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In agricultural headwater catchments, wetlands such as ponds are numerous and well known to partly dissipate contamination. Most of the pesticides are transferred from soils to the aquatic environment during flood events. This study reports the annual/seasonal behaviour of 6 pesticides (metolachlor, boscalid, epoxiconazole, tebuconazole, aclonifen and pendimethalin) in such an environment. Because it is rarely considered, the study focussed on the high frequency of the distribution of pesticides between dissolved and particulate phases, as well as the main controlling factors of their upstreamdownstream transfer. The pond removal rate was calculated to evaluate the wetland efficiency in pesticide mitigation. We conducted a one-year high frequency hydrochemical survey, with particular emphasis on flood events, in the upper Auradé catchment (SW-France), an area of long-term conventional agriculture on highly erosive carbonated soils. The inlet and outlet of the pond were instrumented for water level measurements and water sampling.

The highest concentrations were observed for tebuconazole and, in general, the presence of the molecules during the year depended on the season. The pond showed satisfactory efficiency in pesticide attenuation for the six molecules considered, although the removal rate depended on the molecule and the bearing phase (from 28.4 % for boscalid to 89.4 % for aclonifen in the dissolved phase and from 22.1 % for pendimethalin to 96.8 % for metolachlor in the particulate fraction). Interestingly, the more hydrophilic the molecule (low LogK OW ), the more efficient the pesticide removal rate was for its particulate fraction, and the opposite for hydrophobic molecules (high LogK OW ).

Flood events carried a large amount of Total Suspended Solid (TSS) bearing hydrophobic molecules from a major legacy of upper catchment soils, although 52% of the pesticides were transported by the dissolved fraction. Significant resuspension of TSS from the pond was evidenced by the annual mass balance with four tons of TSS released, while the positive rate of pesticide removal involved other

Introduction

In conventional agriculture, pesticides have been used for decades to control diseases and weeds. In addition, intensive agriculture can increase soil erosion, leading to particle transfer downstream [START_REF] Knisel | CREAMS: a field-scale model for chemicals, runoff, and erosion from agricultural management systems[END_REF]. Pesticides can reach aquatic environments by several transfer pathways, such as surface runoff and soil drainage [START_REF] Margoum | Investigation of various physicochemical and environmental parameter influence on pesticide sorption to ditch bed substratum by means of experimental design[END_REF][START_REF] Schulz | Field Studies on Exposure, Effects, and Risk Mitigation of Aquatic Nonpoint-Source Insecticide Pollution: A Review[END_REF]. The particles from soil erosion can carry pesticides [START_REF] Deasy | Pathways of runoff and sediment transfer in small agricultural catchments[END_REF][START_REF] Oliver | Off-site transport of pesticides in dissolved and particulate forms from two land uses in the Mt. Lofty Ranges, South Australia[END_REF]) and the transfer can be favoured under intense erosion conditions depending on soil typology [START_REF] Alexakis | applied sciences Land Suitability Mapping Using Geochemical and Spatial Analysis Methods[END_REF][START_REF] Macary | A multi-scale method to assess pesticide contamination risks in agricultural watersheds[END_REF]. Preferential transfer pathways depend on soil properties, hydrological and climatic conditions and on physicochemical properties of the molecules. Both dissolved and particulate fractions of the water are thus the bearing phases of these organic molecules [START_REF] Lefrancq | Fungicides transport in runoff from vineyard plot and catchment: Contribution of non-target areas[END_REF]. Most often in agricultural areas, studies have focused on the transport of pesticides in the dissolved fraction, but some research has highlighted the importance of transport of pesticides sorbed onto the particulate phase with surface runoff [START_REF] Boithias | Occurrence of metolachlor and trifluralin losses in the Save river agricultural catchment during floods[END_REF][START_REF] Taghavi | Flood event impact on pesticide transfer in a small agricultural catchment (Montoussé at Auradé, south west France)[END_REF]. The molecules are transported preferentially by one route or the other depending on their hydrophobicity and solubility. Hydrophilic molecules with a log K OW < 3 (Octanol/Water Partition Coefficient) are more easily transported in the dissolved phase, whereas more hydrophobic molecules are transported by the particulate phase [START_REF] Boithias | New insight into pesticide partition coefficient Kd for modelling pesticide fluvial transport: Application to an agricultural catchment in south-western France[END_REF].

Climatic events play a major role in the transport of pesticides from lands to watercourses. Storms can lead to sudden flood events, which are now well known for their role in the transfer and input of suspended matter and pesticides [START_REF] El Azzi | Trace Element and Pesticide Dynamics During a Flood Event in the Save Agricultural Watershed: Soil-River Transfer Pathways and Controlling Factors[END_REF][START_REF] Ponnou-Delaffon | Long and short-term trends of stream hydrochemistry and high frequency surveys as indicators of the influence of climate change, agricultural practices and internal processes (Aurade agricultural catchment, SW France)[END_REF][START_REF] Taghavi | Flood event impact on pesticide transfer in a small agricultural catchment (Montoussé at Auradé, south west France)[END_REF]. For example, [START_REF] Taghavi | The role of storm flows in concentration of pesticides associated with particulate and dissolved fractions as a threat to aquatic ecosystems Case study: The agricultural watershed of Save river (Southwest of France)[END_REF] showed that during intense flood events, 59 to 90% of the yearly fluxes of pesticides and suspended matter can be carried away from agricultural basins. Due to their regular inputs to agricultural lands over many years, their persistence in soils [START_REF] Geissen | Cocktails of pesticide residues in conventional and organic farming systems in Europe -Legacy of the past and turning point for the future[END_REF], and the occurrence of storm events, pesticides are ubiquitous in water pathways both in dissolved and particulate fractions within agricultural critical zones [START_REF] Oliver | Off-site transport of pesticides in dissolved and particulate forms from two land uses in the Mt. Lofty Ranges, South Australia[END_REF][START_REF] Taghavi | The role of storm flows in concentration of pesticides associated with particulate and dissolved fractions as a threat to aquatic ecosystems Case study: The agricultural watershed of Save river (Southwest of France)[END_REF].

Wetlands and mainly ponds are widely present in agricultural areas because they constitute essential water resources. They are dynamic environments exposed to strong anthropogenic pressures since they receive the water drainage enriched in pesticides from the crop lands in upstream catchments. Several studies have investigated the role of these wetlands in the dissipation of pesticides [START_REF] Matamoros | Behavior of selected priority organic pollutants in horizontal subsurface flow constructed wetlands: A preliminary screening[END_REF][START_REF] Passeport | Pesticide contamination interception strategy and removal efficiency in forest buffer and artificial wetland in a tiledrained agricultural watershed[END_REF]. For example, [START_REF] Maillard | Removal of pesticide mixtures in a stormwater wetland collecting runoff from a vineyard catchment[END_REF] and [START_REF] Maillard | Pesticide mass budget in a stormwater wetland[END_REF] investigated the wetlands removal capacity over the application period in a vineyard catchment and concluded that the pond was efficient in retaining pesticides in both particulate and dissolved fractions. Many studies have highlighted the major role of sedimentation [START_REF] Budd | Efficacy of constructed wetlands in pesticide removal from tailwaters in the central valley, California[END_REF] Ponds are complex ecosystems, which are under the influence of seasonal fluctuations, climatic and hydrological variations, as well as the catchment and inner pond environmental context. Concerning contaminants, these ponds can act as a sink or a source of downstream contamination depending on the land use, on the typology and on the nature of the contaminants [START_REF] Maynard | Spatial Relationships of Phosphorus Sorption in a Seasonally Saturated Constructed Wetland Soil[END_REF]Wu & Probst, 2021). Moreover, because of the suddenness and rapidity of flood events in upper catchments, their role in pesticide transport and yearly mass-balance is often missed, revealing the need for high frequency monitoring.

In this context, the Pestipond project (https://pestipond.cnrs.fr/) aimed to characterize the role of ponds in pesticide dissipation in different agricultural contexts [START_REF] Imfeld | The Role of Ponds in Pesticide Dissipation at the Agricultural Catchment Scale : A Critical Review[END_REF]. More especially, within this project, the present study focussed on hillside ponds, which are representative of the agricultural critical zone of south-western France (Wu & Probst, 2021).

