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Mortality and incidence of cancer among a cohort of
self employed butchers from Geneva and their wives
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Abstract
To investigate whether specific cancers are
associated with the occupation of butcher, as
has been reported from other countries, a his-
torical prospective cohort study was under-
taken. The cohort consisted of all self
employed butchers (n = 552) and pork butch-
ers (n = 310) born since 1880 who set up a
shop in the canton of Geneva from 1901 to
1969, and of their wives (n = 887). The study
group was followed up from 1901 to 1990 for
general mortality, from 1942 to 1990 for cause
specific mortality, and from 1970 to 1989 for
incidence of cancer. There was no trace of 45
men (5%) and 52 women (6%). Compared
with the general population of the canton of
Geneva, butchers and pork butchers experi-
enced a significant increase, taking into
account 15 years of latency, in mortality from
all causes (observed deaths (Obs) 540, expect-
ed deaths (Exp) 445-5, standardised mortality
ratio (SMR) 121, 90% confidence interval
(90% Cl) 113-130). There were significant
excesses in incidence and mortality from col-
orectal cancer, cancer of the prostate, and all
malignant neoplasms, and in incidence of
cancer of the liver. The risk of lung cancer
was significantly increased among pork butch-
ers (SMR 176, 90% Cl 114-262; standardised
incidence ratio (SIR) 231, 90% Cl 137-368) but
not among butchers (SMR 92, 90% Cl 59-138;
SIR 1139 90% Cl 67-179). There was also a sig-
nificant increase in mortality from cancer of
the larynx among butchers. For non-malig-
nant causes of death significant excesses were
found among all men for ischaemic heart dis-
ease, motor vehicle accidents, and cirrhosis of
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the liver. Analysis of subgroups showed a
cluster of deaths from leukaemia among older
butchers born between 1880 and 1899 (Obs 5,
Exp 0-6, p < 0.001). Exposure ofpork butchers
to polycyclic aromatic hydrocarbons during
meat smoking, which was assessed in a con-
temporary study, might have contributed to
their increased risk of lung cancer. The possi-
ble role of other factors, especially cigarette
smoking, nitrosamines, and oncogenic viruses
was discussed. Moreover, there was evidence
from another contemporary study that butch-
ers and pork butchers ate more animal fat,
and probably more animal protein, than the
average male population of Geneva. These
results suggest that dietary factors could be
implicated in the excesses of colorectal can-
cer, cancer of the prostate, and ischaemic
heart disease. An increased risk for alcohol
abuse might explain the excesses of liver cir-
rhosis, cancer of the liver, cancer of the lar-
ynx, and motor vehicle accidents. Among all
wives overall mortality was similar to that
expected (SMR 100, 90% Cl 93-108) and there
was no significant excess risk for any specific
cancer nor for any non-malignant cause of
death. Results for cancer of the cervix uteri,
especially among subgroups, suggest an
increased risk consistent with previous find-
ings from other countries.

(British J3ournal of Industrial Medicine 1993;50:1008-1016)

Studies from several countries on butchers and
other meat workers have shown excess risks for sev-
eral malignancies especially for lung cancer, prosta-
tic cancer, leukaemia, and lymphoma.'- Various
hypotheses have been considered to explain the
excess cancers although adequate evidence of the
causal role of occupational factors was not pro-
duced. The aim of the present study was to investi-
gate mortality and incidence of cancers among a
cohort of Geneva butchers and pork butchers, and
their wives.
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Mortality and incidence of cancer among a cohort of self employed butchers from Geneva and their wives

Table 1 Numbers of butchers and pork butchers by year of
setting up shop in the canton of Geneva (excluding those born
before 1880)

Year of setting up Butchers Pork butchers Total

1901-09 18 12 30
1910-19 47 35 82
1920-29 123 87 210
1930-39 120 91 211
1940-49 60 45 105
1950-59 106 28 134
1960-69 78 12 90
Total 552' 310 862

*Including 38 butchers of horse meat.

Population and methods
DEFINITION OF THE COHORT AND FOLLOW UP
Butchers and pork butchers included in this study
were self employed tradesmen who ran their own

business with their wife only, or with a few employ-
ees. The occupations of butcher and pork butcher
were in principle separated up to about 1950, simi-
lar to the custom in France but contrary to that in
the German speaking part of Switzerland. Pork
butchers processed and sold only pork, whereas
butchers sold fresh beef, veal, and mutton.
Afterwards this separation tended to be less strin-
gent and butchers started to sell pork meat prod-
ucts that they usually bought from wholesalers,
although a few butchers started to process these
products.
The basic cohort of men consisted of all butch-

ers and all pork butchers born since 1880 who set
up their own shop in the canton of Geneva up to
1969. Lists of self employed butchers and of pork
butchers have been published annually since 1877
in a Geneva year book, the "Annuaire Genevois."
The 1217 butchers and pork butchers whose
names appeared on the lists between 1901 and
1969 were identified in the records of the popula-
tion office of the canton of Geneva. The 283 men
born before 1880 were excluded as well as 72 men
not found in the records probably because of a

wrong name, missing file, or residence in the neigh-
bouring regions of Switzerland or of France. The
remaining 862 constituted the study cohort of men.

