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Introduction

Global demand for water (i.e. for agriculture, drinking water, and industrial uses) is constantly growing and water supplies are relying increasingly on groundwater (GW) sources [START_REF] Konikow | Groundwater depletion: A global problem[END_REF]. In some cases, drinking water is pumped from GW aquifers, even from areas known to be impacted by urban and/or agricultural activities. Therefore, monitoring the quality of GW has become a necessity in many parts of the world.

Over the past decade many European monitoring studies (based on spot (bottle or grab) water sampling procedures) have investigated the occurrence of organic pollutants (e.g. hormones, pesticides, pharmaceuticals, personal care products, plasticizers, polyaromatic hydrocarbons and their environmental transformation products (TPs)) in GW [START_REF] Konikow | Groundwater depletion: A global problem[END_REF][START_REF] Lopez | Screening of French groundwater for regulated and emerging contaminants[END_REF][START_REF] Vulliet | Screening of pharmaceuticals and hormones at the regional scale, in surface and groundwaters intended to human consumption[END_REF][START_REF] Vulliet | Survey regarding the occurrence of selected organic micropollutants in the groundwaters of overseas departments[END_REF][START_REF] Lapworth | Persistent and emerging micro-organic contaminants in Chalk groundwater of England and France[END_REF]. In France and in French overseas departments, the most frequently detected pesticides and pharmaceuticals in GW were atrazine and its TPs with concentrations up to 500 ng L -1 and acetaminophen and carbamazepine with concentrations up to 100 ng L -1 [START_REF] Lopez | Screening of French groundwater for regulated and emerging contaminants[END_REF][START_REF] Vulliet | Screening of pharmaceuticals and hormones at the regional scale, in surface and groundwaters intended to human consumption[END_REF][START_REF] Vulliet | Survey regarding the occurrence of selected organic micropollutants in the groundwaters of overseas departments[END_REF]. Larger scale GW studies conducted in several countries in Europe found 2,6-dichlorobenzamide (BAM), boscalid, caffeine, and N,N-diethyl-meta-toluamide (DEET) were among the most frequently detected compounds in GW with maximum concentrations between several hundred of ng L -1 to several µg L -1 [START_REF] Lapworth | Persistent and emerging micro-organic contaminants in Chalk groundwater of England and France[END_REF][START_REF] Loos | Pan-European survey on the occurrence of selected polar organic persistent pollutants in ground water[END_REF]. Hence there is a growing interest to have a reliable and representative method of quantification for such semi-polar and polar contaminants in GW. Although spot sampling monitoring procedures are commonly used, this method does not provide data on the average concentration of pollutants in aquatic systems as it does not integrate pollution events between two given sampling periods. Furthermore, pollutants in GW can be present at concentrations below limits of quantification (low ng L -1 to pg L -1 ) of analytical methods. This makes their detection difficult when using low volume (e.g. 0.5-1.0 L) spot sampling methods. Passive samplers deployed in water column are potentially able to overcome these limitations as analytes accumulate on a receiving phase over several days or weeks. These device can yield time-weighted average (TWA) concentrations over their deployment period [START_REF] Mills | Measurement of environmental pollutants using passive sampling devices -an updated commentary on the current state of the art[END_REF] and the degree of analyte pre-concentration allows for an increase overall analytical sensitivity of the procedure.

Four designs of passive samplers are frequently used to monitor semi-polar and polar pollutants in water namely: organic-diffusive gradient in thin film (o-DGT), polar organic chemical integrative samplers (POCIS), devices with granular activated carbon receiving phases [START_REF] Cerar | Assessment of presence, origin and seasonal variations of persistent organic pollutants in groundwater by means of passive sampling and multivariate statistical analysis[END_REF], and Empore™ disk (ED)-based samplers such as the Chemcatcher ® [START_REF] Mills | Measurement of environmental pollutants using passive sampling devices -an updated commentary on the current state of the art[END_REF][START_REF] Gong | Passive sampling for monitoring polar organic pollutants in water by three typical samplers[END_REF]. o-DGT is generally composed of a limiting diffusion membrane, a thick diffusion hydrogel layer and a receiving phase. With this type of sampler, the uptake of analytes is independent of hydrodynamic conditions [START_REF] Guibal | Adaptation of diffusive gradients in thin films technique to sample organic pollutants in the environment: An overview of o-DGT passive samplers[END_REF]. However, although it is a promising tool, to the best of our knowledge no study has reported the use of o-DGT in groundwater. POCIS consists of a loose receiving phase solid sorbent held between two limiting diffusion membranes, that are compressed between two stainless steel 'o' rings. Four studies reported the use of POCIS to sequester pollutants in GW [START_REF] Soulier | Environmental forensics in groundwater coupling passive sampling and high resolution mass spectrometry for screening[END_REF][START_REF] Berho | Applicability of polar organic compound integrative samplers for monitoring pesticides in groundwater[END_REF][START_REF] Dougherty | Occurrence of Herbicides and Pharmaceutical and Personal Care Products in Surface Water and Groundwater around Liberty Bay, Puget Sound, Washington[END_REF][START_REF] Metcalfe | Contaminants in the coastal karst aquifer system along the Caribbean coast of the Yucatan Peninsula, Mexico[END_REF]. Based on the use of hydrophilic-lipophilic balance (HLB) solid-phase sorbent, POCIS can sequester molecules covering a large range of polarity [START_REF] Gong | Passive sampling for monitoring polar organic pollutants in water by three typical samplers[END_REF]. However, the loose sorbent can move during deployment and this can lead to nonreproducible data as sampler's active sampling surface area can differ over time [START_REF] Mills | Measurement of environmental pollutants using passive sampling devices -an updated commentary on the current state of the art[END_REF]. Activated carbon passive samplers use a granular material held in stainless steel mesh pouches that are fixed to a thick wire. Three studies used of such devices to assess contamination by organic compounds in GW [START_REF] Cerar | Assessment of presence, origin and seasonal variations of persistent organic pollutants in groundwater by means of passive sampling and multivariate statistical analysis[END_REF][START_REF] Verreydt | Passive Samplers for Monitoring VOCs in Groundwater and the Prospects Related to Mass Flux Measurements[END_REF][START_REF] Mali | Passive sampling as a tool for identifying micro-organic compounds in groundwater[END_REF]. However, only qualitative results were obtained, and further research is needed in order to achieve quantitative results using such a device.