Based on high frequency measurements, we surveyed and quantified the inlet and outlet fluxes of water, particulate matter and pesticides during a whole year in order to calculate the mass balance of dissolved and particulate phases for the six pesticides usually applied, chosen for their different physicochemical properties. The studied pond is located at Auradé (Gers department, SW France) in an area well-known for flash flood events, steep slopes and a high soil erosion context [START_REF] Guiresse | Erosion due to cultivation of calcareous clay soils on hillsides in south-west France. II. Effect of ploughing down the steepest slope[END_REF][START_REF] Macary | Assessment of the effects of best environmental practices on reducing pesticide contamination in surface water , using multicriteria modelling combined with a GIS[END_REF][START_REF] Ponnou-Delaffon | Long and short-term trends of stream hydrochemistry and high frequency surveys as indicators of the influence of climate change, agricultural practices and internal processes (Aurade agricultural catchment, SW France)[END_REF][START_REF] Taghavi | Flood event impact on pesticide transfer in a small agricultural catchment (Montoussé at Auradé, south west France)[END_REF][START_REF] Taghavi | The role of storm flows in concentration of pesticides associated with particulate and dissolved fractions as a threat to aquatic ecosystems Case study: The agricultural watershed of Save river (Southwest of France)[END_REF].

The objective of the study was: (i) to evaluate the concentration patterns of pesticides in water upstream and downstream the pond; (ii) to establish the corresponding pesticide fluxes and the yearly mass-balance for each molecule and fraction; (iii) to quantify the removal rate of the pesticide fluxes and the role of the flood events; (iv) to discuss the influence of the pond and of the environmental conditions on pesticide mitigation. The main hypothesis was that the pond was efficient in mitigating pesticide transfer downstream but that the nature of the molecules, their form and environmental factors may have a strong influence. The aim was to identify the pond weakness and strengths in pesticide dissipation and the relative influencing factors, and finally to point out environmental risks in this area for improving agricultural land management and practices.

Material and methods

Study site

The study site is located in the upper part of the Montoussé catchment (320 ha, 172-276 m a.s.l., 1°04′38.1" E, 43°33′04.7" N) at Auradé (Gers, SW France, Figure 1 A, B andC). This catchment is a longterm critical zone observatory [START_REF] Perrin | Impact of nitrogenous fertilizers on carbonate dissolution in small agricultural catchments: Implications for weathering CO2 uptake at regional and global scales[END_REF][START_REF] Ponnou-Delaffon | Long and short-term trends of stream hydrochemistry and high frequency surveys as indicators of the influence of climate change, agricultural practices and internal processes (Aurade agricultural catchment, SW France)[END_REF], which belongs to the national critical zone infrastructure OZCAR [START_REF] Gaillardet | OZCAR[END_REF]. The Montoussé is a tributary of the Boulouze river, a left tributary of the Save river which joins the Garonne river, the largest river in the South-West of France (Figure 1 A and B).

Calcaric cambisols to rendzic soils have developed on carbonate-clayey molasse deposits. Clays and silts are the main components of these soils [START_REF] Perrin | Impact of nitrogenous fertilizers on carbonate dissolution in small agricultural catchments: Implications for weathering CO2 uptake at regional and global scales[END_REF]. Intensive agricultural practices such as tillage [START_REF] Guiresse | Erosion due to cultivation of calcareous clay soils on hillsides in south-west France. II. Effect of ploughing down the steepest slope[END_REF] on very steep slopes (mean 9 %, up to 29 %), combined with intense storm events occurring in spring on soils with a slaking crust, trigger major erosion processes (Ponnou-Chaumet B., Probst J.L., Payre-Suc V., Granouillac F., Riboul D., Probst A. (2022)-Pond mitigation in dissolved and particulate pesticide transfers: influence of storm events and seasonality (Auradé agricultural catchment, SW-France). J. of Environmental Management, 320, 115911, https://doi.org/10.1016/j.jenvman.2022.115911 [START_REF] Ponnou-Delaffon | Long and short-term trends of stream hydrochemistry and high frequency surveys as indicators of the influence of climate change, agricultural practices and internal processes (Aurade agricultural catchment, SW France)[END_REF]). These phenomena have led to the presence of bare soils at the top of the hills and of colluvial soils close to the stream that can reach up to 2.5 m depth [START_REF] Perrin | Impact of nitrogenous fertilizers on carbonate dissolution in small agricultural catchments: Implications for weathering CO2 uptake at regional and global scales[END_REF]. Ninety percent of this agricultural area is cultivated with wheat, sunflower and rapeseed, in a two-to threeyear rotation (Figure 1 C). Mineral fertilizers of NPK-type are applied from January to April [START_REF] Paul | Pond mitigation in dissolved and particulate pesticide transfers: influence of storm events and seasonality (Auradé agricultural catchment, SW-France)[END_REF] and pesticides such as herbicides and insecticides are spread during the April-May period.

The Bassioué pond (BP) has a surface area of 1157.5 m² (60 m long, 21 m wide in its middle part) and a water height of 30 to 50 cm depending on the season considered (Figure 1 D). It is located at the outlet of an upper sub-catchment (28 ha) of the Montoussé catchment (320ha). The Bassioué pond sub-catchment area upstream and downstream of the pond is 269,123 m² and 340,930 m², respectively. [START_REF] Boithias | Occurrence of metolachlor and trifluralin losses in the Save river agricultural catchment during floods[END_REF][START_REF] Ponnou-Delaffon | Long and short-term trends of stream hydrochemistry and high frequency surveys as indicators of the influence of climate change, agricultural practices and internal processes (Aurade agricultural catchment, SW France)[END_REF].

Sampling strategy

A full year hydrochemical survey was conducted from January 10 th 2020 to January 9 th 2021 in order to perform the mass balance for water and pesticides at yearly and seasonal scales. The Bassioué pond was instrumented upstream and downstream with hydrological V-notch weirs (1 m long, 1.20 m wide and with a V of 50 cm with a 20° angle) custom-made in aluminium with a thickness of 6 mm to fit as closely as possible to the typology of the watercourse and to the climatic conditions of the region. Multi-parameter probes (AquaTROLL, Reignac Sur Indre) installed at these locations, allowed high frequency measures at a 15-minute time step of dissolved oxygen, pH, temperature, nitrates, conductivity and water level. Automatic samplers (Isco, Mellac, France) with 24 glass bottles of 300 Chaumet B., Probst J.L., Payre-Suc V., Granouillac F., Riboul D., Probst A. (2022)-Pond mitigation in dissolved and particulate pesticide transfers: influence of storm events and seasonality (Auradé agricultural catchment, SW-France). J. of Environmental Management, 320, 115911, https://doi.org/10.1016/j.jenvman.2022.115911 mL, were installed at the same places on the banks. Their connection to overflow sensors (Ijinius, Mellac, France) triggered the sampling every two hours when a given water level was reached. All these devices were autonomous thanks to solar panels.

In addition to these automatic samplings, Physico-chemical parameters (pH, temperature, dissolved oxygen and conductivity) were measured weekly in situ using a VWT multi-parameter probe. On weekly grab samples collected in 1-L polyethylene bottles, dissolved organic carbon (DOC), major anions and cations (see section 2.3.2) and suspended matter (TSS), were measured. For pesticide quantification, samples were collected in 1-L glass bottles (see section 2.3.2.2) and selected for analyses in relation to the hydrological survey pattern and to the pesticide spreading period. Discharge was calibrated by in situ measures performed weekly using a bucket and a chronometer. In addition, three replicates of cultivated soils located in the upstream sub-catchment were sampled (points A, B and C, Figure 1 C) to a depth of 25 cm in February 2021 using a soil auger.

Sample pre-treatment and analysis

Sample preparation

All samples were stored at 4°C until their preparation for analysis as soon as possible. Samples were filtrated on a cellulose acetate filter (Ø: 47 mm, pore size: 0.2 µm, Whatman, Maidstone, UK) previously weighed and rinsed with ultrapure water. The filtrate was aliquoted to analyse DOC (40mL acidified with HCl), anions (2mL), cations (50 mL acidified with HNO 3 6N), and alkalinity (50mL). The Total Suspended Solid (TSS) mass was calculated from the amount of volume filtrated and after weighing and drying the filter during 48 h in an oven at 40°C. For pesticide analysis, water samples were filtrated on a glass-fiber filter (GF/F, pore size: 0.2 µm, Whatman) using a full glass filtration system (Buchner). The filtrate (19 mL aliquot) and the filter were collected to quantify the pesticides in the dissolved and in the particulate phases, respectively. After drying at room temperature during one week, the homogenised bulk soil samples were gently crushed and sieved to collect only the fine fraction (<63 µm, the most representative and reactive one) for pesticide quantification.

