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ARTICLE INFO ABSTRACT

Keywords: In 2019, aiming at reducing resident’s exposure to pesticides, the French government announced mandatory

Pest'icides pesticide-free buffer zones of 3-20 m around inhabited areas. As pesticide reduction is often associated with

Agriculture lower productivity, this raised questions about the amount of agricultural area located around residential

E’;Sio;;fs buildings, which has not yet been quantified in France. The best available data describing spatial organization of
L crops at the field parcel scale and location of residential buildings over the whole French territory were combined

Pesticide-free buffer zones K o A

France to calculate the amount of agricultural area within 10 m, 50 m, 100 m, and 150 m (a distance advocated by some

environmental NGOs) to residential buildings for 23 crop types. Results show that 0.2%, 5%, 16%, and 29% of
the total national agricultural area is located within 10 m, 50 m, 100 m, and 150 m to residential buildings,
respectively. The proportion of crop-specific national area that is close to housings is low at 10 m (0-1%) and
increases up to 10-58% depending on crop type at 150 m. About 32%-45% of vineyards and 37%-53% of or-
chards national area, two crop types with high pesticide use intensity, are located within 150 m to residential
buildings. We conclude that (i) the implementation of pesticide-free buffer zones around housings may have a
strong impact on agricultural production at the national scale because of likely associated yield and quality losses
on large areas, and (ii) the large presence of treated crops close to residential buildings requires attention for its

potential effect on residents’ exposure to pesticides.

1. Introduction

In agriculture, pesticides are commonly used by farmers to protect
their crops against pests, diseases and weeds, which can cause sub-
stantial production and quality losses. For example, a recent study
estimated global crop losses caused by combined pests and diseases to
range between 17% and 30% for wheat, maize, rice, potato and soybean
[1]. However, pesticides have also well-documented negative effects on
the environment [2,3] and human health [4,5]. Aiming at reducing the
later, the French government announced in December 2019 mandatory
pesticide-free buffer zones around inhabited areas [6]. The objective
was to reduce the exposure to agricultural pesticides in populations
living close to fields. The width of the mandatory pesticide-free buffer
zones may vary between 3 and 20 m according to the crop species,
pesticide active compounds (these restrictions do not apply to organic
farming products), and whether techniques to reduce drift or exposure
to drift are used by farmers. However, the appropriate width for these
pesticide-free buffer zones is highly debated. On the one hand, larger
buffer zones (up to 150 m) are advocated by some environmental NGOs
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and several French mayors to reduce the exposure of inhabitants to
agricultural pesticides [7]. On the other hand, the French ministry of
Agriculture and some leading French farmers unions raised concerns
about larger buffer zones, which are expected to erode the competi-
tiveness of French agriculture as they would represent a large share of
the national agricultural area [8]. Surprisingly, no estimate of the
amount of agricultural area around residential buildings is available in
France. Therefore, the objective of this paper is to quantify the amount
of agricultural area and the type of crops (in relation with their pesticide
use intensity) around residential buildings in France.

Beyond the important media coverage of this debate, two key points
arising from the scientific literature justify to pay attention to crops
grown close to residential areas. First, two recent reviews provide evi-
dence that non-farmworkers living close to agricultural areas are
exposed to higher levels of pesticides than residents living further away
[9,10]. Pesticide exposure appears to be largely correlated with the
spatial organization of agricultural activities around residential areas,
like residential proximity to treated fields, crop production area around
the residence and amounts of pesticides applied in the vicinity [11].
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Some studies found positive associations between higher levels of pes-
ticides in house dust and crop production area within up to 1000 m from
housings [12-14]. Second, all crops are not treated in the same way.
Perennial crops like apples, wine grapes and plums usually display
higher pesticide use intensity than annual field crops, especially some
spring crops like maize and sunflower that receive substantially lower
amount of pesticides. For example, in France over the 1989-2013
period, apples orchards received in average 32.5 standardized unit doses
of pesticides per year, while sunflowers received only 2.2 standardized
unit doses of pesticides per year [15]. Types of applied products (i.e.
fungicides, insecticides, herbicides) also vary by crops. Some crops rely
heavily on fungicides with low amount of insecticides (e.g. wine grapes,
wheat), while others use a larger share of insecticides (e.g. apples,
plums, rapeseed) [15]. This is important because all pesticides do not
have the same effects on human health as they differ in toxicity and
exposure-related processes [4]. Finally, despite successive national ac-
tion plans, the use of agricultural pesticides is still increasing in France,
which reinforces the overall issue of the impact of pesticides on human
health [16-18].

Therefore, quantifying the amount of agricultural area located close
to housings appears essential, as well as identifying which crops are
grown on this area. Our hypotheses were that (i) major crops in France
in terms of production area (pastures, wheat, barley, maize, and rape-
seed) will also be dominant crops close to housings at the national scale,
(ii) due to the regional specialization of French agriculture, dominant
crops in the vicinity of housings will vary by region, (iii) the share of
crop-specific national production area close to housings might be higher
for crops known to be close to residential areas (e.g. wine grapes), with
potential higher economic impacts of pesticide-free buffer zones for
these crops.