Since the 1950s an increasing part of the market
of meat, up to two thirds in recent years, has been
taken by a few multiple butchers and by supermar-
kets. This explains why the number of butchers set-
ting up shop was lower in the 1950s and 1960s
than in the two decades before the second world
war (table 1).
A total of 916 wives was identified in the

Population Office records or in the "Families'
Register" of the commune of origin of the 862
butchers and pork butchers. The 29 women who
married after their husband had left the occupation

of butcher, or who died or were divorced before the
start of follow up of their husband, were eliminat-
ed. The remaining 887 women constituted the
study cohort of wives.
Men were traced from 1 January of the first year

they were registered in the Geneva year book.
Wives were traced from the same date as their hus-
band or from the date of their marriage if it took
place later. With methods previously described in
detail,9 butchers and their wives were traced by the
records of the Geneva population office, by the
Families' Register of their commune of origin, and
by the population offices of other Swiss cities.
Those who had reached the age of 65 for men and
62 for women were also traced by the Swiss old age
pension scheme. Butchers and their wives were fol-
lowed up to 31 December 1990 (208 men and 384
women alive), or to their death (609 men, 451
women), or to the date their trace was lost (45 men
(5 2%), 52 women (5 9%)).

Usually butchers and pork butchers spend sever-
al years as apprentices and as employees before
running their own shop. Some butchers moved to
Geneva from others Swiss cantons or from other
countries where they may have run a shop. At the
beginning of follow up the mean age was 32-5 years
for men and 31-0 years for women. The 862 men
contributed 29 330 person years of observation and
the 887 wives 34 041 person years.

MORTALITY AND INCIDENCE OF CANCER
Mortality from all causes was recorded for the
whole study period (1901 to 1990) and cause spe-
cific mortality was analysed from 1942 to 1990
because death certificates in Switzerland have been
kept only since 1942 by the Federal Office of
Statistics. That office supplied us with the official
coding of the cause of death for members of the
cohort who died within the country, except for
three men and one wife whose certificates could not
be found.

For the 23 men and 23 wives who died in foreign
countries, the cause of death was found from the
death certificate for one wife and from the attend-
ing physician for another wife and two men. Also,
information from a next of kin was considered suffi-
ciently reliable for seven deaths among men of
which the causes were myocardial infarction
(International Classification of Diseases, 8th revi-
sion (ICD-8): code 410), ill defined heart disease
(429), alcoholic cirrhosis of the liver (571 -0), traffic
accident (814), sudden death (795; two men), and
violent death from uncertain cause (988). The
causes of the remaining 14 deaths in men and 21
deaths in wives were not found. Expected deaths
were calculated from sex, age, and year specific
regional rates.

Incidence of cancer was analysed from 1 January
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1970, the starting date of the Geneva Cancer
Registry, to 31 December 1989. All incident can-
cers, except in situ cancers, were collected by the
Registry among the 454 men and the 586 wives
who lived in the canton of Geneva in the years
1970 to 1989. The periods of residence in other
Swiss cantons had to be excluded for there is no
national cancer registry. Expected cancer cases
have been calculated from Geneva sex and age spe-
cific mean incidence rates for 1970-4, 1975-9,
1980-4, and 1985-9.
The usual statistical analysis based on the

Poisson distribution was used to test the one sided
significance of the excesses of observed deaths and
incident cancers. Tests for homogeneity and for
trend in the standardised mortality ratios (SMRs)
and the standardised incidence ratios (SIRs) were
made with the methods described by Breslow and
Day.10

HAZARDOUS EXPOSURES OF GENEVA BUTCHERS
AND PORK BUTCHERS
Studies have pointed to a risk of cancer among
slaughterhouse workers involved in daily slaughter
of cattle, sheep and pigs.3-5 In Geneva, during the
first half of this century, most butchers and pork
butchers used the slaughterhouse for slaughtering
animals, but only for their own business require-
ments. On average a butcher killed about one head
of cattle or less, one or two calves, and one or two
sheep each week, and a pork butcher only two or
three pigs. Since the building of the new Geneva
slaughterhouse in 1949, the slaughtering and car-
cass dressing operations have been carried out by
abattoir workers not included in the present study.
Quarters of beef and mutton were kept refrigerated
for one night and delivered the next day to the
butcher's shop where the meat was cut, prepared,
and sold. Pork, however, after evisceration and
splitting, was delivered immediately to the pork
butcher who was therefore still exposed to warm
meat. Since 1975, veterinary authorities have
decreed that the pork should be chilled before
delivery. At the pork butcher's shop meat was cut,
cured, smoked, and further processed, and pork
meat products were sold.
Meat smoking was carried out almost daily in a

smoking cupboard, generally about 1-5 m x 1-5 m
square and as high as the ceiling, situated within a
room called the "laboratory" in the back of the
shop where the pork butcher processed meat prod-
ucts. The cold smoke process (temperature less
than 25°C, duration about 12 hours) used smoul-
dering sawdust from various woods, preferably hard
woods. Once or twice a week, smoking of sausages
such as wieners and salami necessitated the hot
smoke process (temperature up to 70°C, duration
about two hours) with sawdust and chipped wood.