Analysis methods

Major parameters

Major anions (Cl -, SO 4 2-, PO 4 3-, NO 3 -, NO 2 -) were analysed by liquid chromatography coupled with an UV-visible detector (Dionex Chromatograph ICS 5000+, Thermo Fisher Scientific, Waltham, MA, USA, T90-046-NF EN ISO 10304-2, September 1996). Alkalinity was measured by hydrochloric acid titration (HCl 0.02 N and a Metrohm titrant, 716 DMS Titrino, Metrohm, Riverview, Florida, USA; NF EN ISO 9963-1). Major cations (Ca 2+ , Mg 2+ , Na + , K + ) were analysed by ICP-OES (Iris Intrepid II XLD, Thermo Electron, Thermo Fisher Scientific, Waltham, MA, USA, NF EN ISO 14911). Finally, Dissolved Organic Carbon (DOC) was analysed with a TOC-meter (Shimadzu TOC 5000 analyser, Shimadzu Corporation, Kyoto, Japan) using the 680°C combustion catalytic oxidation method and CO 2 detection with a nondispersive infrared gas analyser (NDIR; ISO NF EN 1484). Chaumet B., Probst J.L., Payre-Suc V., Granouillac F., Riboul D., Probst A. (2022)-Pond mitigation in dissolved and particulate pesticide transfers: influence of storm events and seasonality (Auradé agricultural catchment, SW-France). J. of Environmental Management, 320, 115911, https://doi.org/10.1016/j.jenvman. 2022.115911 The detection limits were between 0.2 and 65 µmol.L -1 for ions, depending on the element, 30 µmol.L -1 of HCO 3 for alkalinity and 0.1 mg.L -1 of C for DOC.

Pesticide quantification

Pesticides in the dissolved and particulate fractions were quantified by gas chromatography and mass spectrometry using internal standards. Stock solutions were prepared at two different concentrations (20 and 80 µg.L -1 in methanol), each containing six deuterated molecules (metolachlor D6, aclonifen D5, tebuconazole D6, pendimethalin D5, boscalid D4 and epoxiconazole D4 (Cluzeau Info Labo C.I.L.). A third stock solution was prepared for the calibration curve, with pesticide standards in methanol at a concentration of 100 µg.L -1 .

For the dissolved fraction, 19 mL of the filtrate and 100 µL of internal standards (at a concentration of 20 µg.L -1 ) were added in a 20 mL amber glass bottle. For the particulate fraction, the filter was cut into 16 parts and introduced in a 50 mL tube with 10 mL of methanol and 10 µL of the stock solution of internal standard at 80 µg.L -1 . The tube was agitated at 1250 RPM during 30 minutes.

For soil samples, 10 mL of methanol plus 10 µL of internal standard at 80 µg.L -1 were added to a mass of 0.5 g of soil polder in a glass bottle. The samples were vortexed for 5 min, placed in an ultrasound bath for 30 min, and agitated again for 5 min. The tubes containing the soil samples and the particulate fraction were introduced in a centrifuge device (Bioblock Scientific) for 25 minutes at 4°C with a rotation at 6000 RPM. A volume of 2 mL of the supernatant was collected and introduced in a 20 mL glass amber bottle previously filled with 17 mL of ultra-pure water.

Then for all the matrices, an SBSE (Stir Bar Sorptive Extraction) bar was introduced in each amber glass bottle for the extraction by agitation on a magnetic stirrer plate for 3 hours at 1000 RPM. When the extraction reached a plateau, the stir bar was removed and rinsed with deionized water and dried prior to being introduced in the thermodesorption tube, and then in the GC-TD-MS/MS autosampler.

Pesticide thermodesorption from the stir bar was carried out with a temperature gradient from 30°C to 280°C and an increase of 60°C per minute until reaching the maximum temperature, and finally it was stabilised for 6 minutes. Then, the samples were injected at -10°C at the entrance of the GC device and were then heated with a temperature gradient of 60°C per minute until reaching 280°C, followed by stabilisation during 4 minutes.

A TRACE 1300 Gas Chromatograph was used for the chromatographic separation with a fused-silica capillary column Thermo Scientific TraceGOLD TG-MS (30 m × 0.25 mm i.d × 0.25 µm film thickness of 5% phenyl, 95% poly-dimethylsiloxane). The detection was performed thanks to a triple quadrupole mass spectrometer (TSQ 8000 EVO, Thermo Fischer Scientific, Waltham, MA, USA), plus a Thermal Desorption Unit (TDU), a cooled Injection System (CIS 4) and a MultiPurpose Sampler (MPS) to introduce Twister bars into the TDU system (all GERSTEL). A Selected Reaction Monitoring (SRM) mode, in Electron Impact (EI) mode at 70 eV, was used for molecule detection. The detection limit of this analysis was 0.1 ng.L -1 and the data processing was performed using the TraceFinder software (Thermo Scientific version 3.3). Chaumet B., Probst J.L., Payre-Suc V., Granouillac F., Riboul D., Probst A. (2022)-Pond mitigation in dissolved and particulate pesticide transfers: influence of storm events and seasonality (Auradé agricultural catchment, SW-France). J. of Environmental Management, 320, 115911, https://doi.org/10.1016/j.jenvman.2022.115911

Data processing

Data calibration

All the data registered by the probes were calibrated using the weekly measurements in order to correct any probe drift. The discharge calibration curves were regularly constrained with in situ measures in order to determine the continuous flow velocity based on the water height registered by the probes. The missing data were gap filled using the relationships between the water height at upstream and downstream stations and at the outlet station of the Auradé catchment observatory (Figure 1 C) during the year 2020. This concerned the low-water period (August) when the probes were removed, or during drifts linked to calibration, or when some bank holes were caused by surrounding animals.

Flux calculation

Annual fluxes were calculated from grab sample results. Fluxes of TSS and of pesticides in the dissolved phase were calculated according to Equation 1:

(1) with F i-i+1 the flux (expressed in g.yr -1 .km -2 ) calculated between two samplings.

(2) where F i-i+1 (expressed in g) is the flux exported during the period between two grab samples (i and i+1). C i-i+1 is the mean concentration (in µg.L -1 ) between the two grab samples (i and i+1) weighted by the corresponding specific discharge Q i and Q i+1 (L.s -1 .km -2 ), as described by Equation 3). V i-i+1 is the volume of water (expressed in L) exported during the period between the two grab samples (i and i+1) (see Equation 4).

(3) (4) The particulate flux of pesticides associated to the TSS flux was calculated in the same way as follows:

(5) ( 6) with F part, the yearly particulate flux of pesticides sorbed to TSS in g (determined by Equation 6), F TSS the total suspended matter flux calculated as for the dissolved pesticides flux (see Equation 1), and C part the pesticide concentration in g.g -1 in the particulate phase.

All fluxes were expressed as specific by dividing by the catchment area.

Finally, the mass balance budget was calculated as follows:

(7) with F in the total flux of pesticides (F in dissolved + F in particulate ) at the inlet station; F out the total yearly flux of pesticides (F dissolved + F out particulate ) at the outlet station.

Fannual=∑ 𝐹𝐹 𝑖𝑖-𝑖𝑖+1 𝑛𝑛 1 𝐹𝐹 𝑖𝑖-𝑖𝑖+1 = 𝐶𝐶 𝑖𝑖-𝑖𝑖+1 * 𝑉𝑉 𝑖𝑖-𝑖𝑖+1 𝐶𝐶 𝑖𝑖-𝑖𝑖+1 = (𝐶𝐶 𝑖𝑖 * 𝑄𝑄 𝑖𝑖 )+(𝐶𝐶 𝑖𝑖+1 * 𝑄𝑄 𝑖𝑖+1 � 𝑄𝑄 𝑖𝑖 +𝑄𝑄 𝑖𝑖+1 𝑉𝑉 𝑖𝑖-𝑖𝑖+1 = 𝑄𝑄 𝑖𝑖-𝑖𝑖+1 * 𝑡𝑡 𝑖𝑖-𝑖𝑖+1 Fpart = FTSS * Cpart 𝐹𝐹 𝑇𝑇𝑇𝑇𝑇𝑇 = 𝐶𝐶 𝑇𝑇𝑇𝑇𝑇𝑇 𝑄𝑄
Measured budget = Fin measured -Fout measured Chaumet B., Probst J.L., Payre-Suc V., Granouillac F., Riboul D., Probst A. (2022) Due to the elongated shape of the pond, the pond catchment at the outlet is slightly larger than at the pond inlet. This additional area with rather steep slopes might contribute to an additional inlet flux. Thus, a theoretical inlet budget with this additional residual flux was calculated as follows (Equation 8):

(8) with F in theoretical= F in measured + F residual area F residual area was calculated by considering the measured concentration of the measured inlet flux weighted to the corresponding surface.