2. Material and methods
2.1. Data sources

2.1.1. The French land parcel identification system

To identify where crops are grown, the French Land Parcel Identi-
fication System (LPIS) was used. This database provides spatially
explicit information of crops grown in French field parcels (i.e. field
geometry and crop type) over the whole French territory, and has been
used in previous research to describe the spatial organization of crops at
different scales [19,20]. The French LPIS has been set up in 2002 and is
updated every year on the basis of the farmers’ Common Agricultural
Policy (CAP) declarations. Data for the year 2018 were used, which was
the most recent year available at the time of the study. This represents
over 6 million field parcels covering about 27 Mha. Cultivated crops are
classified into 23 groups (Table A1). A group of crops may correspond to
a single crop like wheat, or to several crops (apples, plums, and pears
belong to the “orchards” group). In 2018, the French LPIS had an overall
good coverage of national production area, with more than 98% for all
field crops, about 85% for pastures and permanent grasslands, 92% for
temporary grasslands, and 95% for tree nuts. For perennial crops other
than tree nuts, the coverage was good but lower with 70% for orchards,
72% for vineyards, and 66% for olive trees (see Ref. [21] and Table A1).
The French LPIS represents the best available data for spatial distribu-
tion of crops in France in terms of spatial and temporal resolutions,
spatial coverage, and disaggregation by crop type. The French LPIS data
are publicly available for download at https://geoservices.ign.fr/rpg.

2.1.2. Map of residential buildings in France

The location of residential buildings in France was provided by the
BD TOPO® database [22]. This database provides a map of the whole
French territory in 2019 where each building is represented by a poly-
gon, with attributes describing the nature of the building, its use, state,
date of creation and modification. The term “building” encompass all
“constructions above the ground, used to shelter humans, animals,
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objects, for the production of economic goods or for the provision of
services and refers to any structures built or erected permanently on its
site” [22]. The “use” attribute has the following levels: agricultural,
commercial and services, industrial, religious, sports, annex, residential
or undifferentiated. However, due to a lack of interoperability of data-
bases used in the development of the BD TOPO®, the “use” attribute of
buildings could not be filled in some municipalities, where all buildings
are then reported as “undifferentiated” use. Therefore, in this study, a
focus was made on buildings with “residential” and “undifferentiated”
uses. This includes residential buildings and those with unknown uses,
but excludes buildings with agricultural, commercial and service, in-
dustrial, religious and sports uses and annexes. The BD TOPO® database
is publicly available for download at: https://geoservices.ign.fr/bdtopo.

2.2. Quantification of agricultural area and crop types close to housings

2.2.1. Pre-processing of LPIS data

Duplicated polygons have been removed and polygons with topo-
logical issues have been fixed as in Ref. [19]. Minor spatial overlaps can
occasionally occur between polygons, which has not been fixed but al-
ways represents less than 5% of the polygon surface area.

2.2.2. Buffer zones around residential buildings

Buffer zones of 10 m, 50 m, 100 m, and 150 m were created around
residential buildings using the st buffer() function of the sf R package
[23]. These values were chosen to be representative of the pesticide-free
buffer zones width range proposed by the French government (3 m-20
m) and advocated by environmental NGOs (up to 150 m). The smaller
width was set to 10 m because the spatial resolution of the BD TOPO®
ranges between 2.5 and 10 m [22]. This procedure likely underestimates
the size of buffer zones as defined by the French government because it
considers distances to residential buildings and not distances to the
outside limit of the unbuilt amenity space surrounding buildings (Fig. 1).
A lack of interoperability of available databases prevented us to use the
distance to the outside limit of the unbuilt amenity space surrounding
buildings.

2.2.3. Agricultural area and crop types within buffer zones

Buffer zones around residential buildings were overlapped with the
French LPIS data to calculate: (i) total surface area of buffer zones
(agricultural area and non-agricultural area), (ii) total agricultural area
within buffer zones, and (iii) agricultural area by crop type within buffer
zones. We distinguished between treated (e.g. wheat, wine grapes) and
non-treated (e.g. temporary and permanent grasslands) crops (see
Table Al for details). To estimate the potential economic impact of
pesticide-free buffer zones by crop type, the ratio between the crop type
area within buffer zones and the total national area of this same crop
type was calculated.

2.2.4. Typology of French departments according to crop types close to
housings

The hypothesis was made that due to the regional specialization of
French agriculture, dominant crops close to housings will vary by re-
gion. To test this hypothesis, the relative importance of each crop type
within the 150 m buffer zone by French department (a department is an
administrative unit corresponding to the NUTS-3 level of administrative
units nomenclature in the European Union) was calculated, and a
principal component analysis (PCA) was run followed by a hierarchical
ascendant clustering (HAC) with the Ward method to identify groups of
departments with similar relative importance of crop types within their
buffer zones. The PCA was performed with the rda() function of the
vegan R package [24], and the HAC was performed using the agnes()
function of the cluster R package [25].
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Fig. 1. Definition of buffer zones around residential buildings, when considering (A) distance to the residential building (as defined by the French government),
and (B) distance to the outside limit of unbuilt amenity space (e.g. garden) surrounding the building (as done in this study).

3. Results
3.1. Land use around residential buildings at the national scale

3.1.1. About one third of national agricultural area is located within 150 m
of residential buildings

At the national scale 0.06 Mha, 1.5 Mha, 4.5 Mha and 7.9 Mha of
agricultural land were found within 10 m, 50 m, 100 m, and 150 m of
residential buildings, respectively (Fig. 2A). This represents 0.2%, 5%,
16%, and 29% of the total national agricultural area. Roughly half of this
agricultural area is composed of non-treated crops, whatever the dis-
tance to residential buildings (Fig. 2A). Agricultural land represents 4%
(10 m) to 46% (150 m) of all land uses around residential areas, and
treated agricultural area represents 1% (10 m) to 21% (150 m) of all
land uses around residential buildings (Fig. 2B).

