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Introduction

Pesticides are ubiquitous chemicals to which populations are regularly exposed. These chemicals can be found in both gaseous and particulate compounds in the atmosphere.

Because their impact on human health is not well known and since there are no regulations for pesticide concentrations in the atmosphere, there is a growing interest in monitoring their presence and concentration in the environment (Haragushi et al., 1994 ;Coscollà et al., 2000 ;2013 ;[START_REF] Sanusi | Airborne pesticides concentrations and α/γ HCH ratio in Alsace (East France) air[END_REF][START_REF] Peck | Gas-phase concentrations of current-use pesticides in Iowa[END_REF][START_REF] Scheyer | Variability of atmospheric pesticide concentrations between urban and rural areas during intensive pesticide application[END_REF]Schummer et al., 2010a ;2012 ;[START_REF] Hart | GC-MS characterization of contemporary pesticides in PM10 of Valencia Region, Spain[END_REF][START_REF] Raeppel | Coupling ASE, sylilation and SPME-GC/MS for the analysis of current-used pesticides in atmosphere[END_REF][START_REF] Liaud | Application of long duration high-volume sampling coupled to SPME-GC-MS/MS for the assessment of airborne pesticides variability in an urban area (Strasbourg, France) during agricultural application[END_REF].

Due to the absence of regulations regarding the presence of pesticides in air and their potential risk to human populations, in France, since 2010, air pollution survey networks have undertaken many sampling campaigns to obtain long-term data on air contamination by pesticides, permitting the identification of hot spots and variabilities in the levels of contamination. (i.e., Lig 'Air, 2005). These data could be used to assess the potential health risk for populations.

Pesticides in air can currently be sampled in numerous ways, both indoors and outdoors.

The most common method is to use active samplers equipped with a pump that allows a fixed amount of air to pass through a filter to trap particles and an adsorbent to trap gases [START_REF] Scheyer | Variability of atmospheric pesticide concentrations between urban and rural areas during intensive pesticide application[END_REF]Schummer et al., 2010a ;[START_REF] Coscollà | LC-MS characterization of contemporary pesticides in PM10 of Valencia Region, Spain[END_REF][START_REF] Liaud | Application of long duration high-volume sampling coupled to SPME-GC-MS/MS for the assessment of airborne pesticides variability in an urban area (Strasbourg, France) during agricultural application[END_REF]. An emerging alternative is to use passive samplers that consist of an adsorbent placed in a protective housing. (Schoeib and Harner, 2002 ;[START_REF] Wania | Development and calibration of a resin-based passive sampling system for monitoring persistent organic pollutants in the atmosphere[END_REF]. This housing regulates the flow of air, which diffuses through the adsorbent without any need for external energy input [START_REF] Peck | Gas-phase concentrations of current-use pesticides in Iowa[END_REF]Schummer et al., 2010a ;[START_REF] Liaud | Comparison of atmospheric concentrations of current-used pesticides and lindane between urban and rural areas during intensive application period in Alsace (France) by using XAD-2® based passive samplers[END_REF]. The air flow passing through the passive sampler is expected to be slower than that in an active sampler system. However, the main drawback of the passive sampling technique is the determination of the exact volume of air passing through the adsorbent during exposure. This limitation requires the determination of the "sampling rate", which can be calculated in the field from data obtained by active samplers.

Currently, the most commonly used adsorbents for active and passive sampling are polyurethane foam (PUF) and XAD®-2 resin [START_REF] Namieśnik | Passive sampling and/or extraction techniques in environmental analysis: a review[END_REF]. These two materials display a well-known capacity for atmospheric pollutant detection. However, the main drawbacks of these adsorbents are the low effective surface area for PUF and the high pressure drop for the XAD®-2 resin. In addition, neither of these samplers can be re-used for a long time when pressurized liquid extraction techniques are used at high temperatures for extraction.

This study proposes to eliminate the abovementioned drawbacks by the use of a new adsorbent based on nitrogen-doped carbon coated on silicon carbide foam (NMC@SiC). Indeed, this adsorbent displays a high effective surface area, low pressure drop, re-usability and ability to capture particles, where some low-volatility pesticides can be adsorbed for the monitoring of pesticides in the atmosphere. This new adsorbent was then compared to the current XAD®-2 resin.

The passive samplers were evaluated against a reference active sampler. The comparison lasted several weeks every year from 2013 to 2015 and took place in various sites over the Alsace region in northeastern France.