Based on the mass-balance calculations (both measured and theoretical), the pesticide removal rate was calculated as follows (Equation 9):

Pest rem (%) = (F in -F out ) *100/F in (9)
Finally, the partition coefficient (Kd), which expresses the instantaneous distribution of the pesticide concentration between the dissolved and particulate fractions, was calculated as follows (Equation 10):

(10)

with Kd, the partition coefficient (expressed in g.L -1 ), [pesticide] dissolved (expressed in ng.L -1 ) and [pesticide] particulate (expressed in ng.g -1 ).

All calculations were performed in Excel (1808, build 10380.20037 Office).

Results

Hydro-chemical characteristics and main parameters

In average, the upstream and downstream stations behave in the same way, as evidenced by the same mean discharge, and the total drained water volume (33,483 m 3 upstream and 33,188 m 3 downstream, Figure SI 1). A similar hydrological pattern was observed and noticeably during flood events (Figure 1 and Table 1). During the studied year, seven main flood events were registered (22 nd -23 rd January, 27 th -28 th February, 3 rd -6 th March, 14 th -15 th May and December 7 th , 10 th -11 th , and 28 th -29 th , Figure 2). As observed on Figure 2, the discharge was highly responsive with flood events generally fast (lasting a few hours) and intense. While upstream and downstream discharge patterns were generally consistent, during periods of extreme flow, the two stations may respond differently. Discharge variations were more intense upstream than downstream of the pond. Over the year, the evolution of cumulated volumes differed slightly upstream and downstream of the pond, with inlet volumes always being higher (Figure SI 1). The total inlet and outlet cumulated water volumes was 124,661m 3 .km -2 and 95,864 m 3 .km -2 (Table 3), respectively. 

Dissolved and particulate pesticide concentrations upstream and downstream

On average, dissolved concentrations of metolachlor, boscalid, epoxiconazole, aclonifen and pendimethalin were 22.6, 181.1, 35.0, 1.6 and 4.1 ng.L -1 , respectively, for upstream and downstream conditions (Table 2). Tebuconazole concentrations were much higher than the five other targeted molecules (average concentration 554.6 ng.L -1 ). The concentrations of the set of molecules were Chaumet B., Probst J.L., Payre-Suc V., Granouillac F., Riboul D., Probst A. (2022)-Pond mitigation in dissolved and particulate pesticide transfers: influence of storm events and seasonality (Auradé agricultural catchment, SW-France). J. of Environmental Management, 320, 115911, https://doi.org/10.1016/j.jenvman. 2022.115911 consistent with the values found in previous studies on the Montoussé stream [START_REF] Taghavi | Flood event impact on pesticide transfer in a small agricultural catchment (Montoussé at Auradé, south west France)[END_REF] and in the similar agricultural context of the upper Garonne basin [START_REF] Taghavi | The role of storm flows in concentration of pesticides associated with particulate and dissolved fractions as a threat to aquatic ecosystems Case study: The agricultural watershed of Save river (Southwest of France)[END_REF]. They were also in the range for epoxiconazole and slightly lower for metolachlor and tebuconazole than those measured during the spring period in the Save river by [START_REF] Bernard | Combination of passive and grab sampling strategies improves the assessment of pesticide occurrence and contamination levels in a large-scale watershed[END_REF].

Concentrations in the particulate fraction ranged in average from 0.4 to 919 ng.g -1 at the two stations. Pesticide particulate concentrations were 2 to 5 times (and even up to 10 times for boscalid) higher at the upstream station than downstream (Table 2). Very few studies have specifically quantified pesticides in the particulate fraction, indicating a similar range of association of hydrophobic molecules (such as pendimethalin) with TSS [START_REF] Barco-Bonilla | Study of the distribution of 204 organic contaminants between the aqueous phase and the suspended particulate matter in treated wastewater for proper environmental control[END_REF].

Pesticide concentrations varied strongly during the year depending on the studied molecule. Most of the time, the concentrations were low or even not detectable. The exception was during flood episodes where peaks of concentrations from 8 to 26 times the annual average concentration were detected for almost all the molecules and for both fractions and stations (Figure SI 2; Table 2). The highest peaks of concentrations were for tebuconazole, both in the dissolved and particulate phases, with higher values upstream (Table 2).

Dissolved boscalid and epoxiconazole were detected during all six flood events. Metolachlor (dissolved and particulate), particulate boscalid and epoxiconazole were only quantified during the May and December flood events (except for one sample in October), and tebuconazole only during the May event. Aclonifen and pendimethalin concentrations gradually and continuously increased between the May and December floods (Figure SI 2). In the particulate phase, metolachlor, aclonifen and pendimethalin had a similar pattern to the dissolved phase (Figure SI 2). Chaumet B., Probst J.L., Payre-Suc V., Granouillac F., Riboul D., Probst A. (2022)-Pond mitigation in dissolved and particulate pesticide transfers: influence of storm events and seasonality (Auradé agricultural catchment, SW-France). J. of Environmental Management, 320, 115911, https://doi.org/10.1016Management, 320, 115911, https://doi.org/10. /j.jenvman.2022.115911 .115911 

TSS and pesticide fluxes

The cumulated fluxes of TSS and pesticides in particulate and dissolved fractions are presented on Figure 3 (tebuconazole and pendimethalin, as representative patterns) and on Figure SI 3 (for metolachlor, boscalid, epoxiconazole and aclonifen). The TSS fluxes showed similar trends at the upstream and downstream stations, but were in most cases slightly higher at the downstream station in contrast to water flux (Figure SI 1). A large increase in TSS flux was observed with the major flood events in May and especially December (Figure 3 A). The latter led to an increase of just over 3 and 3.9 (from 8.8 t.km -2 to 29.1 t.km -2 and from 8.8 t.km -2 to 34.7 t.km -2 ) at the upstream and downstream stations, respectively. Approximately half of the total annual TSS fluxes was exported during this flood event period (Table SI 2). 

Yearly mass balance for pesticides

The yearly water volume was very similar upstream and downstream of the pond (see section 3.1), with a slight storage of 295 m 3 in the pond as indicated by the budget (input minus output). However, the specific outflow volume (i.e. related to the drainage area) was 30 % lower than the inflow one. In contrast, the annual input and output of TSS fluxes were 29.1 and 34.7 tonnes per km² (Table 3), respectively, meaning a negative balance with a specific TSS released of 5.6 tonnes per km².

For each pesticide, the specific mass balance (input -output) was positive, whatever the fraction (dissolved and particulate) considered (Figure 4), but the intensity of the budget depended on the phase and on the molecule. The specific total flux of metolachlor, aclonifen and pendimethalin measured at the inlet and outlet of the pond was quite low (less than 4 g.y -1 .km -2 , Figure 4 A). Metolachlor, epoxiconazole, boscalid and tebuconazole were mainly transported by the dissolved fraction and aclonifen and pendimethalin by the particulate fraction (Figure 4 A and B). Metolachlor flux was almost non-existent in the particulate fraction.

The budget (input minus output) calculated for the dissolved and particulate fractions of epoxiconazole and pendimethalin was rather similar (2.3 and 2.0 g.y -1 .km -2 for epoxiconazole and 0.5 and 0.7 g.y -1 .km - 2 for pendimethalin, respectively), although the main transport pathway was the dissolved phase for epoxiconazole. For aclonifen, the budget was about twice as high in the particulate fraction (0.9 g.y -

1

.km -2 ) as in the dissolved fraction (0.4 g.y -1 .km -2 , Figure 4 B), whereas for metolachlor, boscalid and tebuconazole, it was higher in the dissolved phase (0.9, 8.8 and 16.0 g.y -1 .km -2 , respectively) than in the particulate fraction (0.1, 5.5 and 9.7 g.y -1 .km -2 , respectively).

