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Abstract

At the global scale, an increase of gardening aietsvis observed in urban areas. The
guestions of vegetable quality and more widely &heboration of policy for sustainable
management of the collective gardens need therédobe investigated. An interdisciplinary
and patrticipative research study “JASSUR” basedh lmst agronomy and risk assessement
was therefore conducted in a French collective gaichpacted by arsenic (As) pollution in
wells for irrigation. Gardener surveys and publieatings permitted to study the gardeners’
representations of risk and build solutions fousatainable site management. The theoretical
framework of Gilbert (2003) bringing a social canstion of risk was applied to investigate
our research question: in what way the presenegsehic is or not a public problem and how
each party takes ownership of this issue?

Without official As limit concentration for vegetl#s from gardens, a collective
process of risk manufacture took place. Interviefvgardeners, meetings with stakeholders
and quantitative sanitary risk assessment (QSRAj)eweerformed to carry scientific
arguments to the authorities in charge of thesdeger and to inform the gardeners. Arsenic
total and human bioaccessible concentrations we@snred in both vegetables and soils and
compared to reference data from national datalbdseeover, vegetables quantities produced
were obtained in the field from gardeners usingéstrbooklet. On the basis of the maximum
calculated potential diary As quantity ingested &fRA it was concluded that gardening
activities could continue using safe water forgation. By favoring the exchanges between
gardeners and with other actors: research, pqlities pollution induced a structuration of
their community and favor a collective constructainisk management. Our interdisciplinary
and participatory approach is therefore usefuhtprove further management of pollutions in
collective or private urban gardens.

Keywords: Urban agriculture; Risks; Sustainable gardeningjlluRon management;
Regulation; Sciences and Society.
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1-Introduction

For many reasons such as economic crises or umtgrédout the quality and origin
of purchased consumed plants, a growing developmkgardening activities is observed
across the planet (Chenot et al. 2013; Ghose anggRe/e, 2014). In urban areas, numerous
new collective gardens are therefore created iporese to the social pressure. Producing
quality plants is the main objective of gardene@ojard and Weber 1995; Pourias &
Duchemin, 2013). According to Menozzi (2014), cdliee gardens are a real tool to think
and develop the city. Besides real environmengalds and social cohesion, the association
"Green Garden" in Britain, aims to offer a credib®nomic urban gardening alternative in
connection with the food issue. Hale et al. (20ddnsider that gardens are a potential urban
resource for active and passive learning aboutogadl processes. Actually gardeners
represent an important community awareness of mgastering of sustainable development.
As demonstrated by recent research using geogragbitnation and mathematical methods
(Ghosh 2014), the development of gardening aatwitcould contribute to preserve the
environment. In an increasingly industrialized fogybtem, children are disconnected from
opportunities to grow their own food. Consequentlyrrent and future generations of young
people may lack the experience of gardening aneepar understanding of our food system,
ecological knowledge and a holistic appreciatiofoofd and nutrition (Devine et al., 1998).

But, atmosphere or soil pollutions are often obseérwn these urban areas mainly due
to roads proximity, agricultural and industrial iaittes which occurred during centuries
(Douay et al., 2008; Mitchell et al., 2014). Aclyaimany chemicals can flow or accumulate
in atmosphere, waters, garden soils (Schwartz,)2@1b8 finally vegetables (Uzu et al., 2014;
Clinard et al., 2015). However, currently there aceFrench regulatory threshold values for
total concentrations of pollutants in the gardeitss@-oucault et al., 2012; Mombo et al.,
2015). Indeed, only marketed plants are regulatedeurope and just on some targeted
inorganic pollutants such as lead, cadmium and mngrEC, Nn°466/2001). Arsenic (As) is a
persistent highly (eco)toxic and very often obsdrweetalloid in the environment (WHO,
2010) and accordingly to Jennings (2013), chronral cAs exposure can result in
gastrointestinal distress, anemia, peripheral rmmathy, skin lesions, hyperpigmentation, and
liver or kidney damage. For such no regulated iaoig pollutant, a specific quantitative
assessment of health risks (QSRA) must then bédaout in order to scientifically access
the human As exposure in the case of consumptigoteintially polluted vegetables (Ademe,
2014). For example, QSRA was necessary in theafa&s pollution determined in collective
gardens in order to carry scientific argumentshtaduthorities in charge of these gardens and
to inform the gardeners. The objective of the QSRAO assess the pollutant quantity
potentially ingested by gardeners in the case ofsemption of contaminated plants and
compare it with reference value (Boutaric, 2013;nfati & Austruy, 2014). It's therefore
necessary to both fill the quantities of producedjetables in the gardens and their use
(consumption, donations...) thanks to a survey afdgners and a measurement of the
pollutant concentration in vegetables (Xiong et2014).

However, gardeners certainly come in the collectjgedens to mind off and produce
good vegetables for their health. When informedpoliution in their gardens, legitimate
concerns arise therefore (Austruy et al., 2013 @ardeners in collective gardens want to
know if their gardening activities can expose therpollutants. In case of potential pollution,
they generally organize special meetings with tersific experts and politics in charge of
the site in order to obtain precisions on the sapitisk and the ways of managements that
can be performed. Collective performed assessmadt rmanagement of the risk can
sometimes conduct to a new norm or regulation assed by Boutaric (2013): he considers
that sanitary risk assessment is one of the ingn#isndeveloped by scientists and whose
characteristic of decision support confers propsrto the frontiers of science and politics.
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This form of organization of scientific expertisadathe decision process is traditionally
presented as an aid to public decision-makingtuatons of uncertainty. Then, gardeners are
awaiting clear and rapid answers to the questiaii: there be a risk for my health if |
consume my garden’s production? But, due to thepbaxity of the bio-physicochemical
mechanisms involved in the transfer of substancdsrirestrial ecosystems and the numerous
occurring interactions, scientists can rarely sppabusly respond to this kind of question
(Dumat et al., 2013). They need before to make eysv preliminary observations and
dedicate time and money to measurements. Morethey,often have only a partial view of
the ecosystem and it's therefore difficult to signginswer and with certainty to a simple
guestion of a gardener on the impact of pollutidhe answer of one scientific will be
generally: "it depends" of soil characteristicsx(tee, pH, soil organic matter amount...),
crop variety and practices (Dumat et al., 2013)udllg, scientific and technical uncertainty
about the quality of food products is due to thedpict itself or its mode of production whose
evil knows the possible negative externalities. éilauncertainty is also related to soil
characteristics and practices of gardeners, muche ndifficult to “fit", to "trace" and
“control”.