3.1.2. Grassland is the major crop type around residential buildings,
followed by cereals, oilseed rape and vineyards

Permanent grassland is, by far, the dominant crop type around res-
idential buildings (Table 1). But with 56% of agricultural area within 10
m of residential buildings and 38% within 150 m, its relative importance
decreases when distance to buildings increases. This shows that per-
manent grasslands are more likely located close to residential buildings.
Wheat is the second major crop type found around residential buildings
with a relative importance of 7% (10 m) to 13% (150 m), followed by
maize with a relative importance of 6% (10 m) to 11% (150 m)
(Table 1). The relative importance of both crops increases with the
distance to residential buildings, showing they are preferentially located
further from residential buildings. Then come temporary grasslands
(5-6%), barley (2-4%), oilseed rape (2-4%), other cereals (2-4%), and
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<
2 L 40
2 10 1
- - 30
c
X ]
5 - 20
- - 10
0~ =0

10m 50m 100m 150m

% of national agricultural area

vineyards (3%). Whatever the distance to residential buildings, the
order of dominant crop types changes only marginally, and grasslands
(permanent and temporary), wheat, barley, maize, oilseed rape and
vineyards altogether represent about 80% of the agricultural area
around residential buildings (Table 1).

3.2. The proportion of national area within buffer zones is higher for
perennial crops

As a first step in the estimation of potential economic impacts of
pesticide-free buffer zones on agriculture, the proportion of crop-specific
national area within buffer zones around residential buildings was
estimated. This proportion increases with the distance to residential
buildings across crop types: 0-1% at 10 m, 1-17% at 50 m, 5-40% at
100 m, and 10-58% at 150 m (Fig. 3). The share of the crop-specific
national area located close to residential buildings is higher for peren-
nial crops than annual crops, whatever the size of the buffer zone. For
example, at 150 m, this value reaches 45% for vineyards, 53% for or-
chards, 56% for tree nuts, 58% for olive trees, 31% for maize, 22% for
wheat, 20% for barley, and 19% for oilseed rape (Fig. 3).

3.3. The amount of agricultural area and the relative importance of crop
types around residential buildings vary by region

The amount of total agricultural area (treated and non-treated)
around residential buildings displays a strong spatial pattern, with
higher values in the north-west and south-west, and lower values in the
east of France (Fig. 4A). Higher values of treated agricultural area
around residential buildings are found in the west of France (e.g. Cotes
d’Armor, Ile-et-Vilaine, Gers) (Fig. 4B), while higher values of non-

(B)

100
80 —
60 —
40

20 +
- | |

10m

land use (%)

50m 100m 150m

Fig. 2. Land use surrounding residential buildings at national scale in France. (A) Surface areas (Mha) of different categories of land use surrounding resi-
dential buildings. (B) Relative importance (%) of different categories of land use within given distances to residential buildings.
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Table 1

Building and Environment 226 (2022) 109662

Dominant crops close to residential buildings in France: production area by crop type as a function of distance to residential buildings at the national scale.

Crops were ordered by decreasing area at 150 m to residential buildings.

Crops Distance to residential buildings Total France
10 m 50 m 100 m 150 m
crop production areas in hectares (ha)
Permanent grassland 32 206 (56%") 656 737 (45%) 1820 570 (40%) 2972003 (38%) 7 679 401 (28%)
Wheat 3928 (7%) 159 298 (11%) 560 118 (12%) 1 053 525 (13%) 4 853 018 (18%)
Maize 3466 (6%) 134 925 (9%) 468 259 (10%) 864 303 (11%) 2 831 986 (10%)
Temporary grassland 2846 (5%) 86 797 (6%) 281 067 (6%) 500 336 (6%) 1 445 501 (5%)
Barley 1366 (2%) 54 597 (4%) 187 884 (4%) 347 959 (4%) 1762932 (6%)
Oilseed rape 1105 (2%) 45100 (3%) 159 137 (4%) 301 802 (4%) 1611 054 (6%)
Other cereals 1047 (2%) 43 396 (3%) 151 957 (3%) 279 976 (4%) 974 101 (4%)
Vineyards 1579 (3%) 49 142 (3%) 155 236 (3%) 262 242 (3%) 583 222 (2%)
Fodder 1214 (2%) 43 478 (3%) 145 602 (3%) 261 950 (3%) 889 843 (3%)
Pastures 2450 (4%) 38 620 (3%) 123 377 (3%) 232 672 (3%) 1982 450 (7%)
Sunflower 541 (1%) 24 617 (2%) 88 843 (2%) 165 998 (2%) 547 955 (2%)
Set-aside land 1528 (3%) 39 440 (3%) 103 682 (2%) 163 415 (2%) 449 821 (2%)
Vegetables and flowers 648 (1%) 20 006 (1%) 62 221 (1%) 107 090 (1%) 406 845 (1%)
Other crops 2166 (4%) 23191 (2%) 56 885 (1%) 92 253 (1%) 271 056 (1%)
Other industrial crops 254 (0.4%) 10 049 (0.7%) 35857 (0.8%) 68 484 (0.9%) 558 351 (2%)
Orchards 486 (0.8%) 12 016 (0.8%) 35 426 (0.8%) 57 449 (0.7%) 107 531 (0.4%)
Other oil crops 164 (0.3%) 7604 (0.5%) 27 525 (0.6%) 51752 (0.7%) 183711 (1%)
Protein-rich crops 195 (0.3%) 7920 (0.5%) 27 697 (0.6%) 51 667 (0.7%) 237 507 (1%)
Fibre crops 75 (0.1%) 3319 (0.2%) 11 820 (0.3%) 22 625 (0.3%) 123 235 (0.4%)
Tree nuts 189 (0.3%) 4757 (0.3%) 13 929 (0.3%) 22393 (0.3%) 40 037 (0.1%)
Grain legumes 61 (0.1%) 2641 (0.2%) 9322 (0.2%) 17 145 (0.2%) 69 104 (0.3%)
Olive trees 123 (0.2%) 1864 (0.1%) 4380 (0.1%) 6272 (0.1%) 10 848 (0.04%)
Rice 7 (0.01%) 146 (0.01%) 605 (0.01%) 1337 (0.02%) 12870 (0.05%)
Total 57 644 (100%) 1 469 659 (100%) 4 531 398 (100%) 7 904 650 (100%) 27 632 382 (100%)
% of total national agricultural area  0.2% 5% 16% 29% 100%
 Relative importance of crop type within corresponding distance to residential buildings.
0 10 20 30 40 50 60 0 10 20 30 40 50 60
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Fig. 3. Percentage of national crop-specific
ordered by decreasing percentage at 150 m.