This study has three main objectives. The first aim was to compare results from active and passive samplers to assess whether or not passive sampling could serve as a real alternative to active samplers rather than simply acting as a complement. The second objective was to calculate the passive samplers' sampling rates and compare the results with those in the literature. The intent was to further compare passive and active samplers and detect potential differences between the passive resin and foam-based samplers. The last objective was to evaluate the use of a new carbon-coated silicon carbide foam (NMC@SiC) as a potential alternative to the currently used XAD®-2 resin; their results were compared to determine which is better suited to trapping atmospheric pesticides.

Materials and Methods

Chemical reagents and standard solutions

Pesticide analysis included 31 non-volatile compounds analysed by LC-MS/MS and 63 semi-volatile compounds analysed by GC-MS/MS techniques. All pesticides were purchased from Sigma-Aldrich (L'Isle d'Abeau, France) and had purity higher than 97%.

For LC-MS/MS analysis, the following pesticides were used: acetamiprid, carbendazim, carbetamide, chlorfenvinphos, chloridazon, chlortoluron, cyazofamid, diflubenzuron, diflufenican, dimethenamid-P, diuron, epoxiconazole, flufenoxuron, fluroxypyr, isoproturon, isoxadifen, lufenuron, metalaxyl-M, nicosulfuron, penconazole, pendimethalin, propiconazole, prothioconazole, pymetrozine, pyraclostrobin, spinosad-A, spinosad-D, tebuconazole, terbutryn, thiacloprid and triflusulfuron-methyl. A stock solution of each of these standards at 1 g L -1 was prepared in acetonitrile (ACN).

For GC-MS/MS analysis, the following pesticides were used: 2,4- MCPA, acetochlor, aclonifen, alachlor, azoxystrobin, bifenox, bifenthrin, boscalid, bromoxynil, bupirimate, buprofezin, captan, carbaryl, chlorpropham, chlorpyrifos, clofentezine, clomazone, chloridazon, cypermethrin, cyprodinil, deltamethrin, dichlobenil, diclofop-methyl, difenoconazole, dimethachlor, dimethomorph, dimoxystrobin, diphenylamine, epoxiconazole, ethofumesate, etridiazole, fenarimol, fenoxycarb, fenpropidin, fenpropimorph, fluazinam, flurochloridone, flusilazole, folpet, indoxacarb, isoxaflutole, kresoxim-methyl, lambdacyhalothrin, lenacil, lindane, malathion, mecoprop-P, metamitron, metazachlor, Smetolachlor, myclobutanil, oxadiazon, prochloraz, procymidone, propyzamide, pyrimethanil, quinoxyfen, spiroxamine, tebufenpyrad, tebutam, tolylfluanid, trifloxystrobin and trifluralin. A stock solution of each of these standards at 1 g L -1 was prepared in ACN.

Four internal standards for LC-MS/MS were obtained from CDN isotopes (Quebec, Canada): carbendazim-d4 (99.3%), diuron-d6 (99.8%), pendimethalin-d5 (99%), and nicosulfuron-d6 (99%). A standard solution of each compound at 0.05 g L -1 in ACN was prepared, and a mixture of them at 0.01 g L -1 in ACN was prepared and stored at -18°C for use as an internal standard (IS) solution.

Internal standards for GC-MS/MS were trifluralin-d14 and 4-nitrophenol-d4 (99%), which were purchased from Sigma-Aldrich (L'Isle d'Abeau, France) and Cambridge Isotope Laboratories (Cluzeau Info Labo, France), respectively. A mixture of trifluralin-d14 and 4nitrophenol-d4 at 0.01 g L -1 in ACN was used as the IS solution for pesticide analysis.

LC-MS/MS acetonitrile, LC-MS/MS water, formic acid, LC grade acetonitrile and N-tertbutyldimethylsilyl-N-methyltrifluoroacetamide (MtBSTFA) were purchased from Sigma Aldrich (L'Isle D'Abeau, France). The ultrapure water used was purified by an Elga system (Antony, France).

Sampling sites and pesticide selection

All sites were located within Alsace, a region located in northeastern France. In 2013, four sampling sites were selected, while in 2014 and 2015, five sampling sites were used. Some of the sites had to be changed from year to year, with only two staying the same over the three years. These different sites are listed in Table 1.

The list of pesticides that were analysed was established regarding their potential local use in diverse crops (cereals, maize, vineyard, sugar beet, etc.) commonly observed in the Alsace region. This list was as large as possible and included molecules applied at low amounts and/or with low application frequencies. 