Promoting operational collaboration between redeascand gardeners, is therefore a
crucial environmental health issue as millionsitfzens cultivate and consume vegetables in
the world. It's certainly the main goal of the ma&al French scientific research project
“*JASSUR” (Associative Urban Gardens in France amgtasnable cities: practices, functions
and risks, http://www6.inra.fr/jassur) in which opresent study falls. The JASSUR project
proposes to clarify in an interdisciplinary waynétions, uses, way of operation, and benefits
or potential hazards that induce associative garadéthin sustainable cities emerging. The
project aims to identify the necessary means abadb maintain or even restore, develop or
evolve these associative gardens in urban areed faith the challenges of sustainability. To
do this, it relies on a consortium of 12 researentners (various institutions) and of
associations in seven French cities (Lille, Lyonarbgille, Nancy, Nantes, Paris and
Toulouse). JASSUR is based on a central questionat wservices urban gardening
associations provide in the sustainable developneéntities? These ecosystem services
rendered to the city, in the completeness of themmg of this term proposed by the
Millennium Ecosystem Assessment (provisioning, lagug, supporting and cultural
services) are still very poorly understood. Facéith the knowledge to develop information
for the JASSUR project is the assumption that theysof food services provided by these
associative urban gardens, yet very little reseafgjhcts is a link between: (i) bio-physical-
chemical characterization of soil and products frdmse gardens: the question of the
potential risk of pollution caused by urban envir@mt (soil, atmosphere) is central here
because that could thwart the food supply sericea socio-technical characterization of
gardeners practices, both in crop choices, teclesiguarticipation of their garden produces to
food and good nutrition of their family; (iii) a e@-political characterization of the
governance of these spaces in urban areas, particil terms of management of locations,
modes of operation, the potential environmental laedlth risks. The food supply services
(cultural practices, productions and products llocs; measurements of quantities consumed
and nutrient intake, gardeners representationsdagpthe interests and dangers gardens) are
analyzed and possible pollution management methgdsommunities are also studied. We
are in a case of “citizen science” as describedalon et al. (2002): gardeners are directly
implicated in the research program and participatbe risk construction and management.

In the context of the national JASSUR project, atendisciplinary and participatory
research study based both on soil fertility aneémicsrisk assessment and management was
conducted in a French collective garden impactedatsenic pollution in wells used for
vegetables irrigation. Vegetables quantities predua their gardens and food practices were
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obtained in the field from gardeners using hanbesiklet previously used by Pourias et al.
(2015). Total and human bioaccessible arsenic cdrat@®ns were measured in vegetables
and soils sampled in gardens and compared to ttzefaam national database focused on
metals in vegetables. All these obtained data gerdhto calculate the maximum potential
diary As quantity ingested and perform the QSRAerddic assessment of sanitary risk. The
exchanges with gardeners on agronomy highlighted tielatively poor understanding of
mechanisms involved in nutrients and pollutant 4fars towards plants. Consequently, the
arsenic pollution permitted to improve the struation of their community by the
development of exchanges between one another.cébkes study also led to great exchanges
(with politics and researchers among others) attmimanagement of sanitary risks inducing
a collective process of risk manufacture. Orgaiopabf information (as databases and free
open access pedagogic resources on sustainablengaydpractices) and development of
communication tools were therefore aimed. Figupeekents the general design of the study.
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Figure-1.General design of the study.

Gardener surveys and public meetings have permitbecstudy the gardeners’
representations of risk and build solutions foruatainable management of gardening site.
Gilbert (2003) in its publication “the manufactuvé risks” exposes that the designation of
risks as public problems as well as the selectioth the grading of these risks are often
explained in three great ways: (1) either like tbsult of arbitrations operated by the public
authorities; (2) either like the result of confratbns between « civil society », and public
authorities; (3) or still as the result of the waywhich multiple actors define and build the
problems. This theoretical framework was appliedhis study to categorize gardeners in
terms of their position with respect to the rislctédally, the position of Gilbert (2003) brings
an interesting perspective to this field: regarslle$ the scientific analysis, risk is a social
construct. It will become a public problem if therious stakeholders will be appropriated for
emergence as an issue to deal with. It's this m®eéhich is traced in this paper by observing
interactions between gardeners, researchers anit @wthorities. The following question
that guides the work: in what way will it provedethresence of arsenic or not being a public
problem and how each party will take ownership tag tissue? Our interdisciplinary and
participative approach is therefore useful to inwerdurther management of pollutions in
collective or private urban gardens. After a chagteesenting the chronology of arsenic
pollution “story” in the gardens and the interansdetween the different actors involved, the
collective construction of the sanitary risk oferi pollution in the gardens is described and
finally it's explained how the problem of arsenieduced several changes both in the
Environment-Health dynamics and interactions betwtde various actors involved in the
polluted gardens.
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2-Chronology of the arsenic pollution “story” in the gardens and interactions between
the different actors involved

2-1. Description of the studied site

The associative gardens site is localized in Cast@olosan near the “Canal du Midi”
in Midi-Pyrénées Region. In 2005, a previously agjtural parcel was converted into 40
different individual parcels that are rented out 3y amateur gardeners involved in the
association and paying 50 euros per year. At tigingrsoil characteristics were therefore
approximately the same for all these 40 parceld, Brogressively in function on their
agricultural practices each gardener significanbgnged the soil characteristics of its parcel.
Table 1 highlights these variations of exchangeablgper (Cu), phosphorus (P), potassium
(K), organic matter concentrations, pH and CEC. sEseagronomic parameters were
measured with standardized methods on dried anddiender 2 mm soils.

Promoting sustainable gardening practices was teglgén our research study,
especially based on a better knowledge by gardefdrysth nutrients and pollutants transfers
in the soil-plant-water systems in relation witkithpractices. Indeed, it's important for them
to know the agronomic characteristics of their sorder to reasonably choose the cultivated
plants or the amendments. These soil parameteosir#lsence soil-plant transfer of both
nutrients and pollutants (Elouear et al., 2014).réddwer, the agronomic study provides a
friendly handshake with the gardeners. The survegasdeners highlights that Bordeaux
mixture, the liquid manure (nettle and comfrey) andlogical anti-slug are widely used.
Medium Cu pollution was observed: Cu is low toxac iumans (except at strong dose), but it
can reduce biological activity in soils. Exchandeameasured P and K nutrients (with
normalized procedure) were compared with referemases for fertilization (obtained from
controlled field experiments). If the value for osteidied soil is above the maximal accepted
reference value of exchangeable element (Ti), ttemot necessary to add the nutrient (this
is called “stalemate”). If the value is under thénimal accepted value of exchangeable
element (Tr), then it's necessary to add a highntityaof the nutrient (this is called
“building”). Using the reference values currentbkén for agriculture, over-fertilization of
garden soils was concluded in all plots. Howevargdgn soils are different from agricultural
soils: they present higher soil organic matter eohtand often have higher amount of coarse
particles, it could be therefore pertinent to deiee specific gardens reference values for
fertilization.

