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ABSTRACT In a search for clues to previously unrecognised industrial carcinogens the occupational
and smoking histories of young and middle aged men with different types of cancer have been
compared. The study population comprised men aged 18-54 and resident in the counties of Cleve-
land, Humberside, and Cheshire (including the Wirral). Within this population 2942 patients in
whom cancers were first diagnosed during the period 1975-80 were identified retrospectively from
hospital and cancer registration records. Lifetime occupational and smoking histories were then
sought from these subjects (or if they had died by proxy from their next of kin), using a postal
questionnaire. The overall response rate was 52- 1%. Analysis of limited occupational data obtained
from the hospital notes of 89% of the patients suggests that no serious bias arose from the incom-
plete response to the questionnaire. The present paper describes the findings for non-respiratory
cancers. Some tumours did not occur with sufficient frequency to warrant formal statistical analysis.
Nevertheless, examination of the histories of patients with these cancers showed several interesting
occupational clusters. In particular, five out of 29 patients with acute myeloid leukaemia had
worked in electrical trades. The more common cancers were studied by statistical techniques. A
large number of possible occupational associations were examined, and some will probably have
achieved conventional levels of statistical significance by chance. The results should therefore be
interpreted with caution, taking into account evidence from other studies and the biological plau-
sibility of suggested hazards. Among the more interesting findings were an excess of bladder cancer

in lorry drivers (RR = 1-6, CI 1s0-2-4) and in men employed in the manufacture of vegetable and
animal oils and fats (RR = 4-8, CI 1-8-12-9).

In an attempt to generate clues to previously
unrecognised industrial carcinogens we have com-
pared the occupational histories of a sample of young
and middle aged men with different types of cancer.
The present paper describes the findings in relation to
non-respiratory tumours.

Method

The design of the survey has been described in detail
in an earlier report,' and we here give only a brief
summary of the methods by which data were col-
lected. The study population comprised men aged 18
to 54 and resident in an area roughly equivalent to the
counties of Cleveland, Humberside, and Cheshire,
together with the Wirral district of Merseyside. By
searching hospital pathology records and cancer reg-
istry files we attempted to ascertain retrospectively all
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cancers diagnosed in the study population during the
period 1975-80. A total of 2942 patients with cancer
were identified, and their lifetime occupational and
smoking histories were sought by means of a postal
questionnaire addressed either to the patients them-
selves or, if they had died, to their next of kin. The
overall response rate to the questionnaire was 52- 1 %.
In addition to the histories elicited by questionnaire,
limited occupational information (usually just a brief
record of the job at the time of diagnosis) was
obtained for 89% of cases from their hospital notes.
The data were analysed in two ways. The rarer can-

cers (those for which fewer than 20 histories were
obtained in response to the postal questionnaire) were
studied simply by inspection of all the occupational
information that was available about cases (informa-
tion from both hospital records and questionnaires)
in a search for any common features.

Cancers that occurred more frequently were exam-
ined statistically, each individual diagnostic category
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Table 1 Cancers that occurred too infrequently for
statistical analysis

Cancer No of No of
cases responders

Carcinoma of parotid 16 9
Carcinoma of small intestine 11 9
Carcinoma of liver 9 3
Carcinoma of biliary system 10 6
Myeloma and plasmacytoma 26 17
Acute myeloid leukaemia 29 14
Acute lymphatic leukaemia 14 9
Chronic myeloid leukaemia 15 7
Chronic lymphatic leukaemia 13 8
Sarcoma of bone 17 12
Carcinoma of prostate 35 17
Carcinoma of penis 8 4
Meningioma 13 8
Carcinoma of thyroid 19 12
Carcinoid tumours 33 19