Air sampling

PAS sample extraction and pesticide analysis

The analytical method used described in the following is the approach currently used 

Analytical method

Details of this method are available in Al-Alam et al. (2017).

LC-MS/MS

The system used was a liquid chromatography system (Thermo Scientific) coupled to a tandem The precursor ions, fragment ions selected for confirmation and ion ratios are listed in Supplementary Material table S1. MRM 1 was used for quantification, and MRM 2 was used for confirmation.

GC-MS/MS

A Thermo Scientific Trace GC coupled a to mass spectrometry system (ITQ 700) was used, and injection was performed in splitless mode (5 min) at 250°C. S2.

Injection

Method validation and quality control

The method was validated for all quantification parameters. These Blank samples were also checked after the cleaning procedure of the adsorbent and after exposure to the field. The analysis of these samples shows that there is no contamination of the sample during storage and after cleaning.

The limits of detection and quantification and uncertainties of the two methods are summarized in the Supplementary Material tables S3 and S4.

Analysis of active samples

The ASPA monitored fifty pesticides by active sampling, and the list was modified every year to correspond to the updated national list and the needs of the ASPA's partners.

ASPA is the regional association network for the Survey of Atmospheric Pollution.

Analyses were performed by "Micropolluants Technologies (Saint Julien les Metz, France)" following the XP X 43-059 norm (AFNOR, 2007b).

Calculation of concentration in ng m -3

The results obtained from the XAD ® -2 and NMC@SiC foam passive samplers were expressed in ng m -3 , calculated using a sampling rate averaged from experimental values obtained from the successive sampling campaigns performed in 2013, 2014 and 2015.

Sampling rates were calculated when the same pesticide was detected at the same time and the same place in a passive and active sampler and quantified for both. The following equation was used to calculate the passive samplers' sampling rates [START_REF] Persoon | Calculation of passive sampling rates from both native PCBs and depuration compounds in indoor and outdoor environments[END_REF].

SR = M C × t Eq. 1
where SR is the sampling rate, in m 3 d -1 or m 3 h -1 , MPAS is the mass of a compound in the passive air sampler, in ng, CA is the concentration of the same compound in air, determined by active sampling, in ng m -3 , and t is the sampling duration in days (d) or hours (h).

Results and discussion

Comparison between active and passive samplers

Over the years, the number of pesticides detected at least once increased in both the active and passive samplers (Figure 2). These results could be due to several factors: first, the number of sampling weeks increased from four to five in 2014 and 2015; these last two years also saw the introduction of a nitrogen-doped carbon-silicon carbide foam as a passive sampler, which was able to trap more pesticides than the XAD®-2 resin; in 2014 and 2015, two adsorbents were placed at each site instead of only one; and finally, with cooperation from the ASPA's partners, the sampling weeks aligned more closely with pesticide application periods in the last studies. It should also be noted that more pesticides were monitored with passive samplers (102) than with active samplers (50).

In general, there was good agreement between the active and passive samplers regarding the quantities detected (Figure 3). For this comparison, the passive results for the two adsorbents studied were calculated using a fixed sampling rate averaged from values found in the literature [START_REF] Wania | Development and calibration of a resin-based passive sampling system for monitoring persistent organic pollutants in the atmosphere[END_REF][START_REF] Gouin | Field testing passive air samplers for current use pesticides in a tropical environment[END_REF][START_REF] Wang | Passive air sampling of organochlorine pesticides, polychlorinated biphenyls, and polybrominated diphenyl ethers across the Tibetan plateau[END_REF].

The median, maximum and minimum concentrations were of the same order of magnitude, except in 2015. While the maximum and median concentrations detected by active samplers were 13.2 and 0.3 ng.m -3 , respectively, adsorbents detected up to 34.3 ng.m -3 , with a 1.0 ng.m -3 median value (Table 2). This higher difference could be due to the exclusive use of NMC@SiC foam as a passive sampler in 2015, whose hydrophobicity, porosity and structure are very different from the PUF used in active samplers [START_REF] Ba | Dressing" macroscopic shape catalyst supports with a highly N-enriched and metal-free active phase for catalytic applications[END_REF].

Passive sampling rates

During the course of the study, 18 sampling rates were calculated for the XAD®-2 resin samplers and 26 for the NMC@SiC foam samplers. The results expressed in m 3 d -1 are summarized in Table 3.

