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Further follow up of mortality in a United Kingdom
oil distribution centre cohort

Lesley Rushton

Abstract
Results- of an extension of follow up (1976 to
1989) of a cohort of workers employed for at
least one year between 1 January 1950 and 31
December 1975 at oil distribution centres in
Britain are presented. Over 99%/o of the work-
ers were successfully traced to determine their
vital status at 31 December 1989. The mortal-
ity observed was compared with that expected
from the death rates of all the male population
of England and Wales. The mortality from all
causes of death for the total study population
was less than that of the comparison popula-
tion, and reduced mortality was also found for
many of the major non-malignant causes of
death. No healthy worker effect was found for
ischaemic heart disease, and raised mortality
from this disease was found in particular for
one company and in several job groups.
Raised mortality was also found for aortic
aneurysm. Mortality from all neoplasms was
lower than expected overall, largely due to a
deficit of deaths from malignant neoplasm of
the lung. Raised mortality patterns from all
neoplasms, malignant neoplasm of the lung,
and several non-malignant disease groups
were found for general manual workers
although the mortality from many of these
diseases for all men in this social class in the
national population is also high. There was
increased mortality from malignant neo-
plasms of the larynx and prostate but these
tended to be in isolated subgroups. Mortality
from malignant neoplasm of the kidney was
raised overall and in drivers in particular.
Mortality from leukaemia was high at one
company and in drivers overall.
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Previous publications' 2 have reported the initial
follow up from 1951 to 1975 of employees at
United Kingdom oil distribution centres. This
paper describes the results of extending this follow
up to 31 December 1989. The detailed results
for kidney cancer and leukaemia are reported
elsewhere.3
A review of previous reports documenting the

carcinogenic properties of oil, and mortality and
morbidity studies of oil refinery populations and
resident populations in areas where the petroleum
industry is concentrated is given in another paper.4
There have been few studies of workers at oil
distribution centres although they have been
included in some broader studies of the oil
industry.5-7 Harrington8 reviewed the petroleum
manufacturing industry and the distribution indus-
try for all diseases. Christie7 found lower mortality
for terminal workers from all causes and all malig-
nant neoplasms but an excess incidence from all
lymphatic and haematopoietic cancers.

Several studies have examined exposure to oil
mist with particular concern for bronchial car-
cinoma and other respiratory diseases. Conflicting
results have been reported for lung cancer. No
excesses were found in some studies9-" but others
reported excesses-namely, in the printing
industry'2 1' and in cable manufacture.'4

Several studies have carried out personal air
sampling or taken urine samples to investigate
the exposure of workers to benzene at bulk market-
ing terminals'5 16 or service stations.'6-'9 A pro-
portional mortality (PMR) study20 of all deaths
over a 10 year period in New Hampshire found
high PMRs for service station workers for
leukaemia, suicide, emphysema, and mental condi-
tions. De Silva2' measured blood lead concentra-
tions of petrol pump attendants in Melbourne and
concluded that the concentrations were lower than
those accepted as a cause of concern.

Knave et aP2 found a higher incidence of acute
neurological and psychiatric symptoms in workers
heavily exposed to jet fuel in a jet motor factory
compared with non-exposed workers. Other studies
have looked at the effect of diesel exhaust emis-
sions.23 24 Wong et al found increased mortality
from cancer of the liver, emphysema, and accidents
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in a cohort of members of a heavy construction
operators union but no significant findings when
exposure to diesel exhaust was examined.25

Results of the Institute of Petroleum study,
follow up 1951-75
The overall mortality in the previously reported
results for the Institute of Petroleum (IP) distribu-
tion study follow up to 1975' was much lower than
expected as was the mortality from stroke, hyper-
tensive disease, bronchitis, and pneumonia. A
deficit of all neoplasms and lung cancer was found.
The observed deaths from ischaemic heart disease
were roughly equal to those expected and there was

no evidence of a healthy worker effect. Raised mor-

tality patterns from ischaemic heart disease were
found in several subgroups of the population of one
company. Mortality from myelofibrosis and dis-
eases of the lymphatic and haematopoietic tissue
was slightly raised overall.

Methods
Full details of the feasibility study carried out
before the initial collection of data, the reasoning
behind the choice of data, items to be collected,
and the methods used are given in earlier publica-
tions.' 2 Briefly, the study included all men with a
duration of service of at least one continuous year
between 1 January 1950 and 31 December 1975 at
distribution centres from three companies in the
United Kingdom, including airports and blending
plants. In this paper the three companies are

denoted by I, II, and III.
The data collected, the procedures of flagging

and tracing the population, the coding of the multi-
ple causes of death, and the calculation of expected
deaths were, in general, the same as those for the
Institute of Petroleum refinery study described else-
where.4 A similar approach to the analysis has been
taken-namely, the use of the standardised mor-

tality ratio (SMR) and its 95% confidence interval
(95% CI) to examine the magnitude and patterns
of mortality. The same caveats on the interpreta-
tion of results from this type of study also apply.