Table 2 Cancers examined by statistical techniques

Cancer No of No of
cases responders

Carcinoma of oral cavity 60 34
Carcinoma of oesophagus 68 28
Carcinoma of stomach 198 93
Carcinoma of colon 176 94
Carcinoma of rectum 167 99
Carcinoma of pancreas 62 25
Carcinoma of skin* 59 35
Malignant melanoma 64 35
Testicular cancer 160 91
Carcinoma of bladder and

renal pelvist 272 179
Carcinoma of renal parenchyma 75 39
Cancer of brain 97 46
Hodgkins disease 119 70
Non-Hodgkins lymphoma 97 62
Soft tissue sarcomat 54 33

*Basal cell carcinomas of the skin were excluded.
tlncludes papilloma of bladder.
TIncludes sarcomas of specific organs such as leiomyosarcoma of
stomach.

being compared with all other cancers combined.
Jobs reported in the questionnaires (occupational
information from hospital records was not used in
this analysis) were coded using the Registrar Gen-
eral's 1966 classification of occupations2 and 1968
classification of industries,3 and risks were calculated
for men who had ever worked in an occupation or
industry before diagnosis relative to that ofmen never
so employed. In our calculations we made allowance
for age (18-34, 35-44, 45-49, or 50-54), county of
residence (Cheshire and the Wirral, Cleveland, or
Humberside), the source of the history (patient or rel-
ative) and smoking (non-smoker, ex-smoker, light
smoker, or heavy smoker*); and derived Mantel-
Haenszel summary estimates of relative risk (RR)

*The distinction between light and heavy smokers depended on the
duration of smoking and the amount smoked.

Coggon, Pannett, Osmond, and Acheson

with approximate 95% confidence intervals (CI).4

Results

Table 1 shows the cancers that occurred too infre-
quently for formal statistical analysis. Review of the
data available for these tumours showed five possible
occupational clusters. The 26 patients with myeloma
or plasmacytoma included three turners; three of the
11 patients with carcinoma of the small intestine had
been metal machinists (two turners and one buffer);
five of the 29 patients with acute myeloid leukaemia
had worked in electrical trades (a telephone engineer,
an electrician, a radar mechanic, a cable layer, and a
radio mechanic), and of ten patients with carcinoma
of the biliary system, three had been teachers and four
had worked as vehicle mechanics or autoelectricians.
No cancers were found to cluster in a single factory or
place of work.

Table 2 shows the cancers that were examined sta-
tistically. The associations between these cancers and
the industrial and occupational orders defined by the
Registrar General are given in tables 3 and 4. Associ-
ations statistically significant at a 5% level were
examined in more detail.
The incidence of oesophageal carcinoma was raised

in "warehousemen, storekeepers, packers, and bot-
tlers" (RR = 5 2, CI 1 9-14 3), but the five patients
giving rise to the association had worked in quite
different industries. Similarly, an excess of cases in
"distributive trades" (RR = 2-2, CI 1 0-4-7) was not
concentrated in any single branch of the marketing
industry.
Carcinoma of the stomach occurred most fre-

quently in "painters and decorators" (RR = 2-3, CI
1 0-5-0) and in "food, drink, and tobacco workers"
(RR = 2 2, CI 1 1-4-3). Eight patients had worked as
painters but in various industrial settings. The high
incidence in food workers was due largely to a cluster
of six butchers with stomach tumours (RR = 7 3).
A high incidence ofcolonic carcinoma was found in

the occupational order "miners and quarrymen"
(RR = 3.9, CI 1 5-10-2) and in two industrial orders,
"mining and quarrying" (RR = 3 8, CI 1 9-7 6) and
"chemicals and allied industries" (RR = 2-1, CI
1 3-3 4). The association with mining and quarrying
stemmed largely from an increased risk in the coal
industry (RR = 4-9), but three of the eight patients
employed in coal production had not worked under-
ground. The association with chemical manufacture
was not concentrated in any one branch of the indus-
try.
The incidence of carcinoma of the rectum was high

among "professional, technical workers, artists"
(RR = 19, CI 1.1-31) and in the industrial order
"professional and scientific services" (RR = 2-0, CI
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Table 3 Associations between cancers and industrial orders: relative risks and (in parentheses) the number of cases from the industry
concerned