ED passive samplers such as Chemcatcher ® are composed of a receiving phase that can in some instances be covered by a thin diffusion limiting membrane. In the Chemcatcher ® , EDs (47 mm) are held in place by a screw together polytetrafluoroethylene (PTFE) housing which (~7.0 cm in diameter). However, this type of design does not easily allow for a deployment in GW as the internal diameter of the well bore-holes (typically ~5.5 cm diameter) is smaller than the PTFE housing. This probably explains why, to the best of our knowledge, only two studies dealt with the assessment of GW contamination by the ED passive sampler.

The first studied five different passive samplers, including the ED (with styrenedivinylbenzene-reversed-phase sulfonated (SDB-RPS) sorbent) sampler, and concluded that they were suitable to characterise organic pollutants in an aquifer system in Australia. But the precise sampler design used in this work was not mentioned [START_REF] Page | Environmental monitoring of selected pesticides and organic chemicals in urban stormwater recycling systems using passive sampling techniques[END_REF]. In the second study, SDB-RPS EDs, fixed around a glass bottle with three cable ties, were found to be suitable for detecting active pharmaceutical ingredients in GW in Finland [START_REF] Ahkola | Presence of active pharmaceutical ingredients in the continuum of surface and ground water used in drinking water production[END_REF]. In these two studies sampling rates were determined in the laboratory for surface water conditions and, only in the case of the first study, were these adjusted for flow rate using a passive flow monitor [START_REF] Page | Environmental monitoring of selected pesticides and organic chemicals in urban stormwater recycling systems using passive sampling techniques[END_REF]. However, as GW conditions (e.g. biofouling, water flow rate and water temperature) differ significantly from surface water, the calculated concentrations of the pollutants present may not be accurate. As a consequence, it appears necessary to develop an ED passive sampler design specially adapted to GW monitoring, and to calibrate the device in conditions that correspond typically to GW. To the best of our knowledge, no study deals with such a calibration of a passive sampler in the literature. Hence the objectives of this study were to: (i) determine the sampling (uptake) rates of semi-polar and polar pollutants using a laboratory calibration experiment performed in environmental conditions as found in GW.

(ii) assess the influence of aqueous concentration of analyte on the uptake behaviour.

(iii) investigate the contamination by semi-polar and polar pesticides and pharmaceuticals in urban GW aquifers.

In order to fulfil these objectives, we first performed a laboratory calibration experiment in order to determine sampler uptake rates. Then a field study was undertaken in twelve GW wells, presenting contrasting physico-chemical conditions, which allowed for the measurement of 16 pesticides and pharmaceuticals.

Materials and Methods

Chemicals.

HPLC-MS grade acetone, methanol (MeOH) and formic acid used in the preparation of the HPLC mobile phases, were from Sigma-Aldrich (Saint-Quentin, Fallavier, France).

Compounds selected for the study were considered to be ecotoxicologically relevant according to the literature [START_REF] Marmonier | The use of crustaceans as sentinel organisms to evaluate groundwater ecological quality[END_REF][START_REF] Stuart | Review of risk from potential emerging contaminants in UK groundwater[END_REF][START_REF] Kurwadkar | Groundwater Pollution and Vulnerability Assessment[END_REF][START_REF] Lapworth | Emerging organic contaminants in groundwater: A review of sources, fate and occurrence[END_REF][START_REF] Postigo | Synthetic organic compounds and their transformation products in groundwater: Occurrence, fate and mitigation[END_REF] and were detected in GW in a previous study [START_REF] Pinasseau | Use of passive sampling and high resolution mass spectrometry using a suspect screening approach to characterise emerging pollutants in contaminated groundwater and runoff[END_REF].

Atrazine, 2,6-dichlorobenzamide (BAM), bromacil, carbamazepine, carbendazim, desethylatrazine (DEA), N,N-diethyl-meta-toluamide (DEET), diclofenac, diuron, fluopyram, hexazinone, imidacloprid, lamotrigine, metolachlor, simazine and sulfamethoxazole were purchased from Sigma-Aldrich. The internal standards atrazine-D5, carbendazim-D4, diclofenac-D4 and isoproturon-D3 were from CDN Isotopes (Pointe-Claire, Quebec, Canada).

Sulfamethoxazole-D4 was from Toronto Research Chemicals (North York, Canada) and simazine-D10 was from HPC Standard (Cunnersdorf, Germany). The purity of all standards was higher than 98%. Individual stock solutions were prepared at concentrations of 1 mg mL - for the next 6 min then increasing to 100% (B) for 1 min. Then the initial conditions (5% B, 95% A) were restored within 0.1 min to re-equilibrate the column for the next injection. MS detection was carried out in the multiple reaction monitoring (MRM) mode. Two MRM transitions were monitored for quantitation and confirmation purposes (see Table S1). No pharmaceuticals or pesticides were detected in solvent and procedural blanks. Method performance data are given in Table S2.

2.3.Recovery studies

In order to determine analytical recoveries from the EDs, a SGW was prepared by dissolution of appropriate amount of CaSO4.2H2O (60 mg L -1 ), MgSO4.7H2O (60 mg L -1) , NaHCO3 (96 mg L -1 ) and KCl (4 mg L -1 ) in deionized water in order to get a conductivity ~ 300 µS, a water hardness ~ 90 mg L -1 of CaCO3, an alkalinity ~ 65 mg L -1 of CaCO3 and a pH ~ 7.5 (US EPA, 1991) [START_REF] Us Epa | Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to Frshwater and Marine Organisms[END_REF]. The SGW was spiked at 10 ng L -1 , 100 ng L -1 and 500 ng L -1 with a MeOH-mixture of the 16 compounds listed above. A 30 mL aliquot (n = 3) of each spiked solution was filtered through the previously conditioned ED using a 47 mm glass vacuum filter holder. EDs were then extracted as described above and both extracts and eluted filtrate were analysed in order to evaluate the retention and the elution performance of the ED for each analyte.