Unlike the refinery study, data on shift patterns
were not collected for the distribution centre popu-
lation. The only data that were reliably available for
company III were for those in service on 1 January
1976, deaths in service, and pensioners. Little
information was collected on deferred pensioners or

others who left this company.
When most of the flagging had been completed

an examination of the records for those leaving
before 1 January 1976 showed that, as in the re-

finery study, there was a larger proportion of the
older distribution study population flagged as alive
at 31 December 1989, compared with the propor-
tion in the population of England and Wales-for

example, 10% were older than 75 compared with
5% older than 75 in the population of England and
Wales. Tracing these men (about 2000) through
the National Insurance records yielded 150 further
deaths.

As in the analysis of the first follow up,' 2 the
expected deaths were calculated by applying the
five year age and calendar period specific death
rates for England and Wales to the five year age
and calendar period person-years at risk in the
study cohort. As the distribution centres were well
scattered throughout the United Kingdom it was
decided, as before, not to separate the data into
Scotland and 10 standard regions in England and
Wales, as the numbers would be reduced too much
for analysis. No formal adjustment was made to
take account of known variations in death rates by
social class or region but these have been used to
aid the interpretation of the results.

Results
Table 1 shows the vital status of the total study
population at 31 December 1989. As before no
traces have not been included in the analyses.
Included in the alive group were 1004 men whom
it was not possible to flag with the National Health
Service Central Registers (NHSCRs) but who have
been traced as alive at 31 December 1989 through
the National Insurance records. Those who emi-
grated have been taken as alive up to the date of
emigration, this date therefore being their study
end date. Like the refinery study, more emigrations
have been identified than in the previous tracing
exercise due to all records having been sent to the
NHSCRs for flagging.
The identification of the study population at the

distribution centres was not as complete as that of
the refinery population-for example, addresses
were often not available. This has resulted in a
slightly higher proportion than in the refinery study,
of untraced persons and men who, although
untraced through the NHSCRs, have been found
to be alive through the National Insurance records.
The dead include 66 for whom it was not

possible to obtain a death certificate, 26 known to
have died abroad, and 40 identified as dead from
the National Insurance records but for whom no
trace was found either in the English or Scottish

Table 1 Vital status of the distribution centre population at
31 December 1989

Conmpanzy Alive Dead Emiiigrated No trace Total

I 1303 643 29 8 1983
II 9464 5458 209 52 15183
III 3401 2642 59 38 6140
Total 14168 8743 297 98 23306
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Table 2 Person-years of observation of distribution centre
population

Person years of observation

Company At 31 December 1975 At 31 December 1989

I 30644 51679
II 261612 413464
III 105313 161328
Total 397569 626471

Table 3 Population of the distribution centres by job
classification

3rob title No (%)

Operator 4705 (20-2)
Driver 10108 (43 4)
General manual worker 1612 (6 9)
Supervisor 1685 (7 2)
Craftsman 1594 (6 8)
Administrative and clerical 3134 (13-5)
Security 467 (2-0)
Total 23306 (100-0)

death certificate records or the company pension
records. In the analyses these 66 records were taken
as dead, cause unknown.

Table 2 shows the person-years of observation
for the total study population and for each

company, an increase of about 230 000 person-

years overall.
The information collected about job was the last

job title for those who had left the distribution
centres or the current title for those in post.
Table 3 gives the distribution of the study popula-
tion by job title. The largest group was drivers (just
under a third of the total population), followed in
size by operators and clerical, administration, and
managerial workers. These broad job groupings
covered differences in classification of jobs over the
25 year study period and also differences between
the companies. Two classifications, general manual
worker and security, seemed to have gone out of
use in all the companies as only a handful of men in
employment at 1 January 1976 had these titles.

Analyses by year of starting work and years since
first employment, the second being a measure of
exposure, were carried out, although small numbers
in some disease groups made the patterns of mor-

tality unclear.

NON-MALIGNANT CAUSES OF DEATH
Table 4 gives the observed and expected deaths,
the SMRs, and the 95% CIs for the SMRs for all
causes of death and for non-malignant causes of

Table 4 Observed (O) and expected (E) deaths, SMRs, and 95% CIs for non-malignant causes of death

Follow up 1951-75 Follow up 1976-89 Follow up 1951-89

Cause of death 0 E SMR (95% CI) 0 E SMR (95% CI) 0 E SMR (95% CI)

