation in‘geo§raphic distribution andeduration of exﬁosure
. ' . ey .

- : were also examined for these droups. . B
. (. ’ -
o . 7 ) . ) , :
. Mortality Differences by Age ' . 3
» . N ‘ o ,

. . N -

Table 26 shows the age-speqific death rates per 10,000 berson *

. B}

years and summary age~adjusted rates per 10,000 persor years for, the
. . N . : :




" Table 25
¢ Standard Mortality Ratios (SMR)
T .
- ¢ for Selected Causes of Death

1

for Refinery Workers, Age > 40, 1964-1973

N ”
N Death Due Lol
a " -
s r

All Causes (001-999)

. o

Malignant Neoplasms (140-209)

Diseages of Circulatory System (390-458)\
Diseases of Rqspirafof& System (460-519)
Accidents, Poisbnipgs,'violance (800-999)
Malignant Neoplasms of Intestines, Rectum (152,

153, 154)
B 13 Ll .
- Malignant Neoplasms of Other Digestive Organs
' (155-159)
Malignant Neoplasms of Trachea, Bronchus,
Lung (162) .

Malignant Neoplasms of Prostate (185)

Malignant Neoplasms of Urinary Bladder,

- ‘ Kidney (I88.189)

L3
Mallqnant Neoplasms of LympHatic and
. "Hematopoietic Systems (200-209) "
Number of Ewmployees
Number of Person Ygafs

a

1. See footnote 1, Table 6.

. ' .- pata for these calculations are in Tables (13)
and Table (1), Appendxx VIII.

..—} ) , -

Number
of
Deaths .
Obs/Exp2 SMR
816/718.5 114
' -
164/132.4 124 ‘
487/455.3 107
54/41.0 132
27/16.9 160
28/15.1 . 185
21/11.6 181
43/39.1 11D
15/10.9 138
10/8.3 120
" 7/15.0 47
4,51% ‘
35,604.5,

2. Expecglbﬂdeeshafﬁg;;“based;on the Non-refinery group5kage 2 40) rates.

- (15), Appendix VII
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A ¢ . <
refinery and ndn—refinery Q;oups. In'eacp vf-the thre? agesgroups the

. ‘ . - hd
.

. . . . . ' ’ ) 'f’@ . .
rates. were hiqﬁeﬁt in the refinery groups * The reélative risk of dging.
r - . - " ~ o 1

from intestdmal cancer was“twice as great for wefinery workers as for
° . vt " . I

a
s

N . N . . N . ’
non-refinery workers. [Thixs diffec¥ence was statistigally significant at
i R s 7 e .

° -~

. P ~’é.05. For other diqestive.syStep cancerssy howewer, only.in the
. . i . B . : . N ,
5 ) o7 - M .
65-79 year age graup was there a 'significantly higher mortality

1 B .

- PN

N ) LR ’ v N ‘ - .’ ?
¢ (KR 510.3) in the refinery group. The age—adjusted rates showed the
* Lot * . R

reﬁiﬁery mortality .for the total digestive cancersifo be aboﬁt twive

- . .
“ a. ' o

\ Fal ) . . [l -,
‘that’ of thg non-refinery group. . s
- Lo . ;- - . B - 7 -

v @ . T

The Effect of Geographic Location on Intestinal Caqégr Morgaliti B

Difference$' between, Refinery and Non-Refinery Groups {’/

- - Ts . «
L - L . . . . °
. » . « . EEY -

» » .

Since it had been shown that*ﬁorta]ity due to fntestinal cancer

. . . . © Do . “c LTy

in the poffulation at risk varied by frovince,” age-adjusted rateg were
. . ., . 8o . .

. ¥ i *

compaﬁéd_for,the three gnoéraphiv areas’ defined darlier. The "Other" .
. - K} : ~ “

. -

category was éxcluded as there were ho_intestinal cancer ‘deaths in this
* . e R . B Lot
group. Table 27 shows fhe'aqe-specific and age-adjusted death rates’
: ) .. . C . ! ’

t

per 10,000 person years for Intestinal and Total Intestinal and Other
- - - s =
. Digestive Qrgan Cancer for réfinery and non-refiner
) ) A ; Y . A

geographic areas. The relative risk of refinerfmto’ndn-refinery was

generally higher than 1.0 but the-only significant”increase-was seen in

the Ontario/Que£ec workers in thé 65-79, yéar age gréﬁp where the
. . h ‘ L]

. relative risk S?‘%efinery to non-refinery Total Digeswive cancer.
mortality was 4.8, ) " . 7 ’ <
. *> - .
5 v . .. - }/A‘f
. ’ ) L N . !

. : o : . - . . '

‘ .Duration of Employmert and Intestinal Cancer Mortality . ~\nf

) - ’

Aqe*adapzted %ptgstxnal cancer and total intestinal and other

’

y'groups in the three

-
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. Age-Spec1f1c and Age-Adjusted Int

Cancer Mgrtalxty Rates per lO;OOO,

’ .

N in Refinery and Non-Refinery
4

.~

Rates/

. ,'rab'

Ly ,

le 27 - ‘A B .

estlnal and.other Dlgestlve Organ2
Person Years by Gedgraphic Location

2,
Groups, Age 2 40; 1964-1973

- ,
- 4 .
N R L ]

10,000&berson Years ‘J

Atlantic Provinces

Intestinal Cancer

Total Intestinal and Other
Digestive Organ, Cancer

Le

. ' Non-  Relative> ~ Non- Relative
Reflnery Refinery Risk Refinery' Refinery Risk -
7.3 - - k7.3 -, 6.4 1.1
40-64 3 : ’
. (2~ " (2) - (2}
i 19.6 )
65-79 - - - - - . -
. . . e, k1)
- : ’ 53.8
+ ‘ - . - - - . -
80+ : (1) . .-
Age- ' - B
* Adjusted -7 - 10'2 . 570 2';
Rates? ' . . ’
- I Ontario/Quebec
» . L}
4 2.8 1.6 7.2 5.6 1.3
©o~-64 . Lo ’
. €7) (5) . w - (11) (109) = -
. c5-79 . © 174 7.3 2.4 ' 34.7 7:3 - ﬁk
L Y . (9) <. (3) (18) (H
' . S
- 80+ 68.4 79.4 0.86° 912 138.9 .66
! - - (8) (4) ~— (8) (7) -
Age—' o ) . ) N
Adjusted ,Q.B 5.8 1.5 14.7 9.7 1.5
Rates '

o
. 1. ICDA Cpdes 153,

154 (Intestinal Cancer),

and other Digestive Organ Cancer). o

-

!

153-159 (total Intestinal.

See footnote 2, Table'26.
. See footnote 3, Table 15.
- See footnote 2, Table 16.

.

(S, - N ]

R

Data for these’ calculatlons are summarized in Tables (17) and (18),

Appendlx VII. -

.
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person years in the refinery and non-refinery groups for lung cancer
. L]

'

and cancer of the lymphatic and hematopoietic system. -Although the

relative risk of mortality dug to lymphapic cancer was less among

R
v .

. v .
.
refinery workers when comparefl with non-refinery workers, this differ-

- »

N g

ence was not statistically sign%ficant. q?he relative risk for lung

cancer in refinery, compared with non-refinery workers, was slightly

greater than one.

6.4 Intestinal and Lung Cancer Mortality in the Other Eprsufe Groups

@

All of the above analyses were conceptrated on the major refinery

Aa?d exposure groups. In Section 4, subsets of these groups were
* .

A - . ’
defined (e.g. refinery, exposed; refinery, non-exposed; non-refinery,

exposed; non-refinery, non-exposed; and moderately exposed). Figqure 3,
. . &

L]
Section 4, shows the number of workers in these subgroups. Table~30

-.shows the age-adjusted iptestinal and lung céncer>mortality rates in

>

these groups. The resuits for the refinery, non-exposed and the mode-

rately exposed groups were not included as the numbers of deaths were
Y £

too low. The relative risks shown were based on the non-refinery, non-

" exposed rates. The refinery, exposed and the non-refinery, non-exposed

groups had the highést mortality rates for intestinal cancer. Hence, '

«

the most exposed and the least exposed groups shodéd about the same

intestinal cancer mortality risk.  Still, being exposed at a refinery.
site did carry the greatest risk of intestinal cancer;- Both exposed

groups showed around a 2-fold lung cancer mo§ta1ity risk over the ..

non-refinery, non-exposed group.

‘

6.5 Risk of Specific Cancer Mortality by Job Description
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An examination of cancer mortality, by groups of employees with

specific jobs, was undertaken to determine if high risk jobs could be

-

. identified. Only those groups with two or more deaths due to cancer of

P}

the following sites were included: Intestine and Rectum, Other Digestive

! ! -

Organs, Lung, Lymphatic and Hematopoietic System. Table 31 shows the
SMRs for these groupé. The two highest intestinal cancer risk groups

A . - . .
were those workers who were associated with services at a refinery
¥

.

site (e.g. ladndry, custodial, watchmen, inspectors) and a hibhly
exposed group of mechanics, boilermakers and pipefitters. The highest

"Other Digestive System" cancer mortality was experienced by the

Engineers, a group which had been considered moderately exposed. Those

: . *
employed in the utilities and building trades had the highest lung

(3

cancer SMR. Marketing plant workers and plant clerks showed a lung

i

il
cancer SMR of 166. The excess Lymphatic and Hematopoietic System cancers

were distributed mainly among workers in packaging and shippingr (SMR =
230), Marketing piant {SMR = 132) apd those in operations and process-
ing (SMR = 127.7). All of gsgde workers were modegately or higply
exposed to petroleum or its derivatives. -The numbers of deaths by job
descriptioﬁ were low and therefore any interpretation of these results-
would be risky. Appendix IX°lists‘:the workers who diéd of intestinal

cancer ‘and shows, among other vdriables, the job description for each.

About 1/3 of these’workers were mechanics by trade.