With the hot smoke process in particular the pork
butcher had to often open the door of the smoking
cupboard for loading, controlling, turning and
finally unloading sausages and prepared meats.

In a contemporary study (Vu Duc T, personal
communication) the profile and concentrations of
polycyclic aromatic hydrocarbons (PAHs) were
determined in the "laboratories" of Geneva pork
butchers during meat smoking with the two
traditional methods. Preliminary results indicated
that exposures to total PAHs were of the same
order of magnitude as those found in 10 Danish
smokehouses using the classical technique." Initial
measurements of benzo[a]pyrene showed a con-
centration range from 005,ug/m3 to 04 ,ug/m3 for
the cold smoke process, and a concentration of
133ug/m3 for the hot smoke process. Various ingre-
dients were used in meat curing and pickling
including sodium chloride, potassium nitrate,
sugar, citric acid, spices, and sodium nitrite. The
last has been widely used only since the 1960s by
pork butchers to whom it was sold by the state in
nitrited salt form (cooking salt with 0-6% of sodi-
um nitrite). Certain curing mixtures have been
shown to contain several nitrosamines"2 to which
exposure by inhalation and skin absorption,
although limited, seems possible.

Normally only pork is cured and smoked.
Therefore those who were exposed to PAHs from
meat smoking, and possibly to nitrosamines from
meat curing, were all pork butchers and the few
butchers who processed pork meat products after
1950.

Preserved meat and fish are among the food
items with the highest content of nitrosamines,
which are formed from the nitrites and nitrates
used in curing."2-'4 Butchers and pork butchers are
assumed to consume more meat than the average
population and to eat the pieces of meat they can-
not sell. Therefore, there is little doubt that the
consumption of nitrosamines from pork was higher
among pork butchers than among butchers, espe-
cially before 1950, and than among the general
population.

Exposure to fumes from plastic used in wrapping
machines that cut and seal plastic by heat has been
suggested as a risk factor for malignancies in meat
workers.'A Some Geneva butchers and pork butch-
ers, estimated to be a few per cent in the 1970s and
about 20% in the 1980s, used such machines for
vacuum wrapping, although for no more than 15
minutes a day. This wrapping was used to preserve
pieces of meat for one or two weeks, but never for
retail sales. It has been pointed out that there is lit-
tle evidence of carcinogenicity in these fumes from
plastic that can induce meat wrapper's asthma.6

According to the Geneva veterinary authorities,
butchers from Geneva used only cooking salt for
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the treatment of pelts, by contrast with butchers
from other countries such as New Zealand who
used trichlorophenol, an agent suspected to induce
lymphoma and soft tissue sarcoma in humans.7
Also, they did not use the antioxydants butylated
hydroxyanisole (BHA) and butylated hydroxy-
toluene (BHT) that are carcinogenic in animals
and were used in the meat industry of the United
States. 1-3

Wives played an important part in the sale to the
customers but they never participated in the pro-
cessing of meat products because most butchers
and pork butchers believed that the presence of
women, especially during their periods, could have
harmful effects-for instance, making the pickling
solution go bad.

DIETARY HABITS OF GENEVA BUTCHERS
In a contemporary study undertaken in 1989 by the
Geneva Cancer Registry,'5 72 butchers and 96 pop-
ulation controls were randomly selected. Among
them 45 butchers and 43 controls agreed to be
interviewed by a trained dietician with a dietary
history questionnaire. The 45 men referred to as
butchers were classified as 36 butchers and nine
pork butchers.

Results indicated that the average daily caloric
intake, adjusted for age, was higher among butch-
ers (2815 kcal) than among controls (2527 kcal),
although the difference was not significant.
Overweight butchers (body mass index >25) were
significantly more common than overweight con-
trols. As expected, butchers consumed significantly
more animal fat than controls after adjustment for
caloric intake and age (respectively 24-8% and
19-5% of total caloric intake without alcohol). The
intake of animal protein was also higher among
butchers, although not significantly so. The pro-
portion of current smokers was 50% among the 36
butchers, 33% among the nine pork butchers, and
35% among the 43 controls.

