A Mortality Study of Qil
Refinery Workers
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Survival status of 1205 men employed for more than
five vears in a Canadian oil refinery in East Montreal, irom
1928 through 1976, was assessed and death certificates
were reviewed Expected numbers of deaths were estimat-
ed based upon age- and cause-specific death rates for the
Province of Quebec applied to person-years at worh Qil
refinery workers showed a standard mortality ratio lower
than expected for all causes of death (SMR =78 43). Three
cancers of the brain were found among young people who
el lews than 20 yoars since start of exposure. This wus
statistically higher than expected. Cancers of the digestive
system, though not significantly higher than expocted, re.
mained suspect of being associated with work. There 1s @
need to expand this research 1o other o refinery workers,

Though processing in an ol refinery 15 cartied out in
airhight compariments, the presence of hydrocarbons of
all kinds and the possibility of worker eaposure to these
chetmicals at the time of sampling and maintenance rais-
es the possibuiitv that cancers of occupational ongin may
appear in this eavironment.

Few epidemological studies dealing with the heaith ot
oil refinery workers have been reported Mortality rates
from genital cancers, lymphomas,' cancers of the aiges-
tive system and lung cancers? ? were described as con-
spicuous and appeared to be exposurerelated, but therr
excess was neither large nor statistically significant and
could have heen a chance occurrence

Occupations other than those encountered in an ol
refinery 1n which workers were exposed to o1l derivaiin es
wore associated with the appearance of cancer Bene-
pyrene was associated with an increase i lung cancer
deaths * * * Benzene was suspected of inducing leuhe-
mia* A high incidence of uninary bladder cancer amonyg
workers in the rubber industry led to contirmation ot a
causal association between exposure to betanaphthyla-
mune and urninary bladder cancer in man.*
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This mortality study was carnied out in a Car.ciuar o)
reninery plant which has been :n operation since T8 gnd!
which has had an average work torce of 7350 men .y er the
vears The purpose ot the studv was to determine i can
cer mortality among od refinery workers was hiher than
expected.

Methods

Studv Population. — The study populatien cocipinsed
A men who worked at the ond retuery tor e 1t o
vears between the start of oprrations :n 1928 andd § e o
ber 31, 1975 -

Survival Status. = The survinval status was detennneed
as of December 31, 19760 The company furn baed chae
rare. date of birth, date o1 employmen:, work termeng
iilon date, last known address. the social insurar e ar -
unemployment insurance numbers, When known, as weni,
as a classification ot workers according 10 tvpe ! wors
{operation, maintenance, ur office work) A cete v wor-
vice hile showing in chronological order the oo upainons
and the departments in which cacn person worked o g
his years of employment was made avalable upon re-
quest so that reterences couid pe made to it when 1Lt Rer
deta:ls were needed :

People who n¢ ionger were in the company « ermjion
were traced through several means telephone « ol
guinies at the Motor Vehicle Bureau, the Qurbe: reaith
Insurance Board, the Pension Board, armd the Uneregaon
ment Insurance Commission and circuiar letters &
workers Persons whose sunvival status could o0 b s
certuned by a airect personai contacs or throast sear
tamuly or friends, even though o current adie
tound in the regisinies, wore convdered Lo
The List of untruced workers was inhued o the &
tincates filed at the Quebec Population Rewniry
ther increase the number ot traced people Deatt + no
icates were consulted and causes of death were ree
according to the 8th Revisior of the International ¢ .uvwe
fication of Disease.

Expected Number of Deaths — A chaft of persan vee s
worked was calculated * A man entered the (e aiver
five years of work in the o1} refinery He remainut niiee
observation to the time of tis death or Derorita 43
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Table 1.-~Distnbution of 1205 Qi Retinery Workers Table 3 ~Distribubion of 1205 Ol Refinery Workers
According 1o Survival Slatus as of December 31, 1976, According 1o Survival Status and Date of Empioyment
— *
Male Workers Date of Alive Drad Lostto Follcw - Up

