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Bladder cancer among French farmers: does
exposure to pesticides in vineyards play a part ?

Jean-Franiois Viel, Bruno Challier

Abstract
Objective-To appraise the potential
contribution of pesticides sprayed on
vineyards to the genesis ofbladder cancer
among agricultural workers.
Methods-A pesticide exposure index
(PEI), based on labour time and the pro-
portion of agricultural land used as vine-
yards, was constructed for 89 French
geographical units (departements). The
standardised mortality ratios (SMRs) for
bladder cancer, as well as tobacco con-
sumption and economic status of male
farmers and farm labourers aged 35-74 in
the same areas were estimated for the
period 19846. Models were fitted to the
geographical data with Poisson regres-
sions and extra-Poisson models with geo-
graphically structured and unstructured
random effects.
Results-Mortality from bladder cancer
among farmers was lower (but not signi-
ficantly so) than within the overall popu-
lation (SMR 0-96, 95% confidence
interval (95% CI) 0-85-1.08), but there
was a significant link with exposure to
pesticides in vineyards by univariate
analysis (relative risk (RR) 1-17, 95% CI
1e10-1-24) and by multivariate analysis
(RR 1-14, 95% CI 107-1-22).
Conclusion-These results add some evi-
dence to the view that pesticides in vine-
yards cause mortality from bladder
cancer among farmers, and could explain
the French south-north gradient in blad-
der cancer, as vineyards are mainly
located in Southern France.
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Exposure to several potential health hazards is
typical of farmers (farm machinery, zoonotic
viruses, chemical products). In France,
700 000-1 000 000 people (farm workers,
applicators, manufacturers, formulators,
packers) are potentially exposed to the 93 000
tonnes of pesticides (insecticides, herbicides
and fungicides) that are used every year.'
Overall mortality and mortality from cancers

have generally been reported as lower among
farmers than within the whole population
although there is some evidence of a higher
risk of certain types of cancer in agriculture.

Bladder cancer, for instance, is a major
concern for French farmers for several
reasons. First, restriction of the study to this

population, that includes fewer smokers than
the overall population, allows the assessment
of potential risk factors without the confound-
ing effect of smoking, which is well docu-
mented.4 Secondly, mortality from bladder
cancer in France shows a south-north gradi-
ent that is higher in the south, and vineyards
are mostly located in the southern areas.
Furthermore, biochemistry could explain the
potential danger from pesticides in this group.
Aromatic amines, for instance, are used as
intermediates in the manufacture of pesti-
cides, and a relation to bladder cancer has
been found in the past for this group of
chemicals in the dyestuffs industry.4
Among eight proportionate mortality or

morbidity studies that found a lower risk of
bladder cancer in farmers and farm labourers,
four had significant ratios: one Swedish study
standardizedd incidence ratio (SIR) 0X64, 95%
confidence interval (95% CI) 059-0 69),5
one British (proportionate mortality ratio
(PMR) 0-82, P < 0.01),6 and two United
States surveys: California (proportionate can-
cer mortality ratio (PCMR) 0-60, P < 0-01)'
and Wisconsin (PMR 0'88, P < O-05).8 Four
others did not find significant results in
Canada,9 North Carolina,10 Switzerland," and
Iceland,'2 whereas one study in Iowa reported a
higher risk standardizedd mortality ratio
(SMR) 1d14, P < 0-01)." Furthermore, a
Swedish cohort study on agricultural workers
reported a significantly decreased risk.'4 One
reason for this generally reduced risk could be
the lower tobacco consumption in farmers
and farm labourers, compared with the overall
population.
Some case-control studies of bladder can-

cer provide evidence in favour of the pesticide
exposure hypothesis. Male insecticide users in
Alberta (odds ratio (OR) 167, P < 005)'5
and chemicals users in Ottawa (OR 1-50, P <
0 05),16 Italian male pesticide users in the
fruit growing industry (OR 3-97, P < 0-05),"
and Italian herbicide users (OR 4*1, P <
0.0 1)18 all seemed to be populations at risk.
Other case-control studies found no evidence
of higher risk of bladder cancer for farmers in
the United States,'9-22 Canada,23 Italy,24
Spain,25 Germany,26 and New Zealand.27
Nevertheless, one particular study in the
United States found significantly raised OR
estimates for farmers within a population of
non-smoker Seventh Day Adventists (OR 9-7,
P < 0-05),28 which supports the possibility
that exposure to pesticides causes bladder
cancer that cannot be attributed to tobacco
consumption in this particular group.
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Overall, these conflicting results show that
the topic is still of interest, but needs further
evidence. The proportionate mortality or
morbidity studies often mentioned exposure
to pesticides as the potential cause of cancer,
but in case-control studies where pesticides
were better quantified, results were no more
conclusive. Indeed, assessing agricultural
exposure to pesticides is complex, and can
either be done at an individual level or at a
geographical level. Individual measures seem
better adapted to assess the exposure among
manufacturing plant workers than among
farmers, and the geographical indices of expo-
sure that rely on production of specified
crops, the number of acres treated with pesti-
cides, etc., are only indirect indicators.
Nevertheless, a measurement of exposure to
pesticides can be attempted at a geographical
level.20 The purpose of this study was to inves-
tigate, at an ecological level, the relation
between bladder cancer and exposure to pes-
ticide in vineyards.