Calibration experiments 2.4.1. Experimental set up

Atrazine, hexazinone, metolachlor and sulfamethoxazole were selected for the laboratory calibration experiment as they were representative of the physico-chemical properties of the targeted 16 compounds (see Table S3). A microcosm experiment was performed using sealable columns (24 cm high, 10 cm diameter, 1.9 L volume) made from methacrylate (Figures 1 andS2). A peristaltic pump with Tygon tubing (2.79 mm internal diameter) ensured a constant analyte concentration by continuous renewal of SGW that was spiked with a MeOH-mixture of atrazine, hexazinone, metolachlor and sulfamethoxazole.

During the experiment the SGW stock was stored in a 150 L high-density polyethylene tank.

According to literature (BURGEAP 2001) [START_REF] Chocat | Urbanisation et qualité des nappes phréatiques -Réponses des écosystèmes aquatiques souterrains aux pratiques d'infiltration d'eau pluviale[END_REF][START_REF] Foulquier | Vertical change in dissolved organic carbon and oxygen at the water table region of an aquifer recharged with stormwater: biological uptake or mixing?[END_REF], glacio-fluvial sediments of the aquifer of Eastern Lyon are highly permeable (10 -3 to 10 -2 m s -1 ) and the slope of GW table is on average 2‰, leading to GW flow rate of around 1 m day -1 . To fit with this condition, a flow rate of 5.9 mL min -1 was applied in each column with a diameter of 10 cm to obtain a Darcy velocity of 1.08 m day -1 in our experimental calibration system.

Experiments took place in the dark with room temperature maintained to 16°C in order to mimic field conditions (average GW temperature of 15°C) [START_REF] Foulquier | Thermal influence of urban groundwater recharge from stormwater infiltration basins[END_REF]. We used a set of seven columns: one column control (without rig) and one column for each of the six exposure times (1, 3, 6, 8, 10 and 14 days). No adsorption effects were observed on either the columns or the tubing during 14 days, as assessed before the calibration started. At the beginning of the calibration, six rigs were submerged in columns, one for each tested exposure time. One rig was sampled at 1, 3, 6, 8, 10 and 14 days of exposure and EDs were extracted and analysed as described above. The experiment was undertaken at three test concentrations: 10 ng L -1 , 100 ng L -1 and 500 ng L -1 . Concentrations were chosen according to the GW quality standard of 100 ng L -1 set in the European Union (EU) for individual pesticides and TPs and 500 ng L -1 for total concentration of pesticides and TPs in GW (2006/118/EC) [29]. For renewal, freshly prepared SGW was spiked with a MeOH-mixture of atrazine, hexazinone, metolachlor and sulfamethoxazole and left in the fridge to cool to 16°C and equilibrate before being pumped from the 150 L tank. Concentrations in the tank and at the outlet of the control column were analyzed at each sampling day and at each SGW renewal (Table S4). Temperature and flow rate were controlled during the experiment. Between experiments, the entire system was left to equilibrate.

Uptake kinetic calculations

The theory of the uptake of chemicals by a passive sampler has been described previously [START_REF] Vrana | Passive sampling techniques for monitoring pollutants in water[END_REF][START_REF] Vrana | Calibration of the Chemcatcher passive sampler for the monitoring of priority organic pollutants in water[END_REF]. The accumulation of analytes in the ED follows a first-order kinetic model. Between the start of exposure and the half-time to equilibrium, the uptake of an analyte is linear and can be described using eq 1:

𝑀𝑀 𝑆𝑆 (𝑡𝑡) = 𝐶𝐶 𝑊𝑊 𝑅𝑅 𝑆𝑆 𝑡𝑡 (1) 
where MS(t) is the mass (ng) of analyte accumulated in the ED after exposure time t (day), CW is the concentration (ng L -1 ) of an analyte in the GW and RS is the sampling rate (L day -1 ) and represents the volume of water extracted by a sampler per unit of time. During a calibration experiment, RS can be determined from the slope of the regression between the mass of analyte accumulated against the time of exposure. Once RS is known, CW, which corresponds to the TWA concentration during a field deployment, can be calculated.

Field study

Field trials were undertaken in the eastern metropolitan area of Lyon (France) using twelve GW wells located in sites monitored in the framework of the field observatory in urban hydrology (OTHU, Marmonier et al. [START_REF] Marmonier | The use of crustaceans as sentinel organisms to evaluate groundwater ecological quality[END_REF], Pinasseau et al. [START_REF] Pinasseau | Use of passive sampling and high resolution mass spectrometry using a suspect screening approach to characterise emerging pollutants in contaminated groundwater and runoff[END_REF] and Voisin et al. [START_REF] Voisin | Aquifer recharge with stormwater runoff in urban areas: Influence of vadose zone thickness on nutrient and bacterial transfers from the surface of infiltration basins to groundwater[END_REF]).

By selecting monitored wells, we were confident that water chemistry in the wells did not differ from that of GW in the aquifer [START_REF] Foulquier | Vertical change in dissolved organic carbon and oxygen at the water table region of an aquifer recharged with stormwater: biological uptake or mixing?[END_REF][START_REF] Voisin | Aquifer recharge with stormwater runoff in urban areas: Influence of vadose zone thickness on nutrient and bacterial transfers from the surface of infiltration basins to groundwater[END_REF]. A total of twelve ED rigs were used (one rig per well) and deployed for ten days between 26 th of October -5 th of November, 2018. Water conductance and temperature (LTC Levelogger ® Junior, Solinst, Canada), dissolved oxygen (HOBO ® U26, Onset, USA) and pH were measured during the deployment period. Coordinates of the twelve wells, well depths and mean physico-chemical values measured during the deployment period are given in Table S5.