C~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~Z S

3t ct:3:

Agriculture, forestry,
fishing 1 3 (5)

Mining and
quarrying 0 6(1)

Food, drink, and
tobacco 0-8 (4)

Coal and petroleum
products 1.4(3)

Chemicals and allied
industries 0 3 (3)

Metal manufacture 1 .0 (9)
Mechanical

engineering 1 4(6)
Instrument

engineering -(0)
Electrical engineering -(0)
Shipbuilding and

marine engineering 18 (6)
Vehicles 0-9 (4)
Metal goods nec 1.1(2)
Textiles -(0)
Leather, leather

goods, and fur -(0)
Clothing and footwear -(0)
Ericks, pottery, glass,

cement, etc 1-2(2)
Timber, furniture, etc 0 4(1)
Paper, printing, and

publishing 0-6(1)
Other manufacturing

industries 0-7 (1)
Construction 1-5(13)
Gas, electricity, and

water 1-9 (3)
Transport and
communication I 8(14)

Distributive trades 04 (5)
hisurance, banking,

finance, and
business services -(0)

Professional and
scientific services 1-1(5)

Miscellaneous services 0 5 (3)
Public administration
and defence 0-6(19)

2.0(6)

1-2(2)

16(5)

1.3 (2)

10(5)
0-4(4)

1 0(4)

6 6(1)
1-4(1)

1 1 (3)
0-8 (2)
0 7(1)
1 0(1)

-(0)
-(0)

-(0)
1 9(2)

-(0)

-(0)
l(8)

1 5 (2)

1 6(11)
2-2(11)

2 6(2)

1 0(3)
2 1(7)

16(20)

1-2(12)

1 3 (6)

1 0(12)

0-5 (3)

0.9 (19)
0-9 (23)

11(13)

-(0)
0-9(4)

13(12)
1.5(12)
09(5)
1*4(6)

0-8 (1)
0-5(1)

15 (6)
1*6(6)

0-9(4)

0-6(2)
1-4(30)
0-3 (2)

1 0(27)
12(25)

0-7(2)

0-6(6)
1-3(14)

1*4(66)

17(14)

3 8(11)

11 (12)

1.3 (7)

2-1 (30)
0 6(16)

1-2(15)

0-8 (1)
1-2(6)

0-3 (3)
0 9(1 1)
0-5 (3)
1I1 (4)

-(0)
-(0)

1.4(5)
0-7(3)

0-8 (3)

1 7(4)
12(29)
0 9(4)

0-8 (23)
14(29)

1 5 (4)

1 2(16)
0 7(11)

1 0(62)

0-5 (7) 0 9(3)

0-3 (2) 2-3 (2)

07(11) 07(3)

02(1) 1 6(2)

07(18) 10(4)
I 1 (27) 1*6(7)

1 4(20) 0 3(1)

1-6(2) -(0)
0-7(4) -(0)

12(13) 1 3 (3)
1 1(13) 0 3(1)
0 9(6) 3-8 (4)
13 (6) -(0)

1*7(2) -(0)
2-2(2) -(0)

0-4(2) -(0)
10(4) 1-2(1)

12(6) 4-4(4)

0-3 (1) -(0)
0-9(29) 0 7 (5)

0-3 (2) 2 5(2)

0-9(31) 1-5(10)
0-7(21) 0-4(3)

0-8(3)

2-0(19)
1-0(16)
0-9(65)

-(0)

1-9(4)
0-2(1)
2-5(20)

1-8 (7)

1-5 (2)

0-8(4)

0-3(1)

0-8 (7)
0-8 (9)

1-6(8)

-(0)
14(2)
0 9 (4)
0-8(4)
0-2(1)
1 0(2)