The removal rate (calculated from Equation 6) in the dissolved phase ranged from 28.4 % for boscalid to 89.4 % for aclonifen (Figure 4 D), whereas in the particulate fraction, it ranged from 22.1 % for pendimethalin to 96.8 % for metolachlor. The molecules therefore behaved in an opposite way depending on the fraction considered in relation to their LogK OW . A clear trend was highlighted between the removal rate in the particulate fraction and the molecule hydrophobicity (Figure 4 E): the more hydrophobic the molecule, the less it was dissipated in the particulate fraction.

The total removal rate (including both fractions based on measured inputs minus measured outputs) indicated a retention in the pond, as follows: pendimethalin (1.2 g.y -1 .km -2 i.e. 29 %), boscalid (14.3 g.y - 1 .km -2 i.e. 38 %), epoxiconazole (4.3 g.y -1 .km -2 i.e. 44 %), metolachlor (0.9 g.y -1 .km -2 i.e. 51 %), tebuconazole (25.7 g.y -1 .km -2 i.e. 56 %) and aclonifen (1.3 g.y -1 .km -2 i.e. 56 %) (Figure 4 C).

The difference in surface area calculated between the upstream and downstream sub-catchments (0.07 km², see section 2.4.2), represented 20 % of the downstream sub-catchment. Consequently, the measured input fluxes may be underestimated when compared to outputs, and calculated balances possibly biased due to a lateral flow contribution. The theoretical pesticide input flux (Table 3) calculated by adding the theoretical residual input flux (calculated after Equation 7) to the measured input flux, varied among molecules in agreement with the variation in the inlet flux. As a mean, it represented an increase of 20.7 %, consistently with the proportionality of calculation. Due to the simplified proportionality calculation, to the uncertainties of measurements and considering that a wooded area (without pesticide addition) occupied 5 % of this residual area, this theoretical input can be considered as a maximum value for pesticide inputs to the pond, and hence for the dissipation rate, which was increased proportionally (Table 3). 

Discussion

Origin of the pesticide fluxes and influence of seasonal flood events

The pesticide fluxes varied strongly depending on the period of the year as well as on the nature of the molecules. In the first half of the year 2020, in the upper catchment, the surrounding crops were wheat and rapeseed, to which mainly tebuconazole and boscalid (among the molecules investigated in this study) were applied in spring. The higher concentrations of tebuconazole, considerably higher than those of boscalid, may be related to the higher water solubility of tebuconazole (36.0 mg.L -1 ) compared to boscalid (4.6 mg.L -1 ). Furthermore, the single peak of tebuconazole during the May flood suggests that it was completely leached out at that time, unlike epoxiconazole (solubility = 7.1 mg.L -1 ) and boscalid which were still present in December. Although these molecules were not applied after spring, their lower water solubility may have allowed some retention in soils during the year and/or the previous years [START_REF] Halfon | SELECTION OF PRIORITY PROPERTIES TO ASSESS ENVIRONMENTAL HAZARD OF PESTICIDES[END_REF][START_REF] Marican | A review on pesticide removal through different processes[END_REF]. This retention in all likelihood ended with the consecutive subsequent flood events.

Indeed, pesticide concentrations measured in soils support these conclusions (Table SI 3). With the exception of metolachlor, all the molecules were detected in the soils collected in the upstream subbasin of the pond. The enrichment observed in soil C has to be related to the applications done on the parcel by the farmers during decades rather than to a soil characteristic influence. The soils have a similar clayey-silty texture composition and physico-chemical composition typical of the carbonated soils in the area (Table SI 3). Moreover, concentrations vary from molecule to molecule with the same magnitude as the average concentrations (± sd) in the particulate phase of the stream water at the pond upstream station over the entire year. Chaumet B., Probst J.L., Payre-Suc V., Granouillac F., Riboul D., Probst A. (2022) In contrast to pendimethalin and aclonifen, which almost entirely entered the pond with the TSS flux of the December floods, the cumulative annual flux of the molecules with the lowest logK OW increased with each flood. Also, the concentration of pendimethalin in soils and its annual input flux to the pond (up to 4.1 g.y -1 .km -2 ) confirm that although this molecule has not been used since 2016 in the pond sub-basin, it is very persistent in soils [START_REF] Halfon | SELECTION OF PRIORITY PROPERTIES TO ASSESS ENVIRONMENTAL HAZARD OF PESTICIDES[END_REF][START_REF] Odukkathil | Toxicity and bioremediation of pesticides in agricultural soil[END_REF].This also highlights the importance of the erosion phenomenon in the area, which contributes to the transfer of pesticides from the soils to the stream water since these molecules are mainly associated with the particulate phase. The results therefore suggest a permanent source during the year in the upstream sub-basin, most likely in soil pore waters moved by the piston effect since soil drainage was identified as the main reservoir. The retention of molecules in soils over the years is favoured by the carbonate context of the molasse. The process of sorption of pesticides as well as of metals onto pond sediment particles has been demonstrated by [START_REF] Chaumet | Role of pond sediments for trapping pesticides in an agricultural catchment (Auradé, sw france): Distribution and controlling factors[END_REF] and by Wu and Probst (2021), respectively.

Moreover, the very low concentrations of tebuconazole and metolachlor found in the surrounding soils indicated that the presence of pesticides in the pond can be explained primarily by their transport by surface runoff after applications and by a combination of their logK OW and water solubility. The other molecules (boscalid, epoxiconazole, aclonifen and pendimethalin) may originate from deeper soil leaching due to their high concentrations in soils in comparison for example to the more hydrophilic and soluble molecules.

Flood events play an important role in pesticide fluxes, with induced intense and flash peaks of contamination, for all the studied pesticides in both fractions. First of all, such events represent the main transfer of suspended solids in aquatic systems [START_REF] Colby | Relationship of sediment discharge to streamflow[END_REF]. Secondly, because of the large proportion of pesticides found in the particulate fraction in view of the very erosive context, floods are the major transfer pathways of pesticides to watercourses through soil leaching and runoff [START_REF] Boithias | Occurrence of metolachlor and trifluralin losses in the Save river agricultural catchment during floods[END_REF][START_REF] Taghavi | Flood event impact on pesticide transfer in a small agricultural catchment (Montoussé at Auradé, south west France)[END_REF][START_REF] Wu | Herbicide Runoff From Experimental Watersheds[END_REF]. The similarity between pesticide flux and TSS flux was already underlined by [START_REF] Taghavi | The role of storm flows in concentration of pesticides associated with particulate and dissolved fractions as a threat to aquatic ecosystems Case study: The agricultural watershed of Save river (Southwest of France)[END_REF] in the extended area. The large and abrupt increases observed in cumulated pesticide fluxes correspond to the occurrence of the different flood events. Although flood events account for 72 % of the total annual TSS flux (60 % of which occurred during the December floods, Table SI 2), only 22 % of pesticide fluxes are transported by the particulate fraction, while on average 52 % is transported by the dissolved fraction (upstream and downstream together). Specifically, for the upstream in the dissolved fraction, these pesticide fluxes related to flood events accounted for more than half of the inputs (Table SI 2). In contrast, downstream, these proportions were much lower, where we can assume a buffer effect of the pond in the transfer of pesticides (see section 4.3). However, for most of the molecules, their fluxes in the particulate fraction were quite low at the downstream station before December in contrast to upstream.