Parcel pH- pH- OM C/IN | Clay (%) | Loam| Sand | Carbonates CEC
number | H,O KCI (%) (%) (%) (%) (me.kg")
2 8 7.5 2.6 10 32 36 32 0.25 207
5 7.6 7.2 2 9 30 35 25 0.3 208
11 8.1 7.6 2.45 8.9 35.8 36.2 25.5 0.2 265
12b 8 7.6 3 11 35 37 28 0.3 211
13 8.2 7.4 2.85 9.7 31 38.7 27.8 1 209
15 7.6 6.8 2 10.6 35.3 37.1 25.1 0.1 237
21 7.8 7 2.8 24.4 0.7 146
26 8.2 7.4 4.05 12.4 33.5 37.2 25.4 0.8 242
35b 8.1 7.5 2.6 10.5 31 37 32 0.3 206
Parcel | Exchangeable ®s JH Exchangeable O Exchangeable Cu
number (mg.kgh) (mg.kg?) (mg.kg") (Ti=0,75)
2 185(50-125) 575(180-260) 1.8
5 260(170-240) 203(180-260) 2.1
11 71(50-125) 239(200-285) 3.6
12b 53 (50-130) 260(200-280) 2.8
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13 80 (50-125) 225(175-250) 2.3
15 79 (50-125) 346(200-280) 6.6
21 383 (170-240) 294 (200-280) 2.2
26 107 (50-125) 280(185-270) 55

Table-1. Agronomic parameters. Numbers in brackets and biurespond to the
reference valuefIr-Ti) which are obtained by field experiments.

2-2. Pollution context

Arsenic pollution of the well water used for wateyivegetable productions of the
associative gardens was discovered incidental®0ib0, by students as part of a pedagogic
scientific work to characterize the agronomic amvimnmental quality of the site
(Ladepeche, 2011). The figure 2 presents: (a) dbalization of the site (120G (b) with
the 40 parcels and the polluted wells.

Q‘:} S 103 (e[ —weave
BN CASTANET:
1 \\\_: \l;OSA ‘

Old landfill

Figure-2(a) Localization of collective gardens in Castahelosan (31)
(b) description of the site with the 40 parcels amdls (red spots).

Following the detection of As pollution, the regadbnhealth agency (ARS) was
contacted. Then, new water analyses were perforanedfinally a prefectural notification
prohibited the use of water. Wells were then conukin order to avoid acute health risk
associated with the ingestion of contaminated wattets use for hand or vegetable washing.
But as arsenic is highly toxic, gardeners remaieggectantly on the quality of cultivated
plants and the future of their gardens. That is wigyparticipative research project on plant
quantities and quality was organized. Thus, regataenic measurements were organized
with gardeners and performed in water wells, sod @lant products on this site between
2010 and 2014 with regular exchanges with gardeorerthe results. Moreover, discussions
were held between the gardeners, the mayor androbses to collectively manage the As
pollution in a way taking into account gardenersalth and their numerous questions on
environmental pollution.

2-3. Tools for risk assessment, communication andanagement

Initially, the Association of gardeners was molatiz by the researchers for
educational project concerning agronomy. Then, wilienAs pollution of well water was
discovered the concerns of different stakeholdexstbeen facing the management of health
risks. Once convicted wells, and therefore the kmbwalth risk controlled, gardeners wished
to continue gardening and therefore expected gamswers from ARS, the mayor and
researchers on the quality of cultivated plants. réspond to that social problem, the
researchers first conducted spontaneous analyzé(precise research program), then the
JASSUR project (2013-2016) was funded by “sustdenatities” program from French
Agency for Research (ANR). Previously, ADEME fundedirst research program (without
analyzes) dedicated to the state of knowledgeadsté the gardens in France (SOJA project,
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2009-2011). Following this project, analyzes of lgbn in the gardens were aimed by
ADEME. But, ultimately ADEME did not wish to engage this gardens characterization
project for economic and strategic reasons. Howedbanks to the results of this project a
book concerning the French gardens was writtentditda potagers: terres inconnues ?”
(Chenot et al., 2013). Actually, the complexity toese ecosystems makes it difficult and
expensive to characterize gardens and it genematesrous uncertainty. Facing the pollution
and to manage the uncertainties, the various abtre aims and perceptions that differ: (i)
gardeners want above all to continue their gardgagtivities; (ii) the mayor and the ARS
want to manage health risks; (iii) researchers wosfichieve robust measures: production and
quantification of measures of pollution in the garg. Finally, these different actors interact
throughout the project to co-build a common repnesteon of the risk used then for its
sustainable co-management.

The “Harvest Booklet” method described by Pouriasale (2015) was used with
gardeners from nine different selected parcels fpars1 2, 5, 11, 12b, 13, 15, 21, 26 and 35b)
in order to perform the gquantification of producso The booklet (see figure-3) includes
tables with the following headings: (a) type ofyr¢b) date of harvest; (c) quantity harvested
(in grams or units); (d) use of the crop (eaten @wcooked, preserved or immediate
consumption); and (e) destination of the crop ggtftitside the close family). In addition the
harvest booklets permitted to interview the garderte know their gardening practices
(nature of the soil amendments and treatments}laidlevel of concern about As pollution.
The harvest booklet may also be considered as@nyl: an instrument that transforms the
material into writing, traces essential to the micbn of scientific facts. It's through their
configuration as the phenomena that are studiedir@cgisibility and true existence. The
instruments of the "laboratory" produce a realibatt Latour and Woolgar (1979) call
“"technical phenomena" which is the starting poortthe production of fact. Without them,
impossible to work on anything, actually, this rgails produced by the technical instruments
in the form of traces; it's as inscriptions thatepbmena are apprehended by scientists.
Further, meetings of the association and with ciél helped to complete the individual
analysis of the organization of the associationdéal with As. From 2010 to 2015, 15
meetings were organized between the researchertharghrdeners in order to communicate
on the As pollution study and explain the data mess In that way it was possible to
motivate the gardeners to complete the “Harveskixo

Farvest
otebook

Figure-3 Harvest Booklet: Front and Back Covers and InBidges.
(Pourias et al., 2015)