treated area are found in the north-west and south-center (e.g. Manche,
Saone-et-Loire, Aveyron) of France (Fig. 4C).

The hierarchical clustering procedure allowed us to identify 6 groups
of departments with similar relative importance of crop types around
residential buildings (Fig. 5, Figure Al, Figure A2). Three groups
(Groups 3, 4 and 6) display a high proportion (>50%) of non-treated
crops, dominated by permanent grasslands (Groups 3 and 6) and pas-
tures (Group 4). They are located in the east and south-center of France.
The three other groups are dominated by treated crops, dominated by (i)
wheat, maize and barley in the west (Group 1), (ii) wheat, barley,
oilseed rape and maize from the north to La Rochelle via Paris (Group 2),
(iii) vineyards in the south (Group 5).

production area within 10 m, 50 m, 100 m, and 150 m of residential buildings in France, by crop type. Crops were

4. Discussion
4.1. On the proximity between cultivated crops and residential buildings

With up to 29% of the total national agricultural area within 150 m
of residential buildings, our results reveal a high proximity between
crops and residential buildings (Fig. 2A). However, when considering a
distance of 10 m to residential buildings, which is representative of the
distances defined by the French government at the time of the study, this
proportion drops to a very low 0.2%. We hypothesized that major crops
in France in terms of production will also be dominant crops close to
housings. Our results confirms this hypothesis, with grasslands (per-
manent and temporary), wheat, barley, maize, and oilseed rape being
the dominant crops close to residential buildings (Table 1). However,
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permanent grasslands were found to be over-represented, and wheat and
to a lesser extent other major field crops (i.e. barley, maize, and oilseed
rape) to be under-represented close to housings as compared to their
relative importance at the national scale (Table 1). Because they are
non-treated crops, the dominance of grasslands close to housings can be
expected to contribute to a decrease in the exposure of residents to
agricultural pesticides. However, the importance of treated crops like
wheat, barley, maize and oilseed rape within 150 m to residential
buildings requires attention for its potential effect on residents’ exposure
to pesticides. Indeed, significant positive effects of the area of field crops
within 10 m-1000 m from home have been found on levels of pesticides
in house dust in France [12] and the USA [13,14], although the effects
on human health are very difficult to estimate [9]. Given the important
share of orchards and vineyards in the vicinity of residential buildings in
some departments (Fig. 5) and the very intensive use of pesticides on
these crops [15], they might be a more acute though much more
localized issue. Quantifying the proportion of total population living
close to agricultural fields (e.g. using population density maps, or
buildings characteristics like size and height as a proxy to the number of
people living in the building) at both national and local scales, and
estimating how the proximity between cultivated crops and residential
areas evolves in time due to urbanization deserves further research.