Survivg! Status No %y Empioyment  NO. K No Ve No Y
b e 507 7 R It
ue2d 108 9 19331327 27 30 e e 3 sl
caLie «rown 04 w33 raer A8 I @ tis '8 3t
Cawse unknown 4 3330927 142 ST 3 it e thd
LAV IS oW LD Heh ‘% “gig Gh2 2120 223 w2 IO
o 1205 150 ey cznt 3 93 s ez o3 ThEn
TIEE Lty 39 ] 2 Ty - -
, 1383 7687 88 1) 3 za 85
1976, whichever came first For the years 1928 to 1962, “GhE (3T a2 57 2 7 7 K
the expected number ot deaths was based upon the age- Toral g o i L p

and cause-specrtic ceath rates tor the Province of
Quebec, 1931, while for the years 1963.to 1976, those of
197 1were used

The intluence ot time evolved between the start of ex-
posure and the cancer appearance was studied by divid-
ing the population nto two subgroups. more than 20
vears and less than 20 years of elapsed tme between the
date of emplovment and the time of death. Expected
numbers of deaths were determined and the standard
mortality ratios (SMR) were calculated for each sub-
group

The Badar-kderer test tor the ratio of a Poisson var-

between ihe obserned and the ewpected nurthers of
deaths '©

Results

The Studv Population — Taaie 1 showe the ~unaal
status of the people or the study popuiution There were
1205 male employecs who worked ior more than the
years at the refinery Ot these, 190 men were considered
lost to follow-up The studied group comprised 1115 mes
or 84% of the total study population

Tables 2 and 3 show the distibution of the eniploy e

“ alive, dead or lost to 1ollow-up according to ther birth
dates and ther dates of employment The distnibution of
the lost-to-rollow-up men according 0 age and date or

able to its expectation was used to test the differences

Table 2. —Distribution of 1205 01l Refinery Workers employment was similar to that of the regrouped alinve
Accarding to Survival Status ang Birth Date. and dead men The losttofollow-up group 15 theretore
expected not to generate any bias in the overall resylt of
RN Allu'/ N Dud' Lostta Follo'u-up the study -
D"_u_a, ‘_, il - ak ‘/' No. % Mortalitvy Among Qi Refiners Vorkers, — There were
. agjgg; -—2 0_2 g . g - - 108 deaths in the employee population during the <ty ear
1BYC-" Bua 3 o 5 4¢ 2 11 obsen-ation penod Ninety-one percent ot the ceraths (98
18531859 6 07 122 1 s 05 men) occurred in the group ot emp.oyees who were oy er
19301804 ' 2 9 83 ? | 40 vears of age The person-years of ex;.osure chert gen
w50 38 22 1 1617 S 28 erated from the study cohort 1s shown »n Table 3
Uy s 19 LAERER¢ I 89 Tabie 5 shows the ohsened ana expected numhers o
1918 UEtE gy H X 13 120 13 68 e
1970 °524  ta a3 14 130 17 195 dvaths and standard mortalitv ratios according to the
*925-1929 140 e 3 & 956 a8 253 time eiapsed since start of exposure SMWhereas the overal
930163+ 1l 4§ 5 46 % 89 mortality 15 lower than eapected among the reninen
by ;; 123 : g; 18 gg workers (SMR=7843;, the SMR s for specinc causes,
0150626 03 14 - _ 6 12 though sometimes ditfering from 00, were not statist.-
7G55 Chd 8 5 — - - - cally signiticant
T)a i 00 8 w0 180 100 W hen mortalitv s studied according to whether more

thar 20 vears or less than 20 vears have elapaed boetween

Table 4. —Person-Years Worked by Time Period and Age (1015 Men who Worked far Over 5 Years at the Oil Rehinery). )

'

Age i
Time Period 20-24 2509 30-34  35-39  40-44 45-49 50.54  55.%9 60-64 65-69 70-74 75-79 B0+ Total :
1928 32 i
1933:37 50 51 81 86 34 56 3% 37 ?
‘998 42 86 457 853 713 B3 20 22° 98 12 303 '
1943 47 149 675 964 1509 1092 595 313 279 10 2 L5
1948 52 7?1793 169 2054 2218 1:C 854 338 277 92 12 g )
1953.57 323 2432 4389 4210 2818 2416 1568 785 318 278 43 1646 7 |
195862 155 2632 5377 61 5105 286% 2371 1519 803 58 93 08 28331
1963-67 121 1785 5609 7154 7777 5115 2630 2232 1458 T34 178 143 08 3494 |
1968-72 B2 1623 2814 G177 7255 7744 4943 2525 2056 1339 538 99 91 37344 l
1973-76 08 2412 3385 3044 5279 5814 601 3584 1792 1536 754 325 03I 34GE |
Total 1142 14166 25721 32148 3194 26325 18935 11360 6820 4239 1828 STS 02 175456 !
368 Mortaity Study of Qu Refinery Workers/Tnériault ara Goulet
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Table 5 —DObsaryed and Expected Nymber of Deaths and Standarg Mortality Ratic (SMR) Among 0. Retinery Warkers
(1928-1976) Accerding 1o the Time Elapsed Since Siart of Exposare.