The calculated sampling rates ranged between 0.66 and 6.14 m 3 d -1 and between 0. ( [START_REF] Wania | Development and calibration of a resin-based passive sampling system for monitoring persistent organic pollutants in the atmosphere[END_REF]Gouin et al., 2008b ;Xiao-Ping et al., 2010). The values obtained are also comparable to those previously obtained in 2012 (table 3 a The maximum calculated sampling rates were generally higher than those found in the literature. This discrepancy has been attributed to the difference in adsorbents between the passive and active samplers: the PUF used in the active samplers has a specific surface area of 1-2 m 2 .g -1 [START_REF] Truong | Towards a more realistic modeling of solid foam: use of the pentagonal dodecahedron geometry[END_REF], while that of the XAD®-2 resin is 300-350 m 2 .g -1 [START_REF] Wania | Development and calibration of a resin-based passive sampling system for monitoring persistent organic pollutants in the atmosphere[END_REF], and that of the NMC@SiC foam is 30 m 2 .g -1 on average [START_REF] Ba | Dressing" macroscopic shape catalyst supports with a highly N-enriched and metal-free active phase for catalytic applications[END_REF][START_REF] Kouamé | Preliminary study of the use of β-SiC foam as a photocatalytic support for water treatment[END_REF][START_REF] Liu | High performance structured platelet milli-reactor filled with supported cobalt open cell SiC foam catalyst for the Fischer-Tropsch synthesis[END_REF]). The passive adsorbents can then accumulate higher quantities of pollutants, and using Eq. 1, their sampling rates are higher.

The NMC@SiC foam had the widest range of sampling rates, with the highest maximum in 2015 and lowest minimum in 2014 (Figure 4).

The high values are probably due to the differences between the resins. While the XAD®-2 resin has a higher specific surface area and can adsorb higher quantities of pollutants, the NMC@SiC foam has a network of macropores along with a large effective surface area owing to the presence of random openings along its structure [START_REF] Ahmed | A predictive model based on tortuosity for pressure drop estimation in 'slim' and 'fat' foams[END_REF][START_REF] Kouamé | Preliminary study of the use of β-SiC foam as a photocatalytic support for water treatment[END_REF][START_REF] Liu | High performance structured platelet milli-reactor filled with supported cobalt open cell SiC foam catalyst for the Fischer-Tropsch synthesis[END_REF]) that are well suited to trapping particles (Figure 5). In Figure 5, the capture of particles can be indicated by scanning electron microscopy after sampling. The NMC@SiC foam is also more hydrophilic (due to the presence of a thin layer of NMC@SiC on the topmost surface), being able to adsorb even polar pesticides. This means that pesticides present in both the gaseous and particulate phases of the atmosphere can be trapped in greater quantities by the NMC@SiC foam (gas + particles instead of only gas), and hydrophilic pesticides are better retained, leading to higher detected quantities.

The same reasoning can be used to explain the lower limit values detected for some compounds. Since the NMC@SiC foam appears to be more efficient at trapping particles and polar pesticides, if such compounds are present in the atmosphere even at trace levels, they are more likely to be detected on the foam rather than on the resin. Higher pesticide quantities would be needed for them to be retained on XAD®-2 resins. Such results demonstrate the high efficiency of the NMC@SiC foam compared to commercial adsorbents for passive sampling of atmospheric pollutants, especially for low concentrations of pollutants.

Comparison between passive samplers

During the 2014 sampling campaign, two different adsorbents were tested side by side:

XAD®-2 resin and NMC@SiC foam. XAD®-2 resins have a specific surface area ten times higher than that of silicon carbide-based foam, so it was predicted that more volatile pollutants present in the gas phase would be adsorbed on it. However, the resin has nanoscopic pores [START_REF] Wania | Development and calibration of a resin-based passive sampling system for monitoring persistent organic pollutants in the atmosphere[END_REF], meaning it should be less effective at trapping particles-on which less volatile molecules are adsorbed-than the foam, which has macroand mesopores.

During analysis, pesticides were divided between the more volatile compounds analysed by GC and the less volatile compounds analysed by LC. Among the 38 detected pesticides, 18

were GC pesticides and 20 were LC pesticides (Table 4).

These more volatile pesticides were detected in the majority of XAD®-2 resins (2,4-MCPA, acetochlor, alachlor, aldrin, buprofezin, captan, cyprodinil, diclofop-methyl, diphenylamine, fenpropidin, lindane, quinoxyfen, S-metolachlor and tifloxystrobin) and in greater quantities (Figure 6) than with NMC@SiC (2,4-MCPA, acetochlor, bromoxynil, cyprodinil, diphenylamine, lindane, mecoprop-p, propargite, quinoxyfen, S-metolachlor and triclopyr). Both the average and maximum concentrations detected in the resin were double the values found in the NMC@SiC sampler.