4.2. On the potential impacts of pesticide-free buffer zones on agricultural
production

As currently defined by the French government (i.e. 3-20 m to
housings), pesticides-free buffer zones are not likely to have a strong
impact on agricultural production at the national scale, as only 0.2% of
the total national agricultural area is found within 10 m to residential
buildings (Fig. 2A). However, larger buffer zones widths might have
important effects on agricultural production, at least for some crops. The
most striking example are vineyards, of which 27% and 45% of the
national area is found within 100 m and 150 m to residential buildings,
respectively (Fig. 3). Vineyards are in the top-3 of the most intensively
treated crops in France [15] because of a number of pests and diseases
that can lead to considerable losses of yield and quality, and even
complete crop failure, like powdery mildew [26], downy mildew [27],
and bunch rots [28]. Despite a number of existing tools and strategies to
reduce pesticide use in viticulture [29], pesticide use intensity remains
high in vineyards (the average treatment frequency index was 12.4 in
2019, see Table A2), and a pesticide-free management system is still
considered unfeasible [30]. If a reduced pesticide use intensity appears
feasible, the most recent evidence suggests it would likely come with a
strong reduction in grape yield. Indeed [31], analyzed the evolution of
pesticide use in 244 vineyards from farms voluntarily participating in a
pesticide reduction program over 10 years and 12 winegrowing regions
in France. On average, they found a 33% reduction in pesticide use (as
measured by the treatment frequency index) and a 19% reduction in
yield — although with substantial variation across regions. Therefore, the
implementation of large (i.e. 100 m-150 m) pesticide-free buffer zones
around housings could be expected to have a strong impact on wine
production at the national scale, which represented about 20% of the
economic value of total national agricultural production in 2018 [32].
This conclusion holds for olive trees, tree nuts and orchards as well,
which have more than 40% of their national area within 150 m to res-
idential buildings (Fig. 3), although their economic importance at the
national scale is lower than for vineyards. This confirms our hypothesis
that the share of crop-specific national production area located close to
housings might be high for some crops, with potential important eco-
nomic impacts of extended pesticide-free buffer zones. Impacts of large
pesticide-free buffer zones might also be important for other crops like
maize, wheat, barley and oilseed rape, for which 19%-31% of the na-
tional area is found within 150 m to residential buildings (Table 1). As
an example, a recent meta-analysis estimated that halving pesticide use
of wheat in France would decrease the French wheat production by 2-3
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Mt, which represents about 15% of the French wheat export [33].
Finally, some farms might have a large share of their fields located very
close to housings so that a high share of their production area would fall
within pesticide-free buffer zones. The potential impacts of
pesticide-free buffer zones would therefore be expected to vary across
farms. This would deserve further research and a specific attention in
possible future legislation.

4.3. Options for reducing pesticide use close to residential areas

The negative effects of pesticides are not limited to their impacts on
human health, and reducing their use is a challenge for the global
agriculture [2,3]. However, because of the accumulating evidence
showing that non-farmworkers living close to agricultural areas are
exposed to higher levels of pesticides than residents living further away
[9,101], it appears relevant to consider whether specific measures aiming
at encouraging pesticide reduction could be applied to cultivated areas
close to housings. A number of agronomic strategies have been identi-
fied as options to decrease pesticide use in both annual [33-36] and
perennial crops [29-31,37-39]. Discussing all these options is out of the
scope of this study, but we would like to highlight two key points. First, a
simple option is to preferentially grow crops with a low pesticide use
intensity close to housings [15]. However, this strategy is of limited
interest for perennial crops like vineyards, orchards, and olive trees,
which are often located close to housings and rely heavily on pesticides.
This makes perennial crops a complicated issue in this regard, especially
those for which Protected Designation of Origins are common like
vineyards. Second, we highlighted that a large share of the national
agricultural area is located close to residential buildings. We found
about 2 Mha of treated agricultural area within 100 m of residential
buildings. Conversion of these 2 Mha to organic farming (pesticides-free
buffer zones do not apply to organic farming) would add 7% of the
national agricultural area to the current 8.5% in organic farming
(assuming no overlap), so that the objective of 15% of organic farming at
the national scale by 2022 would be reached. Therefore, focusing ef-
forts to reduce pesticides use close to housings might be worth to
consider.

4.4. Towards a national quantification of residents’ exposure to pesticides
that takes into account local agricultural activities

Figs. 4 and 5 highlight the large variation in both the amount of
agricultural area close to residential buildings and the dominant crop
types grown in that area. This confirms our hypothesis that due to the
regional specialization of French agriculture, dominant crops close to
housings will vary by region. Groups of departments with similar rela-
tive importance of crops close to residential buildings were identified.
This analysis suggests that exposure to pesticides of people living close
to agricultural fields is likely to vary by region, both in intensity and
with respect to the nature of pesticides because all crops are not treated
with the same intensity nor with the same pesticides [15]. For example,
most common perennial crops (e.g. vineyards, apple, peach, apricot,
plum, and cherry) usually have a treatment frequency index (TFI)
ranging from 8 (plum and cherry) to 30 (apple), while TFI of annual
crops (except potato) ranges from 1.8 for soybean to 6.4 for oilseed rape
(Table A2). Likewise, some crops rely more on herbicides than others
(TFI for herbicides is 2.6 for sugar beet and 0.4 for vineyards), and this
can also be observed for fungicides (TFI for fungicides is 11.7 for potato
and 0.1 for sunflower) and insecticides (TFI insecticide is 2.1 for oilseed
rape and 0.1 for barley) (see Table A2).

Moreover, departments where non-treated crops dominate close to
housings (e.g. groups 3, 4 and 6 in Fig. 5) were identified, as well as

! Programme Ambition Bio 2022, https://agriculture.gouv.fr/ambition-bio-
2022-plan-dactions-des-acteurs-de-lagriculture-et-de-lalimentation.
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Fig. 5. Typology of French departments according to the relative importance of crop types within 150 m to residential buildings. Relative importance (excluding
non-agricultural land uses) of the top-5 crop types are shown by group of departments.

departments where more intensively treated crops (e.g. vineyards in
group 5) dominate close to housings. Although our results do not allow
for a quantification of the exposure to pesticide of people living close to
agricultural fields, we believe it provides an important step in this di-
rection. Indeed, residents living close to treated fields might be exposed
to pesticides through two main pathways: (i) spray drift, which occurs
during pesticide application and depends on spraying material, crop
height (drift being lower for small crops), and weather conditions during
spraying [40,41], (ii) volatilization, which occurs after spraying (from a
few days to several weeks) and is influenced by the physico-chemical

characteristics of active compounds, environmental conditions (tem-
perature, soil moisture, soil type, crop species), and agricultural man-
agement practices [42,43]. Coupling of our data with local crop-specific
pesticides use might provide further insights into resident’s exposure to
pesticides, both at the national scale and in specific departments where
intensively treated crops are closed to housings.