2-4. Strategy of the study, sampling (waters and getables) and analysis

Water quality was studied in the wells used fordgas irrigation and outside the site
in order to investigate the origin of pollution. t&ally, numerous discussions were performed
to define the As origin: natural geochemical baokgd or anthropogenic activities?
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Sampling of vegetables was performed accordindi¢oADEME (2014) “Sampling
Guide for Vegetables in the context of environmemtiagnostics”. Both lettuces (leafy
vegetable) and carrots (root vegetable) were sam@éer peeling for carrots, vegetable
samples were washed to remove potentially surfacgamination (Uzu et al., 2010) and
analyzed using the same procedure as Schreck @04ll). Human As bioaccessibility was
performed according to Xiong et al. (2014) using it vitro Unified Barge Method that
simulates the processes occurring in the mouthmath and intestine compartments with
synthetic digestive solutions. As bioaccessibilitgs finally expressed as the ratio between
the extracted As concentration in the saliva-gagihase and the total concentration before
digestion. The data obtained were analyzed foredifices between treatments using an
analysis of variance (one-way ANOVA). Statisticalalysis was carried out using the
software Statistica, Edition’98 (StatSoft Inc., Sal OK, USA). A Fisher’'s LSD test was used
to determine the level of significance (p-value.€3) against the control.

3-Collective construction of the sanitary risk of A pollution in the gardens

3-1. Gardeners groups and level of implication in@gards with As pollution

Once identified the risk of pollution, the ARS atide Mayor have positioned
themselves: the main source of risk (wells) is owd. Gardeners have adopted various
postures on the basis of refunds tangible scient&#sults on which to build. The interviews
with the gardeners of the 9 plots studied in detaild also the discussions at 4 general
meetings with a total of 30 gardeners has alloveediéntify three levels of interest in the
problem of arsenic pollution: (group-I) the confide, (group-11) the dynamics and (group-III)
the opposites. Table 2 presents the profiles ofehthree groups. In addition to that
categorization of gardeners in regards to the agmilution, the dynamic of the actors and
collective risk construction is analyzed furthethe chapter 3-3.

Group of gardeners Characteristics

(I) The confidents (20%) Some gardeners feel little concerned with As putuand do not care at
all. Since the wells are convicted, they are hesdénd listen distractedly
to the information provided on the As analyzes.ylimake full confidence
in the management of gardens, the mayor and ssigniihey come to th
gardens to cultivate vegetables and apply the tjnekeof good practice,
but don't ask questions or are dynamic agents afigh. Better knowledg
of factors influencing transfers of pollutants wils or human exposure to
pollutants is not a priority for them.

@D

@D

(I Dynamic actors involved in | Another part of the gardeners (the majority) areyventerested in
environment-health aims (70%) | information on arsenic pollution. They promptly wathe results of
measurement and ask many questions. They are dyrmeamars to develoj
pro-health-environment practices. For example, igiog quality compost
or using green manure plants. They are also veiyeain the search for
lasting solution for watering gardens. Since thdlsvevere closed an
based on the arsenic analysis results they arevaoied, because the
opinion is based on scientific arguments.

Moreover these gardeners are also strongly involivethe life of the
association, very dynamic and motivated to taket par sustainable
development projects such as the creation of a pmndencourage
biodiversity in gardens (2013) or the creation gflat garden accessible
for handicapped gardeners (2015). They work in bagmwith the Mayor
and therefore are in a position of seeking solgtitinsustainably manage
the pollution and reduce As exposure while remajimthe gardens.

1=

— == M

(1) Opposite gardeners (10%) The last part of the gardeners is quite vehemerimgthe meetings. They
want to communicate their disagreement againstrthgor who provided

8
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1%

these gardens or against the scientists who canviece them that the
sanitary risk is controlled if human exposure i&.Idloreover they don't
understand why the As origin isn't determined vadrtainty. They would
like that the mayor regularly write that As wateollption is totally
controlled and has no impact on their health. Rattarried, they don't
propose solution. Only one part of them is intex@sb known the results
and have a better understanding of transfers.

From another side, this gardener group is lessliedoin gardening
activities and much more anxious with respect tugion. They would
like clear evidences that arsenic cannot contamitiregm.

A gardener in this group preferred to leave itdgar explaining that h
was not reassured by the analysis of ARS, the posifithe mayor an

researchers analysis. T

11%

Table 2 Three levels of gardeners’ interest for arsewitution problem

3-2. Water pollution: what consequences and managemnt?
The origin of the contamination is unclear...

The water pH ranged between 7 and 7.5. The talpleeSents arsenic concentrations
measured in water of the various wells-H) between 2010 and 2014. In comparison with
the regulated value for drinking water in Franc8 (bAs.L?), we can conclude to strong
polluted water. This is why water cannot be useghane for hand washing and watering
productions and even less ingested until furthedyasis are performed and demonstrate a
reduction of As concentration. Meetings were orgediwith politic and technical services of
the town in order to manage the situation. Theomgji agency for health was prevented by
the researchers and supplementary measurementsaterswwere performed. Then a
prefectural attestation has banned the use of ¢Hatgd water in 2011. Several hypotheses
were proposed by the different actors to explachsis pollution of water wells:

1) A former landfill is located just near the maintrance to the gardens. As the gardens were
moved in 2005, gardeners who support this hypathes highly critical because they think
that the mayor has taken a bad decision with cingnihie location of these gardens.

2) Another hypothesis is the piling up of large ifitees of pesticides enriched with arsenic in
the soil after one pesticides factory closed inQL¥8w old gardeners who have been living
since a long time in Castanet-Tolosan seem to rdraethese practices.

3) According to another gardener, during the exploof the AZF factory in Toulouse,
polluted excavated soils were used at regionaks@akhird hypothesis is therefore that As
pollution has been induced by the addition of thpskuted lands. However, as the main
chemical substance used on the AZF site was ammmonitrate and moreover according to
The ARIA database (Analysis, Research, and Infaonain Accidents) most of the polluted
lands were cleared on the sitehttp://www.aria.developpement-durable.gouv.fr/wp-
content/files_mf/FD_21329 Toulouse 2001 fr)pdfthis hypothesis seems therefore
implausible.

4) A final hypothesis is the natural origin of argein the mother rock from which the soill
has developed; well water could therefore enrigieeslly as these wells are often used and
dug deep. Actually, high As values in waters dué¢h® natural alteration of rock enriched
with arsenic was effectively observed in the Migréhées Region.

In addition of the wells in the collective gardersjpplementary analyses were
performed in different wells from surrounding areagstream and downstream of the
collective gardens, and no pollution of water whsesved. In consequence, the hypothesis of
As transfer from an anthropogenic storage (landditl instance) was ruled, and the local
geology origin of arsenic was concluded. But it wamplex to explain to certain gardeners
why the origin of the pollution is difficult to ceinly determine. Actually, the precise
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geology of the site was not known, it was thereftifecult to know where to dig a new well
in order to avoid the geologic rock enriched ireais. Relatively random sampling was used
and unfortunately the new, Rereated in 2013) was finally also enriched witbeaic.