83
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DISCUSSION AND CONCLUSIONS

f

The present study was undertaken with the purpogé/;f examining

a possible relationship between intestinal cancer mortality and

-

. N\ . .
occupational exposure to carcinogenic hydrocarbons.
é

No excess mortality from cancer of the intestine or other ‘

digestive organs in workers exposed to crude petroleum and its broduc s,

- compared with non-exposed workers, was demonstratedw/ Furthermore,
~§ mpari f exposed and non-exposed- workers spe for age,
geographic i ailed to rdveal any

differences in inte and other digestive cangér mortality. The :
that occupational

L] \
exposure to petroleum or its breakdown prq@ucts is related to the

results, therefore, do not support the hypothesisg-

development' of intestinal cancer.

i

1 - -

7.1 Ways in Witch a Real Difference May Have Been Missed’
7.1.1 Inadequate Sample Size
f That no real difference in intgstinal cancer mortality was detected

between exposure groups might be attributed to an inadequate sample size.

Since’khe exposed group had 62% of the E;Ilow—up experience of thé
total populatio; at risk (;t-leaét 40 years old), one Qould.expegﬁuto
. Aobseryg_éz% of the intestinal cancer deaths in the exposed group, if
death wére unassociated with exposure. If the true proportion of
intestinal cancer deaths in the exposed'grohp had been 75% (this would
result in a relative risk of 3), the proba;ility of detecting an

association between mortality and exposure at the 5% level of signi-

ficance may be calculated (Donner, 1977), . The probability of detecting

- s

]
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such a difference is 0.82. If, however, the true proportion of intesti-

_nal cancer deaths were 70% of all such deaths (this would correspond
L3 -
! to a relative risk 6f 2.33), then the probability of detecting an

3

association iy approximately O.37. Thus, if the relative risk if 3.0

3 . C s
or.more, the power of detecting an association between exposure and

intestinal cancer mortality will exceed 0.80, which is the generally
accepted minimum value for a "good" test. If the true relative risk is

less than 3.0, more subjééts are ne o detect a significant

association. However, it was felt that a relative risk of at least 3

+ -

would provide stronger evidence of a real occupational hazard. The

number of subjects should have been large enough to detect such a

difference between the exposure groups. The formulde for the above

calculations are in Appendix VI, (Estimate of Sample Size Limitations).

7.1.2 Definition of Exposure

Since the term "refinery worker", as gpfined by the Company,
re€erred to work on a refinery site and since such work did not
necessarily expose the worker to crude petroleum or its products,

"exposure" to petroleum was redefined (Section 4.1.2). To be sure,

this was a subjective'ﬁ;finition and failure to separate adequately
T

AY . «
exposed and non-exposed groups could have been responsible for not

*

. . . . . LT . .
finding a difference in intestinal cancer mortality between exposure _

’

groups. A natural markgf, lﬁng éﬁncer mortality, existed as an
.- . indication of some separat"of e:;cposure classes. A
It ha§ been shown that lung cincgr may be associ;téd with occupat-
ional or envigonmental ekposure to petroleum or specifically,taromatic

hydrocarbons. Lloyd et al. (1970) showed that steelworkers working in

+

- ¢ . , o ‘..
'ﬂ")
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* . ) .
the coke plant ran a risk of lung cancer that was 2% times that of men

. .

in the total cohort of steelworkers. The mortality ratio for lung

n
cancer in a cohort study of unionized roofers, with 20 or more years
since joining the union, was lu§9; with 40 or more years, 2.47 *(Hammond
3 . o :
et al., 1976). 1In a study of geographic patterns of lung cancer Blot
<o
AN v .
and Fraumeni (1976) showed that mortality rates for lung cancer among
’ ’ o
white males were almost twice as high in mostly rural counties with

more than 1% employed in the petroleum industry th%n in rural counties

wi;h no petrole;m industries.b Doll et al. (1972) fSund that the lung
I

cancer morta%};y rate, amcng British cqal workers exposed t& coii

carbonization pfbdubts, was 3.82/lOOO'population compéred with a ratei

of 2.L3/1000 in British males of the same age.

5

. The results of the present study, which showed QWEJ%oldgexcess
4 ©

of lung cancer mortality in the exposed group, were in agreement with

the foregoing studies, thus supporting the contention that some N

separation of expcsed from the non-exposed was achieved.

7.1.3 Bias Due tg, Changes in Exposure

o .

>

Changes in exposure may have occurred when employees made job
S - . .

‘changes-or were promoted. - Since the information required to follow

A?hanges in exposure throughout each employee's entire period of employ-
Y .

5]

‘Tgnt was unavailable, the frequency of exposure change was examined for

o
the lQ—year study period. Change in exposure was found to occur in

A
only 1.6% of the company employees. This low frequency offers some

evidence that such changes were unlikely- to interfere seriously with

the accuracy of classification. However, it is possible that some of
the managerial, custodial and clerical staff might have been exposed[!

Q
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e
H N el

.

F

refinery workers early in their careers before onset of observation 3n

“ ] : ° * °

this study. T¥f an early exposure did in fact lead to intesfinal cancer

. . . . 2 & Lo :
later in life the promotions to managerial staff, as well as accommod-

ations to léss arduous cgstodial work far disabled workers, and the

- 4 N

concomitant: change in exposure status could result in a dildtion of

. \ ’ . . . .
the %xposed, non-exposed differences being examined. . | . Lo e
v -
oo ;
5]

7.1.4 Definition of Mortality

-~

« o
-

The measure of oltcome was dependént on death werification. The
a it} ) ‘o . )
accuracy of ce?se of death information on death certificates could be

.

/ 5 ’ .
o questioned. Tﬁﬁf‘should not bias the results but might have xeduced )

-

the number of cancer deaths if all such deaths were not correctly

identified, therebé aggravating thé problem of evaluating differenceé

~
based upon small numbers of deaths.
¢

-

7.1.5 lost-to-Follow-Up

[N

*
3

It was shown in Section 4.2.3 that 5.8% of the population at

[
~

risk were lost-to-follow-up. If more exposed ers were 'lost-to-

. follow-up and expgsure were related to intestinal cancer it is pdssible

<

-

that a real differenc§ could have been missed. 1In fact the percentage

o

"of lost-to-follow-uf-was greater in the non-exposed gtoup, 6.9% (4.9%
0 O - - -

o ) ~
. in the exposed). Also, the refinery grouﬁﬁgsa\xswer lost-to-follow-up
o
than the non-refinery group, 2.2% to 7.9%. "It is therefore unlikely

that the pattern of loss in the two exposure groups has obscured a

®mortality difference. . -

. -
»

-

Thgre is the possibility that the  company may not- have been -

notified of all deaths among persons presumed part of the study

o . : -
.

%



population because they were members in the pension scheme; particularly

those who were deferred annuitants. Since it was not possible to i

separate deferred annuitants from all annuitahts in‘order to compare

&

- . - distributions in the exposure and refinery groups, it is hot possible

to speculate upon the extent to which incomplete notification may have

obscured real differences. However, it is unlilk®ly that the exposure.
L2 -

status of the deferred annuitants bpfe any relationship to death

.
®

. > . ' . A
. notification; therefore, the effect of incomplete notification should
> .

not be that of bias but of reduction in the numbers of deaths.

7.2 Intestinal Cancer Risk in Refinery Workers

Although the principal hypothesis gas not supported by the study

< . : . - - .
v results, there was an interesting tendency for refinery workers to have

a risk of both intestinal cancer (153, 154) and ‘of intestinal and other

digestive organ cancers ~«153-159) combined, about twice as éreat as

that in the non-refinery workers. The excess risk in refinery workers

-»

was present in all geographic areas with eriough deathi to allow for

the calculation of death rates.

If this difference were a reflection of the presence of some
. :

’
-~ carcinogenic agent on a refinery site one would expect to see some
Al

.

evidence of a dose-response relationship in the form of, increasing risk

. . of jntestinal cancer mortality with increasing years of employment.
Duration of employment as a measure of exposure did not reveal any

-

dose-response relationship®in the refinery group. The gfeatest risk
r

-

occurred'in the lowest exposure category (11-20 years). This could.

be interpreted in 'sdveral wa?s. If a carcinogenic agent were responsible

for the higher intestinal cancer mortality in the refinery Qr?up,




11-20 years of efsosure may be the maximum time required for these

cancers to appear with no increase with time occurring thereafter.

Another possibility is that measure of duration of employment is not

[

. L 4
necessarily equivalent to duration of work on a refinery site. Yet

4 C . o

another possibility involves thé‘method'of calculating the person vyears

at risk in each duration of exposure group. Wagoner and Infante (1976)

R have pointed out a methodolg¢gical problem in assigning years of service
- - .

B

-#n a cohort study on the badix of the total years at last observation.

o

They ‘argue that workers in a 15+.years category would have passed
* through the 10-15 year category and would have run the risk associated

- with that qgteqory at that time. If the observation period of the
’

study were long “enough, .gome of the:persop years by age would be dis-

4tfibuted in the 15+ years category but some would also have to be

s

distributed in the less than 15 years group. By assigding all the

. person years contributed by a given employee to the years service

LY
category based on total years at last observation, the population in

¢ cor

person years in the higher years service categories will be inflated.

Thus it is possible that increased death rates in these higher
r ' (_::'\

categories would be masked. Taking this pxinciple into account,

person years in the exposed and refinery groups were reallocated over

the years service categories as well as the appropriate age groups for

. the 10 observation years. Age adﬁuSted lung cancer death rates in

G

* Q .
exposed workers were calculated for comparison of duration of exposure

before and after the correction was made. Th; same calculati?; was per- «
formed for ing%sténél cancer mortality in reéinery workers. Table 32. ¥
: shows the results of the addition of this c;rrection factor. The corrected
. . )

intestinal cancer rates were neaf1y>eQUal over duration of employment . °

.
- .