4.5. Limits of the approach

In this study, the best available data describing spatial organization
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of crops and residential buildings were used. Nevertheless, some specific
features of these data must be highlighted as they may slightly impact
the results. First, the spatial accuracy of BD TOPO® data ranges between
2.5mand 10 m [22]. This might lead to some error, especially over short
distances like the 10 m buffer zone considered here, although it is hard
to estimate if an over- or under-estimation is more likely.

Second, as explained above, the “use” attribute of buildings in the BD
TOPO® data was not always reported, which led us to consider all
buildings with “residential” and “undifferentiated” uses. This includes
residential buildings and those with unknown uses, but excludes
buildings with agricultural, commercial and service, industrial, religious
and sports uses and annexes. This may lead to overestimate the agri-
cultural area close to housings.

Third, the most recent data at time of the study were used, which are
for the year 2018 for the French LPIS and 2019 for the BD TOPO®. This
slight discrepancy should not affect our results as no major changes from
one year to another for both types of data are expected. Crop rotations
are used by farmers in France [44], but this is expected to have no sig-
nificant impact on our results for the following reasons: (i) perennial
crops like permanent grasslands (and to a lesser extent temporary
grasslands that usually last 3-5 years), vineyards, orchards, and tree
nuts are not subject to crop rotations; (ii) field crops like wheat, barley,
rapeseed, and maize are indeed grown in rotation, but despite long-term
shifts that occur on decadal time-scales (e.g. the rise in oilseed rape
between 1990 and 2010), production areas of these crops remain pretty
stable in the short-term (e.g. 3-5 years) at both national and local scales
[15,45]. This suggests the probability for these crops to be grown close
to residential buildings to be constant from one year to another.
Therefore, the year 2018 can be considered representative of the period
2016-2020.

Fourth, the French LPIS data is based on farmers’ declarations to the
CAP, and some areas may not be declared for various reasons. In 2018,
the French LPIS had a very good coverage for all field crops (98% of
national production area) and tree nuts (94%), and a medium-good
coverage for orchards (70%), vineyards (72%), and olive trees (66%)
(Table A1). This might lead to an overestimation (resp. underestimation)
of the proportion of national area under orchards, vineyards, and olive
trees area that is close to housings if areas that are not declared are far
from to (resp. close to) housings. This uncertainty is difficult to quantify
but does not change the main conclusions presented here at the national
scale. Indeed, assuming all non-declared areas are not within 150 m of
residential buildings still gives high estimates of 32% of vineyards, 37%
of orchards and 38% of olive trees within 150 m of residential buildings
at the national scale. However, non-declared areas appear to be
concentrated in a few departments: 52% of non-declared areas of vine-
yards, orchards and olive trees is located within 7 departments only
(Gironde, Vaucluse, Hérault, Marne, Gard, Var, Aude) (Table A3). This
may lead to some bias in the typology of departments according to the
relative importance of crop types close to housings presented in Fig. 5,
especially an underestimation of departments belonging to Group 5, in
which vineyards is the dominant crop type close to housings. In support
of this hypothesis is the fact that absolute values of non-declared areas
are much higher for vineyards than orchards and olive trees at both
national scale and local (i.e. department) scales (Table A3).

5. Conclusions

In this paper, the amount of agricultural land close to residential
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buildings in France was estimated using the best available data
describing spatial organization of crop types (French LPIS) and resi-
dential buildings (BD TOPO®). The results revealed that 29% of national
agricultural area was located within 150 m to residential buildings, a
proportion that drops to 0.2% when a distance of 10 m to residential
buildings is considered. Roughly, half of crops cultivated close to resi-
dential buildings are not treated (e.g. grasslands and pastures). The
other half is dominated by wheat, maize, barley, oilseed rape and
vineyards, although with substantial local variation. The large presence
of treated crops, and intensively treated crops in some French de-
partments, close to residential buildings requires attention for its po-
tential effect on residents’ exposure to pesticides. The proportion of
crop-specific national area that is close to residential buildings is low
at 10 m (0-1%), but increases rapidly with the distance to reach 10-58%
across crop types at 150 m and is always higher for perennial crops (e.g.
vineyards, orchards, olive trees) than annual crops. This suggests the
implementation of pesticide-free buffer zones around housings may
have a strong impact on agricultural production at the national scale
because of likely associated yield and quality losses on large areas. This
issue is especially important for perennial crops as they (i) are often
grown close to housings, (ii) cannot easily be moved away from hous-
ings, (iii) display a high pesticide use intensity as compared to other
crops, (iv) show a high probability of yield and quality losses associated
to decreased pesticide use. Together, these results highlight the need to
take into account local agricultural activities to address the issue of
exposure to pesticides of people living close to agricultural fields; but
also the high impact of potential large pesticide free buffer zones on
French agricultural production.
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Fig. A2. Cluster dendrogram from the hierarchical ascendant clustering used to identify groups of French departments with similar relative importance of crops
within 150 m to residential buildings. Colors indicate the 6 groups of departments that were identified.