Well number and P, P, P, P, P P Ps P,
date for sampling] 02-2011 | 05-2014 | 02-2011 | 05-2014 | 11-2010| 01-2011| 02-2012| 05-2014
As (ug.L 5 28 9.9 28 120 372 220 90

Table-3. Values of arsenic concentrations in wells watecsi2010. 2

...But safe watering solution exist

These strong concerns from gardeners were recoumtidx® local press (Ladepeche,
2011): Castanet-tolosan (France, 31), Arsenic polluhome gardening, interview with the
responsible of the site. “We discover with surpribéterness and concern the serious
pollution of our wells condemning the continuatioh our gardening activities and that
without understanding the origin”". Raymond Jolyegident of the association of the
collective gardens in Castanet (near one of thiijgal wells in the picture bellow: figure 4),
is worried, as he wrote to the mayor.

Figure-4: The head of collective gardens (R. Joly) nearafreosed polluted wells
(Ladepeche, 2011)

Many gardeners who have plots on municipal landevgbocked to learn that the well
water was polluted with arsenic. Since a municipedinance prohibiting watering was
decided, discussions started between the gardeoérsabout the solutions for irrigation of
cultures without the wells and about the poters@al and vegetables As pollution. Gardeners
are party-actors in the development of these swiati not mere recipients to apply the
solution adopted for their practices. Overwhelmynjley want to keep their garden and are
very motivated to find solutions for watering crdpg different means than the use of wells.
Moreover once the danger associated with wellf®fwater is removed, a shift in the health
risk assessment is logically to soil quality angessally plants. However, gardeners’
exposure to arsenic will be influenced both on m@irse&oncentrations in plants and also
garden uses. The risk is multi-criteria and istbaril the land. Different approaches have been
explored: (i) Use water from the near channel?Usg drinking water? (iii) Establish a water
decontamination system. Finally, the mayor orgahittee access to safe drinking water for
the gardeners? Actually, the Mayor has an admatise obligation to protect gardeners’
health in collective gardens. That is why he ndedake care with sanitary risk management.
In the case of water pollution, it's quite easytaite decision as maximum limit value is
available for water quality. But, in the case ofj@gbles quality it's more difficult to take a
decision as metal(loid)s phytoavailability deperms numerous parameters (Shahid et al.,
2014). Then, questions were quickly raised aboaigimlity of plants: what risks? Should the
gardens be condemned or is it possible to contyangening and under which conditions?
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3-3. Dynamic of the actors and collective risk comsiction...
The collective risk construction

This chapter aims to describe the collective prtidacof risk process. It emphasized
how the risk of contamination has been built; wiiet actors (gardeners, researchers) wore
and enlisted to highlight the risk. This study ilwes three main categories of stakeholders:
gardeners, public managers and researchers. Howewsn hollow inside of these
categories, as shown in Table 2 for gardener pmfive see that concerning the management
of pollution membership of a large category is adkey criterion of the posture adopted by
each person. Actually, some gardeners are veryvagadn the acquisition of useful data for
researchers, "we really appreciate the work doneadsgarchers to accompany us in the
management of pollution and in addition it costghim@!" (verbatims collected in 2012 at a
public meeting concerning the collective garde@her gardeners do not believe that the
mayor takes the measure of the situation and dbelderiousness of the risk management by
the ARS, the Mayor and experts: "would have theanagrees in writing that the gardens are
safe for our health "(verbatim collected in 2014ijles both the ARS and the mayor gave the
green light to continue gardening activities aftez closing of wells). In order to explain to
that category of gardeners why only certain analgse performed in the gardens and no all
the available scientific analysis, a parallel betwe'human health” and “environmental
health” can be used: a doctor first performs simmglack, cheap and standard tests and an
interview of its patient before making a diagnaaisl then he may eventually send him to
consult a specialist for further analysis. An expersoil science will proceed in the same by
steps way and taking into account the economiccasod the soil quality study.

Researchers involved in the project are also wapdid at different levels: research
program JASSUR, teachings and involvement as aeaitiThe scientific risk assessment is
carried out by experts in collaboration with therdgmers in the JASSUR project.
Construction of the risk and its management is ootetl by the group of gardeners who
works with the mayor, its services and asks reteasc Researchers who are involved in the
management of pollution and are working at therfate between the gardeners and the
authorities organize research and participate gerex (scientific assessment) and also as
observers (in risk management by gardeners and make are therefore in a case of risk
manufacture of type 3 according to the theory dmsesdi by Gilbert (2003) in its publication
“the manufacture of risks”. The author uses theceph of risk manufacture to underline here
the constructed nature and not given risks. Thesatification of labor risks performed
through the use of technical and scientific exgertioes not overlap - even opposing - the
perception that the public (population, public apm...) can have these risks. Therefore,
public authorities (government, state ...) resgaedior collective security, are forced to make
adjustments and even trade-offs to integrate timgedsion in risk management. Therefore
shifts can occur constantly between these diffemaodes of explanation. One of the
challenges for human and social scientists is foigb@® better understand the multiple uses
of these different modes of explanation of "mantufeed risks". This approach relies on the
ability to carry through an effort of knowledge, abjectification of a large part of the
dangers weighing on communities. Considered asiegis it, these dangers have causes that
can be identified, probability of occurrence thah de calculated and any damage can be
assessed. With this "risk setting”, the uncertamtassociated with hazards are reduced,
facilitating their objectification. Overall, themk, the idea of a possible risk control is
required thanks to the link between expertise amedisibn. The development of new
principles such as the precautionary principle, clwvhis accompanied by new forms of
knowledge and action, however, makes possible riketnhent of problems located at the
limits of knowledge and management capacities nhebeguestions are emerging on the

11



http://www.sfer.asso.fr/journees_de_recherches_en_sciences_sociales/9es_jrss_2015 nancy DUMAT et al., 2015

reality of the threats in question and the giveopscto the principle of precaution. The main
obstacles lie elsewhere, in the way the publicgiees the risks and threats.

Several uncertainties and several postures of tters...