Results and Discussion

Uptake of compounds on a SDB-XC disk

Empore™ disk performance and recoveries

Due to their ability to retain a large range of compounds with differing properties, two of the most commonly used EDs are SDB-RPS and SDB-XC. Our previous study [START_REF] Pinasseau | Use of passive sampling and high resolution mass spectrometry using a suspect screening approach to characterise emerging pollutants in contaminated groundwater and runoff[END_REF] showed a similar performance of these two solid-phase sorbents for semi-polar and polar compounds, but our preliminary experiments showed slightly better and more repeatable recoveries for SDB-XC (data not shown). Consequently, SDB-XC was chosen for this investigation. No polyethersulfone (PES) limiting diffusion membrane was used as is normal in the conventional Chemcatcher ® passive sampler. Hence, this allowed for decreasing analytical detection limits as diffusional uptakes of analytes into the ED increased. In addition, there was no need to slow down the sampling process by fitting a PES limiting diffusion membrane, as GW flow velocities are low. Finally, in GW there are few or no biofouling issues, so that protection (as used in surface water investigations) of the ED was not necessary.

In order to evaluate the retention and the elution performance of the EDs for each of the 16 pollutants, 30 mL of SGW (spiked at 10 ng L -1 , 100 ng L -1 and 500 ng L -1 ) was filtered through the ED as described in Materials and Methods section. Each experiment was conducted three times. An aliquot of eluted filtrate was analysed in order to estimate the percentage retention of each analyte. The totality of each analyte was retained on the ED, except sulfamethoxazole for which the retention was ~ 98% (i.e. ~ 2% was found in the eluted filtrate). For two compounds (bromacil and BAM), recoveries increase with concentration (Table 1). On the opposite, for six compounds (diclofenac, hexazinone, DEA, simazine, carbendazim and diuron), recoveries decrease as concentration increases. For these compounds, breakthrough may take place as found by D'Archivio et al. [START_REF] D'archivio | Comparison of different sorbents for multiresidue solid-phase extraction of 16 pesticides from groundwater coupled with high-performance liquid chromatography[END_REF]. Increases or decreases in recoveries do not seem to be related to polarity or molecule size. Finally, for the remaining eight compounds, no upward or downward trend is observed as a function of concentration.

When considering the overall mean recoveries, more than half of the compounds had a recovery above 80%. Three had a recovery above 60% and three (fluopyram, metholachlor and sulfamethoxazole) between 42 and 53% (Table 1). Only a few studies reported the evaluation of the retention performance of EDs. Sánchez-Bayo and Hyne [START_REF] Sánchez-Bayo | Detection and analysis of neonicotinoids in river waters -Development of a passive sampler for three commonly used insecticides[END_REF] found that SDB-XC EDs achieved 100% retention for the five neonicotinoids they studied; including imidacloprid, for which we found a similar result. In another study using the same EDs, retention for three highly polar herbicides ranged between 20-95% [START_REF] Sánchez-Bayo | An amperometric method for the detection of amitrole, glyphosate and its aminomethyl-phosphonic acid metabolite in environmental waters using passive samplers[END_REF]. Furthermore, our recoveries for atrazine, diuron, metolachlor and simazine from SDB-XC disk were comparable to the ones calculated in another study (i.e. 82% ± 1, 82% ± 1, 83% ± 1, 80% ± 2 respectively with 5 mL acetone then 5 mL MeOH used as solvent elution) [START_REF] Tran | Calibration of a passive sampling device for timeintegrated sampling of hydrophilic herbicides in aquatic environments[END_REF].

No trend with polarity (i.e. log Dow) was observed (Table 1), except for the most hydrophilic and hydrophobic compounds that exhibited lower recoveries (52.6 ± 20.5 for sulfamethoxazole and 41.9 ± 4.3 and 51.2 ± 7.4 for metolachlor and fluopyram respectively).

Therefore, in accordance with the findings of Charriau et al. [START_REF] Charriau | Overview of the Chemcatcher® for the passive sampling of various pollutants in aquatic environments Part A: Principles, calibration, preparation and analysis of the sampler[END_REF], SDB-XC disks are generally suitable for the sequestration of compounds with log Dow between ~ 1 to 3, which was the case for the majority of the compounds selected in this study.

Uptake kinetics at different concentrations

In order to evaluate the uptake behavior of the selected pollutants, as well as the influence of analyte concentration, a calibration experiment was performed in conditions similar to those found in GW (see Materials and Methods section). The uptake test was undertaken for atrazine, hexazinone, metolachlor and sulfamethoxazole at 10 ng L -1 , 100 ng L -1 and 500 ng L -1 and results are shown in Figure 2. It was observed that the linear uptake time window decreases with the log Dow of the molecule. Indeed, integrative sampling windows were up to 1 and 10 days for the two most polar compounds, sulfamethoxazole and hexazinone respectively, whereas the uptake was still linear at 14 days for atrazine and metolachlor. In previous studies, integrative sampling time windows for SDB-XC disks (but covered with a PES membrane) were found to be greater than 14 days for atrazine and hexazinone with water flow rates of at least 13.5 cm s -1 [START_REF] Gunold | Calibration of the Chemcatcher® passive sampler for monitoring selected polar and semi-polar pesticides in surface water[END_REF], and 21 days for atrazine and metolachlor with flow rates of 0.4 cm s -1 [START_REF] Tran | Calibration of a passive sampling device for timeintegrated sampling of hydrophilic herbicides in aquatic environments[END_REF]. Vermeirssen et al. [START_REF] Vermeirssen | Passive sampling combined with ecotoxicological and chemical analysis of pharmaceuticals and biocides -evaluation of three Chemcatcher TM configurations[END_REF] found shorter time windows of up to 6 days for atrazine and sulfamethoxazole with water flow rates of 13.0 cm s - 1 . However, it is difficult to compare calibration data from different authors as experiments were performed using different exposure designs, which induces different hydrodynamic conditions. In our case, data indicated that the linear sampling time window was up to 10 days for the majority of the selected compounds and in conditions close to those found on the GW field sites.