It should, however, be noted that some pesticides were found mostly in the NMC@SiC:

2,4-MCPA, bromoxynil and mecoprop-p, for instance. These three pesticides have an -OH functional group, which might explain their lower affinity for the hydrophobic XAD®-2 resins. The NMC@SiC foam, which is more hydrophilic, was the better adsorbent in that case.

The general tendency was reversed for the less volatile LC pesticides. More pesticides were found in the NMC@SiC foam (carbendazim, diflubenzuron, diflufenican, diuron, fluroxypyr, isoproturon, metalaxyl-M, nicosulfuron, pendimethalin, pymetrozine, pyraclostrobin, spinosad-A, sulcotrione, tebuconazole, terbutryn and trisulfuronmethyl) and in greater quantities than in the XAD®-2 resin (chloridazon, cyazofamid, diflufenican, isoproturon, isoxadifen, lufenuron, metalaxyl-M, pyraclostrobin, tebuconazole and trisulfuron-methyl) (Figure 6). The differences observed for these pesticides were more substantial than those observed for volatile molecules. The average concentration detected was 14 times higher in the foam than in the resin, and the highest value was 37 times higher. According to the results, one can conclude that the NMC@SiC foam could be effectively used as a passive sampler for atmospheric control in place of the commercial resin sampler. In addition, the large effective surface area and easy accessibility of the NMC@SiC foam significantly reduce the problem of pollutant access to the sampler compared to the case with the resin, where small particles lead to an unfordable pressure drop, especially for the passive sampling process. The last advantage of the NMC@SiC foam is that it can be easily re-used after extracting the adsorbed pollutants, which is not the case for the resin [START_REF] Lacroix | Silicon carbide foam composite containing cobalt as a highly selective and re-usable Fischer-Tropsch synthesis catalyst[END_REF]. Such a fact is of high interest for large sampling campaigns that involve a relatively large number of samplers, as it can help avoid the release of large amounts of solid waste in the form of used resin, which requires disposal or post-treatment.

Conclusion

For three years, passive and active samplers were compared for the monitoring of pesticides in the atmosphere.

Passive sampling was shown to be as effective as active sampling. There was good agreement between the two methods regarding the number and quantities of pesticides detected, though the use of carbon-based foam as a passive sampler appeared to give better results: up to 52 pesticides detected at up to 34.3 ng m -3 .

It was necessary to calculate the sampling rates of the adsorbents, which was done by using the active samplers' results as a reference. The sampling rates varied between 0.43 and 6.14 m 3 d -1 for the XAD®-2 resin and between 0.08 and 6.80 m 3 d -1 for the NMC@SiC foam.

These values were of the same order of magnitude for both samplers, despite larger variations in the foam that were probably due to its affinity to a wider range of compounds. Such results

were comparable to what has been reported in the literature for the sampling rates of XAD®-2 resin.

Finally, the two passive adsorbents were compared. While XAD®-2 resin remains the most efficient sampler for adsorbing the more volatile pesticides, the NMC@SiC foam was the most efficient at trapping particles and polar pesticides. This ability allowed a wider range of compounds to be sampled.

This first study comparing XAD®-2 resin and NMC@SiC foam as passive air samplers showed that there are efficient alternatives to XAD®-2 resin for trapping a wider variety of pesticides. The NMC@SiC foam proved to be the better sampler for collecting polar molecules and particles while still being able to adsorb more volatile, gaseous compounds.

The NMC@SiC foam combines the advantages of PUF and XAD®-2 resin, i.e., high effective surface area, low pressure drop and tuneable surface chemical properties, into one material. In addition, the NMC@SiC foam can be re-used after extracting the adsorbed pollutants, which is not the case for the XAD®-2 resin. Such a fact could significantly reduce the cost of sampling campaigns and of solid waste disposal, which will become increasingly regulated in the future.

Even if the calculated sampling rates are very limited, passive sampling using NMC@SiC, a less hydrophobic material with wider pores, could be used instead of currently used adsorbents and is a viable alternative to active sampling to monitor pesticides in the atmosphere. 