Results
BUTCHERS AND PORK BUTCHERS
For the total period of observation (1901 to 1990)
overall mortality of all men was significantly higher
than expected (observed deaths (Obs) 609, expect-
ed deaths (Exp) 516-7, SMR 118, 90% confidence
interval (90% CI) 110-127). As expected in occu-
pational cohort studies, mortality was lower during
the first 15 years after entry into the cohort (Obs
69, Exp 71-3, SMR 97, 90% CI 78-118) than dur-
ing the remaining period (Obs 540, Exp 445.5,
SMR 121, 90% CI 113-130). To avoid this
healthy worker effect bias the rest of the analyses
has taken into account a latency of 15 years.
The 1901-1990 mortality from all causes was

significantly increased among butchers (Obs 330,

Exp 270-3 SMR 122, 90% CI 111-134) and
among pork butchers (Obs 210, Exp 175-3, SMR
120, 90% CI 107-134). Table 2 shows mortality
since 1942 for selected malignant and non-malig-
nant causes and incidence of cancer since 1970 for
selected sites (table 3). Butchers and pork butchers
were at significant excess risk for colorectal cancer,
cancer of the prostate, and all malignant neo-
plasms. The risk of lung cancer was significantly
increased among pork butchers (SMR 176, SIR
231) but not among butchers (SMR 92, SIR 113);
the difference between the SMRs from lung cancer
was significant (p < 0-05) and the difference
between the SIRs was of borderline significance
(p = 0 06). There were also significant increases in
mortality from cancer of the larynx among butchers
and in incidence of cancer of the liver among pork
butchers.

For the non-malignant causes of death (table 2)
there were limited and non-significant differences
between butchers and pork butchers. Mortality of
all men was significantly increased for circulatory
disease, ischaemic heart disease, violent death,
motor vehicle accidents, and cirrhosis of the liver.

Further analysis was carried out by calendar
period, age, period of birth, and time from first fol-
low up. The incidence of prostatic cancer was high-
est among the younger butchers (up to 64 years)
with five cases v 0 9 expected, but the excess
diminished significantly with increasing age.
Among pork butchers analysis by two birth cohorts
indicated that the excess risk for lung cancer was
concentrated among those born from 1900 on-
wards. The mortality from lung cancer among
younger pork butchers (Obs 16, Exp 6-6, SMR
242, 90% CI 152-368) was significantly higher
(p < 0-05) than that among the pork butchers born
in 1880-99 (Obs 2, Exp 3.5, SMR 56, 90%
CI 10-175).

Furthermore, there was a cluster of leukaemia
among the butchers born in 1880-99 (Obs 5, Exp
0-6, p < 0-001). Table 4 shows type of leukaemia,
years of birth and death, and period of occupational
exposure. No latency was taken into account to cal-
culate the observed and expected deaths. The only
case, however, with less than 15 years of follow up
(born in 1890, see table 4) was traced from age of
19 years: he was employed as a butcher in other
Swiss cantons and in Lyon, France, from where he
moved to Geneva in 1937. He entered the cohort in
1947 when he started to run his own butchery. No
increase in mortality or in incidence from leukaemia
was found among the butchers born from 1900
onwards and among the pork butchers.
By contrast with the results of studies from other

countries 27 there was no significantly increased
risk for lymphoma (tables 2 and 3), although the
number of expected deaths was small.
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Table 2 Mortality 1942-90from selected causes, allowingfor 15years of latency, among butchers, pork butchers, and all men

Butchers Pork butchers All men

Cause of death (ICD-8) Obs SMR (90% CI) Obs SMR (90% CI) Obs SMR (90% CI)

All causes (0-999) 315 121*** (110-133) 202 121** (107-136) 517 121*** (113-130)
Allmalignantneoplasms (140-209): 98 127* (107-150) 59 126* (100-156) 157 127** (110-144)

Buccal cavity, pharynx (140-149) 4 108 (37-247) 2 87 (15-274) 6 100 (44-197)
Oesophagus (150) 6 154 (67-304) 3 120 (33-310) 9 141 (73-245)
Stomach (151) 11 164 (92-272) 4 87 (30-199) 15 133 (82-204)
Colon, rectum (153, 154) 12 138 (80-223) 13 236** (140-376) 25 176** (122-246)
Liver (155) 6 200 (87-395) 2 118 (21-370) 8 170 (85-307)
Pancreas (157) 2 63 (11-196) 4 211 (72-482) 6 118 (51-232)
Larynx (161) 6 300* (131-592) 0 - (0-246) 6 182 (79-359)
Lung (162) 17 92 (59-138) 18 176* (114-262) 35 122 (90-162)
Prostate (185) 17 200** (127-300) 6 111 (48-219) 23 165* (113-234)
Bladder (188) 4 114 (39-262) 1 48 (2-226) 5 89 (35-188)
Kidney (189) 1 56 (3-264) 0 - (0-272) 1 36 (2-169)
Lymph/haematopoietic (200-209) 7 149 (70-280) 2 77 (14-242) 9 122 (63-212)
Hodgkin's disease (201) 1 200 (10-949) 1 333 (17-1581) 2 250 (44-787)
Non-Hodgkin's lymphoma