With regard to the mass of analyte accumulated on the ED, hexazinone and atrazine showed similar uptake behavior with a maximum accumulated mass of about 320 ng disk -1 (Figure 2). Performance of the ED was lower for the two other compounds with a maximum accumulated mass of about 30 and 150 ng disk -1 for sulfamethoxazole and metolachlor respectively. Therefore, these results confirm those found in the previous section concerning the analytical recoveries, i.e. the ED is more suitable for compounds with log Dow between ~ 1 and 3.

Our results suggested that there was no influence of concentration of analyte on the uptake profile (Figure 2). Linear sampling time windows (i.e. 1 day for sulfamethoxazole, 10 days for hexazinone, and 14 days for atrazine and metolachlor) were the same for all three concentrations, based on the profile of their uptake curves. These results were in accordance with those found in previous studies [START_REF] Sánchez-Bayo | Detection and analysis of neonicotinoids in river waters -Development of a passive sampler for three commonly used insecticides[END_REF][START_REF] Tran | Calibration of a passive sampling device for timeintegrated sampling of hydrophilic herbicides in aquatic environments[END_REF].

Calculated sampling rates

In order to determine the TWA concentration (CW) of the analytes, it was necessary to calculate the sampling rate (RS) as described in eq 1. RS is calculated from the slope of the regression between the mass of analyte accumulated against the time of exposure (Figure 2).

As a result, we found RS varied between 0.012 ± 0.001 L day -1 for metolachlor at 500 ng L -1 and 0.048 ± 0.001 L day -1 for hexazinone at 100 ng L -1 ; with mean RS of 0.026 ± 0.003, 0.047 ± 0.001, 0.035 ± 0.003, 0.018 ± 0.007 L day -1 for sulfamethoxazole, hexazinone, atrazine and metolachlor, respectively (Table 2). RS were slightly lower for sulfamethoxazole and metolachlor, for which the SDB-XC disk gave lower recoveries than for the two other compounds.

The main differences between our experimental sampling rates and extant literature concerned the water flow rate, the water temperature, the experimental calibration set up and the passive sampler geometry. Concerning water flow rates, it is well known that the higher the flow rate, the higher the RS [START_REF] Vrana | Calibration of the Chemcatcher passive sampler for the monitoring of priority organic pollutants in water[END_REF][START_REF] Vermeirssen | Passive sampling combined with ecotoxicological and chemical analysis of pharmaceuticals and biocides -evaluation of three Chemcatcher TM configurations[END_REF][START_REF] O'brien | Determination of deployment specific chemical uptake rates for SDB-RPD Empore disk using a passive flow monitor (PFM)[END_REF][START_REF] Vermeirssen | The role of hydrodynamics, matrix and sampling duration in passive sampling of polar compounds with Empore TM SDB-RPS disks[END_REF][START_REF] Lissalde | Overview of the Chemcatcher® for the passive sampling of various pollutants in aquatic environments Part B: Field handling and environmental applications for the monitoring of pollutants and their biological effects[END_REF]. Therefore, our calculated RS were much lower than those found in other studies probably because our experiment was conducted with a flow velocity corresponding to GW flow. This is much lower than those measured in river water (i.e. a few mm s -1 for GW against several tens cm s -1 for river water). Similarly, the higher the water temperature, the higher the sampling rate [START_REF] Vrana | Calibration of the Chemcatcher passive sampler for the monitoring of priority organic pollutants in water[END_REF][START_REF] Kingston | Development of a novel passive sampling system for the time-averaged measurement of a range of organic pollutants in aquatic environments[END_REF][START_REF] Söderström | Strategies for monitoring the emerging polar organic contaminants in water with emphasis on integrative passive sampling[END_REF]. In our case, the water temperature set for the experiment was slightly lower than those generally found in the literature (i.e. 16

°C against an average temperature of 20 °C) and this could lead to a lower RS. Furthermore, the configuration of the experimental calibration set up plays a major role in the uptake of the analyte. Indeed, it was already shown that the design of the experimental set up leads to significant differences in the uptakes [START_REF] Roll | Critical review of factors governing data quality of integrative samplers employed in environmental water monitoring[END_REF]. Vermeirssen et al. [START_REF] Vermeirssen | Uptake and release kinetics of 22 polar organic chemicals in the Chemcatcher passive sampler[END_REF] found difference factors of up to almost four in the values of RS obtained between calibration experiments conducted in a river water channel and in a circular tank. Hence, the calibration experiment should be designed to be the most relevant to the appertaining field conditions. With this in mind, we used columns for the laboratory calibration experiment that were similar to GW wells found in the field. Finally, sampler geometry has an impact on the uptake [START_REF] Roll | Critical review of factors governing data quality of integrative samplers employed in environmental water monitoring[END_REF][START_REF] Lobpreis | Effect of housing geometry on the performance of Chemcatcher TM passive sampler for the monitoring of hydrophobic organic pollutants in water[END_REF]. Further comparison of our sampling rate data with that in the literature was difficult as our novel sampler was especially designed for GW monitoring and no similar designs have been described previously.

To the best of our knowledge, no other study aimed at determining RS used an experimental rig that simulated GW conditions. Six other studies measured RS for semi-polar and polar pesticides and pharmaceuticals using a SDB-XC disk [START_REF] Sánchez-Bayo | Detection and analysis of neonicotinoids in river waters -Development of a passive sampler for three commonly used insecticides[END_REF][START_REF] Tran | Calibration of a passive sampling device for timeintegrated sampling of hydrophilic herbicides in aquatic environments[END_REF][START_REF] Gunold | Calibration of the Chemcatcher® passive sampler for monitoring selected polar and semi-polar pesticides in surface water[END_REF][START_REF] Vermeirssen | Passive sampling combined with ecotoxicological and chemical analysis of pharmaceuticals and biocides -evaluation of three Chemcatcher TM configurations[END_REF][START_REF] Kaserzon | Characterisation and comparison of the uptake of ionizable and polar pesticides, pharmaceuticals and personal care products by POCIS and Chemcatchers[END_REF][START_REF] Schäfer | Aquatic passive sampling of a short-term thiacloprid pulse with the Chemcatcher: Impact of biofouling and use of a diffusion-limiting membrane on the sampling rate[END_REF].