-(0)
-(0)

0-5(1)
1-3 (3)

0 3 (1)

0-4(1)
0-7(8)

1-5 (2)

1-6(13)
09(11)

-(0)

1 0(4)
0-6(5)

1-0(25)

1 5(4)

-(O)

0-9(3)

1-3 (4)

1-0(7)
0-9(7)

0-5(3)

3-9(1)
1-3 (2)
0-4(1)
1-1 (5)
0-8 (2)
-(0)

-(0)
6-7(2)

0-9(1)
1-6(1)

1-3 (2)

1 -0(1)
0 5(7)

1-7(3)

0-6(7)
2 2(13)

1 5(2)

2.1(8)
1-2(7)
0 7(16)

0-8 (7)

11 (4)

1-0(10)

0-6(5)

1-1(16)
0-7(12)
0-9(13)

0-5(1)
0-9(3)
1-7(7)
0-7(7)
11 (7)
0-5 (2)

1.8 (3)
6 0(3)

3 5(8)
0-5(2)

0-6(4)

3-1(5)
0-6(18)

1-9(5)

1-1 (21)
1-2(26)

1-7(7)

1.2(19)
1.7(23)

1-2(30)

08(21)

0-5(5)

1 5(35)

1 1(13)

0-8 (37)
1-1 (45)
0-5(15)

0-6(1)
1-4(10)
0-7(17)
0-9 (20)
1-0(12)
1-0(11)

1.3 (4)
0-7(2)

1-7(12)
0 6(7)

1.3(11)

1.1(7)
0-7 (42)

0-7(7)

1.7(72)
1-2(62)

1-6(7)

-(0)

0-9(5)

2-4(4)

0-7(5)
1-2(12)

1-0(6)

-(0)
-(0)

0-7 (3)
0-4(2)
0-4(1)
1-4(3)

-(0)
1.2(1)

1.1 (1)
1-1 (2)
2-4(3)

-(0)
0-8 (10)

0-5(1)

1.0(12)
1-4(13)

1.2(6) -(0)

0.7(17) 0-3 (2)
1-6(37) 05 (3)

0-8(104) 1.0(25)

1-3 (6)

0-8 (2)

1-5 (8)

1-3 (3)

0-3 (3)
0-5(4)

3-0(11)

5-8(2)
1-9(3)
2-4(7)
0-6(4)
1-6(4)
0-9(2)

2.5 (2)
2.4(1)

1.2(2)
0-5(1)

0-9(2)

0-7(1)
0-5 (7)

1-7(3)

1-1 (14)
0-8 (10)

-(0)

0-6(5)
0-7(5)

1.6(25)

0-6(5)

0-5(2)

1-0(8)

0-8 (4)

1-4(14)
1 6(17)

1 0(10)

2 4(2)
0-4(1)

0 3 (2)
0 8(5)
0-9(4)
0-8(3)

2 2(3)
-(0)

0-6(2)
1 0(3)

24(7)

0 6(1)
0-9(16)

0-8(2)

0.5(10)

1.3(20)
1-8(6)

1-4(16)
0-6(10)
0-9(25)

1-0(6) -(0)

3.4(7) 0-9(l)

05(4) 05(2)

2-5(8) 1-2(3)

0 7(9) 2 3 (10)
16(15) 12 (8)

1 3(10) 15 (7)

1 0(1) -(0)
1-4(4) 1 0(1)

1.0(5) 0-6(2)
1 5(10) 1 0(4)
1*7 (6) 0 8 (2)
14(5) 20(2)

-(0) -(0)
2.5 (2) -(0)

0-4(1) 1-3 (2)
1 1(3) 1.9(2)

-(0) 3.4(5)
2.0(3) 06(1)
0.7(12) 12(10)

0o5(l) 2.2(2)

0-9(16) 1H1(8)
0 5 (9) 1 0(9)

1.1(3) 06(1)

1-3(11) 0.9(4)
0-9(9) 0-9(5)

1.6(37) 0-6(14)

nec = Not elsewhere classified.

