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Introduction

The occurrence of harmful anthropogenic semi-volatile organic compounds (SVOCs) in the environment is nowadays a major public health concern. These compounds, found in both the particulate and gaseous phase of the atmosphere, include polyaromatic hydrocarbons (PAHS), polychlorinated biphenyls (PCBs), organochlorine pesticides (OCPs) and polybrominated diethyl ethers (PBDEs) [START_REF] Delove Tegladza | Direct immersion single-drop microextraction of semi-volatile organic compounds in environmental samples: A review[END_REF].

PAHs are widespread organic compounds mainly generated from anthropogenic processes, particularly from incomplete combustion [START_REF] Elaridi | GC-MS analysis of polycyclic aromatic hydrocarbons in bottled olive oil marketed in Lebanon[END_REF]. These compounds can be transported over long distances where they can persist for several years [START_REF] Cave | An overview of research and development themes in the measurement and occurrences of polyaromatic hydrocarbons in dusts and particulates[END_REF][START_REF] Ravindra | Atmospheric polycyclic aromatic hydrocarbons: Source attribution, emission factors and regulation[END_REF]. This latest property is shared with PCBs and OCPs, classified as persistent organic pollutants (POPs) and banned since Stockholm Convention agreement in 2001 (Stockholm Convention, 2011). Despite their ban, these compounds continue to be retrieved in the atmosphere throughout several emission processes [START_REF] Hao | Air monitoring of polychlorinated biphenyls, polybrominated diphenyl ethers and organochlorine pesticides in West Antarctica during 2011-2017: Concentrations, temporal trends and potential sources[END_REF][START_REF] Zhang | Passive air sampling of organochlorine pesticides and polychlorinated biphenyls in the Yangtze River Delta, China: Concentrations, distributions, and cancer risk assessment[END_REF]. In fact, PCBs emission in air may come from direct volatilization or from re-volatilization, from contaminated soils. Indeed, light molecular weight PCBs are mainly found in gas phase and can thus travel far from their emission sources while heavier molecular weight PCBs are mainly adsorbed in soil [START_REF] Dai | A review of polychlorinated biphenyls (PCBs) pollution in indoor air environment[END_REF]. The monitoring of these SVOCs in the atmosphere is done either by active or passive sampling techniques. However, the use of passive samplers (PAS) is nowadays spread worldwide due to its easy handling, low cost and no electrical connection requirements [START_REF] Cortés | PCDD/PCDF and dl-PCB in the ambient air of a tropical Andean city: Passive and active sampling measurements near industrial and vehicular pollution sources[END_REF]. Moreover, PAS have been adopted by the Stockholm Convention on POPs for the activities linked to the research and monitoring levels and trends of these compounds in ambient air (UNEP, 2002). This technique is based on the free diffusion of air through an adsorbent, without forcing the flow by using a pump.

Different designs of PAS have been used to monitor air pollutants such as polyurethane foams (PUF) [START_REF] Can-Güven | Polyurethane foam disk passive sampler derived air concentrations of persistent organic pollutants in an agricultural region with hot climate[END_REF], sorbent impregnated PUF (SIP) [START_REF] Koblizkova | Sorbent impregnated polyurethane foam disk passive air samplers for investigating current-use pesticides at the global scale[END_REF], XAD ® -2 (a styrene-divinylbenzene copolymer) resin [START_REF] Schummer | Application of XAD-2 resin-based passive samplers and SPME-GC-MS/MS analysis for the monitoring of spatial and temporal variations of atmospheric pesticides in Luxembourg[END_REF], Semi-permeable membrane devices (SPMD) [START_REF] Esteve-Turrillas | Using semipermeable membrane devices as passive samplers[END_REF] and carbon-based foams [START_REF] Lévy | Comparison and calibration of diverse passive samplers used for the air sampling of pesticides during a regional sampling monitoring campaign[END_REF]. The differences between these PAS and their housing designs as well, directly influence the mass and the type of the collected particle. For instance, PUF and SIP are able to collect a representative portion of the particle phase, whereas XAD resins primarily collect the gas phase [START_REF] Ahrens | Characterization of two passive air samplers for per-and polyfluoroalkyl substances[END_REF][START_REF] Lai | A critical review on passive sampling in air and water for per-and polyfluoroalkyl substances (PFASs)[END_REF].