-
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Table 32

Age-Adjusted1 Mortality Rates per 10,000 Person Years by Duration of

‘Employment Before and After Application of Correction Factor

Rates per 10,000 Person Years

Refinery
Intestinal Cancer

<

M

Exposed

Lung Cancer

[

Duration of with | . with _
Employment Standard Correction Standard Correction
(years) Method Factor Method Factor

" 14.0 7.3 15.1 -~ 10.1
1-20 ‘ 3
t T (6) (6) (in (11) *
‘ -
5.6 5.9 13.4 14.7 !
21-30¢ .
(9) (9) (27) (27)
]
31+ 6.1 7.5 13.8 - 19.6
(139 (13) (29) (29)
.
L w2 .
) : ! -
She . P
1. See footnote 2, Table 17.
2. ICDA 8th Revision Codes 153, 154 (Intestinal Cancer) ; 162‘(iung
Cancer) . . e o
' “ - ’ o o o
3. See footnote 3, Tablé 154 “ . . 6 o

4. Data requlred for theseféalcyﬂatlons are ’in Tables (12) and (i9y,
- Appendix VII ‘and Table (5)¢ Appendlm VIII,

o

Q




groups, indisative of no dose-response relationship. fHowever, the lung
f ~ //
cancer, rates, based on the npew denominator, in the eﬁbosed workers did
o .
show an increasing trend with increasing years of employment.
' ’ Coe >

7.3 ©Other Exposure Groups

. )
Being exposed at a refinery site carried the greatest intestinal

cancer mortality gisk, alzgough this risk was not signifiéaq}ly above

-

that in the least exposed non-refinery grouﬁ. This finding operates

#&gainst the hypothesis that there is some carcinogen a} refinery sites

which may be associated'witb intestinal cancer. However, the number of

-dFaths‘in each cell was low thus making these rates somewhat unre-
- liable. If misclassification of exposure had occurred (Section'7.1.3),

particularly with respect to the manageriai staff, "this could expldin

o

. . N
Y . | the results in the non-refinery, non-exposeéd group. » )
- R 4 . . s
f Q

7.4 Lymphatic Cancer Mortality /)

i

\ SRR

Lymphatic cancer mortality was significantly lower in the ° T e
B . 7 !
e refinery group than in the non-refinery group. Exposed workers showed

S o a slightly lower lxmphatic cancer death rate than the non-exposed -

workers. These results were not completely consistent with the results
" -2 ~ - © o - a
[
. ’ of the U.S. refinery mortality study (Gaffev et al., 197&4) in which
. (o] - ‘
. refinery workers showed higher lymphatic cancer mortality than U.S. Y

males of the same age.. However, when thé@mi.S. refiner% data were . \

- - ’ g ‘\‘
o @ . 8 - - \
. analysed by expasure (high, moderate or low), the lowest exposure '

o T
. . claks gave the highest SMR. This suggests a subtle similarity betw&éh’ . s

© R . o . © . .
o
(78 . o o :
‘o o ° . ° o v a < w
“ < n - The® following are" possible explanations for the apparent
v

. B . v o o u <] < »

these -two studies. o .
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al
4

<
~exposed workers. . | g

discrepancy in e results of the two studies:

€ .

The populations studied were different. 1

(2) The definitions of refinery and exposure groups were different.

&

(3) Only lymphatic cancers (ICDA 200-203, 204) were included in
the U.S. study while this studw included leukemias as well

(ICDA 20%209) .

a

{(4) The number of lymphatic cancer deaths was too low {22 in this

o

study and 25 in the Gaffey study) to allow any real differences,

to appear. . <«

J —_— ‘

.
7.5 Differences Which Were Detected in This Study

@ [\

‘o
c

The major findings in this study weré the 2-fold greater intestinal

. - (<] 3
cancer risk in refinery weorkers when tompared with non-refinery workers

+
o N o

of the same age and a similarly increased lung cancer risk in workers,
. - ] . o ‘
exposed to petroleum and/or-its derivatives, compared with non-

©
~

Vg
NN
. »
Y . / a

7.5.1 Intestinal Cancer Risk . .®

7
o

k3 O ©
When refinery-and non-refinery populatigns were compared, there
) ' o
appeared to be a consistently greater intestinal and other digestive

organ cancér mortality in the refinery workers. Adjustment for g

. Go

geographic distribution diluted these differences.bug, nonetheless,

o .
intestinal cancer remained highér in refinery workers. The loss.of
[a . (=]

- “
- ©

significance could be related to the small number of deaths Ain each

e ‘. .O [
cell upon addition of the geographic variable. There was no dose-
o

t .
u

response feL@tionship between refinery work andcyears on the job. When
K . - u o .
© - . ¢
exposure to petroleum was defined for all workers no imtestinal cancer

O o
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E . ~- -

.« -

I -
w

mortality differences Were»observédvbetween exposgfe grdups. Therefore,

~

4 -
there is little suppott for #he contention that o0il refining is respons-

b R 8 : : 4
ible for an occupationa% intestinal cancer risk. One cannpt ignore the
1 .
refinery, non-refinery intestinal cancer differences. It is possible that
] .

carcinogens other than those present in petroleum may exist in large )
y - ’ .
N e .
~» ?
enough amounts at refifieries to be responsible for these observed differ-

ences. Still another possibility is that of a synerYyy between exposure
to petrdleym and other risk factors aésociated with being a refinery

worker. Against this possibility is the finding that the exposed refine-
. R ')
ry workers and the non-exposed, non-refinery workers had the greatest oo

-

intestinal tancer mortality in the total work pépulationx Nonetheless,

B .

an aﬁalysis”B} jeb description did identify some:high intestinal cancer.

el

risk groups, particularly the mechanics and pipefitters. ’

7.5.2 Lun§ Cancer Risk
T o
., The 2-fold greater risk of lung cancer mortality in exposed workers

lends itself tp more céncern. Whert an appropriate adjustment was made
o O O“ -

in cumulating person years over duration of employment, a dose-response

relationéhip was observed between exposure and lung cancer mortality.

. -

Smoking histories for these workers were not known. Therefore it is

!

[

difficult to know if smoking may have had some effect on the lung cancer .

rates in this study. Bias could have occurred if exposed workgrs had

* +
B

different smoking habits than non-exposed workers. There is no evidence -
[ . .

+ [4
to support this possibility. .In fact, exposed workers are more restricted

"in their smoking an the job because of the high flammability of petroleum

B4
-

products. That there was consistency of these results with other studies

ir whi:i’rorkers were exposed to similar carcinogenic substances lends

credencé to the Sbservation that lung cancer mortalfty increases with

o

increased exposure to petroleum.




v

N

+
(v ] '
~ )

/ V]

b v

. L

} -

VT SUMMARY AND RECOMMENDATJONS
The major findings of this study were: )

- (1) Occupational exposure to petroleum or its products was not

associated with increased -mortality due to intestinal cancer. It

is 'unlikely that a sizable increase in mortality. in the exposed

.
- e

workers‘gould have been missed.

(2} Lung cancer mortality was twice as high in exposed workers
relative to non-exposed workers; an increase in years of

exposure resulted in increased lung cancer mortality. This

increase is believed to represent a specific effect of éxposure.'

-
“
" & 4

-

(3) Refinery workers experienced a higher intestiqu,canceﬂ death rate

-
T “ -

than non-refinery workers. Given current evidence the increase

a

cannot be ascribed with certainty to an occupational carcinogenic

I8

-

exposure.

(4) High intestinal cancer mortality risk was associated with specific

jobs. ’

o

(5) The general mortality experience of the company employees compared

f

favourably with the Canadian standard. '

8.1 Recommendations

[+) >

Specific recommendations follow from these results. As a conse-
quence of encountering many unanticipated problems during the collection
and\editing of the company's employee records, some general suggestions

Fl



"

-

' .
> . g

regasding occupational studies will he made subsequently.

!

8.1.1 Specific Recommendations

.

(1) A longitudinal exterision of this.study ought to be undertaken.
’ ' . <‘;r,’

Since the egd point of the 10-year observation period (%273), 3

AR N ;
more years of information have accumulgfed. The inclusion of data

\

for a further five years would add ‘about’ 700 more deathsto the
mortality ‘experience. wigh new petrochemicals being produced, a

constant observation of effécts is justified. ) o~
s,
(2) Morbidity as well as mortality ought to be moritored. In this
@ ~
study, cases of intestinal cancer were known to\bgve been documented

on medical records but’ could not be used in results, because the

worker had not yet died or, indeed, died of causes other than

-
o)

intestinal cancer. Studying mortélity is but a beginning step in
’ N

occupational monitoring.
<

'

(3) High risk groups identified in this study should be examined in a

more comprehensive way. Medical records should contain information

about smoking, alcohol consumption, and dietary histor%es on high

risk workers so that synergistic effects may bé meqfured;(and ' v
confounding effects could be eliminated. .,

(4) OQuantitative, as well as qﬁalitative information about exposure
1evels 2ﬁ all chemicals and agents, which may be hazardous to an
employee's health( should be collected and made available. There is

a need for precise exposure estimates of biochemical compounds

as well as measurements of particle size.

(5) AR employee's record should contain a complete history of exposures
( . ‘ . . . “ '
and levels of éxposures in his past and present jobs in the company

[£3
as well as similar information from previous jobs with other companies.

(6) Follow-QP of all workers, including short-term eméloyees, should

v . , ‘ 4
- - .
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~
)

be maintained.‘ The effects of some exposures (e.g. Vinyl chlofide
» ™ i

monomer:) are not always dependent upon long periods of exposure or

long latent periods. o . -
:QJ . - ‘ a -—
8.1,2 Gengral Recommendations

‘

at

More,g?neral recommendations include comprehensive record linkage (
- .

~

studies either by government or industry. -WNewcombe (1974) hag suggested
an approach to this type of monitoring which would include linking of

! : K
work histories from social insurance and industry ﬁith medical i e

insurance and death records. This would allow for constant follow-up

-

' of workers, even if they were transient. :

-~

A common inter-industry systém of-job élassification and exposure

codes would allow.for more accurate, larger studies; particularly if an

- .

exposure hazard.emerged unexpectedly.

The recording of occupation on death cer&ificates is presently

1 4
»

inadequdte in terms of identifying specific accupations, particularly

'

. \‘\
since- only the last known occupation is usually recor&g . Pefhaps it

is unrealistic to expect the death record to contain detail

L]
histories when a record linkage system would be more efficie and more

accurate.

. * - L

Lastly, there is at present no appropriate standard population upon

- a

which to base occupational studies. The generai Canadian population is
usuélly less fit than th; selected working population undér study.
Therefore, comparisons gp;yeen,company employees and the general
population would nece;sarily show the cbmpany‘employees to an advantage.
A solution would be to have statistics made gvailable on the employed po-

»

pulation, through Statistics Canada on a.regular basis.