The December floods carry the main amount of pesticide fluxes. The exception is for metolachlor and tebuconazole, 78 and 100 % of which are transported , respectively, during the May flood occurring after the application period, as was observed by [START_REF] Boithias | Occurrence of metolachlor and trifluralin losses in the Save river agricultural catchment during floods[END_REF] and [START_REF] Passeport | Pesticide contamination interception strategy and removal efficiency in forest buffer and artificial wetland in a tiledrained agricultural watershed[END_REF]. In the winter period, the surrounding soils were not covered by crops, which emphasizes the consequence of land use/cover on the erosion phenomenon. With almost the same rainfall intensity, the December flood events (uncovered soils) resulted in higher TSS fluxes than in May (covered soils). Differences in Concentration/Discharge ratio patterns of pesticides were identified between the May (Figure 5) and December floods (Figure SI 5). The anti-clockwise patterns observed for tebuconazole Chaumet B., Probst J.L., Payre-Suc V., Granouillac F., Riboul D., Probst A. (2022) (but also boscalid and epoxiconazole see Figure SI 4) indicate a major origin from soil drainage rather than from surface runoff, and/or particle desorption processes in the decreasing limb. This is also supported by tebuconazole fluxes that were twice as high in the dissolved phase as in the particulate phase. In contrast, upstream, metolachlor mimics TSS and DOC patterns in May, which are indicators of surface runoff origin (Ponnou-Delaffon et al. 2020). In December, in contrast, clockwise patterns for the particulate phase of all detectable molecules emphasized the influence of the high TSS content in the rising phase of the floods and desorption processes illustrated by an increase in the dissolved fraction during the decreasing limb. The less obvious hysteresis in December events was the result of a more diffuse origin of the pesticides from soil compartments due to wetter soil and higher erosion conditions. Downstream of the pond, the patterns were in general similar to those upstream, albeit more complex and buffered. Some possible resuspension processes can be evoked during the December flood events, as highlighted previously by the TSS flux results and as mentioned by [START_REF] Taghavi | The role of storm flows in concentration of pesticides associated with particulate and dissolved fractions as a threat to aquatic ecosystems Case study: The agricultural watershed of Save river (Southwest of France)[END_REF]. The similarity of the upstream and downstream stations for TSS transfer, -but not for water fluxes-also suggests a resuspension by flood of pesticides stored in the sediments during the year. 

Pesticide partitioning and key role of molecule characteristics

Pesticide fluxes were distributed between the dissolved and the particulate phase, but with differences depending on the molecules. The highest dissolved fluxes observed for metolachlor, boscalid, epoxiconazole and tebuconazole in contrast to aclonifen and pendimethalin can be explained by the difference in logK OW of these molecules, aclonifen and pendimethalin being two very hydrophobic molecules [START_REF] Chen | Transformation of chloroform in model treatment wetlands: From mass balance to microbial analysis[END_REF][START_REF] Knauer | The influence of particles on bioavailability and toxicity of pesticides in surface water[END_REF]). The link with the hydrophobicity of the molecules was also evidenced by the K d . The more hydrophobic a molecule is, the more it binds to particles, especially under the high pH conditions of the site water. This is particularly obvious in the flood events where K d was in the order: boscalid > epoxiconazole > tebuconazole > aclonifen > pendimethalin, with these molecules having a logK OW of 3, 3.3, 3.7, 4.7 and 5.2, respectively (Figure 6). Due to its high solubility, metolachlor (solubility = 530 mg.L -1 ) was detected exclusively in the dissolved phase during the high-water flow period, which explains why K d could not be calculated during flood events. On the contrary, at upstream and downstream stations during flood events, the K d of aclonifen and Chaumet B., Probst J.L., Payre-Suc V., Granouillac F., Riboul D., Probst A. (2022) pendimethalin (0.5 and 0.6 g.L -1 , respectively) highlighted the obvious affinity of these molecules for the suspended particulate matters and of their hydrophobicity, as has already been widely demonstrated [START_REF] El Azzi | Trace Element and Pesticide Dynamics During a Flood Event in the Save Agricultural Watershed: Soil-River Transfer Pathways and Controlling Factors[END_REF][START_REF] Vignati | Pollutant partitioning for monitoring surface waters[END_REF][START_REF] Wu | Influences of suspended particles on the runoff of pesticides from an agricultural field at Askim, SE-Norway[END_REF][START_REF] Zgheib | Partition of pollution between dissolved and particulate phases: What about emerging substances in urban stormwater catchments?[END_REF] . December",for boscalid: 5,9,5 and 10;for epoxiconazole: 6,11,5 and 9;for tebuconazole: 6,11,5 and 12;for aclonifen: 4,11,4 and 0;for pendimethalin: 6,11,5 and 12 The higher K d downstream the pond compared to upstream indicated an increased relative contribution of the dissolved phase (Figure 6), which may be due to several processes and influencing factors. One of them may be the higher concentration of DOC observed downstream, leading to a higher possible complexation of the pesticides in the dissolved fraction [START_REF] Taghavi | The role of storm flows in concentration of pesticides associated with particulate and dissolved fractions as a threat to aquatic ecosystems Case study: The agricultural watershed of Save river (Southwest of France)[END_REF]. As the different affinities of the molecules for a given phase depend on their chemical properties, this leads to their dissipation through distinct pathways. The pesticide loss from the dissolved phase is primarily through their transfer to the particulate phase (O'Geen et al. 2010), and vice versa. However, a phenomenon of sorption/desorption from one fraction to another can be assumed as also hypothesized by [START_REF] Passeport | Pesticide contamination interception strategy and removal efficiency in forest buffer and artificial wetland in a tiledrained agricultural watershed[END_REF]. In addition, pesticides can be biodegraded, photolyzed or volatised in the water column [START_REF] Droz | Phase Transfer and Biodegradation of Pesticides in Water-Sediment Systems Explored by Compound-Specific Isotope Analysis and Conceptual Modeling[END_REF][START_REF] Papaevangelou | Treatment of agricultural equipment rinsing water containing a fungicide in pilot-scale horizontal subsurface flow constructed wetlands[END_REF]. Pesticides in the particulate phase may also be stored in the bottom sediments by settling, as in the Bassioué pond, where the sediment compartment is rather thick [START_REF] Chaumet | Role of pond sediments for trapping pesticides in an agricultural catchment (Auradé, sw france): Distribution and controlling factors[END_REF]. Due to the high intensity of flood events, however, this process can be considered non-permanent due to the resuspension phenomenon [START_REF] Chaumet | Role of pond sediments for trapping pesticides in an agricultural catchment (Auradé, sw france): Distribution and controlling factors[END_REF]Wu & Probst, 2021). Chaumet B., Probst J.L., Payre-Suc V., Granouillac F., Riboul D., Probst A. (2022) 

Role of pond in pesticide flux mitigation

The positive mass balance budget (input-output) highlighted the removal role of the pond in retaining the selected pesticides during the year 2020. Due to the production of TSS by the pond, the removal efficiency may be mainly due to the physico-chemical properties of the pesticides, such as the logK OW , as mentioned by [START_REF] Gregoire | Mitigation of agricultural nonpoint-source pesticide pollution in artificial wetland ecosystems[END_REF]. This is a non-negligible point given the high TSS inputs to the pond, which carry a significant amount of hydrophobic pesticides via runoff. The proportion of floodrelated pesticide fluxes is greater upstream than downstream even if one takes potential lateral inputs into consideration. This highlights the influence of the pond in terms of retention, especially on hydrophobic molecules sorbed to particles such as aclonifen and pendimethalin. These molecules have more time to settle and be stored in the sediments [START_REF] Chaumet | Role of pond sediments for trapping pesticides in an agricultural catchment (Auradé, sw france): Distribution and controlling factors[END_REF]. The pond has a limited water head and the intensity of the rainfall events falling on very steeply sloping lands leads to very rapid transport across the pond during the flood events. Therefore, we can assume that the immediate effect processes occur in the small vegetated wetland at the pond entrance and during the recession periods where the residence time of water is higher at the interface with the sediment [START_REF] Gu | Sediment modelling and design optimization for stormwater ponds[END_REF][START_REF] Passeport | Epoxiconazole degradation from artificial wetland and forest buffer substrates under flooded conditions[END_REF].

In addition, it was found that the pond had a filling period from December to June and then an emptying period from July to November. During this period, there is no effective rainfall and evapotranspiration is high in this sunny and windy area, as highlighted by long-term observations in the area [START_REF] Perrin | Impact of nitrogenous fertilizers on carbonate dissolution in small agricultural catchments: Implications for weathering CO2 uptake at regional and global scales[END_REF][START_REF] Ponnou-Delaffon | Long and short-term trends of stream hydrochemistry and high frequency surveys as indicators of the influence of climate change, agricultural practices and internal processes (Aurade agricultural catchment, SW France)[END_REF]). It cannot be excluded that some of the pesticides were dissipated by volatilization, although this removal process seems negligible (Imfeld et al. 2021;[START_REF] Jacobs | Pesticide volatilization from small surface waters : rationale of a new parameterization for TOXSWA[END_REF]. As shown by the budgets and removal rates, the pond acts as a sink for the pesticides and not as a source, despite the massive release of TSS amounts.