All causes 3964 4547-1 87 (84-90) 4779 5052-9 95 (92-97) 8743 9600-0 91 (89-93)
Respiratory TB 12 48-6 25 (13-43) 5 7-8 64 (21-150) 17 56-4 30 (18-48)
Diabetes 19 25-9 73 (44-115) 27 45-6 59 (39-86) 46 71 5 64 (47-86)
Anaemias 8 6-8 118 (51-232) 11 12-0 92 (46-164) 19 18-8 101 (61-158)
Cerebrovascular 376 418-6 90 (81-99) 450 463-6 97 (88-106) 826 882-2 94 (87-100)

disease
Chronic rheumatic 35 58-3 60 (42-83) 14 20-0 70 (38-117) 49 78-3 63 (46-83)

heart disease
Ischaemic heart 1398 1359-3 103 (98-108) 1639 1666-7 98 (94-103) 3037 3026-0 100 (97-104)

disease
Otherheart 72 106-6 68 (53-85) 135 148-3 91 (76-108) 207 254-9 81 (71-93)

disease
Hypertensive heart 65 90-1 72 (56-92) 30 42-2 71 (48-101) 95 132-3 72 (58-88)

disease
Diseases ofthe 84 86-2 97 (78-121) 154 140 8 109 (93-128) 238 227-0 105 (92-119)

arteries
Other circulatory 37 35 2 105 (74-145) 27 27 9 97 (64-141) 64 63-1 101 (78-130)

disease
Influenza 13 254 51 (27-88) 2 62 32 (4-117) 15 31 6 48 (27-78)
Pneumonia 135 181-6 74 (62-88) 241 263 7 91 (80-104) 376 445-3 84 (76-93)
Bronchitis and 240 349-0 69 (60-70) 160 208-0 77 (65-90) 400 557 0 72 (65-79)
emphysema

Asthma 15 15-1 99 (56-164) 9 11 3 80 (36-151) 24 26-4 91 (58-135)
Peptic ulcer 42 49-8 84 (61-114) 27 38-0 71 (47-103) 69 87-8 79 (61-99)
Cirrhosis of liver 9 17 3 52 (24-99) 13 25 1 52 (28-89) 22 42 4 52 (33-79)
Nephritis and 15 319 47 (26-78) 6 7-9 76 (28-165) 21 39-8 53 (33-81)

nephrosis
Hyperplasia of 11 15-8 70 (35-125) 10 11 1 90 (43-166) 21 26-9 78 (48-120)

the prostate
Motorvehicle 75 68-5 109 (86-137) 25 31 1 80 (52-119) 100 99-6 100 (82-122)

accidents
Accidental falls 17 23-8 71 (42-114) 16 23 1 69 (40-112) 33 46-9 70 (48-99)
Accidental fire 7 4-1 171 (69-352) 4 4-1 98 (27-250) 11 8-2 134 (67-239)

and explosion
Suicide 38 66-2 57 (41-79) 27 38-2 71 (47-103) 65 104 4 62 (48-79)
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death for the total distribution centre population,
for the first follow up 1951-75, the second follow
up 1976-89, and the total follow up periods.
The SMR for all causes was higher in the second

follow up period than in the first but was still very
low, indicative of a continuation of the healthy
worker effect. A similar pattern was shown for
many of the numerically large non-malignant
causes of death, such as cerebrovascular disease,
other heart disease, diseases of the arteries, pneu-
monia, and bronchitis. The largest non-malignant
disease group, ischaemic heart disease, showed
increased mortality in the first follow up period but
the observed value in the second period was less
than that expected giving an SMR of 100 for the
total follow up. Only diseases of the arteries, other
circulatory disease, and accidental fire and explo-
sion had SMRs greater than 100 for the total follow
up period.

Table 5 gives the observed and expected deaths,
SMRs, and 95% CIs by time since first employ-
ment for selected causes of death. The tendency
was for the mortality from the numerically large
non-malignant disease groups to increase with
increasing time since first employment up to 40
years, and to increase up to year of entry (1950-4)
and then decline.
The low overall healthy worker effect was not

reflected in the results for company I and there was

a tendency for the total population from this com-

pany to have higher SMRs than the other.compa-
nies for the non-malignant disease groups.

Mortality was raised for motor vehicle accidents
(O=77, E=64-9, SMR=119, 95% CI 94-148) at
company II, and diseases of the arteries at company
I (O = 24, E = 14 5, SMR= 165, 95% CI 106-246),
and there were slightly more observed deaths than
expected for ischaemic heart disease at company II

(0=1916, E=1878-4, SMR=102, 95% CI
97-107).
With the exception of ischaemic heart disease

and diseases of the arteries there were no increased
mortality patterns for drivers, craftsmen, super-

visors, and administrative, clerical, and managerial
staff overall or for the non-malignant disease
groups. The mortality from all causes was raised
overall for security men, particularly at company II
(O=284, E=260-8, SMR= 109, 95% CI 97-122).
The mortality from bronchitis was increased appre-

ciably, overall for this job group (O = 45, E = 30.3,
SMR= 149, 95% CI 108-199) and was raised for
all three companies.