»
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APPENDIX I

Part A

CARCINOGENICITY OF TARS AND PETROLEUM

o FRACTIONS IN LABORATORY ANIMALSl

: Route of
Year Animal ¢ Substance Administration Tumour Site °
1915 .
1921 Rabbit Coal Tar . SA Skin
g Appendix,
Intestines
1918 Mouse Coal Tar . sSa . Skin
»
IR ‘ Rectum .
1922 Mouse Shale 0il SA Skin
) 1948 Mouse Minheral 0il 0 Alimentary
Tract
1950 Monkey 0il Mist INH . Stomach

Key: SA skin application
SI implantation .
SC subcutaneous injection
¢) oral
IP intraperitoneal
INH inhalation
IR intrarectal
Iv intravenous
M intramuscular -
IT intratracheal

1
Hueper (1942); Medical Research Council (1968).
’ .




Chemical Group

Substance

Inorganic Sub-
stances
Lead

Chlorinated
Hydrocarbons
Carbontetra-
chloride

Aromatic Amines

Benzidine

N~Nitroso-

Compounds
Dimethylamine

s

#
Dimethyl-

hydrazine

1
Cancer (1972,

-APPENDIX I
Part B
C 4
CHEMICAL CARCINOGENS IN PETROLEUM:

EFFECTS ON LABORATORY ANIMALS

Route of
Adminis-
Use Animal tration Tumour Site
Petroleum Mouse o’ Kidney
additive Rat 0,8C,IP Kidney, testes,
pituitary
Solvent Mouse 0 Liver
cleaning ° s¢ None
agent SC & fast Liver
neutrons
IR Liver
Rat INH, SC Liver
Hamster O Liver
Trout o) Liver
Dog 0] None
Dye Rat 0 ‘ Liver
Rubber o e Liver, acoustic
hardener » gland, colon
Plastic *  Hamster o] ) Liver
film Dog 0] Bladder
Mouse sC Liver
Chemical Mouse 0] Liver, lung, kidney
industrial Rat 0 Liver, lung, kidney
solvent Hamster 0 Liver
Rocket Guinea -
fuel pig 0 Liver
Rabbit o} Liver, lung
Mouse 1) Liver, lung
Hamster SC Liver, nasal cavity
“, ! ’
Rat sC Intestine

[}

[y
-

World Health Organization International Agency for Research in

1973).

100




Chemical Group
Substance

N-nitrosodiq-
thylamine

[#]

Nitrosomethyl-
‘urea

Use
Copolymer,
(softener)
Lubricant
{(additive)

’\

)

Polymerizer

Route of
Adminisg-"
Animal tration
Mouse - (O
Rat (@]
Hamster INH,O,SC
Guinea
pig o)
Rabbit 0
Dog 0,sC
Pig o - 7
Monkey 0,IPp
Fish - 0
Mouse SA
Rat IP,INH
. Mouse SC
Guinea
pig SC
Mouse ip
Rat v
IR
Parakeet IM
Rat (0]
Hamster (0] .
Guinéa o
.. pig 0
Mouse SA
Rat SA
Hamster SA
Hamster IT
Mousé’ . 8C
-~
Hamster  SC
.Mouse IP
Rat IP
Hamster Ip
1V,

Tumour Site

Esophagus, liver,
lung, forestomach
Liver, lung, eso-~
phagus, kidney
Trachea, lung, liyer,
nasal cavity, bronchi

Liver, lung
Liver, lung
Liver

Liver, kidney
Liver o
Liver

Nasal cavity o
Liver ,'
Lung, liver

Liver
Lung ",
Kidney, ovary
Liver
Liver

-

N
Forestomach, brain,
kidney, skin, jaw,
intestines

Jaw, oral cavity,
intestines

Stomach, pancreas,
earduct, lumbar nerve,
leukemia

Leukemia, skin

Skin

skin

Pharynx, bronchi, eso-
phag forestomach
Thymus, ocardium, a

lung, lymph
nodes, liver, ¥idney,
bone marrow, leukemia-
Site, lung, lymph nodes
Thymus, lung, Llym-
phomas, liver
Pgritoneal cavity,
kidney, forestomach
Intestines

Intestines, jaw, oral
cavity

aQ




Chemical Group
Substance ’

.
.

Nitrosomethyl-
urea

[ .

Polycyclic Aro-

matic Hydro-
carbons (PAH)
Benzanthracene
(BA)

Benzofluoran-
thenes :

Benzopyrenes

.

L)

Crysene

u -

<

3-Methyl-
cholanthrene

Use

4

»

Route, of”

Adminis-
Animal tration*
Rat Iv
: . Q
Rabbit v
Dog v
o
Mouse O o
Rat ~—"%a
Hamster ' SA
Mouse SCae- -
Rat SC, IV
Mouse SI
Mouse SA,SCa r
Rat IT
SI
0,Iv
SC
SA
Mouse O
SA
Hamster o}
. SC
SA
INH °
Gugnea .
pig SA,SC
Rabbit SA,SC
Duck INH <
onkey INH
N
rmoset SC S~ e
Newt sc ey
Mouse IP
)
Rat Ip’ )
Mouse SA °
sC
IP
Mouse O

ve

Tumour Site

CNS, Stomach,
intestines, kidney
CNS, Intestines
CNS, Lung, spleen,
heart < .

Lung, liver, fore-
stomach .
skin
None

Site, lung
None
Bladder

Site

Lung
Intrabronchial
Mammary gland
Site ' -
Skin

Forestomach, lung,
leukemta

Skin

Esophagus, -forestomach,

intestines

Site

Melanoma
Trachea, bronchi

None '
Papillomas, skin
Lung

Fung

Site

. Site

‘Abdomen

Mammary, uterus «

Skin

Site

None

Lung, liver, GI

tract, forestomach
\




«fJ © g /
!
Route of
Chemical Group - . Adminis- .
Substance Use Animal tration 3, . Tumour Site
Dimethylbenzan- - Mouse o Forestomach, 1lung,
thracene heart intestines,
‘ > rmémmary /
. SC . Site '
. - " sA S&in, mhammary
Hamster SA Nong¢
Rat INH ‘ nang,
sC ) Site
Guinea ‘
. . pig SC Site
. Pigeon SC 'Site
Mouse Lung Lung
injection
Frog Kidney Kidney
injection .
|
J ’ |
-
u
» »
-~ ‘ \\
”» > ‘\
¥ . i ’
#: F
v
73 1 3
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3
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Non-Refinery (continued)

2 1. Q

’ \, N S L iaq:
02@ MarketinA——Sh%pplnq, Trarfsportation, Filling

30 Air station |

31 Gauger I

N . VAN
32 Utilities, Services

O

: - . 3
33 Prqducing-~Process, Q@perations

4

34 Fipemen

35 . Stores and Tools

o

36 Ma:feting——?lant
So=2

~37 . Mechanics

)
2

38+ Chemists _° !

. . ‘/,f ) ]
39 Marketinq—:Garagé, Route Salesmen

- 2
40 ° . Services, Maintgnance v
© o <: 'o

! .o, .

Office stypes,” -

«

47 Draftsmer

Refinery or NonhReéinery

/

&2 . (Refinery)T-Engineers

o
@

+ 53 (Ré?ineryf--Managgrs

I3 3

¢

56 gRefinery):-ClerkSM—

o
< (U

61 Exploragion, qeoﬁhysics——(Non-Refinery)

@ “

62 (Non~-Refinery)--BEngineers

“ B3 (Non-Refinery)--Managers "

> B ,

o

‘64 “Safetg, Environment-- (Non-Refinery)

N B}
65 _Field auditqrs, Agents, (Ngn-Refinery)

3 R

@

66 Plant clerk marketing

67 Computers-- (Refinery)




o
: o
h o
o
3 . ‘ |
- ; L\
- gy T e —— K
’ <o
B
B
“ » ~
©
j/m
| ——r— u |
M 3
u | . .
“ ’ .’ ‘ \.‘ Q
)
. . |
< | |
o
)
¢ . . c
. -
) °
| ‘ »
- .
<
‘ - -
.
’ o
s
. ] ) . L
o
B
. 4]
U o
<O ,
‘ o
’ .
>
v
m ’
.
| .
|
@
I
I
. “
u ’ f
’ " »
| o
1
4 : |




STEP

' STEP

STEP

STEP

-

1.

-~
appENDIX 1V .

Part A

STEPS TAKEN TO MERGE AND EDIT THE DATA

For convenience in following these steps, a flow chart is included

on the next pagej

A master tape of the records of active employees from 1964
through 1968, and 1973, was mérged with a tape consisting
of all retired employees, collecting annuities between 1964

and 1973, to form File A.

File A was sorted alphabetically so that all the listings
for each employee were together and each employee was in
alphabetical order by surname. The alphabetical list was

called File Al. Note: there were multiple listings in

. . A ' .
the record of each employee at this point as there was a

listing for each year in which he was present. The aim
was to condense all the information to one listing per -

employee.

" a

s

Females and Vacation Students were removed from File Al,

leaving the remaining records in File A2.

Another sét of listings on tape consisted of employee records
for the five years 1969 through 1273. = These records weré
edited at the company for changes in information and only
those listings with unique information in an employee's

history were included; this was called the 'Change Tape'.




Steps for Merging and Editing Data

MASTER FILE 2

L
Master Tape Annuitant Tape 'Change' Tape
A
STEP 1. STEP 4.
2ibr 1 N 2-5F 2
‘merge separate
File A - . Femaleé Summer
. Student
STEP_2. ‘
sort by
nam . AN
€ File Al . File B-
——
STEP 3. ’ STEP 5.
separate Remove
duplicates
Females Vacation File A2 File Bl .
Students )
STEP 6.
merge
B MASTER FILE 1
STEP 7.
define /
exposure -

110




Steps for'Merging)and Editing Data

111

(Cont'q)

MASTER FILE 2

L
STEP 8. . Extract
Condense ’ Errors, Omissions
one record T
per employeé STEP 9.
corrections
STEP 10.
merge
[+
e MASTER JFILE 3
STEP 1l. -
add ifjformation: PN
causefof death
annujtant deaths. )
defgrred annuitants
, MASTER |FILE 4
STEP 12. . * ,
¥
separate files \
remove names
Exposure Short Term Population
Unknown (19) ‘ Employees (6,681) at Risk (15,032)
»




STEP

STEP

STEP

STEP

STEP

e - | 112

Fehales and Vacation Students were removed from the 'Change

P

Tape' .