Various studies have shown the efficiency of constructed wetlands in pesticide mitigation, but few have been conducted on agricultural ponds [START_REF] Sahin | Mitigation of organophosphate pesticide pollution in agricultural watersheds[END_REF][START_REF] Schulz | Effectiveness of a constructed wetland for retention of nonpointsource pesticide pollution in the Lourens River catchment, South Africa[END_REF]. The wide range of pesticide removal rates for boscalid to aclonifen in the dissolved fraction (28.4 %-89.4 %, respectively) is consistent with that reported by [START_REF] Maillard | Removal of pesticide mixtures in a stormwater wetland collecting runoff from a vineyard catchment[END_REF] in a vineyard context (39-100 % for molecules with logK OW from 0.67 to 4). However, the surrounding landscape and the pond context of each case study may explain why a clear link between pesticide dissipation by fraction was not observed as in the Bassioué case study. The high TSS load, much higher than in [START_REF] Maillard | Removal of pesticide mixtures in a stormwater wetland collecting runoff from a vineyard catchment[END_REF] with silty/clayey material of smectite type with a high exchangeable capacity, favours these exchange processes. Furthermore, unlike the pond investigated by [START_REF] Maillard | Removal of pesticide mixtures in a stormwater wetland collecting runoff from a vineyard catchment[END_REF], except at the pond entrance, the Bassioué pond is not densely vegetated. Yet vegetation is well known to retain some of the pesticides and at least increase their residence time in the wetland. This may improve their retention/dissipation potential [START_REF] Stehle | Pesticide Risk Mitigation by Vegetated Treatment Systems: A Meta-Analysis[END_REF]), but may limit the role of sorption/desorption of pesticides from one fraction to another to the benefit of storage or even their degradation by vegetation. In addition, previous studies have highlighted the low organic matter content in Auradé soils [START_REF] Perrin | Impact of nitrogenous fertilizers on carbonate dissolution in small agricultural catchments: Implications for weathering CO2 uptake at regional and global scales[END_REF]Wu & Probst, 2021), whereas organic matter is needed for the bacterial activity implied in pesticide biodegradation for example [START_REF] Stamper | Biodegradation of the Acetanilide Herbicides Alachlor, Metolachlor, and Propachlor[END_REF]. Nevertheless, the pond shows satisfactory dissipation rates depending on the molecules considered, which is consistent with other results concerning the denitrification process (Wu et al., 2021) and metal retention (Wu & Probst, 2021). Chaumet B., Probst J.L., Payre-Suc V., Granouillac F., Riboul D., Probst A. (2022) Highly hydrophobic molecules such as pendimethalin (logK OW = 5.2) sorbed to the TSS and at the same time, the pond released 5.6 tons per km² of TSS. Moreover, a previous study highlighted that the amount of pesticides stored in the sediment (both at the surface and in deeper layers) was not negligible [START_REF] Chaumet | Role of pond sediments for trapping pesticides in an agricultural catchment (Auradé, sw france): Distribution and controlling factors[END_REF], especially considering the significant height of the entire sediment layer (about 1.5 m on average). Therefore, even though the pond retains pesticides, a significant proportion of these molecules may be transported downstream by resuspension during flood events from the sediments where they were previously stored. Over time, this pond system tends to fill in completely with soil particles due to erosion processes, which reduce the height of the water volume over time and thus significantly limit the water retention time and increase the risk of resuspension during each flood event.

Nevertheless, the pond has a very satisfactory efficiency if we consider the two molecules with the highest dissipation rates, namely aclonifen and tebuconazole (56 % for each). If the theoretical input of pesticides from the residual area is added, the efficiency of the pond is even higher than measured. However, although these absolute values are good, the transfer and presence of these molecules must be offset against their environmental risk. Indeed, the highest retention rate is for aclonifen, but over a full year only 2.3 g.y -1 .km -2 entered the pond. For tebuconazole, the annual input flux was much higher (45.9 g.y -1 .km -2 ) and can be attributed primarily to floods with 3/4 of this flux (Table SI 2) during the May event. Consequently, the pond experienced a significant peak of contamination during this period. At such doses (6.7 µg.L -1 , Table 2) in the dissolved phase where the molecule is mostly bioavailable, toxic effects on aquatic organisms are likely since the PNEC has been evaluated at 1 µg.L - 1 . This is also true for the other molecules, even if the ecotoxicological risk is lower. For example, for metolachlor, the PNEC is 70 ng.L -1 while the contamination peak was 187 ng.L -1 , which is however sufficient to cause deleterious effects. As mentioned by [START_REF] Allinson | Pesticide and trace metal occurrence and aquatic benchmark exceedances in surface waters and sediments of urban wetlands and retention ponds in Melbourne, Australia[END_REF], there is now a pressing need to assess the ecological risk of pesticides in wetlands such as ponds. Some studies have investigated the fate of pesticides in various environments but mostly over short periods of time and often after application periods. But they are not fully representative, as our study points out, since pesticides are present throughout the year depending on their properties. In addition to assessing the effectiveness of the pond over a complete year, our study highlighted the role of the environmental conditions of the upstream catchment and provides needed information for decision makers on how to limit pesticide inputs from their sources (e.g. bare soils = high risks). The results offer insight into the behaviour of pesticides in extreme areas of rapid and intense floods occurring with large particle loads in the highly erosive contexts of headwater catchments, which have not often been considered in the literature. In addition, other similar high frequency studies should be conducted to consider different wetland typologies to better model the pesticide removal potential under various environmental conditions.

Conclusion

The mass balance budget revealed a greater efficiency of the pond to dissipate pesticides in the dissolved phase compared to the particulate phase, especially for the more hydrophilic molecules. This work highlighted the importance of a detailed consideration of the particulate fraction in pesticide transfer in catchments, especially in such an erosive context, and in the presence of hydrophobic and poorly soluble molecules. Flood events carry a significant portion of the annual TSS load as well as Chaumet B., Probst J.L., Payre-Suc V., Granouillac F., Riboul D., Probst A. (2022) pesticides bound to the particulate phase. Although under the pressure of intense flash floods, the Bassioué pond is capable of dissipating pesticides in this agricultural area. Over a full year, this pond mitigated between 29 and 56 % of the six targeted pesticide molecules. Despite this positive result, its effectiveness in future years remains uncertain since the pond is full of sediment. These results pointed out the impact on bare soils of the fate of hydrophobic pesticides in agricultural areas in headwater catchments with a strong erosive context and undergoing significant flash floods.

This study provides insights into the molecule pattern variability in relation with their properties, their storage in the upper soil catchment which is a permanent source for some molecules, the influence of seasonal application and of the soil cover on transfer pathways. It highlighted that the main pathways of pesticide dissipation in this agricultural area are physical and to a lesser extent biological (i.e. sorption/desorption, complexation related to the organic matter). Constructed wetlands could therefore be among the beneficial suggestions for agricultural land management (Wu & Probst, 2021), which could be enhanced by promoting vegetation as an alternative pathway of pesticide retention/degradation, as evidenced by [START_REF] Maillard | Pesticide mass budget in a stormwater wetland[END_REF].
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Figure 1 :

 1 Figure 1: Study site context: A) at the country scale, B) at the region scale, C) at the catchment scale, D) instrumented pond (capture from Google Map), E) equipment upstream and downstream: automatic sampler, multiparameter probe and hydrological weir. Adapted from[START_REF] Boithias | Occurrence of metolachlor and trifluralin losses in the Save river agricultural catchment during floods[END_REF][START_REF] Ponnou-Delaffon | Long and short-term trends of stream hydrochemistry and high frequency surveys as indicators of the influence of climate change, agricultural practices and internal processes (Aurade agricultural catchment, SW France)[END_REF].

Figure 2 :

 2 Figure 2: Specific discharge pattern (Q) for upstream (blue) and downstream (yellow) pond stations (expressed as Log, L.s -

Figure 3 :

 3 Figure 3: Cumulated specific fluxes, A) for TSS (in kg), B) for tebuconazole (in g), C) for pendimethalin (in g). Blue and yellow symbols are upstream and downstream data, respectively. In B) and C), circles and squares represent dissolved and particulate fluxes, respectively. Note that for B) and C) the left and right axes are for dissolved and particulate fractions, respectively.