Table 6 lists SMRs for all causes of death by
company and for cause and company combinations
greater than 100 for general manual workers.
Mortality was raised overall and most of the
numerically large non-malignant disease groups

showed increased mortality. Mortality from cere-

brovascular disease was raised, particularly at com-
pany III (0=25, E=15-5, SMR=162, 95% CI
105-239), and ischaemic heart disease, particularly
at company II (0=151, E=132-5, SMR=114,
95% CI 96-134) and company III (0=52,
E=40*5, SMR= 128, 95% CI 96-168).
Two non-malignant disease groups showed con-

sistently raised mortality patterns across several of
the subgroups analysed-namely ischaemic heart
disease (International Classification of Diseases
(ICD)-9th revision 410-414) and diseases of the
arteries (ICD-9th revision 440-448). Table 7
shows the results for ischaemic heart disease.
Mortality was increased at company II in operators,
general manual workers, and clerical, administra-
tive, and managerial staff. The SMRs were particu-
larly raised for men aged between 45 and 55 at
death and for those aged 65 to 74. Mortality

Table 5 Observed (O) and expected (E) deaths, SMRs and 95% CIs for selected causes by time sincefirst employment

Tinme since first emiployment (y)

0-9 10-19 20-29

Disease 0 E SMR (95% CI) 0 E SMR (95% CI) 0 E SMR (95% CI)

All causes 383 481 2 80 (72-88) 1044 1196 5 87 (82-93) 1741 1933-9 90 (86-94)
All malignant neoplasms 115 115 0 100 (83-120) 324 317-1 102 (91-114) 481 532-5 90 (82-99)
Malignant neoplasm 12 13 3 90 (40-157) 44 33-8 130 (95-175) 48 54-4 88 (65-117)

of stomach
Intestine 4 7 0 57 (16-146) 12 19 8 60 (31-106) 35 33-7 104 (72-144)
Rectum 5 4-8 103 (34-241) 9 14 1 64 (29-121) 18 24-2 74 (44-118)
Larynx 1 1-02 98 (2-546) 7 3-1 227 (91-469) 9 5 3 169 (77-320)
Lung 47 414 113 (83-151) 119 1260 94 (78-113) 194 2162 90 (78-103)
Prostate 4 1 9 210 (57-538) 12 9 0 133 (68-232) 23 23 2 99 (63-149)
Kidney 2 2-2 90 (11-325) 7 6 6 106 (43-219) 8 10 6 75 (33-149)
Leukaemia 3 4-7 64 (13-188) 9 8 7 103 (47-196) 14 11 9 117 (64-197)
Cerebrovascular disease 15 30 6 49 (27-81) 73 87 2 84 (66-105) 136 154 8 88 (74-104)
Ischaemicheart disease 113 121 6 93 (77-112) 367 387-8 95 (85-105) 665 649-5 102 (95-110)
Diseases ofthe arteries 3 5 0 60 (12-176) 15 18-1 83 (46-137) 35 38-5 92 (64-127)
Pneumonia 6 12 4 48 (18-105) 32 35-3 91 (62-128) 53 67-9 78 (58-102)
Bronchitis 20 22-6 89 (54-137) 41 62-4 66 (47-89) 64 101 9 63 (48-80)

564



Furtherfollow up of mortality in a United Kingdom oil distribution centre cohort

Table 6 Observed (0) and expected (E) deaths, SMRs, and
95% CIs for general manual workers for selected disease and
company subgroups

Cause of death Company 0 E SMR (95% CI)

All causes I 99 101-1 98 80-119
II 489 426-4 115 105-125
III 158 140-4 113 96-132
Total 746 667-8 112 104-120

All neoplasms II 133 107-7 123 103-146
Total 187 166-0 113 97-130

Malignant II 57 42-0 136 103-176
neoplasm
of the lung

Total 77 65-2 118 93-148
Diabetes Total 10 4-8 209 100-385
Cerebrovascular Total 80 64 1 125 99-155

disease
Ischaemic heart Total 225 205-0 110 96-125

disease
Peptic ulcer Total 12 6-4 189 98-330
Motor vehicle Total 13 7-6 172 91-294

accidents

increased with increasing calendar period of follow
up until 1975 and then declined.
The raised mortality patterns from diseases of

the arteries were not as pronounced as those in the
refinery study.4 The observed deaths overall were

more than those expected (see table 4), and mortal-
ity was also raised for operators (O= 52, E=45-1,
SMR=115, 95% CI 86-151) and for administra-
tive, clerical, and managerial staff (O = 34, E= 29-2
SMR = 116, 95% CI 81-163).
Of the 238 deaths from the broad disease

category, diseases of the arteries, 60 were from
atherosclerosis (E =71-9, SMR = 83, 95% CI
64-107) and 133 were from aortic aneurysm.