. .
. , -

A search for ddplicate records on the "change tape' revealed

. s b .
a few, which were remaved. Thus, File Bl was created.

Iy - .
2

Files Bl and A2 were merged to combine information from 1964
-

through 1973. This became Master File 1 after another check

revealed duplicate records which were subsequently removed.

N . £ .
Exposure class was assigned to each record (see section

4.1.2. for definition of exposure class). .

k-

The multiple listings for each employée were condensed to

the final listing, leaving one ‘record for each employee, s

, e

Cases in which an employee had different exposures among
o

his records were identified,asxﬂmixed~eﬁpé%nresnf—iTﬁése

totalled 2,608 records. oo

-

»
»

Checks for missing information and errors(here'designed and

- s

implemented in the following ways:

»

(1) Fields were searched for missing information (blanks).

(2) Numerical ranges were defined for most fields. (e.gq.

age had to be greater than 15 or less thaﬁ 100}. ‘If a

| .
number fell out of the range, the record was printed.
P . | )
(3) Errors in incremgnts of years service were monitored

against increments in years of age.

" ‘) +




. STEP

STEP

"10.

11.

b
{4) An active record in 1973 or a termination date between

1964 ‘and 1973 had to be found for each employee.
4

All records with any of the above inconsistencies weré
printed for further checking. There were 2,205 fecdrds
with obvious errors or omissions. They were checked against
company files and ;ubéeqhently corrected. \;150, "mixed

exposures" were removed from the Master File and printed out

for further study in this step.

Corrected xecordé from STEP 9, as well as "mixed exposure"

records were labelled, summarized and returned to the

Master File which had been reduced to'l record per employee.'

Cause of death was added to the records of employees and

annuitants who had died. Information on live deferred

" annuitants was merged with the Master File xecords. Dupli-

cate employee. numbers became ‘apparent at &his time. A

search for duplicate numbers resulted in the identification

. .

of 25 cases where an employee number had been recycled. 1In

each case, one record belonged to a former‘employee who had

died while the oihe; was associated with é recently hired )
employee. As most employee numbers ended with an even digit,

this problem was eaéii? rectified by changing the last digit

to the next consecutive odd number. First, a check was made

to ascertain that the assigned new number was not already

in use. These newly assigned numbers were given to the

' 4




vim mmeant e ] T TP eV irn s

- older employee in each pair.
O

At this point it was possible to remove employee names as they -

were no longer required for identification. The final step (12) re-

sulted in a tape containing 15,032 employees constructed as the Popu-

)
-

lation At Risk, a subfile of 19 records of employees for wlom there was
7
no exposure info;ﬁ?tion and- a subfile of short *term employees. The

final step in the preparation of the population at risk as to, set up

an SPSS file and store it on magnetic tape for computer analysis.

114
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APPENDIX 1V
R ' Part B

* MODIFICATIONS OF ORIGINAL DATA

» ‘ -

The following data format lists, at the various stages of deletions,
insertions and changes, are included in order tb give some indication

of.thé chronological development of the final data set. . .
\ . : .

The first identifies the information available in theé originat
volumes of manpower 1istings. - ) . e

The second represents the computerized version after each employee's

history had been compressed to a éingle final record. Exposure class

I -

was defined. Changes in Geographic Location over the 10-year observa-
o
<
tion period were included for analysis. Termination and death dates

were inserted. Exposure years were recoded and a field was reserved

< g

to accommodate changes (by number of years) in exposure class.
-

The third lists the data, at the final stage, in preparation for ¢

analysis. ¢

v

o



-

’ DATA FORMAT 1

September 1973

¥} N o

Title; Names were present but have been omitted here for purposes

-
oftonfidentiality.
. Type of Employment (i.e. Eeqular, non-regular, etc.) e
Employee thbeg*—— 6 digits, alphabetical code
: -
01d Deparéﬁent, location, function number
Job title
Job category; occupational scale ¢
, ..
01 wunclassified 06 salaried operations
02 plant s . 07 salaried clerical
03 office Administration 08 wage laborer
04 prof. & tech. Supervisory 09 salesman
05 prof, & tech. 00,10 ‘unknown '

Age at .data year *°
5 - -
¢ . ' * nN
Years service at data vyear



TR,

oy

2]
1. Exposure Class

-

1 Refinery,

-

-—

DATA FORMAT

June 1974

exposed

. "Réfinuziy, non-exposed
Non-refinery, exposed
Non-refinery,
v Mixed exposed/non-exposed

non-exposed

exXposure

I

! v Moderate
~ 7
3
‘ Geographice Location
I Ontario
D Quebec v
: 3 British Columbia
. 4 Alberta
b saskat chewan
’ G ‘Li‘n.l t oba

b4

N
. Employee Number

4. Exposure Years

| S R Yy
0 6t - 10
3 1t - 15
4 16 - 20
5 20 +

It Code 1in 1lst™ colummn, means expo::obd years; if in

eans non-exposed years.

-

both columns.,

5. Geoyraphic Change
2]
Four two-digit columns allow to: up to four

graphic lgcation over the 10-year observation period.

P

7 ‘Newfoundland

&

)

Mixed exposed refinery/non-refinery
“ Mixed non-exposed refinery/non-refinery

8
9
10
11
12
L3

Nova Scotia

New Brunswick

Prince BEdward Island
Northwest Territories

Of f shore
Foreiqgn

S

2nd column,

L]

“hanges in geo-=

KN

Mixed exposure histories show numbers in,

117
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6,
7.
3.
q,
10.
bLl.

il
“w

>
13.

°

14.

15.
16,
17.

18,
ra.

™ o s 0 N A o
o \\74 o -~
M N N ° o 2]
. - 118
) Q
o 9 ¢ N
" ) N ’
° 0 B '
. ‘ o s .
I)updrtmont'“ <Y ) '
Location as of 1969 ) ) ¢ ‘ K o
Function .o (\U - . © N
Job Tit le R . R > . °
qJob Cateqgory . . ' v .
Age of Data Year [ o . )
Years Service %o
Sex : ¢ -
M - Male ’ 2
" ¥ - Female . . -
étagt us e ¢ . CL
A Active : - - ) .
° T Terminated, Lost-tfo-follow-up n -
I Retired (Annuitant, Dgferred annuitant) .
, D Died while employéd : - : .
- 7 Died after retirement
Year® of Termination ’ * .
Month of Termination 0o o o
Reason for Termination X : .
- “‘089 laid off . ’ i
90 Hisabili ty
a1 discharqge 7 -
" g2 resigned "
‘)3, 94 transfer to subsidiary/affiliate =
95 regular rétirement i
96 early retirement o N
"97  disability retiement 7 . ’ .
a8 retired (no pension) K
99 death <
l)epart:mvnt,, Locat ion, kFunction (pre-1969) , ’ .
Death Year - e ¢ A
Death Month o
Data Year (1964 - 1973) . ” :




o

o s - N o ’ s s e ot
. e <November 1975 oo, 7 o . 5
bl . 0“ N . <] s I ;_, ’ a 2" > . -
90 ",, R . - . o ‘ © 5 . B
' ¢ : ¢ Q < e ’ D A
1. ReFfinery e ST o ’
¢- . 0 ,ngpn-refipery P o
R} . . <
o o . .1 “refgnery Lo .
¢ - nFY N ° I3
" ST o 2 e e T
2. Error. ’ . T L. o “ . . ‘
¢ : = ~ M .Y
s 1 greater than 16 years old or more”than 49 years service
. ° 2  age," years seryice increment inconsistent :
37 combinagion of .1 and 2 .. . . .
‘ s+ <5 ‘mixed exposurc history e f - -
< e 7 multiple terminations, break in history . -
. . . ¢ “ - R - - [ e Py . )
« - ) N ° - ~ T o o ° \
3., Exposure Class (see 1., June 1974 Data) ‘
L 2 ° < } a ao . ) . ° . . © ¢ ° '(,
4.. Geofraphic Locatien (sce 2., Juné 1974 &ata) T
5 Ve, o cf ‘ : Coe
5¢ Emplgyee Nuymber o . . NP S e
o ) < N te ° o ° N ¢ v 2,
6"@ Depa&tmer{t ) cL ST .0 , o
- N . ' ~ 0 ¢ o0 M
S ‘ o ° ’ . P - - 0
> ° . > 3o - ° " : :
7. Locatiogn as of 1969 o L. ¢ K ,
% ) ! 2 S - °
2 o © “ ¢ o * Uu 3 ? ~ ) B -
8. Function < ; .2 v . ,
' o o E . . S
a 2 2 ° s ' . . . - . i
9. Job Code {see Appendix III) - % s C s e,
. 0 . [ o . ¢ . o LS

‘ 0

10.

L ‘3"/ . ’llﬂ.

"2

13.

S

14.

[

18.

19.

Job Category (sei 6. ,‘Sepbeml:)e‘rf 1973 Data) - . -

‘ ! ‘. A I3 - . Y -‘7“ < . oL . ¢ 9 ’
Ade at t;ermlnavtlonég‘r/ in 1973, if still, active ‘
o - ' PR Lo )
: ‘ 9, Caoon S . e - . : a
“Years-Service © o : ' 2 < i

Status (see d4., Jupe 1974 Data) = -  , -
. < , N -

Te?rmlna:tiep Y;a; - o :: i ° Ce ot
Term,ina,t:ion ‘Morith: | S o S ‘JJ" +” .
Réasoﬁzf;r f%rmihéigéh (Seé;17.,'Jun@ 1974«Dat§3~ V
., v e? o . a
?Débartm.ent, LQcation}Functi;}n (pre-1969) .
. o L] -
* Death Year ‘_ A I ) o .
Death Month - | ¢ L e e 3 RN ..