Material and methods
STUDY POPULATION
The investigated population consisted of male
farmers and farm labourers aged 35-74. This
age range was chosen because too few deaths
occurred before the age of 35, and death cer-
tificates were too imprecise for occupational
analysis over 74. Eighty nine statistical units
called departments (French administrative
areas averaging 600 000 inhabitants) were
used. Five departments were excluded
because agricultural activity in them was too
low. For this group, we obtained the number
of deaths due to bladder cancer (code 188 in
the ninth revised International Classification
of Diseases (ICD-9)) that occurred during the
years 1984-6. This information was collected
from the French National Medical Research
Institute (INSERM). Census data (1975 and
1982) and extrapolations for the years 1984-6
were obtained for each department from the
French Office of Population Censuses
(INSEE).

ASSESSMENT OF EXPOSURE
Exposure to pesticides was assessed at a geo-
graphical level for farmers and farm labourers
in vineyards with a measurement called pesti-
cide exposure index (PEI), fully described
elsewhere.29
The agricultural census of 197030 provides

information on the numbers of agricultural
workers and the amount of time they work,
enabling the calculation for such departe-
ments of the LYP (labour x year x person) in
units of full time workers. One unit represents
40 hours a week for 275 days or more per
year.
The PEI is computed as the product of the

LYP and the proportion of agricultural land
used as vineyards (PAL, also derived from the
1970 agricultural census) divided by the total
agricultural worker population (POP) aged
35-74, derived from the next annual census
(in 1975).

PEI = LYP x PAIJPOP (farmers: 35-74)
As the agricultural census of 1970 and the
national census attempted to identify the
same population, the ratio of LYP to agricul-
tural workers in 1975 was introduced as a
measure of the extent to which workers identi-
fied by census are engaged in agricultural
work.
A time delay between exposure (1970-5)

and mortality (1984-6) was therefore to some
extent accounted for.

STATISTICAL ANALYSIS
Cancer mortality among farmers and farm
labourers, for the years 1984-6, was expressed
as SMRs of observed to expected deaths,
which provide age adjusted comparative risks.
To compute expected deaths for each
department, national rates from the entire
male population for the same years, were
applied to the person-years of each area strati-
fied by the same 10-year age classes used for
mortality and census data. Confidence inter-
vals were based on the Poisson distribution.

Models were fitted to the grouped data
with, in a first step, Poisson regression analysis.
Statistical units are, as already explained,
departments for which logarithms of
observed and expected deaths were linked
with a set of covariate values, in a linear
model that accounted for Poisson errors.
The farmers' economic status was consid-

ered as a potential confounding variable, and
introduced into the model by including a vari-
able that recorded the percentage of farms in
each department with a standard gross profit
margin greater than 16 000 European cur-
rency units. Tobacco consumption was
assessed by the sales of tobacco in each
departement in 1953.
The Poisson model equation is:

log(Oi) log(Ei) + p + x/3

in which:
i = 1 to 89; Oi = observed number of deaths;
Ei = expected number of deaths (age
adjusted); p = grand mean-that is, log
(SMR) for the unexposed (xi = 0); xi = (xi('...
xi')3) three dimensional row vector of regres-
sion variables (PEI, standard gross profit mar-
gin, tobacco consumption); fi = (f,, ..., /13),
three dimensional column vector of regression
coefficients.