Regarding the management of uncertainties relatetie complexity of pollution in
the gardens, the different actors involved havéediht postures due to varying levels of
expertise and moreover various issues. Chevassuetas (2000) describes in detail the
thinking on uncertainties in areas that affect fdddwever, in the case of collective gardens,
except if the sanitary risk is very high, the garels generally want to stay in their gardens
and continue their activities: they research treeesolutions to manage the pollution and are
very interested to collaborate with the other acf{onayor, scientific experts). It's why only a
minority of gardeners adopts the posture desciitye@hevassus-au-Louis (2000). The author
highlights that although the decrease in the oVveligtary risk seems proven in France,
citizens, warned by some recent crises, are incrglggperplexed about health control reality.
A secular logic, qualitative, partly due to the $giic value of food, opposes the quantitative
and probabilistic approach of experts. To condechgarative evaluations of different risks,
experts have developed a metric derived from gdmmery, that risk is defined as the product
of the danger by its probability of occurrence (Gissus-au-Louis, 2000). This metric, based
on the law of large numbers, is facing that of ¢hizen. For the acts of his life - and food is
one - the citizen prefers to have binary indicatassat is or what is not dangerous. Moreover,
the notion of "quality" of the hazard, defined byget of characteristics which, similar risks
will lead citizens to consider some acceptable @hérs not. Several "attributes” of a risk are
capable of modulating its acceptance, includingth@ voluntary nature (I decided to expose
myself to the risk) or sustained (someone else sagpone) risk; (ii) his known character (I
know when | expose myself) or unknown; (iii) thenmadiate consequences (I quickly
perceive the possible effects) or delayed hazéattiei consequences to future generations is
an extreme case of delayed effects; (iv) the jhsiracter (those who create risk are those
exposed to it) or unfair risk; (v) the catastroppatential, that is to say the number of people
affected by the problem; (vi) confidence or nothe risk assessment made by scientists. This
paradigm, whose relevance is supported by empisicalies, leads to the conclusion that the
gualitative characteristics of a risk are, for tigzen, at least as important as its quantitative
characteristics lead to its acceptance or refu#is approach of "qualities” of the risk is
relevant, it can provide the key for a "reconcitiat of the citizen and his diet.

4-The problem of arsenic induced several changes thoin the Environment-Health
dynamics and interactions between the various acterinvolved in the polluted gardens

4-1. Scientific approach of the environment and Hdth risk: “QSRA”
Gathering knowledge dealing with pollutants transfethe environment is crucial

As shown by the figure 5(A) the collective gardens of Castanet-Tolosan are
productive, between 80 and 100% of the availabtéase area is used to grow vegetables.
However, gardeners pay special attention to thhekss of gardens: flowers and decorations
are present in all the ploté8) Bordeaux mixture (CuS{is currently used in the gardens.
However, copper is persistent in the environmenit’'dobe wise to reduce input¢C) To
obtain good yields of vegetables, gardeners rettieeontributions of nutrients mainly using
composts and frequently irrigate their plots. Tésue of water quality is therefore crucial for
them, andD) since As discovery in well water, meetings betwdendifferent actors have
been regularly organized (2011-2015).

12
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Figure-5: (A) productive collective gardens of Castanet-Tolos@). Bordeaux
mixture (CuSQ) is currently used in the gardens (blue spotseavds).(C) The issue of
water quality is crucial for gardeners &) meetings between the different actors have been
regularly organized to discuss that subject (200152.

Improving the scientific knowledge on: (i) As spiant transfer and (ii) QSRA, of the
different actors involved on potential arsenic esqpe (induced by ingestion of vegetables
cultivated in the collective gardens of Castandt3an) is an important challenge to manage
the pollution on scientific bases. Moreover, itsportant to describe clearly this experience
of As pollution to further diffuse it to the Frendommunity of gardeners. If citizens are
interested in sustainable environmental managenteay, especially feel concerned about
their health as concluded from our study.

The sanitary risk occurring with arsenic found iater and potentially in vegetables
they cultivate with care is a driving force for daners to understand the transfer of chemicals
in the environment. They understand that the charatics of the soil or the crop species can
influence As amount found in the crops. In thisdi@ble environment to trade, it's also an
opportunity for researchers to educate gardenersustainable gardening practices, for
example, to determine their soil texture, to belarg about Bordeaux mixture doses made or
compost quality.

Using Daily Intake measurement could help to askeatth risks efficiently

In the studied collective gardens, water is sigatfitly polluted with As in regards to
the French regulation so restriction was poseduigiaaities to forbid its use. But assessing
the potential sanitary risk due to soil and plaoitytions is complex and needs several field
measures. Indeed, previously to root uptake, asfearstep from soil to soil solution occurs
and represents the fraction of pollutant which vergually considered as phytoavailable
(Austruy et al., 2014). Now, this phytoavailabledtion is strongly influenced by soll
parameters such as pH, soil texture, organic meattetent and the type of plant (Leveque et
al, 2014). Measuring the pollutant concentratiothi edible parts of plants permits to obtain
that phytoavaible fraction. In order to assess hurAa exposure following ingestion of
cultivated vegetables potentially polluted, daityake (DI, pg.d) can be estimated from the
vegetable measured As concentrations (HgAY.land daily vegetable consumption rates

13
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(kg.d%). Daily vegetable consumption is generally obtdifiem field studies such as those
carried out by Sharma et al. (2009). They obsepallition of vegetables in and around an
Indian city and studied the associated risk of expe to the metals. Formal interviews
conducted in the urban areas of Varanasi showddhbaverage daily consumption of fresh
vegetables per person (body weight of an averagk: &0 kg) was 77 g of fresh weight (FW)

or 13 g DW. Interviews of gardeners from Castandiciate a consumption of FW vegetables
between 30g and 300¢'d

Crop yield and diversity in the gardens

The following figure-6 regroups the quantities @getables produced in the gardens
in 2013 (a) and 2014 (b) obtained by interviewshef gardeners through the harvest booklet.
Accordingly toClinard et al. (2015), if high plants biodiversityas observed in collective
gardens, approximately ten species are widelyvai#d in the parcels. Potatoes, tomatoes,
green beans, salads, zucchinis, leeks, pumpkimacms, cucumbers, broad beans, eggplants
and carrots were the most common fruits and vefgtabultivated and eaten in large
quantities. For studied cropped plots with aversuéaces around 110rthere are significant
changes in total quantities of produced vegetabfactor of 5 for 2013, between 56 kg.ykar
226 kg.year and the same trend for 2014 between 48 and 23@4d. From one year to the
other (2013 and 2014), quantities of produced \&ges were stable, however the cultivated
species varied: for example due to heavy rain®i82tomato production was relatively low,
the gardeners have adapted their practices to teiaral favored potatoes cultivation.

300 4 (a) Productions in the gardens (9 parcels) - Castanet-Tolosan 2013
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Figure-6: The quantities of vegetables (kg fresh mattesfipced in the gardens in
2013 (a) and 2014 (b) obtained by interviews ofgheleners using the harvest booklet.