Table 8 gives results for aortic aneurysm by
company, age, and selected subgroups. The raised
mortality from diseases of the arteries was due
mainly to raised mortality from aortic aneurysm;
this was high in companies I and III in particular.

Table 7 Observed (0) and expected (E) deaths, SMRs, and
95% CIs for ischaemic heart disease by company and other
subgroups

Subgroup 0 E SMR (95% CI)

Company:
I 220 211-4 104 (91-119)
II 1916 1878-4 102 (97-107)
III 901 936-2 96 (90-103)
Total 3037 3026-0 100 (97-104)

Age:
<45 94 90 4 104 (84-127)
45-54 458 403 4 114 (103-124)
55-64 864 872-2 99 (93-106)
65-74 1044 996-4 105 (99-111)
75 332 364-9 91 (81-101)

Job:
Operator 655 625-2 105 (97-113)
Driver 1172 1172-4 100 (94-106)
Craftsman 187 194-3 96 (83-111)
General manual worker 225 205-0 110 (96-125)
Security man 98 110-5 89 (72-108)
Administrative/clerical/ 412 396-5 104 (94-114)

managerial
Supervisor 288 318-2 91 (80-102)

Mortality was increased slightly at all ages after 60
years. Drivers, supervisors, and general manual
workers from company III also showed increased
mortality from aortic aneurysm. One company,

(II), showed raised mortality from other peripheral
vascular disease (ICD-9th revision 443 0= 14,
E= 8-8, SMR= 159, 95% CI 87-267).

CAUSES OF DEATH FROM MALIGNANT DISEASES
Table 9 gives the observed and expected deaths,
the SMRs, and the 95% CIs for causes of death
from malignancy for the total distribution centre
study population, separately for the first and sec-

ond, and the total follow up periods.
The mortality from all neoplasms was clearly low

in the first follow up period but the observed deaths
were only slightly less than those expected in the

30-39 40-49 ) 50

0 E SMR (95% CI) 0 E SMR (95% CI) 0 E SMR (95% CI)

2074 2229-5 93 (89-97) 1743 1868 7 93 (89-98) 1758 1890 2 93 (89-97)
567 608 9 92 (84-101) 441 479-0 92 (84-101) 388 418-2 93 (84-102)
50 63-8 78 (58-103) 55 51 6 107 (80-139) 29 40-6 71 (48-103)

50 38-6 130 (96-171) 27 31-0 87 (57-127) 32 30-0 107 (73-151)
26 27-7 94 (61-137) 23 22 5 102 (64-153) 24 20-3 118 (76-176)
5 6 2 81 (26-189) 4 4 7 85 (23-217) 7 3-7 191 (77-393)

217 248-4 87 (76-100) 178 196 2 91 (78-105) 118 149-3 79 (65-95)
37 34-3 108 (76-149) 36 33-0 109 (76-151) 54 47-2 115 (86-150)
20 11 1 180 (110-279) 10 7-6 132 (63-243) 6 5-7 105 (38-228)
16 12 4 129 (74-209) 12 9-5 127 (65-221) 7 9-2 76 (31-157)

167 197-7 84 (72-98) 192 190 1 101 (87-116) 243 221 7 110 (96-124)
774 728-8 106 (99-114) 594 592 2 100 (92-109) 524 546-3 96 (88-105)
58 50 0 116 (88-150) 57 49-8 115 (87-148) 70 66-0 106 (83-134)
77 84-8 91 (72-114) 81 93-8 86 (69-107) 127 151-1 84 (70-100)
93 129 3 72 (58-88) 108 130 5 83 (68-100) 74 110-2 67 (53-84)
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Table 8 Observed (0) and expected (E) deaths, SMRs,
and 95% CIs for aortic aneurysm by company and other
subgroups

Subgroup 0 E SMR (95% CI)

Company:
I 12 8-1 149 (77-260)
II 67 72-2 93 (72-118)
III 54 37-0 146 (110-191)
Total 133 117-2 113 (95-134)

Age:
<60 21 19-4 108 (67-165)
60-69 42 36-1 116 (84-157)
70-79 48 44-8 107 (78-142)
80 22 16-9 130 (82-197)

Job:
Driver from company III 20 12 7 158 (96-244)
Supervisor from company III 10 4 9 203 (97-373)
General manual worker 4 1 5 270 (74-692)

from company III

second period. This higher mortality in the second
follow up period was reflected in many of the indi-
vidual groups of neoplasms, for example, malignant
neoplasms of the oesophagus, stomach, liver and
gall bladder, pancreas, lung, and bladder. It was
pronounced for malignant neoplasms of the
intestines, and larynx. The SMRs were similar for
the two follow up periods for leukaemia,
melanoma, and malignant neoplasms of the
prostate and kidneys, and lower in the second

period for malignant neoplasms of the rectum and
brain, lymphosarcoma, Hodgkin's disease, and
multiple myeloma. There were a few SMRs greater
than 100 for the total study population for the total
follow up period-namely, malignant neoplasms of
the larynx, prostate and kidney, Hodgkin's disease,
and leukaemia-but none of these were raised
appreciably (as judged by the confidence interval).