1-2-3-5). When these associations were examined in
more detail, the biggest single contribution was found
to come from a high rate among nurses (RR = 17-0).
The five who had worked as nurses had all been
employed in general nursing, although two were also
registered mental nurses.

Malignant melanoma was significantly associated
with work in "distributive trades" (RR = 2-2, CI
1-0-4-8), most patients being "sales workers"
(RR = 2-0, CI 0-9-4-7). The risk, however, was not
specific to the sale of any one type of merchandise.
The incidence of testicular cancer was high in the

industrial order "bricks, pottery, glass, cement"
(RR = 3 -5, CI 1-3-9- 1). The association was based on

eight patients, among whom three had been employed
in the manufacture of concrete blocks (one labourer,
one machinist, and one caster) and two in the pro-
duction of moulded asbestos goods. Of the
occupational orders, "administrators and managers"
(RR = 3-0, CI 1-3-7-1) showed the strongest associ-
ation with testicular cancer.
The risk of carcinoma of the bladder and renal pel-

vis was significantly raised in the occupational order
"transport and communication workers" (RR = 1-5,
CI 1-1-2-2), and in two industrial orders, "transport
and communication" (RR = 1-7, CI 1-2-2-4) and
"miscellaneous services" (RR = 1-6, CI 1 -0-2-4). The
high incidence in the transport industry was due prin-
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Table 4 Associations between cancers and occupational orders: relative risks and (in parentheses) the number of cases from the
occupation concerned

Farmers, foresters, fishermen 1.7(6) 2.0(6) 1-1(12) 1-5(13) 0-7(9) 0.6(2)
Miners and quarrymen 1.1 (1) -(0) 0-6(2) 3.9(6) 0.6(2) 4-7(2)
Gas, coke, and chemical makers 0-5(2) 0 5(1) 1.1(9) 2.0(12) 0 5(6) 0.6(1)
Glass and ceramics makers -(0) 5.2(1) 2.5(1) 4-4(1) -(0) -(0)
Furnace, forge, foundry, rolling mill workers 0 9(2) 0.7(1) 0-5(2) 0-8(5) 0-7(6) 0.9(1)
Electrical and electronic workers -(0) 1.5(2) 1.3(7) 1.2(8) 0.9(6) -(0)
Engineering and allied trades workers nec 0-9(12) 1.0(10) 1.0(31) 0.7(25) 0 9(35) 1.0(8)
Woodworkers 1-4(3) -(0) 10(6) 18(11) 09(5) 1.5(2)
Leather workers -(0) -(0) 0-8(1) -(0) 0-6(1) -(0)
Textile workers -(0) -(0) -(0) 5-9(3) 0-8(1) -(0)
Clothing workers 2-4(1) -(0) -(0) -(0) 15(1) -(0)
Food, drink, and tobacco workers 1-1(3) 2 3(4) 2-2(11) 0-5(4) 0-9(8) 1.5(3)
Paper and printing workers 1.2(1) -(0) 0-3(1) 1.8(3) 0.9(3) 6.2(3)
Makers of other products 18(2) -(0) 0-5(2) 09(3) 0-5(2) 1.4(1)
Construction workers 1 1(5) 06(2) 1 1(11) 08(8) 0-9(11) 08(2)
Painters and decorators 19(5) 1-1(2) 23(8) 06(4) 10(6) 0.6(1)
Drivers of stationary engines, cranes, etc 10(4) 09(2) 1.3(8) 1-8(12) 1 1(11) 1-1(2)
Labourers nec 1-6(10) 14(6) 15(25) 09(16) 08(20) 1.2(6)
Transport and communication workers 1 1(13) 1-4(11) 09(28) 09(25) 09(32) 1-4(11)
Warehousemen, storekeepers, packers, bottlers 0-5(2) 5 2(5) 1 0(8) 1-5(12) 0-7(9) 1-2(2)
Clerical workers 0-9(5) 1.4(5) 07(10) 1-1(16) 1.1(19) 0-8(3)
Salesworkers 02(2) 2 2(9) 08(15) 1-5(22) 0-8(19) 0-7(3)
Service, sport, and recreation workers 1 0(5) 1.3(5) 0-7(10) 1-3(18) 1.6(22) 0 5(2)
Administrators and managers 0.2(1) 1.2(3) 0 7(6) 1-2(11) 0 9(9) 0-5(1)
Professional, technical workers, artists 06(3) 09(3) 08(9) 08(14) 1.9(21) 13 (3)
Armed forces (British and foreign) 1 1(15) 1-3(14) 1-4(50) 10(42) 08(39) 1-6(15)