In a second step we used an approach orig-
inally developed by Clayton et al32 to model
the covariate effect in the presence of both
unstructured and geographically autocorre-
lated extra-Poisson variations. This extra-
Poisson regression model may be written as
follows:

log (0,) = log (E,) +u + xfl +,(') +ei(2)
The first component of variation, gi') is the
spatially unstructured extra-Poisson variation,
called heterogeneity by Clayton et al. These
random effects are independent and normally
distributed. The second component of varia-
tion varies smoothly across areas, and was
called clustering. These random effects are
normally distributed, with mean given by the
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589Bladder cancer among French farmers

mean of geographically adjacent neighbour-
ing, ei(2). Hence the fitted OR can be separated
into its three multiplicative components:

that due to the explanatory variables:
exp(Jxi))

- heterogeneity: exp (-il)),
- clustering: exp(i(2)) .

One may notice that when the random effects
are not included in the model, it is simply a

Poisson regression.
In both models, estimates of relative risks

(RR) for the independent variables are pro-

vided by exp(f). Dose-response trends are

assessed by tests of significance of regression
coefficients for variables that represent quan-

titative levels of exposure. To interpret how
the risk of mortality changes with these con-

tinuous scaled covariates, ORs are reported
for the upper exposure quartiles, with the low-
est quartiles as control groups with their cor-

responding 95% CIs.
All these analyses were performed with

EGRET" or BEAM34 software.

Results
The study population consisted of 837 413
male farmers or farm labourers, aged 35-74
(followed up for three years). The PEI ranged
from 0 to 0-212 (mean (SD) 0-030 (0 052)),
standard gross profit margin greater than
16 000 European currency units from 2-8% to

67-3% (mean (SD) 21-0% (14-8%)), and
tobacco consumption from 1221 to 2534
g/inhabitant/y (mean (SD) 1707 (266-3)).

Overall mortality from bladder cancer was

similar to the national norm, with an SMR of
0-96 (95% CI 0-85-1-08); a trend across PEI
quartiles was noticeable as the SMRs ranged
from 0-71 for the lowest quartile, to 1-23 for
the upper one (table 1). Table 2 shows the
relative risk estimates for exposure to pesti-
cides in vineyards, adjusted or not for con-

founding factors in Poisson regression
models. Mortality from bladder cancer

Table Mortalityfrom bladder cancer in French farmers
andfarm labourers aged 35-74 (1984-6)

PEI median Observed Expected
Quarties exposures deaths deaths* SMRt

1 0 64 90.0 0-71
2 0003 52 530 0-98
3 0-027 57 61-1 0 93
4 0-151 102 82-6 1-23
Total 275 286-7 0-96

*Expected number of deaths, based on national age specific
mortality rates for French males, 1984-6.

Table 2 Estimates of relative risk of bladder cancerfrom
Poisson regression analyses on French farmers andfarm
labourers (1984-6)

Model RR (95% CI) P value

PEI (univariate analysis) 1-17 (1-10-1-24) <10-6

PEI (multivariate analysis): 1-14 (1-07-1-22) <10-3
Standard gross profit margin 0-76 (0-51-1-13) 0-17
Tobacco consumption 1-21 (0-88-1-65) 0-24

Risk estimates for quantitative exposures are reported for the
upper exposure quartiles, with the lowest quartiles as control
groups.

Table 3 Estimates of relative risk of bladder cancerfrom
correlation tests between geographically correlated variables

Model RR (95% CI) P value

PEI: 1-16 (1-08-1-25) 0-002
Heterogeneity - 0-14
Clustering - - 004

PEI: 1-14 (1-06-1-23) <10-3
Standard gross profit margin 0-76 (0-51-1-14) 0-18
Tobacco consumption 1-20 (0-84-1-70) 0-32
Heterogeneity - 0-04
Clustering - - 0-17

Risk estimates for quantitative exposures are reported for the
upper exposure quartiles, with the lowest quartiles as control
groups.

showed a significant association with PEI in a
univariate analysis (RR 1-17, P < 10-), and in
a multivariate analysis (RR 1 - 14, P < 10-3). In
the multivariate analysis the farmers' eco-
nomic status seems to be protective, although
not significantly (RR 0-76, P = 0d17), and
tobacco consumption is a non-significant risk
factor (RR 1-21, P = 0 24).

Table 3 shows results obtained from extra-
Poisson models. They were similar to those
derived from the simple Poisson regression
models. The PEI was still a significant risk
factor, in both the univariate and multivariate
analyses (RR 1-16, P = 0-002; RR 1-14, P <

10-3). The confounding factors showed the
same non-significant patterns as in the
Poisson regression model (RR 0-76, P = 0-18;
RR 1-20, P = 0-32, for standard gross profit
margin and tobacco consumption, respec-
tively). In the univariate analysis, a significant
clustering random effect was highlighted (P =

0-04), whereas in the multivariate model a sig-
nificant random heterogeneity was present
(P = 0-04).