Arsenic content in edible vegetables: the inteoéstpen-access databases:

In 2010, 2013 and 2014, arsenic was analyzed irtabtes and the corresponding
soils in order to follow the potential evolution thfe pollution and inform the gardeners. In
2010 analysis were performed on various speciesofsalettuces, green beans and leeks) and
[As] results were all under 0.05 mgAskdry weight (DW): it means low As concentration
such as value measured for vegetables cultivataghpolluted soils (see BAPPET database,
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Ademe 2014). Then As measures were regularly paddrin 2013 and 2014, both on lettuce
(leave plant) and carrot (root plant). Table-4 gitleeses total and bioaccessible measured As
concentrations. Nowadays, As concentration is egtlated in consumed plants. To interpret
the measured As values in the gardens, it's thexafiecessary to compare with values of
plants grown under different As conditions (differ@ncontaminated and contaminated soils)
available in the free open access BAPPET databBsat database is widely used by
professional and researchers interested by plalityjin relation with metal pollutions.

Parcel numbef  Surface fm [AS]Lettuce(mg.kg?) Bioaccessibility| [As]caras(Mg.kg?) | Bioaccessibility

(%) (%)

2 105 0.04+0.003 0.035 66 0.01+0.001 0.015 71
5 142 0.03+0.0015 0.024 45 0.01+0.001 0.01 53
11 142 0.03+0.001 0.03 44 0.01+0.001 0.009 53
12b 71 0.03+0.005 0.025 50 0.01+0.001 0.01 57
13 163 0.065+0.01 0.07 30 0.02+0.0015 0.015 39
15 150 0.03+0.001 0.035 42 0.01+0.001 0.01 51
21 124 0.065%0.01 0.065 71 0.02+0.0015 0.02 75
26 124 0.055+0.005 0.05 21 0.015+0.001 0.01 29
35b 50 0.035+0.001 0.03 55 0.01+0.001 0.015 65

Table-4: As Total concentration and bioaccessible fractimasured inlettuces and carrots,
both in 2013nd 2014

The following table-5 presents the results (minim@amd maximum values) of
extraction data from BAPPET. Mench & Baize (200#oareported values of 0.1 mgkg
DW for spinach and 0.3 for carrots organically gnowhe As concentration measured in
soils for various parcels was maximum 14 mg,kgith 2% of CaCJ phytoavailable fraction.
According to Austruy and Dumat (2014) ordinary Aaues in French unpolluted soils are
between 1 and 25 mg.RdPW. But, locally natural high concentrations (186As.kg") were
observed in calcareous or phosphorus deposits.rdicgpto these different results, we can
conclude that cultivated vegetables and the garseitsaren’t significantly polluted with As.

Plant

mgAs.kg' DW plant

mgAs.kg DW soil

Lettuce 1.€-11 17 - 115
Carrot 0.11-1.2 17 - 115
Leek 0.001-0.025 100 -140
Green bean 0.1-0.75 17 - 115
Pea 0.04 322
Radish 0.6-3.9 23 - 196

Table 5. Results (min - max) from BAPPET in plant and soil

The following Eq. 1) is generally used to calculate the daily humaakia of pollutant
(Swartjes2011, Okorie et al2012):

DI = [pollut],eqg X DCypey

With DI the daily intake in pgd [pollut]veg the vegetable pollutant concentration, in
ng.kgFW* and DGeg the Daily vegetable consumption in kgFW.d

The determined DI values are then compared toablerdaily intake (TDI, pg.kgd?),
expressed as the quantity of pollutant ingestett dag (1g) as a function of kg body weight
(BW). In regards to the health risks associatedh whe presence of As, TDI-As is equal to
0.003 mgs.kgBW'™d™* (Okorie et al. 2012), which corresponds to 18Qsdgy " for a
60kg human. In our study, the maximum measuredoksentration in vegetables was 0.065
maas.kg' DW. The assessed daily ingested As quantitiethércase of cultivated vegetables
consumption) are therefore between 0.325spand maximum 3.25 pgd'day for the
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gardeners in Castanet. These values can be compitethe TDI value of 180 pg.d™ (55
times higher than 3.25).
The maximum daily quantities of vegetables consuteectach the TDI can be calculated
with Eq. @):

TDI

DC =
max [pouut]veg

With DCyax the Maximum daily vegetable consumption,gggsgBW*.d™%)

Using the concentration values measured in letamck60 kg BW as an average adult
weight, the maximum daily quantity of vegetabledticated in the gardens that can be
consumed without exceeding the TDI was therefoleutated: 2.8 kg DW or 16.8 kgFW'd
Moreover the bioaccessibility measures indicatd trdy one part of the ingested As is
bioavailable. We can therefore conclude with thiacscientific knowledge and regulation
that the cultivated vegetables in the collectivedgas from Castanet can be consumed,
without sanitary risk induced by As observed in¢lesed wells.

Here, there is therefore the result of the rislesssent by the "experts”. In relation to
the types of gardeners presented in Table-2, scam#egers and the Mayor are reassured,
other gardeners are heedless because this riskatagen, and yet others cast suspicion on
these results as they would like/expect a largéegmagram of measures to be funded by the
city and moreover uncertain origin of pollutionllspermits multiple hypotheses. Thus,
environmental quality measurement (soil, water) apstream of the development of new
gardens as well as the establishment of channetsriendments qualities (straw, compost ...)
appear as certainly essential for credible publatioa and effectively promote the
development of this form of agriculture.

Using and completing existing databases on soilityuas to be promoted

Finally, the question of the pollution origin remaiunanswered as the priority of the
ARS and of Mayor of Castanet-Tolosan is certainlpiotect populations (and not to perform
scientific investigations). This objective is acled with shut-in wells and controlling the
quality of cultivated plants. Anyway, looking beybthe pollution source is an approach that
is advocated through sustainable management ofesmlrces. Actually, in the cases where
the source of pollution is located and can be readdvom the environment, risks of transfers
are then permanently excluded. That's why the piatgn most polluting anthropogenic
activities in France: ICPE (http://www.installatemlassees.developpement-
durable.gouv.fr/Definition.html) are classified ftihhe protection of the environment. The
ICPE regulation particularly imposes the partidipatto BASIAS and BASOL databases
that inform on the kind of activities performed biassified plants and soil remediation
actions. This approach is pragmatic and allowsti@mnal pollution management based on
knowledge of chemical substances with first focutha sites scale. However, two elements
complicate this kind of approach: (i) all the infaation is not listed in these databases and (ii)
pollution sources can sometimes be diffuse or ah{positive geochemical anomaly such as
in the urban garden ‘Jardin des Eglantiers’-Nantbgre citizens are facing an important
metal anomaly (Lead)) and (iii) to identify the st of pollution can sometimes be a very
random, long and expensive project. It appearsetoer appropriate to strengthen regulation
to systematize the analyses upstream of new contyngaidens installation.