e

4 -20 Years Sce 1n1 Exgos | 4 20 Years Since 15t Expos Total ‘
Misease Category (ICDA") Oos/Exp t SMR Dbs/Exp. SMR Qbs/Exp i
Maigran: "eod1asms (140-2049) ! Td A B3 75 E3 .
LEnUE nersys SYSIEMm Quseaces (320343, I T - i
Cargiovascy'ar C'seases 1350.458) 28T P 23 68 ’
ResDatory $vSI187M: 21583588 (462 5§14, 3T - 3% 93 i ;

l eS8 EVEIRT S SR3Se5 4570 577 D& - ‘7557 : !
. C=r iCuf N2’y 535 7 ('seases (580-507, G - - - !
Accaaents ang Lo 2nce £20-938 LR B Rh 2 718 TRy '
Qiners N 12 ETe 88 15
R S SN AREE = H 33082 2 A3t 9 4y
“rarerngtiora 0'ass featiom 5t D seases £ignih Revisien
tExDeCier Ceatns Saseg an age spec.ic Jeath rates of Duedes malk,
15ial8hca y s.GrLan
Table 6. —0bserved and Expected Number ot Deaths Due to Malignant Neaplasms and Standard Mcrtality Ratis (SMR) !
Among 0il Refinery Workers According 1o Time Elapsed Since Start of Exposurs. :
-20 Years Since 13t Expos | «+ 20 Years Since 15t Expos. Total
Disease Category (ICDA®) Obs/Exp.t SMR Obs/Exp. SMR Obs/Exp. SMR
Nose, 10nGue 07 1140-140) 0.3 21 - 0/C 58 - 5% |
{hgesid@ sysiem, 190 150; 318 7 g7 g-712 1¢6 44 w22 EAE :
Larynx lung, Jeura (1560-163) G180 - 16 68 449N k- 837 !
Bone. skin (170-173) 0/0 23 - 1/0 1% 326 N 119 a2 23209 ‘
Kidney. genda' 185189 0.6 58 - 34197 152 28 /2 8% *17 B3
Brain certrai r.arous sytem (190-192) 3.0 46 E52 178 ¢on - KR JR3 6
[ eukemiy iymphoma (260 209) 140 G 1y AR 136 98 PR 1) (PF N
Ot=er cancers 0/1 08 - 0t 67 - 026¢5 - ’
A neoyrasms 1140 209) 7/8 36 8373 "5:20 8 399 75.28 54 89 23

*inteendtiond, C.assif.cation of Diseases, E'Q"fﬂ Revision
tExpecied ceatns dased on age saeshe dearh rates of Quedec mates
$Statisticaty significant

Table 7. ~ List of Workers Who Died of Cancer (Among 1015 Men Who Worked for Over 5 Years at the Oil Refinery).
Time Sapsed Setwean No. of Years
No. Type of Cancer Age at Death Occupation at the Rafinery  Stacting Work & Daath of Service
T Slamach (15%) 51 Ma nenance 24 i )
2 Stomach (151) 55 Ma:venance n 29
3 Stamach (181 43 Lacaraory 2t 2
Y 4 Siomacn (151 50 Otece 23 23 \
5  Recium(154) 57 Laowral>y 13 ) i
6  Recium (154 67 Operatons '8 '3
7 Pantreas 157) 85 Ma rerance 2% 23 |
8  Pancreas (157 n Goeratons khi] i
9 intesunai (159) 45 \arnterance 14 14
10 Bran (19%) 43 QOosratons 18 ¢
'Y Lung 162) 77 Mairienance ard orners 25 -
l 12 Lung (162) 80 Gltige 42 ‘9 ;
i 13 Liposarcoma of the leqs (170} 79 Mainteranre 36 ta
14 Pinstiie | 1AY) 14 Ot w 2y v
' th  Prosiate t185) 66 Mam'enance 3 14
i 16 Hadoe 1188 51 Main‘grance 2 n
*7  General lymphoma (200) 1) Mawienanre 29 20
1 18 Mye:agenous leukemia (205) 43 Oaeratiang 13 3
19 Intesune (153) 72 Operauons ang oftice kl.} 28
20 Bran.192) ) 41 Marntenance 13 12
% Lymphosarcoma {200) 5% Oftice ang mamtenance 29 29
22 Pancreas (i57) 43 Vainlenance 25 19
23 Lung (162} 46 Manenance 20 8
24 imestinal (153) 73 Ottice 40 25
25  Bran(19%) L} Ma:rtenarce:operatons 19 12
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the hiest exposure and the date or death, the “less than 2o
At e start ob exposure grogp” has statetcally g
e ant lower SNR s tor all causes ot death and tor the