Discussion
Investigation of the pattern of mortality from
bladder cancer showed no increase among
farmers and farm labourers. Nevertheless, a
significant link with PEI in vineyards was
found in a univariate as well as in a multi-
variate analysis, after adjustment for eco-
nomic status and tobacco consumption.

Geographical studies are a natural design
for the study of an environmental factor, as
they are less prone than individual epidemio-
logical studies to the effects of random error
in the measurement of exposure.35 Hence,
they can represent an alternative design to
highlight the influence of pesticide exposure
on cancer mortality.29
One must keep in mind the difficulty of

ensuring comparability within occupational
groups of data from death certificates and
from a census, which rely on the accuracy of
the "usual occupation" stated by relatives of
deceased patients.4 The deaths of the people
at risk, active farmers and farm laborers,
must be recorded within the same population.
Problems could arise for the age range 65-74 if
some retired farmers were declared as still
active. Unfortunately, to our knowledge no
specific survey has yet been conducted to
investigate this potential bias, probably for
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legal reasons. In France, mortality records are
anonymous, and until now no linkage is
allowed between individual mortality data and
other data.
One can only remark that: (1) although the

occupational categories are often broad, in
this particular case they were sufficiently spe-
cific to characterise the population of farmers
and the farm labourers without ambiguity,
and to separate them from the population of
retired farmers-census and death certificates
were coded with the same INSEE French
nomenclature.36

(2) This study was concerned with
comparisons between populations within each
department, so if a bias occurred, as it was
more or less the same in each department,
then the association should not be distorted in
a major way.

There is as yet no national cancer incidence
registry in France, so we studied mortality,
which at least is not affected by the variations
in completeness and accuracy of registration
of cancer data. In France coding and registra-
tion of deaths are done at a national level. As
this study used comparisons between popula-
tions within each department, association of
bladder cancer and PEI should not have been
affected, provided the incidence and mortality
ratios were similar for all departments.
As in any geographical study, this one

could be subject to ecological fallacy-that is,
the relation between exposure and disease in
groups is not necessarily the same as that in
individual people. Ecological fallacy is more
likely to occur when populations or geograph-
ical units are broad, when exposure is
recorded at the same time as the deaths (and
sometimes after), or when the accuracy of the
exposure measurement is questionable. To
minimise this effect five non-agricultural
departments were excluded, the study popu-
lation was restricted to male farmers and farm
labourers (those most exposed to pesticides37),
there was a time lag between exposure and
mortality, exposure on a geographical level
was carefully assessed (each term of the
numerator in the PEI estimates the agricul-
tural labour time devoted to vine growing),
spatial autocorrelation was accounted for, and
potential confounding factors were included
in the models.

Nevertheless, this ecological study still has
some limitations. Firstly, it does not focus on
vine farmers but on all farmers. The French
two digit classification used (as well as the
more accurate four digit definition that mixes
orchards and vine farmers) made us unable to
distinguish vine growers from other farmers.
Secondly, the 10-15 year difference in time
between ascertainment of PEI and ascertain-
ment of death introduces a rather short lag
period. No major change in agricultural
practices, however, had occurred in France
between the 1960s and 1970s (as opposed to
the period 1970-80). Thirdly, the LYP esti-
mates also include farmers aged 35 years or
less (who represent 18 % of the total), but this
proportion, quite stable across departments,
should not distort the association.

The major determinant of the PEI is the
proportion of usable agricultural land devoted
to vineyards, and the question of whether a
vineyard exposure index (VEI) is similar to a
PEI needs to be answered. Farmers are
exposed to many other health hazards and if
these were implicated, other farming would
also be associated with bladder cancer, which
is not the case. In a previous paper we have
established a similar index to estimate the
exposure of farmers in arable land that also
takes into account the frequency of pesticide
treatment of the five most intensively treated
crops (cereal, sugar beets, maize, oil seed
rape, potatoes).'8 We have then highlighted a
significant association between this exposure
and leukaemia mortality among farmers.
When crossing pesticide exposures and cancer
subtypes (bladder cancer and arable land
exposure on the one hand, leukaemia and
vineyard exposure on the other), no associa-
tion turned out to be significant (results not
shown). Regional differences in the amount of
pesticide application on vineyards (types or
methods of application are quite similar)
would also make the equation VEI = PEI
questionable. It would have seemed conceiv-
able that, given different climates, there would
be a south-north difference in use of pesti-
cides in vineyards. If such regional differences
can occur, however, they are not related to
climatic conditions but to the variety of vine
and also to vine farmers' incomes. It is well
known that vine growers from Champagne or
Burgundy spread greater amounts of pesti-
cides on their vineyards than their colleagues
from the Mediterranean areas, because they
can afford it. This is one more reason to
introduce farmers' incomes as a confounding
factor in the Poisson regression model, as we
did.
The extra-Poisson variation model seems