Calibration experiments were conducted with tap water [START_REF] Sánchez-Bayo | Detection and analysis of neonicotinoids in river waters -Development of a passive sampler for three commonly used insecticides[END_REF][START_REF] Tran | Calibration of a passive sampling device for timeintegrated sampling of hydrophilic herbicides in aquatic environments[END_REF][START_REF] Gunold | Calibration of the Chemcatcher® passive sampler for monitoring selected polar and semi-polar pesticides in surface water[END_REF][START_REF] Kaserzon | Characterisation and comparison of the uptake of ionizable and polar pesticides, pharmaceuticals and personal care products by POCIS and Chemcatchers[END_REF] or surface water [START_REF] Vermeirssen | Passive sampling combined with ecotoxicological and chemical analysis of pharmaceuticals and biocides -evaluation of three Chemcatcher TM configurations[END_REF][START_REF] Schäfer | Aquatic passive sampling of a short-term thiacloprid pulse with the Chemcatcher: Impact of biofouling and use of a diffusion-limiting membrane on the sampling rate[END_REF] (i.e. streams and treated sewage effluents), with water temperature varying between 14 and 27 °C. Flow-through systems (i.e. tanks) were mainly used with samplers supported on carousel devices [START_REF] Gunold | Calibration of the Chemcatcher® passive sampler for monitoring selected polar and semi-polar pesticides in surface water[END_REF][START_REF] Kaserzon | Characterisation and comparison of the uptake of ionizable and polar pesticides, pharmaceuticals and personal care products by POCIS and Chemcatchers[END_REF] or an artificial channel replicating an outdoor stream [START_REF] Vermeirssen | Passive sampling combined with ecotoxicological and chemical analysis of pharmaceuticals and biocides -evaluation of three Chemcatcher TM configurations[END_REF][START_REF] Schäfer | Aquatic passive sampling of a short-term thiacloprid pulse with the Chemcatcher: Impact of biofouling and use of a diffusion-limiting membrane on the sampling rate[END_REF]. Flow rates were much higher than the one in our experiment set up (i.e. from 0.4 to 40.0 cm s -1 against 0.0001 cm s -1 ). Accordingly, RS were also generally higher than in our study. Indeed, with a flow rate of 13.5 cm s -1 , Gunold et al. [START_REF] Gunold | Calibration of the Chemcatcher® passive sampler for monitoring selected polar and semi-polar pesticides in surface water[END_REF] found RS varied from 0.120 to 0.440 L day -1 with 0.260 and 0.280 L day -1 for hexazinone and atrazine respectively. With a flow rate of 13.0 cm s -1 , Vermeirssen et al. [START_REF] Vermeirssen | Passive sampling combined with ecotoxicological and chemical analysis of pharmaceuticals and biocides -evaluation of three Chemcatcher TM configurations[END_REF] found RS from 0.080 to 1.120 L day -1 with 0.080 and 0.520 L day -1 for sulfamethoxazole and atrazine respectively. Sánchez-Bayo et Hyne. [START_REF] Sánchez-Bayo | Detection and analysis of neonicotinoids in river waters -Development of a passive sampler for three commonly used insecticides[END_REF] and Schäfer et al.

[49] calculated RS of the same order of magnitude as ours with average RS of 0.010 and 0.045 L day -1 respectively. Tran et al. [START_REF] Tran | Calibration of a passive sampling device for timeintegrated sampling of hydrophilic herbicides in aquatic environments[END_REF] also found RS from 0.021 to 0.026 L day -1 with 0.024 and 0.021 L day -1 for atrazine and metolachlor respectively; but with an ED covered by a PES diffusion limiting membrane and a water flow rate of 0.4 cm s -1 .

Our study showed that no trend in RS was seen with the polarity or physico-chemical properties of the analytes; this was already discussed in previous studies using different sorbents [START_REF] Moschet | Evaluation of insitu calibration of Chemcatcher passive samplers for 322 micropollutants in agricultural and urban affected rivers[END_REF][START_REF] Petrie | In Situ Calibration of a New Chemcatcher Configuration for the Determination of Polar Organic Micropollutants in Wastewater Effluent[END_REF]. This was not surprising as it was recently shown that the overall uptake behavior is controlled by multiple other factors such as molecular diffusion, lag-times and equilibrating behavior [START_REF] Endo | Mechanistic Model Describing the Uptake of Chemicals by Aquatic Integrative Samplers: Comparison to Data and Implications for Improved Sampler Configurations[END_REF]. Furthermore, our results showed no influence of the concentration of analyte on RS, as found in other studies [START_REF] Sánchez-Bayo | Detection and analysis of neonicotinoids in river waters -Development of a passive sampler for three commonly used insecticides[END_REF][START_REF] Tran | Calibration of a passive sampling device for timeintegrated sampling of hydrophilic herbicides in aquatic environments[END_REF]. Therefore, as standard deviations for Rs between the three concentrations were on average no more than 15% of the Rs value (Table 2), the overall mean RS was used to determine CW in the subsequent field trials.

Calculated method quantification limit

Method quantification limits (MQL) were calculated from the calibration experiment at t = 10 days. The regression curve between the signal-to-noise (S/N) ratio of the extracts against the concentration of pollutant in SGW (10, 100 or 500 ng L -1 ) was established. With a S/N ratio of 10, the calculated MQL were 0.13, 0.03, 0.17 and 1.35 ng L -1 for atrazine, hexazinone, metolachlor and sulfamethoxazole respectively. When comparing IQL (Table S2)

and MQL, it appears that the applied passive sampling methodology allows a gain of sensitivity of at least 14 (14, 156, 85 and 14 for atrazine, hexazinone, metolachlor and sulfamethoxazole respectively). A similar gain of sensitivity using the passive sampler approach was also found in other studies [START_REF] Moschet | Evaluation of insitu calibration of Chemcatcher passive samplers for 322 micropollutants in agricultural and urban affected rivers[END_REF][START_REF] Petrie | In Situ Calibration of a New Chemcatcher Configuration for the Determination of Polar Organic Micropollutants in Wastewater Effluent[END_REF].