nec = Not elsewhere classified.

cipally to an excess of bladder tumours in lorry
drivers (RR = 1 -6, CI 1 0-2-4). The association with
"miscellaneous services" arose from high rates in a
wide range of industries that make up the order, the
most prominent being "public houses" (RR = 7-9).
Five patients had worked in public houses, all as pub-
licans or barmen.

Brain tumours occurred more frequently than
expected among men who had worked in "mechanical
engineering" (RR = 3-0, CI 1-4-6-0), but the cases
did not cluster within any one occupation or in any
one branch of the engineering industry.
Hodgkins disease was associated with two

occupational orders, "clerical workers" (RR = 2-0,
CI 1 1-3-6) and "furnace, forge, foundry, and rolling
mill workers" (RR = 2-5, CI 1-0-6-3). The risk in the
latter group was not specific to any one type of metal
working occupation.

There was a high incidence of non-Hodgkins lym-
phoma among men employed in "mining and quar-
rying" (RR = 3 4, CI 1 -5-7-8). In particular, five
patients had worked in coal mining (RR = 3-6), three
of them in engineering trades underground. An excess
of the tumour also occurred in the industrial order
"coal and petroleum products" (RR = 2-5, CI
1 -2-5-5), two patients having worked in coke ovens,

five in oil refineries, and one
production.

Soft tissue sarcomas were

in both coke and oil

more common than
expected in the industrial order "paper, printing, and
publishing" (RR = 34, CI 1 2-92), but the five
patients responsible for the association had worked in
quite different jobs. Similarly, the risk of soft tissue
sarcoma in "chemicals and allied industries"
(RR = 2-3, CI 1-0-5-3) was not related to any single
class of chemical. One patient had been a process
worker making herbicides.

Examination of more specific job categories
(occupational and industrial units in the Registrar
General's classifications) showed several further asso-
ciations of interest. Carcinoma of the oral cavity was
more common than expected in merchant seamen
(RR = 3-6, CI 1[2-10-8) and their officers (RR = 7-6,
CI 2 7-21-9) and five patients with testicular cancer
had worked as paint sprayers (RR = 4-9, CI
1-3-18-2). In addition, there was a small cluster of
bladder tumours in men who had been employed in
the production of vegetable and animal oils and fats
(RR = 4-8, CI 1-8-12-9). Within the industry two of
the patients had worked as process workers, one as a
labourer and two in other manual occupations.

Coggon, Pannett, Osmond, and Acheson384
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.' S-E -i{ tX 3XE*
X