  Sampling took place between April and August each year (betweenApril 15 and August 12, 2013, between April 14 and August 12, 2014, and between April 8 and August 13, 2015) since it is the application period for pesticides on the majority of crops. For each sampling period, in 2013 and 2014, one NMC@SiC foam sampler and one cylinder filled with XAD®-2 resin were placed close to the active sampler that was used. In 2015, only one NMC@SiC sampler was used. Each site was sampled one week at a time, for a total of four weeks in 2013 (4 one-week samplings per site and adsorbent, corresponding to a total of 32 samples) and five weeks in 2014 (25 samples corresponding to 5 one-week samplings per site and adsorbent, corresponding to a total of 50 samples) and 2015 (5 one-week samplings per site, corresponding to a total of 25 samples). In 2014 and 2015, silicon carbide foam coated with a thin layer of nitrogen-doped carbon (NMC@SiC) was introduced as a new passive sampler material. The composite was synthesized according to the procedure reported in ref. (Ba et al., 2015; Pham-Huu et al., 2016). The nitrogen-doped carbon layer (thickness of ~ 20 nm) displays a relatively high specific surface area, i.e., > 100 m 2 g -1 , and homogeneously decorates the surface of the SiC support according to the results reported in ref. (Ba et al., 2015). The localization of the nitrogen-doped carbon on the silicon carbide structure analysed by means of electron energy loss spectroscopy analysis coupled with scanning transmission electron microscopy (EELS-STEM) is presented in Figure 1. The results clearly demonstrate the homogeneous coverage of the silicon carbide surface by the nitrogendoped carbon layer. The composite is also composed of a mixture of large meso-and macropores (SiC) (Ba et al. 2016) and small meso-and micropores (nitrogen-doped carbon coating layer), which could provide high-density sites for pesticide adsorption. The thin coating of the nitrogen-doped carbon layer also significantly reduces the problem of diffusion through the system, while the open structure of the foam contributes to the reduction or suppression of resistance of the air penetration onto the material through the sampler, which is not the case for the resin. The active samplers used in 2013 and 2014 were low-volume (1 m 3 h -1 ) Partisol Plus samplers. Each was used with a quartz fibre filter (Ø 47 mm) and a series of four cylinders of polyurethane foam (PUF, 47 x 16 mm) following the norm XP X 43-058 (AFNOR, 2007a). In 2015, in addition to these samplers, two low-volume (2.3 m 3 h -1 ) Leckel samplers were used with the same materials. Samples were collected on a weekly basis. Passive samplers were placed one metre from the inlet of the active sampler to eliminate the influence of the aspiration, in particular for the calculation of the sampling rates. The passive samplers were installed during each active sampling campaign. Two kinds of passive samplers were tested over the three years. The XAD ® -2 resin passive samplers were used based on the design presented by Wania et al. (2003) but modified in order to directly fill ASE 300 extraction cells. Details can be found in Schummer et al. (2012) and Liaud et al. (2017). The NMC@SiC material was cut in cylinders 5.0 cm in length and 2.8 cm in diameter. These samplers used the same protective housings as those of the XAD®-2 samplers but not the meshed cylinder required for the XAD®-2 beads. This lack of use of cylinders also permits the collection of the particle phase. Prior to field deployment, all passive samplers were cleaned by ASE using the method described in Schummer et al. (2012) and Liaud et al. (2017).

  in the laboratory. Changes include the number of molecules investigated and the use of a derivatization step prior to GC-MS/MS and LC-MS/MS analysis. Details of this method are available in Liaud et al. (2017) and Al-Alam et al. (2017) and are briefly described in the following. 2.4.1. Extraction procedure After sampling, the PAS was wrapped with aluminium foil and stored at -22°C before extraction. The extraction procedure used is described below: -after collection, samplers were extracted by ASE (2 x 10 min cycles in acetonitrile, 150°C, 1500 psi). The extracts were diluted to 1000 mL with acidified water (pH = 3) and then cleaned by SPE using CHROMABOND C18 cartridges and eluting with 2 mL of ethyl acetate, 2 mL of toluene and 2 mL of acetonitrile. The resulting solutions were evaporated to a drop under a fume hood and then reconstituted in 1 mL of acetonitrile in order to prepare them for chromatographic analysis; -100 µL of the final extract was transferred to an LC vial where the appropriate internal standard was added, and then, the extract was analysed by LC-MS/MS for pesticides; -the remaining 900 µL was diluted to 20 mL with salt water (1.5% NaCl) in order to promote adsorption on the SPME fibre, and then, the appropriate GC internal standards were added prior to this latest purification and extraction step.