to be an attractive tool to deal with data col-
lected at an area level. It represents a way of
allowing for unmeasured variables that differ
between areas in an unstructured manner
(random heterogeneity), and for unmeasured
risk factors that vary locally (clustering ran-
dom effect). Hence, deviations from Poisson
distribution and spatial autocorrelation were
taken into account in this model. In our
study, as the link between PEI and mortality
from bladder cancer was strong, to add the
random effects hardly changed the strength of
the association. The clustering effect, present
in the univariate analysis, did not remain in
the multivariate analysis, which shows the
random heterogeneity. This probably came
from the fact that the identified confounding
factors (economic status and tobacco con-
sumption) could explain part of the smooth
geographical variation in the unmeasured
variables, whereas some unstructured extra-
Poisson variation still remains in the multi-
variate model.
One potential drawback of the method lies

in its conservatism when the clustering term
is included. If location (which in fact is a
surrogate for any unmeasured confounding
factor) acts as a confounder, then the model
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will over-correct upon introduction of the
clustering term,32 yielding attenuated regres-
sion estimates. This disadvantage was not
found in this study, which indicates that the
covariate effect was not seriously altered by
the effect of location.

Clearly, as with any geographical analysis,
one has to be cautious when interpreting the
statistical regression coefficients. We took into
account two types of confounders, a socio-
economic factor (a complex indicator that
could represent both health access and other
factors connected with standard of living) and
tobacco consumption (that is a surrogate for
tobacco smoking) that has been strongly
implicated as a cause of bladder cancer.
Ideally, tobacco consumption data relating to
the relevant group (farmers and farm labour-
ers) should have been used, but unfortunately
these data were missing (to our knowledge no

data focusing on tobacco consumption of vine
farmers are available, even for the whole
country). Furthermore, not only the marginal
distributions but also the (missing) joint expo-
sure distributions would have been helpful to
make those analyses less prone to confound-
ing, even if random terms partly solved this
problem.
The findings of this study lead us to think

that pesticides used in vineyards affect mortal-
ity from bladder cancer. This has been kept
hidden by the low prevalence of tobacco
smoking among farmers.
Two reasons could explain this relation,

intensity of exposure (to any one pesticide),
and the nature of one or more substances
more specifically sprayed on vines rather than
on other crops. The facts that lead us to think
that the first of these two hypotheses is correct
are: in France vine growing takes place on

only 10% of all the arable land, but uses 80%
of all the herbicides and 46% of all the insecti-
cides used,' vine protection requires three
types of pesticides (80% of the total vine
growing surface is treated with herbicides,
82% with insecticides, and 100% with fungi-
cides'), the spraying of these pesticides has
been and is sometimes still done manually
(knapsack spraying), when this spraying is
automatic it is performed under high pres-
sures with spray booms mounted on a tractor,
to allow the pesticides to reach the grapes
under the leaves. This technique, spraying
under high pressure, induces a large diffusion
of the toxic substances, hence a potentially
strong exposure.

Supporting the second hypothesis, it seems
that among the pesticides used on vines, some
are (more or less) specific to vines,39 herbi-
cides (simazin and diuron, which have a long
lasting effect in the ground), fungicides
(dithiocarbamates and phthalimids, classified
by the United States National Academy of
Sciences among the most potentially carcino-
genetic substances40), and nematocides
(dichloropropene, a ground fumigant with
toxicity classified as moderate that could be
intensified by the particular way it is used).

Furthermore, great amounts of copper sul-
phate (the main compound of the "Bordeaux

mixture") are sprayed over vineyards, and
could also play a part.
Our results add some evidence to the view

that pesticides used in vineyards could affect
mortality from bladder cancer among farmers,
and could explain the French south-north
gradient in bladder cancer, as vineyards are

mostly located in southern France. Further
individual investigations, with biochemical
indicators, and focusing on the chemical com-

pounds suspected in this study, are clearly
needed. We must bear in mind that the
chances of showing precise effects of pesti-
cides on health are certainly decreasing as

agricultural practices grow safer.

We thank one referee for making constructive comments that
substantially improved this paper; Sylvia Richardson for her
methodological assistance at the beginning of this work; and
David Clayton for kindly providing BEAM Software.
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