Even if the most widely used adsorbents for PAS are PUF and XAD ® -2 resins [START_REF] Armstrong | Comparison of polyurethane foam and XAD-2 sampling matrices to measure airborne organophosphorus pesticides and their oxygen analogs in an agricultural community[END_REF], more recently, carbon-based foams have been tested in monitoring environmental pollutants. In particular, carbon nanotubes (CNT) foams are gaining importance due to their attractive high specific surface area which can go above 1000 m² g -1 for double-walled ones [START_REF] Peigney | Specific surface area of carbon nanotubes and bundles of carbon nanotubes[END_REF]. CNT attracted considerable attention in numerous fields of environmental studies due to its high porosity, light weight, and large surface area [START_REF] Wang | Carbon nanotube sponges as a solidphase extraction adsorbent for the enrichment and determination of polychlorinated biphenyls at trace levels in environmental water samples[END_REF]. Most often, CNT are used in SPE cartridges that were tested on soil [START_REF] Wang | Multi-residue determination of pesticides in water using multi-walled carbon nanotubes solid-phase extraction and gas chromatography-mass spectrometry[END_REF] and water [START_REF] Asensio-Ramos | Evaluation of multi-walled carbon nanotubes as solid-phase extraction adsorbents of pesticides from agricultural, ornamental and forestal soils[END_REF]. They were also used in SPME fibers and, compared to PDMS fibres, they appear to have a greater thermal stability and longer lifespan, as well as a higher extraction capacity for OCPs [START_REF] Asensio-Ramos | Evaluation of multi-walled carbon nanotubes as solid-phase extraction adsorbents of pesticides from agricultural, ornamental and forestal soils[END_REF]. Furthermore, graphite felt (GF), mainly used in redox batteries and electrochemical systems was exploited in environmental studies. Grafted with carbon nanofibers, GF has reported to be an efficient adsorbent, supporting reactions to clean wastewaters [START_REF] Jiang | Fabrication of polyaniline/graphene oxide composite for graphite felt electrode modification and its performance in the bioelectrochemical system[END_REF][START_REF] Shen | Constructing three-dimensional hierarchical architectures by integrating carbon nanofibers into graphite felts for water purification[END_REF].

However, graphite felt is almost never used on its own. It has a low specific surface area that does not exceed few m² g -1 [START_REF] Lai | A critical review on passive sampling in air and water for per-and polyfluoroalkyl substances (PFASs)[END_REF] and is on average around 1 m² g -1 , which limits its use as an adsorbent and explains the need for grafting [START_REF] Rabbow | Variability within a single type of polyacrylonitrile-based graphite felt after thermal treatment. Part II: chemical properties[END_REF]. On the other side, GF is characterized by its high mechanical strength and resistance to corrosion [START_REF] Park | Fabrication of nitrogen-doped graphite felts as positive electrodes using polypyrrole as a coating agent in vanadium redox flow batteries[END_REF] , its open porosity that can allow particulate compounds to be trapped inside and its ability to undergo thermal treatments in order to become and therefore increasing its efficiency in adsorbing polar pollutants [START_REF] Rabbow | Variability within a single type of polyacrylonitrile-based graphite felt after thermal treatment. Part II: chemical properties[END_REF].

Additionally, among the carbon-based foams figure the silicon carbides (SiC) foams. In fact, the open structure of the SiC foam allows it to be an efficient adsorbent by increasing the contact surface between the sampled medium (air, water) and the sampler. SiC foam's specific surface area is in the medium range, varying between 10 and 100 m² g -1 [START_REF] Kouamé | Preliminary study of the use of β-SiC foam as a photocatalytic support for water treatment[END_REF][START_REF] Nguyen | Innovative porous SiC-based materials: From nanoscopic understandings to tunable carriers serving catalytic needs[END_REF] which could render it an interesting adsorbent. Furthermore, SiC foam coated with a layer of nitrogen-doped carbon (NMC@SiC) has proved its efficiency as passive samplers for organic pollutants being highly comparable to the well-known XAD-resin [START_REF] Levy | An integrated extraction method coupling pressurized solvent extraction, solid phase extraction and solid-phase micro extraction for the quantification of selected organic pollutants in air by gas and liquid chromatography coupled to tandem mass spectrometry[END_REF]. Following all the presented, the aim of this paper is to compare three carbon based (SiC foams, GFs and CNTs) for their efficiency as adsorbent of PAHs, PCBs and OCPs from air. In fact, to the best of our knowledge these sorbents were never reported previously and therefore evaluating their adsorption capacities is mandatory in order to implement a novel efficient PAS based on carbon foams. Moreover, a sampling campaign was also done in order to validate the field applicability and efficiency of the selected material.

Materials and methods

Chemical reagents and standard solutions

HPLC-grade acetonitrile, ethyl acetate, methylene chloride, n-hexane and toluene were purchased from Sigma-Aldrich (St. Quentin Fallavier, France). Naphtalene-d8 (99%), purchased from Cambridge isotope laboratories (Cluzeau Info Labo, France), was prepared at 0.01 g L -1 in ACN and was used as Internal Standard (IS).