Table A1
List of crop types and corresponding crop species, management (treated and non-treated), and share of national production area covered by LPIS data in 2018
(estimated by [21].

Crop type Crops Management  Share of national area covered
by LPIS data in 2018
Wheat Soft wheat Treated 99,2%
Maize Maize Treated 99,0%
Barley Barley Treated 99,8%
Other cereals Buckwheat, durum wheat, oats, rye, sorghum, spelt, triticale, other cereals Treated 99,5%
Oilseed rape Oilseed rape Treated 99,5%
Sunflower Sunflower Treated 98,4%
Other oil crops Peanut, non-textile linen, rape, soybean, other oil crops Treated 98,7%
Protein-rich crops Beans, faba bean, lupin, pea Treated 98,1%
Fibre crops Hemp, textile linen Treated 99,4%
Set-aside land Set-aside land Non-treated 92,9%
Rice Rice Treated 100%
Grain legumes Lentils, chickpea Treated 99,9%
Pastures Pastures Non-treated 86,6%
Permanent Permanent grasslands Non-treated 85,8%
grasslands
Temporary grasslands Non-treated 92,2%

(continued on next page)
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Table A1 (continued)

Crop type Crops Management  Share of national area covered
by LPIS data in 2018

Temporary
grasslands
Orchards Citrus, small red berries, peach, plums, pears, apples, cherry Treated 70,0%
Vineyards Grapevine Treated 72,5%
Tree nuts Carob, chestnut, hazelnut, walnut, pistachio Treated 94,8%
Olive trees Olive trees Treated 65,9%
Vegetables and Potato, greenhouse crops, open field vegetables, ornamental horticulture Treated 92,0%
flowers
Other industrial Non-fodder beet, aromatic plants, aromatic plants for perfume, medicinal plants, hops, tobacco, tomato Treated 98,5%
crops
Fodder Fodder beet, forage carot, forage cabbage, temporary dactyl, temporary fescue, fodder grass, fodder lentil, = Non-treated 98,6%
forage lotus, fodder lupin, clover, sweet clover, alfalfa, fodder pea, other grasses, other annual fodder
Other crops Other crops Non-treated 93,6%
Table A2

Pesticide use intensity of some selected crops in France. Pesticide use intensity is measured by the national-scale average treatment frequency index (TFI), which
represents the number of full recommended doses of plant protection products applied per crop growing cycle. The higher the TFI, the higher the pesticide use in-
tensity. Also shown is TFI by category of products: herbicides, fungicides, insecticides, seed coating and others. Data have been sorted by decreasing order of total TFIL.

Crop species Herbicides Fungicides Insecticides Seed coating Others Total

Annual crops*

Potato 2.5 11.7 1.4 0.8 0.3 16.5
Oilseed rape 1.9 1.1 2.1 0.8 0.4 6.4
Sugar beet 2.6 1.7 0.2 1 NA 5.5
Soft wheat 1.8 1.6 0.2 0.9 0.6 5.1
Pea 1.3 1.2 1.2 0.8 NA 4.6
Barley 1.7 1.1 0.1 0.9 0.5 4.4
Durum wheat 1.5 1.4 0.1 1 0.3 4.2
Fababean 1.1 0.8 0.6 0.5 0.1 3.2
Maize (grain) 1.6 NA 0.2 0.9 0.1 2.8
Sunflower 1.3 0.1 0.1 0.8 0.3 2.7
Triticale 1.2 0.5 0 0.8 0.1 2.6
Maize (green) 1.4 NA 0 0.9 NA 2.4
Soybean 1.5 NA NA 0.1 0.1 1.8
Perennial crops**

Apple 0.3 19.5 8.1 NA 1.6 29.5
Peach 0.4 10.4 7.4 NA 0 18.4
Vineyards™** 0.4 10.1 1.8 NA NA 12.4
Apricot 0.3 6.4 2.5 NA 0.1 9.3
Plum 0.2 4.9 31 NA 0.1 8.3
Cherry 0.2 3.9 4.0 NA 0.1 8.2

* Data for annual crops are for the year 2017. Source [46].
“ Data for perennial crops (except vineyards) are for the year 2018. Source [47].
“** Data for vineyards are for the year 2019. Source [48].

Table A3
Estimation of area not included in the French LPIS for vineyards, orchards and olive trees in 2018. Data have been sorted by decreasing order of total area of vineyards,
orchards, and olive trees. Source: [21].

Area By crop type Total (orchards + vineyards + olive trees)

Vineyards (ha) Orchards (ha) Olive trees (ha) Total (ha) Percentage of national total Cumulative percentage
France 217707 44905 6383 268994 100% 100%
Department
33 Gironde 38323 254 0 38576 14% 14%
84 Vaucluse 17702 4658 213 22573 8% 23%
34 Hérault 20762 696 468 21926 8% 31%
51 Marne 18305 6 0 18311 7% 38%
30 Gard 11426 3185 119 14730 5% 43%
83 Var 10210 1088 1906 13205 5% 48%
11 Aude 10502 260 120 10882 4% 52%
66 Pyrénées-Orientales 7845 2827 43 10715 4% 56%
69 Rhone 8210 640 0 8850 3% 59%
13 Bouches-du-Rhone 2263 5105 572 7940 3% 62%
26 Drome 3927 3665 118 7710 3% 65%
71 Saone-et-Loire 6728 7 0 6735 3% 68%
21 Cote-d’Or 6347 58 0 6405 2% 70%
10 Aube 6030 54 0 6084 2% 72%
49 Maine-et-Loire 4151 518 0 4668 2% 74%