a-BASIAS: historical inventory of industrial sitesid service activities; http://www.developpementdle.gouv.fr/BASIAS-Inventaire-

historique-de.html
b-BASOL: database on contaminated/potentially caimated land calling for government action, prewent or curative;

http://basol.developpement-durable.gouv.fr/
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4-2.The problem of arsenic pollution has breathed ew dynamic on health and
environment issues

For most of the gardeners, the numerous interacti@miween researchers ultimately
strengthened their skills in the health and envitent fields. They were very active to
research for new irrigation solutions which thegrttput in discussions with researchers and
the mayor. They also diversified their actions:atireg a pond to encourage biodiversity in
gardens (2013) and a garden space open to peotiledisabilities (2015). It also can be
noticed that only one parcel was dropped by a @wplgardeners because of the risk of
arsenic pollution: the collective construction, @sship of risk management have therefore
worked on this site. Researchers for their parehal¢o evolved during the project from a
highly scientific attitude towards citizens' bemgdosture: both keeping scientific expertise
with an open mind societal concerns permit to ¢iffety develop Science and Society
projects. The researchers particularly strengthéinechetwork of actors by offering meetings
where managers and gardeners from several commgaitjens were invited. The mayor
now wants to develop an eco-district for which s hequested meetings with the researchers
prior to the project.

So, in order to develop a complete risk managenmetite gardens, it's particularly
interesting to rely on gardeners from Group-ll [gap) to organize the research and
disseminate information because they are partigutaceptive and dynamic. However it's
also very important to discuss with the gardenessnfthe Group-lll because they have
another rationality that the only rational scientis assess the risks. Exchange with the
gardeners of this group has allowed a better utategg by researchers of the knowledge of
these gardeners on the link between environment headth. Responding to numerous
guestions of those gardeners on vegetable qualitiefms of concentration As) and also on
soil quality has allowed to reassure the robustmégbe analysis. Actually, Farges (2014)
examined the conditions in which allotment gardenetegrate practices and norms on
sustainability (through a one-year ethnographieaesh project) and demonstrated that while
they adopt new cultivation techniques for their tplothe meanings of their gardening
practices differ, as do their relationships witre tenvironment. Three “ideal types of
gardeners” were identified and Farges (2014) shawatthe diffusion of pro-environmental
practices is not systematically related to shareems and that the meaning of practices can
be interpreted differently by policymakers and ilagividuals.

However, one gardener in conflict with managemesaint has chosen to leave its
garden because he had the feeling that "the magsralready made a strong mistake by
proposing that polluted site for installation ofetlyardens.” Moreover, we observed the
problem of temporality between from one side thedgaers who want instant answers and
from another side the municipality and researchi@sneed time for measurements, surveys,
analyzes and that take into account economic @iterchoose one kind of solution, while
gardeners directly concerned by the site have sorastother expectations.

5-Conclusions and Perspectives

Arsenic is a non-regulated pollutant for vegetallekivated in gardens, and more
widely for commercialized vegetables in Europe. Byoring the exchanges between
gardeners, the arsenic pollution induced a cersaiocturation of their community and
permitted numerous exchanges with other actorsareh, politics and progressively a
collective construction of risk management. Indeedpart of the research project "JASSUR"
scientific data acquisition was performed with theolvement of different actors working
together. A collective manufacture, evaluation aisé#-management were developed in the
gardens. It integrates the different points of viewore or less scientist; more or less rational)
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of the actors on the risks to find alternative waysisk management that meet the needs of
this group of stakeholders.

Assessing the potential sanitary risk induced bsemic pollution needs to both
guantify the productions in gardens and measure Akeconcentrations in consumed
vegetables in order to precise the human exposwuddiaally to compare it with reference
values (such as TDI). That multi-steps procedune patentially induce uncertainties. To
improve the precision on potential human exposarpdilutants in the gardens, we need to
know the part of produced plants truly consumedjdngleners: as for instance, one part of the
productions can be given to friends or the numldepersons in the family can change.
Further investigations are therefore needed tokttdhout As regulation for consumed
vegetables as that pollutant is widely observatdeglobal scale.

In urban areas with high population density, humsroases of significant pollution
media exist (soils, waters, atmosphere), but ciszagenerally have only low knowledge about
mechanisms involved in pollutant fate in the enmiment leading to wrong conclusions on the
environmental or sanitary risks. For instance, every small amounts of As in water can
induce toxicity if ingested, when higher As quaniit soil won’t induce sanitary risk due to
adsorption on soil components. This explains whynkiing water was prohibited in the
studied gardens, when vegetables consumption caminge. Discussing about metal
concentration in vegetable requires some precagjtion instance: (i) to precise the unit and
if the result is expressed in fresh or dry planttera(ii) to define the sampling and analytical
procedures used. Misinterpretations must be alsglavoided because of decisions such as
the prohibition of cultivating edible plants canethbe taken. Regarding the search for
alternative solutions for watering gardens, watemfthe nearby Canal du Midi will be used
in 2016 with the agreement of the administration.

More broadly, our results illustrate the complexatythe interactions involved in the
fate of pollutants in the ecosystems such as gardéth a high heterogeneity. How to
reconcile scientific research thrust of the meckmasi involved and practical solutions to
improve ecosystem services? This is an importaatiesige to increase initiatives to bring
science and society in this direction. It's theecad the participatory research-formation
network “Reseau-Agriville” fttp://reseau-agriville.coivhich is an innovative project with
shared and free resources concerning urban agmeulThey help to shape a favorable
interface between knowledge and practice in theéestrof ecological transition at the global
scale. Gardeners are very independent and therafpreori reluctant to meet the imposed
rules. However, when the central issue is healtld @ second time environment knowledge)
they are mostly ready to mobilize to act in cooperawith other actors in a climate of
mutual respect. This is why making different levetsnetworking (at regional, national and
international scales) appears as an effective apprdt can also be pointed out that health is
a good lever to mobilize citizens on the qualityled environment. Actually, the authorities in
charge of public gardens now have a responsilftitythe health of gardeners who exploit
these plots, but no regulatory obligation on theligy of soil or plant products. To conclude,
in the case of pollutions in the ecosystems gardémes construction of risk faces the
complexity of both scientific and social factorsats what makes the richness of this lands
whose stakes in terms of sustainable developmerguah we can only raise!
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