  mass spectrometry system (TSQ Quantum Access Max equipped with a Hyper Quads Driven) operating in electrospray ionization (ESI) mode. The chromatographic separation was performed on a Macherey-Nägel Nucleodur C18 Pyramid column (150 mm × 3 mm; 3 µm) thermostated at 25°C. The chromatographic system was equipped with an autosampler (Accela Autosampler) and a Surveyor LC Pump Plus (Thermo Scientific). The flow rate was 300 μL min -1 . Samples were analysed using a mobile phase of ACN/water (0.1% formic acid). The gradient started with 30:70 (v/v) for 5 min, followed by 50:50 (v/v) for 6 min, 80:20 (v/v) for 7 min, and 95:5 (v/v) for 10 min; finally, a ratio of 30:70 (v/v) for 8 minutes is recommended in order to stabilize the column for any new injection. The injection volume was 20 μL.

  of the sample was performed after a pre-concentration of pesticides at 60°C for 40 min on the PA 65 µm SPME fibre. Chromatographic separation was performed on a TR 50MS (50% phenyl/50% methylsiloxane) semi-polar capillary column (60 m × 0.25 mm internal diameter and 0.25 μm film thickness). Before desorption of the fibre, 2 µL of a derivatization agent (MtBSTFA) was injected. Helium was used as the carrier gas at a flow rate of 1 mL min -1 . The initial oven temperature was set at 50°C for 3 min, followed by a linear ramp to 220°C at a rate of 10°C min -1 , where it was held for 10 minutes. Afterwards, the temperature was raised to 250°C at a rate of 3°C min -1 and held for 9 minutes, followed by a ramp to 300°C at a rate of 3°C min -1 , where it was maintained for 22 minutes, leading to a total run time of 88 minutes. The precursor ions, fragment ions, collision energy and retention time of the concerned pesticides are listed in Supplementary Material table

  three different days to determine linearity in triplicate, and then, five spiked samples with one concentration level (1000 ng sampler -1 ) were extracted for three successive days to determine intermediate precision and repeatability. Regarding the method validation parameters, the method limit of detection (LOD) was determined as the analyte concentration that produced a peak signal of three times the background noise from the chromatogram, and the method limit of quantification (LOQ) was determined as the analyte concentration that produced a peak signal of ten times the background noise from the chromatogram. These limits were then determined graphically with LOD = 3 × [min] S/N and LOQ = 10 × [min] S/N. Regarding the quantification precision and accuracy, matrix-matched calibration was used for quantification with concentration ranges between 10 and 3000 ng sampler -1 . Matrix effects were then excluded using the obtained calibration curves, and each compound was evaluated by several criteria including its fragmentation and retention time. Quantifications were performed using XCalibur software. Furthermore, the extraction performance was checked following the signal areas of the internal standard solutions in each analysed sample.Recoveries were determined at the same levels as the precision by spiking blank samples with a mixture of standard solutions at 1000 ng sampler -1 . The recoveries were considered as the ratio of the area of the spiked samples to the area of the standard

  Active sampling detected 19 pesticides in 2013, 22 in 2014 and 23 in 2015. The increase was more substantial in passive samplers: 19 pesticides in 2013, 38 in 2014 and 52 in 2015.

  These values are comparable to those found in the literature for XAD®-2 resin, which are between 0.60 and 3.70 m 3 d -1

Figure 1 .

 1 Figure 1. EELS-STEM (Si, N and C elements) analysis of the nitrogen-doped carbon coating on the silicon carbide surface showing a homogeneous coverage of the host matrix by the nitrogen-doped carbon layer.
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 23 Figure 2: Number of pesticides detected by active and passive sampling
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 45 Figure 4. Average sampling rates calculated for passive samplers

Figure 6 .

 6 Figure 6. Number and concentrations of volatile (a) and semi-volatile (b) pesticides detected
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 3 Mean calculated sampling rates, minimum, maximum and median for passive samplers compared to those in the literature and details of the sampling rates obtained in 2014 and 2015 for XAD-2 (a) resin and C-based foam (b, c) Sampling rates calculated for detected pesticides on XAD-2 resin in 2014 and comparison with those obtained in 2012 in Strasbourg and Sand[START_REF] Liaud | Comparison of atmospheric concentrations of current-used pesticides and lindane between urban and rural areas during intensive application period in Alsace (France) by using XAD-2® based passive samplers[END_REF] 

	m 3 d -1	Literature *	2013	2014		2015
		XAD®-2 resin	XAD®-2	XAD®-2	C-based	C-based
			resin	resin	foam	foam
	Maximum	3.70	6.14	4.91	5.82	9.97
	Minimum	0.60	0.66	0.43	0.08	0.28
	Median	2.75	3.76	2.14	1.45	1.77
	Average	2.78	3.23	2.32	2.33	3.21
	*Wania et al. (2003); Guoin et al. (2008); Wang et al. (2010)		
	(a) Pesticides	Niederau 23/05				