Adsorbents description and preparation

Three different adsorbents were compared in this study. The first was based on carbon nanotubes (CNT) foam, the second based on graphite felt (GF) and the third was based on beta-silicon carbide (β-SiC) foam. These adsorbents were compared to the wellknown Amberlite ® XAD ® -2 resin.

CNT foam was synthesized according to the procedure developed by [START_REF] Liu | Synthesis of porous carbon nanotubes foam composites with a high accessible surface area and tunable porosity[END_REF][START_REF] Liu | Synthesis of porous carbon nanotubes foam composites with a high accessible surface area and tunable porosity[END_REF]. For the synthesis, 1 g of CNT was mixed with 6 g of citric acid and 2 g of dextrose. Then, 2 g of ammonium carbonate were added. The mixture was then transferred to a desired shape beaker and then kept in an oven at 130 °C for 5 hours.

The heat treatment step leads to the formation of a dark solid, due to the melting of the dextrose, with high porosity, this later was linked with the formation of CO2 and NH3 during the low-temperature thermal decomposition reaction between the citric acid and the ammonium carbonate. After this, the corresponding adsorbent was decomposed by heating at 450 °C under air flow for 3 h. Finally, adsorbents were annealed in helium at 900 °C for 2 h in order to perform a carbonisation of the carbon skeleton generated during the former heat treatment. The specific surface area of the CNT foam measured by N2 adsorption at liquid nitrogen temperature was amounted to 300 m 2 . g -1 with a large amount of micropores. The corresponding SEM micrographs of the as-synthesized CNT foam are presented in Fig. 1A andB.

The commercial filamentous GF, with a dimension of 1 × 3 m 2 (thickness of 6 mm) were supplied by Carbone Lorraine (MERSEN, La Défense, France). These GFs displayed a relatively low specific surface area, 10 ± 2 m 2 g -1 measured by means of N2 adsorption at liquid nitrogen temperature, which is mostly linked with the geometric surface area in good agreement with the extremely low porosity of the material. Digital and SEM images of the GF are presented in Figure 1C andD.

SiC foams were purchased from SICAT (www.sicatcatalyst.com) in the cylindrical shape with various length and diameter (Fig. 1E andF). These foams are characterized by a strut thickness of ca. 300 µm, a medium specific surface area (25 m 2 g - 1 ) as well as by a mixture of large meso-and macropores (SiC) as described in our previous reports [START_REF] Ba | A highly N-doped carbon phase "dressing" of macroscopic supports for catalytic applications[END_REF][START_REF] Duong-Viet | Silicon carbide foam as a porous support platform for catalytic applications[END_REF]. All these adsorbents were prepared in a way that allows them to fit in pressurized solvent extraction (PSE) cells. Therefore, they were cut and adjusted in order to have the dimensions 5×2.8 cm. Amberlite ® XAD ® -2 resin was purchased from Sigma-Aldrich (St. Quentin Fallavier, France).

Prior to their use, all these adsorbents were subjected to a cleaning by PSE using a mixture of n-hexane/methylene chloride (50:50, v/v) and acetonitrile (ACN). The PSE procedure applied consisted of two static cycles at 100 °C for 10 minutes at 1500 psi for n-hexane/methylene chloride (50:50, v/v) followed by two static cycles at 150°C for 5 minutes at 1500 psi for acetonitrile. Afterwards, samplers were wrapped in aluminium foil and stored at 50 °C.

Experimental procedure

Adsorbents comparison

Pollutants extractions:

The three tested adsorbents were spiked with 100 µL of a mixture of the sought PAHs, PCBs and OCPs at 10 mg. L -1 in ACN. Spiked adsorbents were then left 30 min after which the extraction was carried.

The extraction procedure used was based on PSE followed by concentration using a rotary evaporation, a reconstitution in acetonitrile and a final extraction/ concentration step based on manual SPME.

The detailed extraction procedure was as follows: all spiked adsorbents were subjects to three 15 minutes PSE cycles by using acetonitrile (100%) at 150 °C and a pressure of 1500 psi. The obtained extract was afterwards concentrated to a drop using a rotary evaporator then reconstituted to 1 mL by adding acetonitrile. The resultant extract, was subsequently diluted to 20 mL using briny water (1.5 % NaCl) for the SPME concentration/ pre-injection step after the addition of 20 µL of the IS. Prior to GC-MS/MS analysis, the obtained 20 mL of acidified extracts were re-concentrated by manual SPME using a polydimethylsiloxane (PDMS) 100 µm fiber. The SPME was done at 80 °C for 40 min. and then, the fibre was inserted and desorbed into the GC's injector.