, Category other diseasos” when compared with the
Quebee population

In the “more than 20 years since start of exposure”
subgroup, the obsen ed numbers of deaths tor all causes
do not ditfer from the expected numbers The SMR tor
diseases ot the digestive system (520-577) 15 elevared bt
not enough to be statistically significant The SMR tor
accidents and vioience (800-899) 15 statistically sigrini-
cantly lower than expected when compared with the
Quebec population

Cancer Mortality. — Table 6 shows mortality due :o
malignant neoplasms There 15 no significant difference in
the total cancer mortality death rate between the refiners
workers and the Quebec population (SMR = 89 29;.

Three observations stand out of the detailed study of
the various cancer types (1) Lung cancer was less fre-
quent than expected (3 vs 7 42). (2] Three brain cancers
appeared 1n workers within an interval of less than 20
vears since the stan of exposure. This was unusual and
showed an SMR ot 652,17 (3) Though cancers of the di-
pestive system wore not statistically higher than expected
(12 vs 10 22} an SMR of 117 combined with an elevated
number ot deaths due to diseases of the digestive systeny
deserve turther atention

Table 7 gives the list of workers who died of cancer by
type of cancer, age at death, occupation, tme elapsed
between start of work and death, and number of years of
service Table 8 gnes the distribution of workers who
died of cancer by occupational categories The occupa-
tional group "others” includes indwiduals who worked
more than one ot the preceding categones There s no
statistically sigmficant difference in the cancer mortality
between the three subgroups operators, office employ-
ees and maintenance workers,

Discussion

The tinding o1 ar overall mortality rate for ol refinery
workers petter than that expected from the general popu-
lation agrees with what other authors have found in simi-
lar occupational mortality studies.! ? ' There seems to be
a selectuive process by which healthy persons constitute
the emploved periion of the population. This is remn-
torced by the ract that it 1s the “less than 20 years since
start of exposure group” which showed the lowest stan-
dard mortality ratios.

The occupational history of the three young workers
who died of brain cancer revealed that one of them was
assigned to the fire safety department, the second was a
maintenance man in the furnace room, and the third, an
operator 1n the heavy ol unit. No common exposure of
these men to a single or a class of chemicals could be
dentitied which would have given clues as to what was
associated with the appearance of these cancers.

No obvious reason could account tor the low lung
cancer death rate among ol refinery workers either.
Other authors have descrnibed elevated lung cancer rates

370

Tabie 8. —Cancer Distnbution According to l
Occupanonal Categories '

No ot No o
Ocgupational No of  Cancers Cancers "
Categeries Workers  Observed Expected® Cbs/Exp |
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among workers exposed to hvdrocarsons * * * The smon-
ing history of the present workers was not known

The high number of deaths caused by disease and can-
cer of the digestive system orgarns cesenes partlicu'ar 2i-
tention. It 15 worth noting that simiiar obsen ations vens
made 1n two prev.ous mortality studies of oii renner,
workers ! ¢ A review of the detailed occupational huistsry
of the persons deceased from these diseases chid not led
1o the identitication of a common exposure o a chemae
within the refinery Pooriv documiented data on the me:
alcohoi consumption could not account 1or *he tive cases
of cirthosis of the liver amorg seven deaths due to dis-
eases of the digestive system

The questions raised in ths study as 1o the jresence of
an assooiation between work in an ol refiren and he
development of brain cancers and diseases ot the diges-
tive system will only find an answer by extending he
study to larger groups of aul refinerv workers

“The authors wish 16 acunow'edge the ben o0 0r "acoue = ish L e 7
irarra Lavar Lrnefuty anc Dr jean-Mard Fragetts #rg Nt et gae TR Lo
Quede Popaiaior Regein,
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