-09/06 Sigolsheim 24/06-08/07 Niederau 01/07-15/07 Ohnenheim 22/07-29/07 Sigolsheim 05/08-12/08

  Sampling rates calculated for detected pesticides on C-based foam in 2014

						XAD-2
						resin*
	Cyprodinil				0.43	
	Lindane			2.14		2±0.9
	s-Metolachlor	3.56	3.47	0.94	4.91	3±1.3
	Tebuconazole		0.78			
	*Liaud et al., 2017					
	(b) Pesticides	Niederau 23/05				

-09/06 Sigolsheim 24/06-08/07 Niederau 01/07-15/07 Ohnenheim 22/07-29/07 Sigolsheim 05/08-12/08

  Sampling rates calculated for detected pesticides on C-based foam in 2015

	Lindane	0.08				
	S-Metolachlor	0.14	1.15	1.45	2.27	5.43
	Tebuconazole		5.82			
	(c) Pesticides	Niederau 08/				

04-15/04 Ohnenheim 08/04-15/04 Sigolsheim 29/04-06/05 Ohnenheim 29/04-06/05 Sigolsheim 13/05-20/05 Aspach-le-haut 13/05-20/05 Aspach-le-haut 26/06-30/06

  

	Lindane	0.84		
	S-Metolachlor	0.39	4.36	0.28
	Dimethenamid-p	1.40	1.77		0.98
	Pendimethalin			2.45	9.97
	Cyprodinil			
	Kresoxim-methyl				7.11

Table 4 . Pesticides detected GC/MSMS and LC/MSMS 576

 4 

		GC Pesticides	P (mPa) (25°C)	H (Pa m 3 mol -1 ) (25°C)
		2,4-MCPA	4.00E-01	5.50E-05
		Acetochlor	2.20E-02	2.10E-03
		Alachlor	2.90E+00	3.20E-03
		Aldrin	8.60E+00	1.72E+01
		Bromoxynil	1.70E-01	5.30E-04
		Buprofezin	4.20E-02	2.80E-02
		Captan	4.20E-03	3.00E-04
		Cyprodinil	5.10E-01	6.60E-03
		Diclofop-methyl	2.50E-02	1.05E-05
		Diphenylamine	8.52E-01	3.21E-01
		Fenpropidin	1.70E+01	1.07E+01
		Lindane	5.99E+00	2.96E-01
		Mecoprop-P	2.30E-01	5.70E-05
		Propargite	4.04E-03	6.40E-02
		Quinoxyfen	1.20E-02	3.19E-02
		S-metolachlor	3.70E+00	2.20E-03
		Triclopyr	1.00E-01	2.90E-03
		Trifloxystrobin	3.40E-03	2.30E-03
		LC Pesticides	P (mPa) (25°C)	H (Pa m 3 mol -1 ) (25°C)
		Carbendazim	9.00E-02	3.60E-03
		Chloridazon	1.00E-06	5.30E-10
		Cyazofamid	1.33E-02	4.03E-02
		Diflubenzuron	1.20E-04	4.70E-04
		Diflufenican	4.25E-03	1.18E-02
		Diuron	1.15E-03	2.00E-06
		Fluroxypyr	3.80E-06	1.69E-10
		Isoproturon	5.50E-03	1.46E-05
		Isoxadifen*	-	-
		Lufenuron	4.00E-03	3.41E-02
		Metalaxyl-M	3.30E+00	3.50E-05
		Nicosulfuron	8.00E-07	1.48E-11
		Pendimethalin	1.94E+00	2.73E-03
		Pymetrozine	4.20E-03	3.00E-06
		Pyraclostrobin	2.60E-05	5.31E-06
		Spinosad A	3.00E-05	9.82E-10
		Sulcotrione	5.00E-03	6.00E-07
		Tebuconazol	1.30E-03	1.00E-05
		Terbutryn	1.30E-01	1.50E-03
		Triflusulfuron-methyl	6.00E-07	1.40E-09
	577	*values not found	
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