(200,202) 2 200 (36-630) 0 - (0-599) 2 125 (22-393)
Leukaemia (204-207) 4 211 (72-482) 1 91 (5-431) 5 167 (66-350)

Circulatory disease (390-458): 120 122* (104-142) 74 116 (94-140) 194 120** (106-135)
Ischaemic heart disease (410-414) 35 148* (110-197) 17 142 (90-212) 52 146** (114-184)
Other heart diseases

(390-398,420-429) 50 111 (86-140) 38 121 (91-159) 88 115 (96-138)
Cerebrovasculardisease (430-438) 19 102 (67-149) 15 115 (71-178) 34 108 (79-143)

Violent death (E800-999) 21 145 (97-209) 14 159 (96-249) 35 150* (111-199)
Motor vehicle accident (E810-823) 5 161 (64-339) 5 263* (104-553) 10 204* (111-346)
Other accidents and poisonings

(E800-807,825-949) 9 148 (77-257) 4 105 (36-241) 13 133 (78-211)
Suicide (E950-959) 6 118 (51-232) 4 133 (46-305) 10 125 (68-212)

All other causes:
(0-136,210-389,460-796) 72 104 (84-126) 44 92 (71-119) 116 99 (85-116)
Chronic bronchitis, emphysema

(491,492) 5 96 (38-202) 3 97 (26-250) 8 96 (48-174)
Cirrhosis of liver (571) 14 177* (107-227) 7 143 (67-268) 21 164* (110-236)

Unknown cause 4 11 15

*p<005; **p < 0-01;***p < 0-001.

WIVES increases in mortality from non-melanoma skin
Among all wives the 1901 to 1990 mortality from tumours among butchers' wives (Obs 2, Exp 0 3,
all causes was similar to that expected from Geneva p < 0 05), and in incidence of cancer of the liver
rates (Obs 450, Exp 449 0, SMR 100, 90% CI, among pork butchers' wives (Obs 2, Exp 0-2
93-108). There was no significant excess risk for p < 0 05).
any cancer site (table 5). Incidence of cancer of the Analysis by birth cohort showed an increase in
cervix uteri was increased, but not significantly. mortality of borderline significance from cancer of
Within the two subcohorts there were significant the cervix uteri among the butchers' wives born in

Table 3 Incidence of cancer 1970-89from selected sites, allowingfor 15years of latency, among butchers, pork butchers and all men

Butchers Pork butchers All men

Cancer death (ICD-8) Obs SIR (90% CI) Obs SIR (90% CI) Obs SIR (90% CI)

All malignant neoplasms (140-209):t 65 123 (99-152) 50 188*** (147-238) 115 145*** (124-169)
Buccal cavity, pharynx (140-149) 6 201 (87-396) 1 73 (4-349) 7 161 (76-302)
Oesophagus (150) 0 - (0-225) 2 310 (55-969) 2 101 (18-318)
Stomach (151) 3 101 (27-260) 3 192 (52-497) 6 132 (58-261)
Colon, rectum (153, 154) 13 187* (111-298) 14 387*** (234-605) 27 256*** (181-353)
Liver (155) 4 208 (71-477) 4 412* (141-944) 8 277** (138-499)
Pancreas (157) 1 61 (3-288) 1 119 (6-565) 2 80 (14-253)
Larynx (161) 1 75 (4-354) 0 - (0-491) 1 51 (3-243)
Lung (162) 13 113 (67-179) 13 231** (137-368) 26 152* (106-210)
Prostate (185) 15 172* (106-265) 9 194* (101-338) 24 180** (124-253)
Bladder (188) 3 89 (24-230) 1 58 (3-273) 4 78 (27-179)
Kidney (189) 1 61 (3-288) 0 - (0-361) 1 40 (2-191)
Lymph/haematopoietic (200-209) 1 32 (2-151) 0 - (0-188) 1 21 (1-100)
Hodgkin's disease (201) 0 - (0-1872) 0 - (0-3329) 0 - (0-1152)
Non-Hodgkin's lymphoma (200, 202) 0 - (0-303) 0 - (0-624) 0 - (0-204)
Leukaemia (204-207) 1 73 (4-346) 0 - (0-428) 1 48 (2-228)

*p<0-05; **p < 0-01;***p < 0-001.
tExcluding non-melanoma skin tumours (173) and in situ cancers.
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Table 4 Deaths from leukaemia among the butchers born in 1880-99

Death
Enty into the Traced as employee or

Birth (y) (y) Age cohort self employed butcher Type ofleukaemia

1890 1948 57 1947 1909-1948 Erythroleukaemia
1892* 1956 64 1922 1922t-1956 Lymphocytic unspecified
1897 1959 61 1929 1927t-1935 Acute myeloid
1887 1966 79 1920 1916t-1958 Acute myeloid
1888 1970 82 1922 1920t-1961 Chronic lymphocytic

*Butcher of horse meat.
tComing to Geneva from other Swiss cantons or from France, probably always butcher.
jA cook before and after the period of self employed butcher.