6(6) 1-8(5) 0-8(7) 0-8(21) 1-4(7) 1-1 (6) 0-5(4) 1-1 (8) -(0)
-6(2) -(0) 0-8 (2) 0-8 (4) -(0) 2-2(2) 0-8(2) 2-0(3) 1-6(1)
-1(5) 0-2(1) 1-2(8) 0-9(20) 1-7(5) 0-3(1) 0-9(5) 0-6(4) 1-1(3)
-(0) -(0) 14 7(2) 3-8(3) -(0) -(0) -(0) 14-3(1) -(0)
-5(3) 1-5(3) -(0) 1-1 (18) 0-6(2) 1-0(2) 2-5(6) 2-4(5) 2-0(2)
18(2) 0-7(2) 1-3(9) 0-7(10) 0-5(1) 2-0(7) 0-7(4) 1-7(7) 1-9(4)
1-5(12) 1-0(13) 0-7(27) 1-1 (71) 0-9(13) 1-7(19) 0-9(21) 1-6(27) 1-4(15)
1-3(1) 0-5(2) 0-7(4) 1-4(15) 0-6(2) 0-2(1) 0-6(3) 0-5(3) 1-0(2)
.9(1) 1-7(1) 2-1 (3) 1-4(6) -(0) 1-5(1) 2-0(3) 1-8(2) -(0)
-(0) -(0) 1-3(1) 1-3(5) -(0) -(0) 1-2(1) 3-0(2) 3-7(1)
-(0) 131-1 (2) -(0) 2-5(2) 1-9(1) 2-2(1) -(0) -(0) -(0)
16(2) 06(1) 1-2(8) 1-2(21) 0-3(1) 1-8(5) 1-4(7) 0-4(2) 0-4(1)
1-5(1) 0-9(1) 0-6(3) 1-0(5) 5-0(2) 0-5(1) 2-2(5) -(0) 3-8(3)

0-6(1) 1-8(6) 0-7(6) -(0) 0-5(1) 0-7(2) 1-5(3) 1-6(2)
1-7(3) 0-6(2) 0-2(2) 0-7(17) 0-9(4) 0-5(2) 0-9(6) 1-3(8) 1-2(4)
-4(4) 1-6(4) 1-9(9) 0-7(10) 0-4(1) 0-5(1) 0-7(4) 0-2(1) 0-3(1)
*2(6) 1*2(3) 0-8 (6) 1*1(20) 0-3(1) 0-7(2) 0-8 (4) 1*7(6) 0-7(2)
*5(11) 2-1(10) 0-7(13) 0-7(31) 1-3(10) 0-7(6) 1-0(12) 0-5(6) 0-7(5)
-5(15) 1-0(10) 1-0(20) 1 5(80) 1-0(12) 0-8(11) 0-5(11) 1-1(19) 1-2(10)
*5(7) 1*6(5) 1-2(11) 0-5(14) 0-5(3) 1-3(4) 1*5(8) 1-6(8) 1*5(5)
)-6(5) 0-5(3) 1-5(18) 1-2(33) 0-6(5) 0-9(7) 2-0(17) 1-4(12) 1-2(6)
- (10) 2-0(10) 1-0(16) 1-1(45) 0-9(7) 0-6(5) 1-6(16) 0-5(7) 1-6(9)
1-3(8) 0-8(4) 1-4(18) 1-5(39) 0-7(4) 0-1(1) 0-6(9) 1-1(11) 0-5(3)
1-7(5) 2-3(6) 3-0(11) 1-2(19) 0-3(1) 0-9(3) 1-1(5) 1-3(6) 0-4(1)
0-9(4) 1-3(7) 1-3(19) 1-0(22) 0-9(5) 0-5(4) 1-2(12) 1-3(12) 0-5(3)
1-7(19) 0-7(8) 1-3(12) 0-7(59) 0-9(17) 1-0(12) 0-9(12) 0-9(15) 1-2(10)