*DATA FORMAT 3

= g

o I

o -




21.

s 22

.. el

30.

o

©

3

. .
> N - ¢ -

20. s Year of Last Observation T

o ©

o 9 e
Death Cause 19 (001-999) = - .
* “ © e

Deith Cause 29 (001-999)° . .

9 P a
23." vAge at Last Observation
o 9 “ e

24. Year, of Birth
2 R .", ~ o o s
25,7 Yeér: eginning Employment ¢
. o e e ‘o ,‘3 ¢
26. Age Beggnninq,Employment ‘
27. Age (see 11) rec&dpd intorS—yeav=qrpdbs
© 0 uUnder 15 : 8 50 - 94
1 15 - 19 9 55'-.59
- s 2 20 - 24 - 10 60 - 64
"3 25 = 29 11, 65 =269,
“ 4" 30 - 34 o =12 70 - 74
.5 35 -39 . o "13 75 - 79
6° 40 - 44 - : . vo 14" 80 - 84
7 45 - 49 15 .85 +
= e LV o e .
2H.  Yekrs Se{vm 129 recoded "m ,
%00 1 0 - 5 b . * 5 ¢
R 2 e - 10 : 2
311 °- 15 .
a 4 16 - 20 . °
S 21+ -
29. Age Last Observation Recoded (sece 23, 27)

Year of Birth Recoded®

1 1865-1869 ¢ 12 1920-1924
2 1870-1874 13 1925-1929
© 3 1875-1879 14 1930-1934
4 1880-1884 15 1935-1939
5 1885-1889 16 1940-1944
. 6 1890-1894 . . 17 1945-1949
7 1895-1899 ° 18 1950-1954
8 1900-1904 . .19 1955-1959
.9 190%-1909 20 1960-1964
10 -1910-1914 21 1965-1969
1915-1919 22

11 1970-1974

Year Beginhing Egployment Recoded (see 25, 30)

9

t Rggoded (see 26, 27)

°

. Age Beginning Employmeh

S

> @

o




34, Ygar Last Observation
Years Service Beginning Observation
Years Service Beginniﬁg Observation Recoded‘-(see 28, -35)

Ade Beginning pPbservation

3 . N
Age Beginhing Observation Recoded (see 27, 37)




,

Geographic
Location
. {Province) o

Ontario

Alberts

Quebg}-c::'-
Ni;é Scotia

British Columbia
§askatchewan
Offshore

“"Manitocba
Newfoundlapd

New Brunswick

N.W. Territories !
Foreign/Subsidiaries

Prince Edward Island
- &

Total

' . .

L
Appendix V

g
Table (4)
Distribu?ion of Population
at Risk by Province ) ’ ;
Frequency ’
Number . [ Percent
6,024 40.1 \\
~3,571 - © 23.8 -
1,927 12.8
872 ) 5.8
847 - ‘5.6 . |
512 ‘ 3.4
485 . 3.2 '
357 ' 2.4 ‘
176 L 1.2 ’
° 125‘ : : .8
58 .4 . R
51 | 3
X 27 . . .5 .2 -
,15,032 . | 100.0
.
. . ‘
— ) .
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" Age
Group

1 15-39
40-44
45-49

50-54

55-59

60-64
65-69
70-74

75-79

80-84

85+

Appendix V

Table (1)
. Distribution of the Pop&lation
{
at Risk by Age at Last Observation,

Full Age Range, 1964-1973.

Frequency

¢ Number . ’Percent
, — —_
- 4,337 28.8
- Y 1,686 ° 11.2
1,777 ' ‘ 11.8 >
1,610 . . 10.7
. N : '
1,339 o , 8.9
, ) 1,150 o 7.7
- ' . ' [}
1,019 - 6.8
847 ' : 5.6
£
614 4.1
. - ‘ ) .
404 2.7
) RS
249 - _ 1.7
Total > 15,032 o 100.0

oo




- ) +_ Appendix V

Table (2)

Distribution of the Population .

at Risk by Years Service

4.

IR | : 'at Last Observation .

-

B .

P : All Ages, 1964-1973.

Frequency . -
Years K ' < -
Service Number ~« Percent

0-5 : 2,182 ' 14.5
6 -10 . .1,793 11.9
11-15 . 1,057 ‘ o 7.0
16-20 _ . 2,158 © e 14.4

21+ ) 7,842 . 52.2

Total 15,032 S 100.0




(.

.

Status

Active

Retired (Alive)

e

Distr{bution of the Pppulation

Appendf% v

Table (3)

at Risk by Status at Last Ob

Died in Retirement

Died in Service

Terminated (Lost-to-

Follow-up)

Total

All Ades, 1964-1973. -

Frequency

Number
8,693
3,963
1,189
‘322

865 F

15,032 Ty,

o

éjrvation,

Percent
e ————

57.8

26 .4

. 100.0
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Geographic
Location
. (Province) g

Ontario ~

N‘v.a Scotia

British Columbia
Saskatchewan

Offshore

“Manitoba

Newfoundland
New Brunswick

N.W. Territories

Foreign/Subsidiaries

Prince Edward Island

Y

v

.
Appendix V

Table (4)

Distribution of Population

Y\

at Risk by Province

Freguen'cg

Number
6,024
3,571
1,927
872
847 .
512.
485
357
176 .
125'\N
58
51

27 :

15,032

' Percent

40.1

23.8

100.0

~
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Table (5) ©

Bistributions of Selected Causes of Death by Age

E

Tor the Population at Risk, Full Age Range, 1964-19%3.

.
N .
5

Cause of Death

Malignant Neeplasms

Large Other ‘Bronchus,
ﬂaﬂntestine Digestive “. Trachka, .
Age All Causef . All "fincl.. rectum) Organs * Lung
_Group’© (001-999) (140-209) (153,154) (155-159) (162)
# % # % o ¥ # % # L
19-39 25 1.7 5 1.7 - - - - - - -
40-44 23 1.5 5 1.7 1 2.4 - - 1 1.2
45-49 43 228~ 13 4.3 - - 1 3.0 © 5 6.1
50-54 91 _ 6.0 26 8.6 6 14.3 .5 15.2 5 6.1
55-59 139 9.2 34 11.3 5 11.9 3 9.1 6 - 7.3
_60-64 168 11.1 37 22.3 4 - 9.5 -5 15,2 17 20.7
65-69 . 197 13.0 49 16.3 4 9.5 4 12.1 18  22.0
70-74 248  16.4 41 13.6 4o 9.5 5° 15.2 12 14.6
75-79 247 '16.3 43 14.3 & 14.3 3 9.1 14 17.1
80-84 196 13.0- 32- 10.6 - 8 19.0 ° "3 9.1 . 4 4.9
85+ . 134 8.9 16~ 5.3 a 9.5 4 12.1 - -
Total 1,511 _ | 301 42 -7 33, 82-
. o 0
* . ) R o ' .
- ‘ 2 - s

-] w
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ok

50

" 8kin & Subcutaneous Tissue (680-709).

: ’ £
< !

o ; Table (7)

- Appgpdix v

Distribution of Deaths by Major Cause

v

for Exposed and Non-Exposed Groups, All Ages,

. 1964-1973
: [

Cauge of Deathl’

o 3

Infectious & Parasitic Disgases
(001-136) ’ :

Malignant Neoplasms (140-209) -
Other Neoplasms (210-239)

Enamcrine,‘Nutriéional, Metabolic
(240-279) ‘

Diseases of Bload and Blood Forming

. °  Organs (280-289)

- <.

Mental Disorders (290-315)

Diseases of: .

Nervous System & Sense Organs (320;389)
Vciréulaéory System (390-458)
Respiratory System .(460-519)

pigestive System (522-577) -

" Genitourinary System (580-607)

.

Muscuipskeletal & Connective Tissue
(710-738) . “b

Congenital Anomalies (740-759)
Symptoms’ & Ill-defined (780-796)

Acciderits, Poisonings & Violence
{800-999)

Total

- -

a

-
z .

<

-

b ]
»

Exposed Non-Exposed
Number Percent Number Percent
5 5 4 1.0
217 19.8‘ 84 20.1
3 3 1 .2
22 2.0 7 1.7
5 o5 - -
1 1 1 2
9 .8 7 1.7
646 59.0 259 s 62.1
71 6.5 19 4.6
40 347 11 2.6
14 1.3 5 1.2
- - 1 .2
1 .1 A 2
1 .1 - -
13 1.2 4 1.0
46 4.2 ‘13 3.1
17094

°

. . ‘
"1. See footnote 1, Table (5}, this Appendix.

100.1 417 99.9

v




Appendix V

. ’I"ahle'u(-ﬂ) a

NistriBution of Cancer Deaths by Site

Exposed and Non-Fxposed G;oups, All Ages,

Cause of Death

1964-1973
. ) Exposed . NonjExEosed

°

. IM M s
1. Numﬁer Fercent Number #&€ercent

Malignant Neoplasms of:

Buccal Cavity.& Pharynx  (140-149) |

, - .
Fsophagus & Stomach (150,151)

Intestines & Rectum (152-154)
it ‘

Other Digestiye Oréans (155-159)

Trachea,

Bronchus, Lung (16.)