Table 5 Cancer mortality 1942-90 and cancer incidence 1970-1989 for selected sites among all wives

Death 1942-90 Cases of cancer 1970-1989*

Site (ICD-8) Obs Exp SMR (90% CI) Obs Exp SIR (90% CI)

All malignant neoplasms (140-209): 89 105 1 85 (70-101) 87 78 1 111 (93-133)
Buccal cavity, pharynx (140-149) 0 1 6 - (0-187) 0 1 4 - (0-214)
Oesophagus (150) 3 1-3 231 (63-596) 1 0-5 200 (10-949)
Stomach (151) 7 9 4 74 (35-140) 5 3-9 128 (51-270)
Colon, rectum (153,154) 10 14 6 68 (37-116) 12 11-7 103 (59-166)
Liver (155) 2 1-7 118 (21-370) 2 0-7 286 (51-899)
Gallbladder (156) 3 2-7 111 (30-287) 2 1-5 133 (24-420)
Pancreas (157) 1 5 0 20 (1-95) 2 2-8 71 (13-225)
Larynx (161) 0 0-2 - (0-1498) 0 0 3 - (0-999)
Lung (162) 3 5 7 53 (14-136) 3 4 0 75 (20-194)
Breast (174) 22 23 1 95 (64-136) 27 22 7 119 (84-164)
Uterus all parts (180-182): 12 8-4 143 (82-231) 10 8-3 120 (65-204)

Cervix (180)t 4 3.0 133 (46-305) 5 2-6 192 (76-404)
Corpus (182)t 2 20 100 (18-315) 5 5 5 91 (36-191)

Ovary (183) 6 6-5 92 (40-182) 3 3 8 79 (22-204)
Bladder (188) 1 1-8 56 (3-264) 1 1 7 59 (3-279)
Kidney (189) 1 1-7 59 (3-279) 3 1 6 188 (51-485)
Brain (191) 3 1 1 273 (74-705) 1 09 111 (6-527)
Lymph/haematopoietic (200-209): 9 7-8 115 (60-201) 8 5-1 157 (78-283)

Hodgkin's disease (201) 0 0 9 - (0-333) 0 0-2 - (0-1498)
Non-Hodgkin's lymphoma (200,202) 1 1-5 67 (3-316) 4 1-6 250 (85-572)
Leukaemia (204-207) 5 3-2 156 (62-329) 3 2-2 136 (37-352)

Others and unknown 6 12 5 48 (21-95) 7 7-2 97 (46-183)

*Excluding non-melanoma skin tumours (173) and in situ cancers.
tMortality since 1951 for cervix uteri and since 1969 for corpus uteri.

1900 or later (Obs 4, Exp 1-4, p = 0-05), and an
almost similar increase in incidence (Obs 4, Exp
1-6). There was also a significant excess of deaths
from cancer of the uterus (all parts) among pork
butchers' wives born in 1880-99 (Obs 5, Exp 1-5,
p < 0 05). From these deaths, two were listed on
the death certificates as cancer of the cervix uteri,
but they occurred during the period 1942-50
before the the introduction, in 1951, of cervical
cancer as a separated entity in the Swiss classifica-
tion of the causes of death.
No significant increased risk was found for the

non-malignant causes of death (not in table)
among all women and among butchers' or pork
butchers' wives. Mortality from cirrhosis of the
liver among pork butchers' wives was similar to
that expected (Obs 1, Exp 1b9).

Discussion
CANCER OF THE LUNG
An increased risk of lung cancer in butchers was
reported in analyses of occupational mortality data
from Holland (period 1931-35),16 England and
Wales (1959-63,'7 1966-72,'8 and 1979-8319),
Scotland (1959-63 and 1969-73),20 Denmark
(1970-80),21 and the state of Illinois (1979-84).'2
The results from Washington State, however,
(1950-79)23 were negative and a later analysis of
the Denmark Cancer Registry data (1970-79)24 did
not confirm the mortality finding. Data on smoking
habits were available from England and Wales
where they indicated that butchers were slightly
less likely to be current smokers than all men.'9

In Sweden the 1961-73 incidence of lung cancer
was significantly increased among all men regis-
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tered as a butcher or slaughterhouse worker in the
census of 1960.18 The increase was higher among
those in slaughterhouses than among the others. A
case control study based on the same population
failed to find any work task associated with lung
cancer.6 Tobacco smoking habits contributed at
least a part of the excess risk.
Two cohort studies among butchers and other

meat workers have been reported. Among the
28 901 members of a meatcutters' union in
Baltimore, United States, a significant increase in
mortality from lung cancer was found among male
workers in abattoirs and in meat packing plants and
among female workers in chicken slaughtering
plants, meat packing plants, and retail food
stores.'-3 A nested case-control analysis found that
the risk excess was not explained by smoking habits
and was highest among men working in stockyards
or in killing and dressing areas of slaughterhouses.
The second cohort study was carried out among

1610 meat workers employed at three British com-
panies, two of which were processing pork only.5
Mortality from lung cancer was significantly
increased among those who were regularly exposed
to meat from freshly slaughtered animals, although
tobacco smoking was not controlled.