Semi-quantitative determination of emerging pollutants in groundwater

To determine TWA concentrations (CW), the extrapolation of the four RS values to the 16 other compounds in the test set was made on the basis of retention times, log Dow, and chemical structures. We assumed that compounds with similar physico-chemical properties, and in particular with similar behavior on a reversed-phase chromatographic columns (i.e.

retention time) would exhibit similar uptake behavior on the ED during the field trial.

Consequently, RS of hexazinone was applied to BAM, bromacil, carbendazim, imidacloprid and lamotrigine; RS of atrazine was applied to its metabolite and same class compounds, i.e.

DEA and simazine respectively, as well as carbamazepine and DEET; and RS of metolachlor was applied to diclofenac, diuron and fluopyram. RS of sulfamethoxazole was not applied to any other compound as its integrative sampling window was found to be up to one day while rigs were deployed for ten days. Moreover, as for sulfamethoxazole, CW of the most polar compounds (e.g. imidacloprid) must be considered with caution as their integrative sampling windows are probably less than 10 days. Therefore, CW values determined for sulfamethoxazole and imidacloprid should be considered as rough orders of magnitude only.

One of the issues concerning the HPLC-MS analysis of environmental extracts is matrix effects. Matrix suppressions, or sometimes enhancements, were often observed during analysis of samples by HPLC-MS/MS [START_REF] Mills | Measurement of environmental pollutants using passive sampling devices -an updated commentary on the current state of the art[END_REF][START_REF] Vermeirssen | Passive sampling combined with ecotoxicological and chemical analysis of pharmaceuticals and biocides -evaluation of three Chemcatcher TM configurations[END_REF][START_REF] Mutzner | Passive samplers in sewers and rivers with highly fluctuating micropollutant concentrations -better than we thought[END_REF]. Therefore, we diluted samples 30 times before analysis in order to minimize matrix effects. In addition, six internal standards (Table S1) were also added to correct for any matrix effects and to help increase the robustness of the method. After such a dilution, matrix suppressions in the ED blank and GW extracts were all below 30% for the six internal standards, except for diclofenac-D4 which exhibited a matrix suppression of 36% in GW (Figure S3).

After retrieval of the twelve deployment rigs (six sites, with two GW sampling points per site and analysis of the GW extracts, CW were determined and average and maximum values are given in Table 3.

All pollutants were found with a global detection frequency above 58% and five of them were detected in 100% of cases (atrazine, carbendazim, DEA, DEET and diuron).

Frequency of detection of pollutants with CW > MQL was lower for several compounds such as fluopyram and and sulfamethoxazole for which percentage decreases from 83 to 67% and from 75 to 25% respectively. It means that these compounds are frequently detected, but at very low concentrations. Diuron, DEA and atrazine exhibited the three highest maximum CW with 127, 62, and 601 ng L -1 respectively, and were also found in 100% of cases. Diuron (one sample) was the only pollutant that exceeded the European GW quality standard of 100 ng L - 1 . DEA, simazine, diuron, atrazine and DEET were the five pollutants with the highest median CW with 21, 15, 14, 13 and 12 ng L -1 respectively (Table 3). Similar results were found previously during a screening of 411 emerging pollutants undertaken through two sampling campaigns at 494 GW sites in France [START_REF] Lopez | Screening of French groundwater for regulated and emerging contaminants[END_REF]. Atrazine and atrazine TPs were the most commonly detected pesticides with spot sample concentrations up to 500 ng L -1 and carbamazepine was found to be one of the most frequently detected pharmaceuticals with spot sample concentrations up to 100 ng L -1 . Two other studies confirmed similar results to ours: one was a regional south-east quarter of France screening program where 70 GW wells were assessed [START_REF] Vulliet | Screening of pharmaceuticals and hormones at the regional scale, in surface and groundwaters intended to human consumption[END_REF]; the other was a screening of 40 GW sampling points of French overseas department [START_REF] Vulliet | Survey regarding the occurrence of selected organic micropollutants in the groundwaters of overseas departments[END_REF].

A larger scale study (42 target pollutants, during a survey of 345 GW sites) conducted in France and the United Kingdom found that BAM was the highest pesticide detected, with a concentration of up to 10 µg L -1 [START_REF] Lapworth | Persistent and emerging micro-organic contaminants in Chalk groundwater of England and France[END_REF]. Atrazine, DEA and diuron were among the most frequently detected pesticides in French GWs. In a pan-European investigation (59 pollutants targeted in 164 GW samples) involving 23 countries, DEET and atrazine were most frequently detected with spot sample maximum concentrations of 454 ng L -1 and 253 ng L -1 respectively [START_REF] Loos | Pan-European survey on the occurrence of selected polar organic persistent pollutants in ground water[END_REF]. DEA, simazine, carbamazepine, diuron and sulfamethoxazole were also found to be present in many samples. The pesticides, atrazine, metolachlor, simazine and diuron were withdrawn from sale in France in 2003 [START_REF] Coadou | Quality survey of natural mineral water and spring water sold in France: Monitoring of hormones, pharmaceuticals, pesticides, perfluoroalkyl substances, phthalates, and alkylphenols at the ultra-trace level[END_REF]. However, these persistent pollutants are still widely detected in the environment and found increasingly in GW. The long renewal times of the aquifers [START_REF] Gleeson | Water balance of global aquifers revealed by groundwater footprint[END_REF], which may take years to decades, can partially explain the occurrence of such contaminants in GW even several years after their banning [START_REF] Gutierrez | Long-term transfer of diffuse pollution at catchment scale: Respective roles of soil, and the unsaturated and saturated zones (Brévilles, France)[END_REF].

Furthermore, the high frequency of detection and high concentration of diuron can be explained by the fact that it is constantly released to the environment as it is used in film preservatives [START_REF] Bollmann | Dynamics of biocide emissions from buildings in a suburban stormwater catchment -Concentrations, mass loads and emission processes[END_REF].