Other Respiratory Organs (160,1lel,163)

Bone, Connective Tissuce, SkiH’TT70*174)
Lo '

Prostaf (185)

Urinary Organs (188,189)

©

Other Unspecified Sites (190-199)

Lymphatic & Hematopoietic

Systen (200-209)

i

Total o

o

1. See footnote 1, Table (5), this Appendix.
- 1( «a I~
1

-

)
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! ° s 0 ’ ‘.
(4] - 1 .- "
. L ) o
P OQ = L~ : a
o s . ¢, Appendix V°® . o o uy
, . o R o " ) o oo
. s . Tible 19) . , L
s R R ® - ~2 ~ . ° © i N N
‘ : i . The D1qtr1but10n of Deaths by Major Cause 3
. . Lo . Sw e ©ox, . .
N in Reflnery and Non-Refinery Groups, >
) S ' SR " AIl Ages, 1964-1973 . .
, Cause of Deathl: - .. . Refinery , 2 Non-Refinery
¢ ' - ' . .o o ‘ .
) . . ’ s Co ‘ Number Percent Number Percent
. ‘ ) . 2 o ' _g . -
. ~ .Infectious & Parasitic Diseases ) o : K
: e . (001-136) : : 4  0.5. & 0.7
© Malignant Neoglashs '(140-209) 165 . 20.1 <'F6 19.7
\ . N
\ . Other Neoplasms (210-239) - ‘ A 0.4 1 20,1
: s Lndocrbne. Nutritional & Metabollc e . =
‘ . . (240-279). - L - {,f——/ihw_ 2.4, 9 1.3
s Ll i 5 ) °
. - Diseases of Blood & Blood-Forming > SR L
Organs (280~ 289) no- . .4 * 0.5 1 0.1
Mental Dlso?de;s (290~ 315) 0" - 22 T 0.3
) Dlseabeb of: - , ) . X ¢
> - " Nervous bystem & Sense Organs ’ . E ) o L
P 320-389) ¢ e . 5 - 0.6 11 1.6
Clrculat@ry system (390 458) ) 489 59.6 = 416 T.60.3
.- ’ Resplratory System (460-;-519) o 54 ° . 6.6‘ 36 i 5.2
’ Digestive System (520-577) " 29 3.5, . 22 . 3.2
- R . - % &"
¢ Genjtourinary System Q380—607) g . 1.1 10 1.4
2 N ’ . », .
: o Skin & bubcutaneous Tissue ) e .
., ‘ (680-709) " L o o - 1 0.1
. ‘,Musculoskeletal SyStcm & - . ’i
M Conriective Tissue (710-738) 9 - 0 - 2, --0.3
Congenlfal Anomal;es (140—759) .1 “w 0.1 o -
; . symptoms & Illrdeflned Condxtlons o y . o
- (780~796) - b . ., 10 . 1.2 -7 1.0
) Accxdents, Paiqoninqs & v1q1ence e T T .
. {800~ 999) o 5 e T 7. 28 3.4 . .3 4.5
3 . R " ¢ ° R o . f‘r"‘i - - JEBUREE,
R , . Total ' , 821 100.0 -, 690 -99.8
. . i - o L - - e . - h "n oA
. l. See footnote 1, Table (5), this Appendix. T ‘
. v 5 . LT 9 .. ) © .
o . Hd ‘ .
; |- - o
- s N l i 4 e 'c:’
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W {r . . E oo fAE;pen:dix v.. o - u
) ‘. ‘rable .(10) : A
© ¢ O - ° Q
. o Th;a Dlstrlbutmnu of Cancer Deaths "
’ by Slte in’ }“iefun,ery and Non- Refinery Groups, AIl Ages, - o
: c " S 1964-1973° o . .
¢ e ? S o L4 ‘J, e . oo ) 0 ;\ Lo - : o
’ Caose[o“f peathl: " Regineg ° 0 N“o\m‘—Re"f;:tﬁerx<"
. . E -,‘ o, yNumherl Percent Nu;nber oPéfcent -
) MallgnantoNeoplasms of: b . e S E 33 ,
. Buccal Cav1ty & bharynx (140«-149) 4 2.4 3 b ’ 2.2 .
: rLsophaqus 5 Stomacuso is1)” 18° 1.9 19 1L.0- ;
. Large Intestines & Rectum (153-154) 28 17.0 14 » 10.3 3
; Other Digestive Gggans (155-159) - 2 12.7 iz"" . 8.8 ‘.
Trachea, Bronchus, Lung; (162) 43 . ?6.'1 39 “28:7
' cher Respiratory (frqans . ) ) . o
S ... 7(160,161,163) 2. 1.2 2 1.5
? ’ N Bane . Conﬁect}ye Tissue, Skin o ; ) ° - ,
i (170-174) T . 4. 2.4 8 ¥ 5.9
Pro%tate (185) - . ‘ ©Is 9, 10, 7.4 '
Urlnary Organ:: (188, 189) E 10 /:G.I ?/{ ) 6.‘36'11
. Other & Unspé Eled Sites {190- 199) 13 <7.9 6 - _ 4.4
g E Lymphatlc & Hematopoxetlc System ‘ . o i - o
. . (20072097 o - ) 7 -+ 4.2 , 18 13.2
| ST poral ) -7 165 100.0 ~ 136 100.0 b
s T o ",. :: “'- o D ) e . \
“ » ) o jm . q N Q . Lo o " o
e 1. Se,e footnote 1, Table (5), this Appendix. : -




. ° B 5 ° .
o . . o e 5 ‘o > s \
N © - ¢ w R '] o
. Q@ 2 . -
@ o . . /
. . 4 ° o . © IS v
R o . b . » ¢ . “
e 4
- * o o -"*-.‘\
b & e ) b B @
- o ©
o 9 ¢ ' P . Lo ,
. . ¢ ' APPENDIX V ' . v
. ‘ o : - 2
- e N o o . !
e : o 2 ' Table (11) .
Q ) -
I B . ’ N e ’ L 1 °
” - Crude Death Rates and Age-Adjusted  Death Rates per 1,000 Males
. R : . . in Canada and Prdvinces, 1969
. . :'
- ¢ i ¢ » Y Crude Age-Adjusted
. . Province : Death Rate Death Rate
L . ’ °
. : . Newfoundland 6.8 ; o 7.9 -,
4 ’ . - ' v
Prince Edward Island 10.5 . . 8.3
. . ) : > o -
Nova Scotia . o 10.2 . ° 9.1
- a ’ 3
. o - ¢ : vy
. v New Brunswick . ; 8.9 8.6
0 > . Quebec . 7.8 - %' 9.2
Ontario ' . 8.5 ‘ ¢ . . 8.7 °
Manitoba e 9.6 o © 8.1, )
. )
¢ ' " saskatchewan . . 9.6 - 7.5
¢ _Alberta 7.8 7.6. ¢
° "British Columbia - 10.0 8.6 °
o ¢ s N ) . e . , s
’ Yukon - . 8.3 9.7 .
. : o
" . N,W..Territories - 8.1 - 10.6 <
- ~ ‘ * . ! ! ‘- . M ' o ,
. Canada T 8.5 , . 8,6
o ° ¢
- 0
3 B . ’0 : o ‘ o ‘ .
- 1. Standardized to the 1956<«Canadian Census population; Dominion
; »+,  Bureau of Statistics (1969). .
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APPENDIX VI'
Example‘l
< Example of the Calculation f an Age-Adjusted Rate

a \ USLng the Dlrect Methodl on the Employee Population

E]

s - ’ -i Age Sp4c1f1c Employee .
Refinery B Number Death te/ . Popyplation
Age Person .of 10,000 Person Expected .
Group Years Deaths Person; Years Years Deaths
(ry (2) . . (3’ (4) E (5) (6)
| !
> T ‘ T )
(a) i ) i, . . - ‘1
40 - 64  26,064.0' 10 3.8 64,383.5 24.5 j
(b) . 5 | | 1
65 - 79 8,187.5" 10 - 120 15,363.0  18.4 [
(c) _: . . o |
80 + 1,353.00 . ;8 59.0 2,73190. O 13.6 ’ |
* 3 I e L i
i ™ N ' I ©
/ . i (7) (8) by ‘cr
/ . TOTAL 82,057.0 . ~ 56.5 - I
. ’ “}o
v P e 9.’ f
7 - ] X 6.9 o
To determine the age séecific death rate, divide row value in column /
“(3) by correspondlng row value 1n column (2); multiply tlmes 10,000 /

»

e.qg. 10/26 064 x lO OOO = 3.8 ’ : : |
to glve value in column (4). ' ‘
Multlply column (4) value tlmes population®in column (5), d1v1d4‘%y
10,000 to get the.number of deaths {column (6)) expected in the stan- j

/

dard population. Total row values .in.column (6j Then divide (8 by - |
(7) multiply times 10,000 t¢ get (9) standardlzed 1ntest1na1 cancer
death . rate/10,000 .person yéars for the refinery group.

9
°

1. Hill . (1971). -
. . . ; K

. - ) ‘/
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APPENDIX VI

Example 2

Differences betweerl -Death Rates: A Test for

Statistical Significance
The following gives an example of a method (Doll and Hill, 1956) used

for calculating the statistical significance of differences between

-

death rates: .
Exhibit 1

: Perso Yearsl' B
Age Group Eqﬁpsed Non-Exposed o Total
. Number Percent - umber Percent , '
40—64 38153.5 59.3 26230.5 4027 ] . 64384
65-79 10734.5 69.9 4628.5 30.1 15363
80+  1647.0 71.3 663.0 28.7 - 2310
2, ' °
" .
Total “ 82057 .
- Exhibit 2-
S "
Number of Lung Cancer Deaths
Exposed . Non-Exposed Total
Observed- Expected  Observed  Expected
4 4 28 20.2 6 13.8 34
65-79 ¢ 36 30.8 o 13.2 a4
80+ 3 2.8 1 - 1.2 4
Total .67 53.8 15 28.2 82

“

.. 2.- See Appendix VII, Table '(10)

o

Expected dgaths, in Exhibit 2, are calculated by applying the prula£iQn T

percentages/ arrived at in Exhibit 1, to the total number of deaths in

each age category. Thejchizltest with Yate's correction and with 1

degree of freedom is ihen appriéd,'employing these numbers of observed

’ [t

and expected deaths.

1. See Appendix VIII, Table (1) 4 _ o

L)

- : = ®

L
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APPENDIX VI

Estimate of Sample Size Limitations '

Given that the exposed group of workers had‘§2% Qf the folléw—up
experience one wquld e*pect to oﬁserve 62£oof the intestinal cancer

‘deaths‘ip the‘éxbosed group, if death weré unassociated with exposure.
Cne can then ask the guestion: If the true proportion of deaths in the

exposed group is 0.75, what is the probability of detecting an

association between mortality and exposure? The follow}nq equafion may

138

be‘sdlved:l'
. L - 0.62
Probability = Pr | 42 . , 1.96 : «
- |/10.62)(0.38) p=0.75
. ] 42 )
X _ o JLQ / -
= Pr 47 ' , 1-96 .
0.075 1' p = 0.75
- br \§5;4—0.75 075 10.62 g
(0.075) . ' p = 0.75
='Pr [z > 1.96 - 1.73], since z = X "x _ (Atmitage, 1971)
. ‘
X
= Pr { 2 > 0,23]
= .0.82
L%
. : pl ,
This corresponds to a relative risk of 3.0; - " = 0.75
N . . P,+P, ,
for pl/p2 ‘ .
o1, ' )

This.approach to the problem was designed by‘bonnef (1977).