Also there were two smoking adjusted case con-
trol studies in the United Sates25 26 that showed no
association of lung cancer with butchers, whereas
two unadjusted studies in New Zealand27 and in
Germany28 did show such an association.
Among Geneva pork butchers, mortality from

and incidence of lung cancer were significantly
higher than expected from the whole Geneva popu-
lation rates, whereas no such increases were found
among Geneva butchers. The difference in mortali-
ty from lung cancer between butchers and pork
butchers was significant but only of borderline
significance for incidence of lung cancer.

It is unlikely that different smoking habits could
explain why the risk of lung cancer was higher
among pork butchers than among butchers. Similar
lifestyles would be expected in these occupations
because they are much the same. This seems sup-
ported by the rates of current smokers in the study
on dietary habits undertaken in 1989 although the
number ofmen, especially ofpork butchers, was small.
The high risk of lung cancer among Geneva pork

butchers might be related to their exposure to the
fumes from meat smoking. These fumes are rich in
PAHs, which are strongly suspected, from experi-
mental studies on tobacco smoke, to play an
important part in the induction of lung cancer in
tobacco smokers.29 Probably nearly all pork butch-
ers practised meat smoking from the start of their
career whereas very few butchers practised it, and
only after 1950.

Exposure to nitrosamines from meat consump-
tion, and possibly by inhalation from curing mix-
tures, was probably higher among pork butchers
than among butchers. Some nitrosamines produce
respiratory tract tumours in animals and are sus-
pected of inducing lung cancer in humans.29
Although we do not know if these nitrosamines
were actually consumed or inhaled by Geneva pork
butchers, their possible role in the excess of lung
cancer found in this occupation should be consid-
ered.
To our knowledge no data on risk of cancer

among self employed pork butchers have been pub-
lished. The SMR from lung cancer, however, was
200, based on 10 deaths, among meat and fish cur-
ers and smokers in the report of the 1951 census
on occupational mortality in England and Wales.'7
This result seems to support the hypothesis that the
increased risk of lung cancer among Geneva pork
butchers might be related to a hazard during the
smoking and curing of pork.

In the American and the British cohort studies
the highest risk of lung cancer was found among
workers in contact with living or freshly slaughtered
animals.45 Our results support this association as
far as pork is concemed. Geneva pork butchers
slaughtered pigs until 1949 and afterwards were
still exposed to warm meat until 1975. In the stud-
ies mentioned it was suggested that infection by
oncogenic viruses, transmitted through contact
with warm meat, might account for the excess
deaths from lung cancer.

Whatever the possible occupational factor(s) that
could have played a part in the excess deaths from
lung cancer of pork butchers, it remains to be
explained why this excess was concentrated among
those born from 1900 onwards and was absent
among those born in 1880-99. We suggest a syner-
gistic effect of occupational factor(s) with cigarette
smoking. Available data from Switzerland indicate
that the average number of cigarettes per adult rose
dramatically from 174 in 1924 to 3378 in 1972.30
There is little doubt therefore, that men born in
1880-99 smoked less than those born in the subse-
quent decades.

PROSTATIC AND COLORECTAL CANCERS
There is evidence from international comparisons,
and from case control and cohort studies, of a
strong correlation of cancer of the prostate with
colorectal cancer and with consumption of animal
fat.'4 An association of colorectal cancer with con-
sumption of animal protein was also reported,
although more recent epidemiological studies have
given contrasting results.'4 The increased risk for
these cancers among Geneva butchers and pork
butchers might be related to dietary factors,
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especially to their presumably high intake of animal
fat and protein, which seems supported by the
results of the contemporary dietary study.
As far as cancer of the prostate is concerned, an

increased mortality was found among butchers
from England and Wales for the years 1970-72"3
and 1979-83'9 and it has been suggested that this
increase could be related to the use of androgens as
growth promoters in cattle during that period.8 It
was calculated, however, that if a butcher ate 500 g
steak every day from treated cattle, he would ingest
an amount of androgens corresponding to 0-01%
of his daily endogenous production.'2 Moreover,
the excess in mortality from cancer of the prostate
among Geneva butchers was already obvious
before the use of anabolic agents (Obs 5, Exp 2-2,
for the period 1942-69).