Conclusions

This work used a novel ED-based passive sampler that was specially designed to be used in standard sized GW wells. Using such a device has many advantages over the conventional spot water sampling procedures that are used currently in GW monitoring programs across the globe. The use of passive samplers may help in the prioritization of emerging chemicals of concern in ground water; it is recognized that there is an urgent need for such a classification [START_REF] Gaston | Prioritization Approaches for Substances of Emerging Concern in Groundwater: A Critical Review[END_REF].

A simple laboratory set up can be used to calibrate the samplers using a matrixmatched medium and in conditions that replicate those found in GW aquifers. In future, uptake rate (RS) values for a wider range of compounds of environmental interest need to be obtained to facilitate the measurement of time-weight average concentrations of additional key pollutants in the GW wells. As increased monitoring of GW wells will be needed in the future, the use of passive samplers represents a viable new monitoring approach for end-users.

This, however, will require the development of quality assurance and control procedures, as well as validated guidelines for use of the technology as are available for monitoring pollutants surface waters [START_REF] Miège | Position paper on passive sampling techniques for the monitoring of contaminants in the aquatic environment -Achievements to date and perspectives[END_REF]. Key: IDL, instrument detection limit; IQL, instrument quantification limit; RSD, relative standard deviation 

Figure S3. Matrix suppression of studied pollutants (ordered by retention

Table S5. Co-ordinates of the GW wells, well depths and mean physico-chemical values measured during the sampler deployment period.

Wells

  

  

  

time); response in ED blank and groundwater extracts after dilution 30 times Table S1. Details of HPLC-MS/MS method (pollutants are ordered by retention time).

  Rt, retention time; DP, declustering potential; CE, collision energy; CXP, collision cell exit potential. Entrance potential = 10 V, source temperature = 550 °C, ion spray = 5500 eV, nebulizing gas = 50 psi, drying gas = 60 psi.

	Sulfamethoxazole-D4	4.6		258.1		66	160.0		23		12			-	-			-	-	-
	Pollutant Simazine-D10	Rt (min) 6.5	Precursor ion (m/z) 212.0	DP (V) 66	Product ion 1 (m/z) 137.1	CE 1 (V) 29		CXP 1 (V) 20	Product ion 2 (m/z) -	CE 2 (V) -	CXP 2 (V) -	Ion ration a -	Corresponding labelled internal -
	Atrazine-D5	7.2		221.1		106	179.1		25		14			-	-			-	-	standard -
	BAM Isoproturon-D3	3.1 7.7		190.0 210.1		76 86	173.0 75.1		27 25		14 10			109.0 -	49 -			12 -	2.34 ± 0.12 -	Sulfamethoxazole-D4 -
	Carbendazim Diclofenac-D4	3.6 8.1		192.1 300.0		86 66	160.0 218.1		25 47		14 14			132.1 -	41 -			12 -	4.56 ± 0.25 -	Carbendazim-D4 -
	Sulfamethoxazole Imidacloprid DEA Key: a MRM ratio:	4.6 4.8 5.3 Product	254.1 256.1 188.1	ion	76 66 86	156.0 209.1 146.0 1/Product	ion	21 23 25	2	12 20 12	ratio	92.0 175.1 104.0 average	35 27 35	over	12 12 10	the	1.02 ± 0.11 0.97 ± 0.05 3.65 ± 0.17 entire	Sulfamethoxazole-D4 Sulfamethoxazole-D4 Atrazine-D5 calibration range
	Lamotrigine	5.3		256.0		141	211.0		37		18			145.0	53			12	1.44 ± 0.21	Simazine-D10
	Bromacil	6.5		261.1		76	205.0		21		16			187.9	39			14	6.04 ± 0.38	Simazine-D10
	Simazine	6.5		202.1		106	132.0		27		10			124.1	25			10	1.08 ± 0.05	Simazine-D10
	Hexazinone	6.6		253.2		81	171.1		23		12			71.1	41			10	2.93 ± 0.23	Atrazine-D5
	Carbamazepine	7.1		237.1		101	194.1		27		18			179.1	49			14	6.47 ± 0.97	Atrazine-D5
	Atrazine	7.2		216.1		106	174.1		25		12			104.0	39			12	2.96 ± 0.39	Atrazine-D5
	DEET	7.3		192.1		96	119.0		25		12			91.0	41			12	1.45 ± 0.10	Isoproturon-D3
	Diuron	7.5		233.0		81	72.0		23		12			160.0	23			12	15.79 ± 3.35	Isoproturon-D3
	Fluopyram	8.0		397.0		86	208.0		29		14			145.0	73			12	0.91 ± 0.09	Diclofenac-D4
	Metolachlor	8.0		284.1		76	176.2		35		12			252.2	21			18	0.32 ± 0.07	Isoproturon-D3
	Diclofenac	8.1		296.0		66	214.1		27		14			151.1	87			12	4.66 ± 0.54	Diclofenac-D4
	Carbendazim-D4	3.6		196.1		60	164.2		25		12			-	-			-	-	-

Table S2 . Performance data for the HPLC-MS/MS method.

 S2 

	Pollutant	IDL	IQL	RSD (n = 3)
		(ng L -1 )	(ng L -1 )	(%)
	Atrazine	0.5	1.8	9
	Hexazinone	1.4	4.7	13
	Metolachlor	4.3	14.5	7
	Sulfamethoxazole	5.6	14.7	5
	BAM	5.2	17.4	6
	Bromacil	9.0	30.0	5
	Carbamazepine	2.8	9.2	9
	Carbendazim	2.4	8.1	8
	DEA	1.9	6.3	9
	DEET	1.2	3.8	6
	Diclofenac	2.9	9.5	7
	Diuron	7.1	23.6	3
	Fluopyram	1.8	6.1	13
	Imidacloprid	13.5	45.1	6
	Lamotrigine	9.0	30.0	7
	Simazine	1.4	4.6	1
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