Discussion

The strengths and weaknesses of the method used in
this study have been discussed in detail elsewhere.'
Potentially, the greatest source of error was the
incomplete response to the questionnaire-only
52-1%. Examination of the limited occupational
information available for most subjects from their
hospital notes, however, suggests that no serious bias
arose as a result of the incomplete response.
Given the size of the survey, it was unlikely that any

convincing occupational associations would emerge
for the rare cancers. Nevertheless, the occurrence of
acute myeloid leukaemia in five men who had worked
in electrical trades is striking. At least four previous
studies have suggested a risk of leukaemia in electrical
occupations,5- 8 and the association has been
advanced as evidence for the carcinogenicity of elec-
tromagnetic fields. A chemical hazard is also possible,
however.
The statistical analysis of the incidence of cancer by

occupation and industry entailed a large number of
comparisons, and it follows that many of the associ-
ationg found are likely to have occurred by chance.
The findings must therefore be interpreted with care,
taking into account evidence from other sources and
the biological plausibility of suggested hazards. One

guide to interpretation is the specificity of associ-
ations. In some instances the patients giving rise to an
association, although coming from the same broad
occupational or industrial category, had in fact
worked in quite different jobs, and were unlikely to
share exposure to a common hazard.

Several of the associations shown concern indus-
tries already extensively investigated. The apparent
excess of colonic carcinoma in the mining industry
must be viewed in the context of a significantly low
mortality from the tumour in a large American cohort
study of coal miners.9 In the same investigation the
death rate from cancers of the lymphatic and hae-
matopoietic tissues was slightly raised, but separate
statistics for non-Hodgkins lymphoma (the other
tumour associated with coal mining in the current
study) were not presented. The mortality rates for
coal miners published by the Office of Population
Censuses and Surveys do not point strongly to an
association with either colonic cancer or non-
Hodgkins lymphoma.'0
A significant excess of non-Hodgkins lymphoma

was also found in the industrial order "coal and
petroleum products." In particular, six patients had
worked in oil refineries. Like coal mining, the pet-
rochemical industry has been studied in depth. An
increased risk of lymphomas has been reported in two
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cohort studies" 12 but not in the five others.13 -17
Five patients with testicular cancer had been

employed in the manufacture of concrete or moulded
asbestos products. Evidence from cohort studies sug-
gests that asbestos itself is unlikely to be a major
cause of testicular tumours,'8" but a link with
cement or one of its additives is possible. Against this,
the risk of testicular cancer was low in bricklayers
(RR = 0 4) and in building labourers (RR = 0 5).
Another unexpected finding was the association

between bladder cancer and the production of veg-
etable and animal oils and fats. It is conceivable that
there is a hazard of bladder cancer from one of the
organic solvents used in the extraction of fats and
oils,20 or possibly from fumes generated in distillation
processes, but the fact that only two of the patients
from the industry were process workers reduces the
level of suspicion.
An increased incidence of bladder tumours in lorry

drivers has been reported before,2' 22 although it has
not been a universal finding in other studies.23 Silver-
man et al have suggested that the association could be
caused by exposure to diesel or to polycyclic hydro-
carbons in exhaust fumes.2'

Other positive findings consistent with one or more
previous reports include the risk of carcinoma of the
stomach in painters ° 22 and of melanoma in sales-
workers.'0 The high incidence of oral carcinoma in
seamen is striking, but may be due to alcohol rather
than a direct consequence of occupation.

In isolation, the findings of studies such as this do
not provide conclusive evidence for or against
occupational hazards. When interpreted in the light
of other available data, however, they may give useful
clues to previously unrecognised disease associations,
and help to determine priorities for future research.
Several of the associations suggested by this survey
merit further investigation, in particular the risk of
leukaemia in electrical workers and of bladder cancer
in lorry drivers and in the animal and vegetable oil
and fat industry.

We thank the consultant pathologists who helped us
in the ascertainment of cases-especially Drs J M
Johnstone, D M Piercy, R E Potts, E W Walton, and
H McTaggart; the staff of the Mersey Regional Can-
cer Registry-in particular, Dr DN Edwards (consul-
tant in charge) and Mrs S Gravestock (medical
records officer); OPCS for their help in tracing
patients who had moved; and all the general prac-
titioners who cooperated in the survey.

Coggon, Pannett, Osmond, and Acheson
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