Tables 2 and 3 show that the risk of colorectal
cancer was higher among pork butchers than
among butchers. The difference, however, was not
significant for mortality and was only of borderline
significance for incidence (p = 0 06). We suggest
that the higher risk for colorectal cancer among
pork butchers could possibly be related to their
likely higher intake of nitrosamines, discussed pre-
viously.
Our finding of an association of colorectal cancer

with butchers and pork butchers is supported by
the results of a mortality study among a 10% sam-
ple of the Canadian labour force (1965-73) that
showed a significant increase, based on five deaths,
in cancer of the rectum and rectosigmoid junction
among butchers and meat cutters."

LEUKAEMIA AND LYMPHOMA
The highly significant excess of deaths from
leukaemia among the butchers born in 1880-99 is
striking. Older butchers slaughtered cattle and
sheep until 1949. Because of their intimate contact
with the blood of cattle, older butchers were poten-
tially exposed to the bovine leukaemia virus
(BLV)." '4 The prevalence of BLV infection in
Geneva herds during the first decades of this
century is, however, unknown. The serological
tests carried out during the past two decades by the
Geneva veterinary authorities on cattle blood and
milk indicated a rate of infected animals of less
than 1 %. Also there is no serological and epidemio-
logical evidence that BLV might account for the
occurence of cases of human leukaemia.34 35

Moreover, Geneva butchers could not be exposed
to the avian leukosis virus (AVL) that causes
leukaemia in chickens' 34 because poultry were
slaughtered and cleaned by farmers.
The increased risk for leukaemia among Geneva

butchers was not accountable for by only one cell
type (table 4). This is not entirely consistent with

the finding of a significant association, based on
nine cases, of slaughterouse workers with acute
myeloid leukaemia only in a case-control study
from New Zealand.7 Nevertheless the viral aetiolo-
gy of leukaemia has been shown in several animal
species and it is strongly suspected that unknown
infectious agents play an important part in the
induction ofhuman leukaemia."
On the other hand, we found no significantly

higher risks for Hodgkin's disease and non-
Hodgkin's lymphoma such as those previously
reported among meat workers.'27 The numbers of
expected deaths and cancer cases in our study were
small.

OTHER CAUSES OF DEATH
Excessive consumption of animal fat is a risk factor
for ischaemic heart disease and probably played a
part in the significant mortality increase from this
disease among all men. The significant mortality
excess from liver cirrhosis among all men strongly
suggests that butchers and pork butchers were at
higher risk for alcohol abuse than the average male
population of Geneva. The significant increases in
incidence of cancer of the liver and in mortality
from violent death and from motor vehicle acci-
dents among all men, as well as the significant
excess mortality from cancer of the larynx among
butchers, are consistent with an increased con-
sumption of alcohol. Moreover, if all alcohol
related cancers are taken together (buccal cavity,
pharynx, oesophagus, liver, and larynx) there were
significant excess risks among all men for mortality
(Obs 29, Exp 20-4, p < 0 05) and for incidence
(Obs 18, Exp 11-2, p < 0 05).

BUTCHERS' AND PORK BUTCHERS' WIVES
The significant excess in mortality from liver can-
cer among pork butchers' wives, based on only two
observed deaths, is likely to be explained by
chance. There is no suggestion of an increased con-
sumption of alcohol considering the lack of any
excess risk for liver cirrhosis, although the number
of expected deaths was small.
Among butchers' and pork butchers' wives the

risk of colorectal cancer and the risk of breast can-
cer were not significantly increased. An association
of these cancers with the consumption of animal fat
has been found in a number of studies.'4 Therefore,
there is little suggestion that the unhealthy dietary
habits strongly suspected among butchers and pork
butchers were shared by their wives.
The increased risks for cancer of the cervix uteri

among butchers' wives born in 1900 or later and
for cancer of the uterus, possibly also attributable
to cervical cancer, among the older pork butchers'
wives are consistent with preceding reports. As
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early as 1909 an excess of cancer of the uterus
among butchers' wives was noted in Vienna.36
Furthermore an association of cervical cancer with
butchers' wives was found in the analyses of
national mortality data from Holland for 1931-3516
and from England and Wales for 1970-72.37 A viral
infection transmitted by their husbands was sug-
gested to explain this association.37

In conclusion our results indicating excess risks
for cancers of the lung, prostate, and intestine, and
for leukaemia are consistent with those of other
studies among meat workers, although we did not
find a significant excess of lymphatic tumours, pos-
sibly due to small numbers. The mortality pattern
of meat workers is not very different from that of
farmers who experience high risks especially for
Hodgkin's disease, multiple myeloma, leukaemia,
and cancers of the prostate and stomach.38 This
similarity suggests a risk related to contact with
animals, possibly oncogenic viruses, especially
accounting for the excesses of lymphatic and
haematopoietic tumours.
The separation of the occupations of butcher

and pork butcher in Geneva has allowed us to
point to a risk of leukaemia associated with the
slaughtering of cattle and sheep but not pigs, and
to a risk of lung cancer associated only with pork
butchers.
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