  Chaumet B., Probst J.L., Payre-Suc V., Granouillac F., Riboul D., Probst A. (2022)-Pond mitigation in dissolved and particulate pesticide transfers: influence of storm events and seasonality (Auradé agricultural catchment, SW-France). J. of Environmental Management, 320, 115911, https://doi.org/10.1016/j.jenvman.2022.115911 

Figure 4 :

 4 Figure 4: Yearly total pesticides fluxes (In=Input; Out=Output) and Mass balance (=Budget) in g.y 1-.km -2 of dissolved and particulate phases for A) metolachlor, epoxiconazole, aclonifen and pendimethalin, B) boscalid and tebuconazole, C) total budget of dissolved and particulate pesticides (Input-Output; in g.y -1 .km -2 ), D) the pesticide removal rate by fraction (dissolved and particulate), and E) the relationship between pesticide removal rate in the particulate fraction and the Octanol/Water Partition Coefficient (logK OW )

Figure 5 :

 5 Figure 5: Concentration vs. discharge relationships for TSS, DOC and tebuconazole during the flood event of May (A, B, C), respectively). Blue and yellow dots and dashed lines correspond to upstream and downstream the pond, respectively; arrows highlight hysteresis direction

Figure 6 :

 6 Figure 6: Partition coefficients (in g.L -1 ) for the considered molecules during the May and December flood events. Up and Down mean Upstream and Downstream the pond, respectively. Number of data per boxes from "Up May" to "DownDecember", for boscalid: 5, 9, 5 and 10; for epoxiconazole: 6, 11, 5 and 9; for tebuconazole: 6, 11, 5 and 12; for aclonifen: 4, 11, 4 and 0; for pendimethalin: 6, 11, 5 and 12 

  Figure SI 2: Pesticides concentration in the dissolved (dis.) and particulate(part.) phases (expressed in ng.L -1 and ng.g -1 , respectively), and the flow (in L.s -1 ) measured at the upstream (blue) and downstream (yellow) stations

  

  

  

  

Table 1 :

 1 Main parameters upstream ("Up") and downstream ("Down") the pond over the year 2020: minimum, maximum,

					mean and standard deviation values				
		Flow (L.s -1 )	Temperature	Conductivity		pH	DOC	Rainfall
					(°C)	(µS.cm -1 )			(mg.L -1 )	(mm)
		Up	Down	Up	Down	Up	Down	Up	Down	Up	Down	Total =
												733
	min	0.1	0.2	5.4	-0.7	201.3	242.6	6.5	6.4	2.2	2.6	0.0
	max	118.5 65.5	22.9	32.7 1046.4 1252.8	8.4	9.5	39.5	15.7	20.2
	mean	1.3	1.3	13.1	15.2	844.4	700.2	7.7	8.0	7.1	5.9	0.1
	sd	0.024 0.015 0.024 0.044 1.202	0.704 0.002 0.003 0.666 0.286	0.008

𝑝𝑝𝑝𝑝𝑝𝑝𝑡𝑡𝑖𝑖𝑝𝑝𝑝𝑝𝑑𝑑𝑝𝑝𝑡𝑡𝑝𝑝
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Table 2 :

 2 Dissolved and particulate pesticide concentrations for upstream and downstream pond stations: minimum, maximum, mean and standard deviation

	333							
	Station	Fraction (unit)		Metolachlor	Boscalid	Epoxiconazole	Tebuconazole	Aclonifen	Pendimethalin
			Min	0.0	0.0	1.7	0.0	0.0	0.0
		Dissolved	Max	186.8	524.5	112.3	6702.7	7.7	12.8
		(ng.L -1 )	Mean	22.8	187.8	37.7	623.8	2.5	4.9
	Upstream		sd Min	6.9 0.0	27.7 0.0	5.4 0.0	255.0 0.0	0.5 0.0	0.8 0.0
		Particulate	Max	28.3	3808.9	747.5	15650.3	134.1	345.5
		(ng.g -1 )	Mean	1.4	145.8	58.8	918.6	23.7	47.6
	Pesticides		sd	0.9	94.7	19.8	433.6	6.1	12.1
	concentration		Min	0.0	0.0	0.0	0.0	0.0	0.0
		Dissolved	Max	176.6	725.0	141.7	4804.9	4.8	10.2
		(ng.L -1 )	Mean	22.3	174.4	32.3	485.4	0.7	3.2
	Downstream		sd Min	7.2 0.0	27.1 0.0	4.9 0.0	182.1 0.0	0.2 0.0	0.4 0.0
		Particulate	Max	6.7	91.3	129.4	4276.1	90.6	236.1
		(ng.g -1 )	Mean	0.4	14.4	11.4	306.8	5.0	22.2
			sd	0.2	3.1	3.1	130.6	2.2	6.7
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Table 3 :

 3 Measured and theoretical inputs and output pesticides, TSS and water fluxes upstream and downstream the pond. "meto" for metolachlor, "bosc" for boscalid, "epox" for epoxiconazole, "tebu" for tebuconazole, "aclo" for aclonifen, "pendi" for pendimethalin.

	Total fluxes measured: dissolved + particulate fractions	meto	bosc	epox	tebu	aclo	pendi	TSS	Water
	Measured inlet fluxes (g for								
	pesticides, t.km -2 for TSS, or	0.49	10.22	2.63	12.35	0.63	1.11	29.1	124,661
	m 3 .km -2 for water)								
	Measured outlet fluxes (g for								
	pesticides, t.km -2 for TSS, or	0.31	8.04	1.87	6.87	0.35	1.00	34.7	95,864
	m 3 .km -2 for water)								
	Theoretical residual flux (g)	0.13	2.69	0.69	3.25	0.16	0.29	2.1	8820
	Theoretical total inlet flux (g)	0.62	12.90	3.33	15.60	0.79	1.40	31.2	133,481
	Measured Budget (g for								
	pesticides, t.km -2 for TSS, or	-0.18	-2.17	-0.77	-5.48	-0.28	-0.11	-5.6	28,797
	m 3 .km -2 for water)								
	Theoretical budget (g)	-0.31	-4.86	-1.46	-8.73	-0.44	-0.41	3.5	-37617
	Measured removal percentage (%)	37.6	21.3	29.1	44.4	44.4	10.3	-19.2	23.1
	Theoretical Removal percentage (%)	50.6	37.7	43.9	56.0	56.0	29.0	-11.4	28.2
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Table SI 1

 SI : Major anions and cations measured at the upstream and downstream stations of the pond.Minimum, maximum, mean and standard deviation values 

	Majors		Upstream			Downstream		
	parameters (mg.L -1 )	min	max	mean	sd	min	max	mean	sd
	F	0.0	1.8	0.3	0.0	0.0	1.5	0.3	0.0
	Cl	0.4	38.7	16.6	1.1	1.0	37.7	19.4	1.2
	Br	0.0	0.1	0.0	0.0	0.0	68.0	1.1	1.1
	SO 4	0.0	25.8	9.8	1.0	0.0	29.9	11.5	1.1
	NO 2	0.0	3.3	0.1	0.0	0.0	0.3	0.1	0.0
	NO 3	0.0	59.2	15.0	1.7	0.0	70.3	16.3	1.8
	PO 4	0.0	0.4	0.0	0.0	0.0	0.2	0.0	0.0
	HCO 3 -	100.6	541.9	315.6	15.6	106.7	394.8	261.2	9.6
	Ca 2+	32.2	152.3	98.4	4.7	33.7	165.3	83.4	3.4
	K +	0.4	13.0	2.8	0.3	0.6	7.1	2.5	0.2
	Mg 2+	2.0	27.4	16.7	1.0	2.3	28.0	18.0	1.0
	Na +	2.5	13.3	9.1	0.4	2.4	18.5	10.0	0.5
	Si	2.7	10.3	5.5	0.2	0.7	9.1	4.1	0.3
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.km -2 on left axis), with circles corresponding to grab samples, and corresponding rainfall on the top (in mm, right axis)The water upstream, downstream and in the pond was mainly composed of calcium and bicarbonates. On average, the concentration of these two ions as well as potassium was lower upstream, while it was higher for all other ions (TableSI 1). The water chemical composition, namely for the dominant ions, illustrated the carbonate context and was consistent with values registered for thirty years at the Auradé catchment outlet (Ponnou-Delaffon et al.

2020), as well as previous investigations on the ponds in the area(Wu & Probst, 2021).The mean temperature and the pH of the water were also similar and even a little higher at the downstream outlet, while conductivity and DOC concentration were lower (Table1). At the upstream station, maximum values of discharge and DOC (Table1) could be five to ten times higher than the mean values.
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