.
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‘
o
If the true proportion of deaths in the éprsea group had been
70% of the deaths then the probability of detecting an association
- .

is approximately

0.70-0.62

0.075 )]

Pro [ 2 > 1.96 - ( Pr [ 2 > 0.89 ]

‘, R —031/ ! '
X ‘ | / .

This corresponds to a relative risk of 2.33.
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APPENDIX VII .

Tables Showing Data Required for Calculating
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Expected Deaths and’ Death Rates
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Numbers of Employees and Person Years for the
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Appendix VIII
Table (2) *

Person Years by Geographic Location

for the Population at Risk and Subgroups, All Ages, .

-
. . © 1964-1973
. Atlantic Provinces ::i\
Age Population ) Non- . ' Non-
Group  _at Risk ‘Refinery Refinery ~ Exposed ‘/’Egposed‘
(1,200) 1 (568).  1(632) (841) (359) '
i <40 2,591.5 _ 1,034.0 1,557.5  1,590.5  1,001.0 :
40-64 . 5,879.0  2,730.0 3,149.0 4,246.0  1,633.0
: 65-79 1,471.5 1,019.5  452.0  1,236.5_ . 235.0
© g0+t 290.0 186.0 104.0 212.0 78.0
. " 40 7,640.5 3,935.5 3,705.0 _ 5,694.5  1,946.0
T “fotal  10,232.0 ,  4,969.5 5,262.5  7,285.0  2,947.0
. ’ Ontario/Quebec ) ' . . R
(7,951) * . (3,552) (4,399) (4,406)  (3,545) .
<40 . 20,856.0 7,127.0.  13,729.0 9,767:0 11,089.0 ‘
40-64 33,162.0 }/25.336.5 17,825.5  19,097.5  14,064.5 -
65-79  9,275.0 5,183.5 4,091.5  6,286.0° 2,989.0 :
‘sor T 13815 8775 504.0  1,001.0 380.5 -
240 43,818.5,  21,397.5  22,421.0°  26,384.5 °17,434.0 "
., Totdl  64,674.5 28,524.5  36,150.0  36,151.5 28,523.0
- . Western Provinces - _ : . ot
. C (5,287) (1,558) " (3,729)  (2,819)  (2,468) [
oo <40, \ .13,741.0 2,783.5  10,957.5 5,887.0, 7,854.0
‘. . 40-64 23,110.5 7,823.5 15,287.0  .12,792.5 10,318.0
‘ 65-79. 4,001.0 1,956.0 - 2,045.0 2,702.0" 1,299.0 “' :
) 80+ . 576.5 _ 284.5 292.0 " ° 384.5 192,86 .
_ 240 - £7,688.0  10,064.0  17,624.0  15,879.0 11,809.D . |
) Total: ° 41,429.0  12,847.5° 28,581.5 ' 21,766.0, -19;5@3.6' . "
T - ~ - B "ﬁ@: R N

»




. | Other ' \
= _Age  Population Non-~ Non= '
Group” at Risk Refinery Refinery Exposed Exposed .
(594) (53) - (541) (546) (48)
<40 1,391.0 164.0  1,227.0 - 1,310.0  8l.0
40-64 2,232.5 . 174.0  2,058.5  2,017.5 .  215.0 )
65-79 ' 615.5 28.5 587.0 '510.0 105.5 S
80+ 62.0 5.0 58,0 49.5 12.5 .
) 3401‘“' 2,910.0 207.5 2,702.5 2,577.0 - 333.0 L
Total 4,301.0 371.5 3,929.5 . '3,887.0 414.0

Pl " . ,
Ld

. .
' v

'3

&

i 1. --Nunmbers in Brdékets refer to number of employees in each group.
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- Appendix VIII
e .
3 Table (4} ' m
. d .Person Years by Age and Duratioh ’

of Employﬁenf for Refinery and Exposure Groups, Age > 40,

. ' 1964-1973

Person Years

Age ~
Group’ Refinery Non-Refinery
S11-201 21-30° 31+ 11-20 230 31+ Total

(686)2' (2,014) ‘(1,679) (1,671) (2,661) (1,465)

40-64 3,758.5 13,312.0 8,624.0 9,174.0 19,511.5 .8,364.5 62,744.5
65-79  #517.5 2,019.5 5,650.5 898.5 1,907.5 4,36%9.5 15,363.0

80+ 166.0 588.0 599.0 73.0 422.0 45370 2,301.0

Total 4,442.0 15,919.5 14,873.5 10,145.5"21,841.0 13,1?4;0 80,408.5

e,

- d
@ f] "
. - i . . -

Exposed ‘ R Non-Exposed i
. (1, 399) (2,915) {1,894) (958) (1,760) '(1,250) t

' 40-64 '8,006.5 19,814.0Q 9,389.5 4,926.0 13,009.5 7,599.0 62,744.5
65=79 1,029.5 3,031.5 6,673.5 %86.5 895.5 3,346.5 15,363.0

80+ 215.5  795.0. .635.0 23.5 215.0 417.0  2,301.0

Total 9,251.5 2'3,646(3’ 16,698.0 5,372.0 14,120.0 11,362.5 80,408.5

Py

. . ¢
1. Duration of employment, in years.

2. See footnote 1, Table (2), this Appenaix.




! ’ ' Appendix VIII

> | ¢ Table (9
‘ Persor Years by Age and Adjusted

Duration of Employment for Refinery . |

and Exposure Groups, Age > 40,

A\

;o
6 : 1963-1974 .

Person Years

-

. ]
Age . Refinery Non-Refinery
Group 1 . '
F 11-20""  21-30 31+ 11-20 21-30 31+

40-64 . 8,974.0 11,652.5 4,916.0 15,246{0 15,559.0 5,218.0

65-79 642. 2,026.5 5,556.0 1,360.5 3,083.0 6,279.0

\

BO+’ 166.0 588.0 599.0 215.5 795.0 635.0

v

Total 9,782.5 14,267.0 11,071.0 16,822.0 19,437.0 127132.0

-

’ ‘
1.

.

~

1. .See footnote 1, Table (4) this Appendix.
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No.
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Appendix

IX

t"aset of Intestinal Cancer Deaths Showing

Geographic
Location

ontario

ontario

Quebec

British Columbia
Ontario '

Quebec

Ontario

. Ontario

Nova Scotia
Ontario

Ontario

Quebec

British Columbia
Ontario

Ontario

Nova Scotia

Quebec

Quebec

Ontario
Ontario
Ontario
Manitoba
Manitoba
Ontario
Ontario

Ontario

Job Descriptions

Years
Age in‘ i o :
(Years) Service Job .Description

87 29 Insulator
57 18  Operator
70 40 Mechanig (Tin)
85 b5 Head Pumpman e
77 36  still Cleaner
75 37 Field Sypervisor.
83 34 Clay Plant )
69 36 Mechanic—Pipefitter‘
57 26 Operator
65 27 Watchman
80 30 Mechanic-Welder
61 . 42 Mechanic
80 35 Shift Foremaﬁ
74 26 Plant Prqgfcrion
74 41 MechaniﬁﬁkSupervisoi)
68 39 Mechah}c—ngder
76 38 Mechanic—?ipefftter
50 16 fMechanic—Bu!!dinq

¢ éO 35 Sr. Clerk Dispatcher
83 32 Mechanic-Pipefitter
80~ 29 Boilerhouse ) -
59 20 Mechanic—Pipefitter
52 19 Mechanic-pipefittex
76 14 Garage 4
59 19 Operator
54 25 Operator

Exposure

Categorx¥'

k
B
I
E

E.
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. IO ® ' . : . . . -
27 ontario . . 40 22 General Clerk-
’ i o . *  BusineSss®Services | % NE
' 28. Quebec. S, b4 © 36 Mechanic " : K
. 29 ontario, - 78.° 37 ; Warehouse Fordman - K
< , . . e
30 sOntario. - L 86 25 Marketing ant . - *
o N -t . - 3 A . i
31 Ontario - . 54 - 30 Title Not‘ﬁﬂ:ted :f.‘\ e
- N . . Ve ~ .
: 32 ontardo’ * . 53 34 Systems Analyst <i1ac
. . . - N . . - “l, d
* %3‘ Ontario ‘ . 63 ) 26 Landman NE
. T34 saskatchewan 58 27 Sales ‘Repres atfive Nt
* ST L x| .
35 Quebec ¢ - 54 35 Supe;visor—oﬁfx' Sales NE
36 Alberta 68 37 . sales Represpnt% ive. NE ©
37 . Quebec - ' ‘86 a8 Office B WNE
‘ 38 .omtario 7 8o 35 office N
’ S ap N
< 3y Ontario : . 10 S . 33 Of five Manager- ‘ NE
. ) , » . ) % » 5
40 Ontario 79. 32 - Credit Clerk NE
: . o ’ TR 3
pal Ontario v g3 34 Treasurer . NE
42’ ontario ' s 80 24 Ret inery-Manaqer/ - *
Dy A L] '
. B i
’ ’
& . '
. . ,
B « - -’ ) . v ’ i * L]
1. E - Exposed , . . - .
NE - Non-Exposed - .
- . Pl - - . A
Workers, likely to have had ‘exposed’ ‘jobs earlier in their careersfth‘
- S .ot ¥ . a
- ‘cateqorjzed as ‘'non-exposed' by™eb déscription, have been identified
. . . ) S o .
by (*). - . . . -
' . \ ( 3 ,
- d , - .
. ) _ -
S - " - .
i ' . ) 7 . >
/ Y ¢ .
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’ A ¢ .
. Computer Program for Calculaf&ing
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