Malignant neoplasms of the digestive tract
With the exception of malignant neoplasm of the
rectum the mortality from diseases in this group

tended to increase in the second follow up period,
appreciably so for malignant neoplasm of the
intestines. The only raised mortality found was in
this last group, in clerical, administrative, and cleri-
cal workers (O=34, E=21-0, SMR= 162, 95% CI
112-226), particularly at company II (0 = 25,
E=13-2, SMR= 189, 95% CI 123-280). There
was a tendency for mortality from malignant neo-
plasms of the intestines to increase as time since
first employment increased to 30-39 years (table 5).

Malignant neoplasms of the respiratory system
Mortality from malignant neoplasm of the larynx
increased greatly in the second follow up period
particularly at company I (O= 5, E= 1 7, SMR=
302, 95% CI 98-704) and, to a lesser extent, at
company II (O=20, E= 14-9, SMR= 134, 95% CI

Table 9 Observed (0) and expected (E) deaths, SMRs, and 95% CIs for malignant causes of death

Follow up 1951-75 Follow up 1976-89 Follow up 1951-89

Disease 0- E SMR (95% CI) 0 E SMR (95% CI) 0 E SMR (95% CI)

Allmalignant 1012 1137-7 89 (84-95) 1304 1333 0 98 (93-103) 2316 2470.7 94 (90-98)
neoplasms
Malignant 14 17-0 82 (45-138) 11 19 6 56 (28-100) 25 36 6 68 (44-101)

neoplasms of
the buccal
cavity and
pharynx

Oesophagus 17 27-6 62 (36-99) 33 46 9 70 (48-99) 50 74 5 67 (50-89)
Stomach 124 142 2 87 (73-104) 114 115 3 99 (82-119) 238 257 5 92 (81-105)
Intestine 57 70 4 81 (61-105) 103 89 7 115 (94-139) 160 160 1 100 (85-117)
Rectum 56 52 7 106 (80-138) 49 61 0 80 (59-106) 105 113 7 92 (76-112)
Liver and 15 20-2 74 (42-122) 17 20 5 83 (48-133) 32 40 7 79 (54-111)

gall bladder
Pancreas 38 46-0 83 (58-113) 60 56-9 105 (80-136) 98 102 9 95 (77-116)
Larynx 10 11-5 87 (42-160) 23 12-5 184 (117-276) 33 24-0 138 (95-193)
Lungandpleura 391 476-0 82 (74-91) 482 501 4 96 (88-105) 873 977-4 89 (83-95)
Melanoma 3 4 9 61 (13-179) 5 7 5 67 (22-156) 8 12-4 65 (28-127)
Prostate 54 47-1 115 (86-150) 112 101 5 110 (91-133) 166 148-6 112 (95-130)
Bladder 33 41 9 79 (54-111) 51 55 5 92 (68-121) 84 97 4 86 (69-107)
Kidney 23 18 6 124 (78-186) 30 25-2 119 (80-170) 53 43 8 121 (91-158)
Brain 39 36-1 108 (77-148) 26 28-0 93 (61-136) 65 64 1 101 (78-129)
Reticulum cell 2 6 4 31 (4-113) 1 1-2 83 (2-464) 3 7-6 40 (8-116)

sarcoma
Lymphosarcoma 7 6 8 103 (41-212) 2 3 5 57 (7-206) 9 10-3 88 (40-167)
Hodgkin's disease 17 12-1 141 (82-225) 2 4 8 42 (5-151) 19 16 9 113 (68-176)
Other neoplasms 6 3 5 171 (63-373) 18 20 3 89 (53-140) 24 23-8 101 (65-150)

of lymphoid tissue
Multiple myeloma 11 9-2 120 (60-214) 13 17 0 76 (41-131) 24 26-2 92 (59-136)
Leukaemia 28 26 4 106 (70-153) 33 30 0 110 (76-154) 61 56-4 108 (83-140)
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82-208). Several job groups-namely, operators
(0=7, E=4-95, SMR= 141, 95% CI 57-292),
drivers (0= 14, E=9-3, SMR= 150, 95% CI
82-252), and craftsmen (O=4, E= 1-54,
SMR= 259, 95% CI 71-663)-showed slightly
increased mortality from this disease. There was a
tendency for mortality from malignant neoplasm of
the larynx to increase with increasing year of entry
with a corresponding decrease with time since first
employment (table 5). Whereas mortality from
malignant neoplasm of the lung was still lower than
expected in the second follow up period the trend
was for increasing mortality from this disease as the
calendar period of follow up increased. Mortality
was slightly increased for operators and general
manual workers.