(continued on next page)
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Table A3 (continued)

Area By crop type Total (orchards + vineyards + olive trees)
Vineyards (ha) Orchards (ha) Olive trees (ha) Total (ha) Percentage of national total Cumulative percentage

24 Dordogne 2143 2309 0 4453 2% 76%
37 Indre-et-Loire 3614 162 0 3776 1% 77%
16 Charente 3559 208 0 3766 1% 79%
68 Haut-Rhin 3692 42 0 3734 1% 80%
7 Ardeche 2072 1460 30 3561 1% 81%
17 Charente-Maritime 3401 131 0 3532 1% 83%
82 Tarn-et-Garonne 474 2749 0 3223 1% 84%
44 Loire-Atlantique 2935 281 0 3216 1% 85%
47 Lot-et-Garonne 735 2225 0 2959 1% 86%
89 Yonne 2734 173 0 2907 1% 87%
2 Aisne 2768 117 0 2885 1% 88%
67 Bas-Rhin 2125 71 0 2196 1% 89%
18 Cher 2026 163 0 2189 1% 90%
2B Haute-Corse 1249 518 341 2108 1% 91%
38 Isere 231 1832 0 2063 1% 91%
6 Alpes-Maritimes 60 44 1463 1567 1% 92%
39 Jura 1477 11 0 1488 1% 93%
46 Lot 880 243 0 1123 0% 93%
4 Alpes-de-Haute Provence 249 281 592 1123 0% 93%
41 Loir-et-Cher 1070 50 0 1120 0% 94%
14 Calvados 0 1090 0 1090 0% 94%
58 Nievre 1016 8 0 1024 0% 95%
32 Gers 815 200 0 1015 0% 95%
35 Ille-et-Vilaine 0 961 0 961 0% 95%
73 Savoie 750 91 0 841 0% 96%
81 Tarn 614 203 0 816 0% 96%
42 Loire 302 384 0 687 0% 96%
72 Sarthe 206 452 0 658 0% 96%
85 Vendée 419 233 0 652 0% 97%
64 Pyrénées-Atlantiques 352 214 0 566 0% 97%
1 Ain 447 44 0 491 0% 97%
19 Correze 66 401 0 467 0% 97%
86 Vienne 392 72 0 464 0% 97%
76 Seine-Maritime 0 433 0 433 0% 98%
40 Landes 211 197 0 408 0% 98%
31 Haute-Garonne 226 165 0 391 0% 98%
45 Loiret 84 295 0 379 0% 98%
79 Deux-Sevres 225 117 0 342 0% 98%
22 Cotes d’Armor 0 335 0 335 0% 98%
74 Haute-Savoie 182 96 0 279 0% 98%
29 Finistere 0 262 0 262 0% 98%
27 Eure 0 256 0 256 0% 99%
23 Creuse 2 1 244 246 0% 99%
61 Orne 0 245 0 245 0% 99%
12 Aveyron 100 145 0 245 0% 99%
63 Puy-de-Dome 204 40 0 245 0% 99%
95 Val-d’Oise 0 231 0 231 0% 99%
2A Corse-du-Sud 137 12 71 219 0% 99%
5 Hautes-Alpes 28 103 82 214 0% 99%
77 Seine-et-Marne 66 140 0 206 0% 99%
56 Morbihan 1 173 0 174 0% 99%
53 Mayenne 0 164 0 164 0% 99%
36 Indre 135 28 0 163 0% 99%
52 Haute-Marne 110 47 0 157 0% 99%
87 Haute-Vienne 3 134 0 137 0% 100%
55 Meuse 4 130 0 134 0% 100%
9 Ariege 8 112 0 120 0% 100%
70 Haute-Saone 75 39 0 114 0% 100%
59 Nord 0 101 0 101 0% 100%
50 Manche 0 101 0 101 0% 100%
54 Meurthe-et-Moselle 50 45 0 94 0% 100%
57 Moselle 70 20 0 90 0% 100%
65 Hautes-Pyrénées 69 3 0 72 0% 100%
60 Oise 0 65 0 65 0% 100%
28 Eure-et-Loir 1 63 0 64 0% 100%
3 Allier 59 0 0 59 0% 100%
78 Yvelines 1 46 0 46 0% 100%
80 Somme 0 34 0 34 0% 100%
88 Vosges 23 10 0 33 0% 100%
25 Doubs 17 15 0 32 0% 100%
8 Ardennes 0 26 0 27 0% 100%
62 Pas-de-Calais 0 18 0 18 0% 100%
91 Essonne 0 12 0 12 0% 100%
43 Haute-Loire 9 0 0 9 0% 100%

(continued on next page)
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Table A3 (continued)
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Area By crop type Total (orchards + vineyards + olive trees)
Vineyards (ha) Orchards (ha) Olive trees (ha) Total (ha) Percentage of national total Cumulative percentage
15 Cantal 3 1 0 4 0% 100%
90 Territoire de Belfort 0 3 0 3 0% 100%
93 Seine-Saint-Denis 0 0 0 0 0% 100%
94 Val-de-Marne 0 0 0 0 0% 100%
48 Lozere 0 0 0 0 0% 100%
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