Melanoma and other skin neoplasms
Unlike the refinery study there were no raised
mortality patterns from melanoma or other skin
neoplasms.

Malignant neoplasms of the genitourinary system
Mortality was raised overall for both follow up
periods for malignant neoplasms of the prostate
and kidney, and increased in the second follow up
period, although it was still lower than expected for
malignant neoplasm of the bladder.

Mortality from malignant neoplasm of the
prostate was raised only in company II (O= 113,
E=89-6, SMR=126, 95% CI 104-152), particu-
larly in operators (0=29, E=17 7, SMR=164,
95% CI 110-235), and to a lesser extent in security
men (O = 8, E= 4-6, SMR= 174, 95% CI 75-343).
Mortality from this disease tended to increase as
the time since first employment increased (table 5).

Although overall mortality from malignant neo-
plasm of the bladder was low mortality from this
disease was clearly raised at company I, based on
12 observed deaths (E=6-5, SMR= 185, 95% CI
96-324).

Details of the results for kidney cancer have been
reported elsewhere.3 Briefly, mortality from malig-
nant neoplasm of the kidney was raised overall
(0=53, E=43-8, SMR=121, 95% CI 91-158)
and in drivers in particular (0=25, E= 17-7,
SMR= 141, 95% CI 91-209). Mortality tended to
decline as the year of entry increased with a corre-
sponding increase with the time since first employ-
ment up to 30-39 years (table 5).

Malignant neoplasm of the brain and central nervous
system
The mortality from this disease group was slightly
lower in the second follow up period than in the
first, giving an SMR for the total follow up period
of 101 (see table 9). As in the refinery study there

was no evidence of raised mortality for this disease
group.

Malignant neoplasms of lymphatic and haematopoietic
tissue
In general the numbers of observed deaths in these
disease groups were small, making interpretation of
the results difficult. There was little evidence of
raised mortality in three of the groups, namely
reticulum cell sarcoma, Hodgkin's disease, and
multiple myeloma.
There was only one excess of observed deaths

compared with those expected in lymphosarcoma
-namely, in general manual workers but it was
based on only three observed deaths (E= 0-72,
SMR= 418, 95% CI 86-1223).

Mortality from other neoplasms of the lym-
phoid tissue was lower in the second follow up
period than in the first. There was a pronounced
excess of observed deaths from this disease in
operators based on 10 observed deaths (E=5 03,
SMR= 199, 95% CI 95-365).
The results for leukaemia have been reported in

detail elsewhere.3 Mortality was similar in both
follow up periods and tended to increase with
increasing time since first employment (table 5).
There was no clear pattern by year of entry. No one
type of leukaemia showed appreciably increased
mortality.

Nearly 75% of the deaths from leukaemia
occurred in company II (0=46, E=35 5,
SMR= 130, 95% CI 95-173) and raised mortality
was found in this company for lymphatic
leukaemia, particularly chronic lymphatic
leukaemia (O= 15, E=8-52, SMR= 176, 95% CI
99-290), and to a lesser extent acute myeloid
leukaemia (O = 17, E = 13 15, SMR= 129, 95% CI
75-207). Mortality was raised in drivers (0=28,
E=22-4, SMR= 125, 95% CI 83-181), mostly at
company II (0=21, E=14-6, SMR= 133, 95%
CI 89-220). Nineteen of the deaths from leukaemia
in drivers were -from myeloid leukaemia (E=8-34,
SMR= 156, 95% CI 83-267) and thirteen
were from acute myeloid leukaemia (E= 8-39,
SMR= 155, 95% CI 82-265).

Discussion
The limitations of this type of mortality study and
the problems inherent in the interpretation of the
results have been discussed elsewhere.4
Differences in the mortality patterns between the

three companies may be due to differences in the
workforce or type of distribution centres. Details
have been discussed previously' 2 but the distri-
bution centres (about 750) covered in the study
period varied in age, numbers of men eligible for
the study (between one and 800), and type (six
were lubricating oil blending plants, and 22 were
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airports). About 4% of both the study population
and of those dead were men employed at blending
plants. Men employed at airports accounted for 8%
of the study population but only 3% of the deaths.
The numbers were thus too small for separate
analysis. An examination of the deaths by distri-
bution centre, however, did not show any obvious
excesses of deaths at any individual or type of
centre.
As discussed earlier the information from com-

pany III was taken mainly from pension records
(71% of those who left company III were retirees
compared with 14% and 33% from companies I
and II respectively), and records for men leaving for
reasons other than death or retirement were mostly
unavailable. An appreciable number of men from
company III were therefore not included in the
study. Those omitted were likely to have been
younger and with shorter service and might thus
have contributed fewer deaths to the study than
men who retired. Company I had a larger number
who left for reasons other than death or retirement.
These men were generally young when they left
and duration of service was short.

Dates of leaving for those in post at 31
December 1975 were not obtained from the com-
panies for the second follow up. An analysis by
duration of service was therefore not possible. No
information was collected on job history either
within or outside the oil industry for the same
reasons outlined in the refinery study paper.4 Data
on exposures to potential hazards were also not
available and neither was information on lifestyle,
such as smoking habits, alcohol consumption, diet,
or leisure activities.
As in the refinery study the number of deaths

have more than doubled, from 3903 in the first
follow up to 8743 at 31 December 1989, and the
person-years have increased by around 230 000.
The overall relative mortality of the study popula-
tion remained low, a continuation of the healthy
worker effect.

This lowered mortality was also reflected in
many of the numerically large non-malignant
causes of death such as cerebrovascular disease,
diseases of the arteries, pneumonia, and bronchitis.
Some of the individual job groups showed slightly
raised mortality from specific non-malignant
disease, in particular stroke and heart disease in
general manual workers. Similar to the refinery
study the expected deaths were not adjusted to take
into account variations in mortality by social class.
Many of the diseases for which increased mortality
was found in general manual workers, show appre-
ciable trends from low to high mortality for social
classes I to V. If adjustment had been made to the
expected number of deaths for general manual
workers with the data for social class V the

increased mortality would have been greatly dimin-
ished or would have disappeared altogether. In a
similar manner low mortality was found for crafts-
men, supervisors, and clerical, administration and
managerial staff. Mortality was increased in security
men for some non-malignant diseases, in particular
bronchitis, but there was a tendency for men who
developed poor health to be transferred from other
work to this job.
The consistently raised mortality from ischaemic

heart disease is more difficult to interpret, because
it is raised across several job groups and age groups.
The patterns for this disease were by contrast with
those of most of the heart disease groups, in which
the mortality was generally low, and also at
variance with many other occupational studies.
Increased mortality was also found for diseases of
the arteries, in particular, aortic aneurysm,
although to a lesser extent than in the refinery
study.

Mortality from all neoplasms was once again
lower than expected, due mainly to considerable
deficits in mortality from malignant neoplasm of
the lung. This mortality tends to increase, however,
as the follow up period increases, with increased
mortality for general manual workers. There are no
data on the smoking habits of distribution centre
workers but it may be that their smoking habits are
different from those of the general population.
There was also a tendency for mortality from
malignant neoplasm of the larynx to increase as the
calendar period of follow up increased, with
increased mortality from this disease being found in
several job groups.

Unlike the refinery study there was no increased
mortality for malignant neoplasms of the digestive
tract, although an isolated excess of observed
deaths from malignant neoplasm of the intestines
occurred in clerical, administrative, and managerial
staff. Again there was no raised mortality from
melanoma.
The drivers and operators are probably the two

groups with most exposure to any potential chemi-
cal hazard, in particular hydrocarbons. Concern has
been expressed about raised mortality from such
diseases as malignant diseases of the prostate, kid-
ney, and brain, leukaemia, and other lymphatic
neoplasms.7 26-29 Neurological disorders have also
been suggested as being exacerbated by exposure to
petroleum hydrocarbons."'2 As discussed, how-
ever, no data on exposures to hydrocarbons were
collected in this study.

As in the refinery study, the slightly raised mor-
tality from malignant neoplasm of the prostate con-
tinued in the second follow up period, with
operators again having the most pronounced
increases in mortality. Mortality from malignant
neoplasm of the kidney was raised overall and in
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drivers in particular. There was a tendency for the
mortality to increase with increasing time since first
employment.

As in the refinery study there was no raised
mortality from malignant neoplasm of the brain.

Particular interest has been shown in mortality
from leukaemia and its possible relation with expo-
sure to benzene and other solvents.30-32 The total
observed deaths from leukaemia were once again
slightly higher than those expected, but sub-
stantially increased in only one company. Nearly
half of the deaths from leukaemia occurred in
drivers, and mortality was raised for drivers for
myeloid leukaemias, and in particular acute
myeloid leukaemia.

In conclusion, the mortality of the distribution
centre study population has continued to be lower
than that of the general population, both overall
and from many of the numerically large disease
groups. The lack of a healthy worker effect in
ischaemic heart disease has continued and there are
some other specific raised mortality patterns that
may warrant further investigation. As in the refinery
population, the population of the distribution
centres is now largely flagged at the NHSCRs and
as further deaths occur in the cohort the death
certificates will be provided. Future patterns of
mortality could thus be monitored routinely.
Specific issues of particular concern-for example,
the raised mortality from aortic aneurysm and,
as suggested elsewhere,3 kidney cancer and
leukaemia-could be further investigated by carry-
ing out nested case-control studies.
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Cross and other members of the Department of
Mathematics, Statistics and Computing at Thames
Polytechnic for their help and advice on the study. I
am grateful to OPCS, the DSS, and the Registrar
General for Scotland for carrying out the flagging
and tracing of the study population. I would also
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