Pollutants Analysis:

All resulted extracts were analyzed on a TRACE TM 1300 GC equipped with a split/splitless injector (splitless for 3 min) and an Optima ® XLB capillary column (60 m × 0.25 mm, 0.25 µm, silarylene phase), coupled to an ITQ TM 900 ion trap mass spectrometer. It was used to perform MSMS in electron ionisation (EI) mode.

The ion source was heated at 210 °C while the transfer line was kept at 300 °C.

The oven ramp was as follows: 50 °C for 3 min; followed by an increase of the temperature to 240 °C with a heating rate of 40 °C min -1 , followed by an additional heating to 255 °C at a rate of 1.5 °C min -1 where it remained constant for 5 min. Finally, the temperature was increased at a rate of 20 °C min -1 in order to achieve 300 °C where it was maintained for 25 min. Helium with high purity (≥99.999%) was used as carrier gas at 1 mL min -1 (hold 30 min) then increased to 1.5 mL min -1 at a rate of 0.250 mL min -1 where it was hold to 22 min. All these experiments were done in triplicate. Details of MRM method are summarized in supplementary Material S1.

Quality control (QA/QC)

For the qualitative QA/QC analysis, adsorbents blanks consisting of cleaned matrixes were used. These adsorbents were subjected to a cleaning by PSE using a mixture of n-hexane/methylene chloride (50:50, v/v) and acetonitrile (ACN). The PSE procedure applied consisted of two static cycles at 100 °C for 10 minutes at 1500 psi for n-hexane/methylene chloride (50:50, v/v) followed by two static cycles at 150°C for 5 minutes at 1500 psi for acetonitrile. Afterwards, each of the cleaned assessed adsorbent was fortified with 100 µL of a mixture of the 16 PAHs, 22 PCBs and 20 PCBs at 10 mg L -1 prepared in ACN. The comparison of the extracts obtained from these spiked cleaned adsorbent with a mixture of a standard solution at the same level of concentration revealed almost no significant differences in the relative peak areas observed.

Sampling campaign:

After the comparison of the three adsorbents previously reported, a short sampling campaign was held in Strasbourg's botanical garden in order to compare the chosen matrices over the currently used XAD ® -2 resins. In fact, the hydrophobic polystyrene copolymer XAD ® -2 resins, characterized by their unique macro-reticular porosity, their large surface area and their wide pore size distribution, were chosen due to their common use for trapping organic pollutants [START_REF] Lévy | Use of XAD®-2 passive air samplers for monitoring environmental trends of PAHs, PCBs and pesticides in three different sites in Strasbourg and its vicinity (east of France)[END_REF][START_REF] Phalen | Introduction to air pollution science[END_REF][START_REF] Poormohammadi | Application of needle trap device packed with Amberlite XAD-2 resin prepared by solgel method for reproducible sampling of aromatic amines in air[END_REF].

The sampling campaign was held for 18 days between April 11 th and April 29 th 2014 in Strasbourg's botanical garden. During this campaign, considered samplers were suspended, close to each other, on a tree.

After collection, samplers were extracted as previously described. However, the pollutants assessed during this campaign were extended to cover some non-chlorinated pesticides in order to assess the most real-time monitoring suited sampler. For this the obtained extracts were analysed according to the previously reported analytical method (section 2.3.1.2) for their PAHs, PCBs and OCPs contamination, while for nonchlorinated pesticides, extracts were subjected to a modified analytical procedure. Thus, non-chlorinated pesticides were analysed on a TRACE TM GC Ultra equipped with a split/splitless injector (splitless for 3 min) and a TRACE TM TR-50MS capillary column (60 m × 0.25 mm, DF = 0.25 µm, silphenylene phase), coupled to an ITQTM 700 ion trap mass spectrometer. It was used to perform MSMS in electron EI mode. The transfer line was heated to 300 °C and the ion source at 210 °C. The oven ramp was programmed as follows: start at 50 °C (hold 3 min), increase to 220 °C at a rate of 10 °C min -1 , then increase to 250 °C at a rate of 3 °C min -1 (hold 9 min), and increase to 300 °C at a rate of 3 °C min -1 (hold 22 min). High purity (≥ 99.999 %) helium was used as the carrier gas flowing at 1 mL min -1 .

Results and discussion

Adsorbents comparison

Results were expressed using the compounds' relative peak areas. These relative areas are obtained by dividing a compound's peak area by the internal standard's peak area.

The results, showing the average of the triplicate analysis, obtained for each family of compounds are summarized below. These results showed that SiC foams allowed a better extraction yield compared to GF and CNT foam.

PAHs analysis

The results obtained for PAHs analysis are summarized in figure 2. These results showed that, compared to CNT and GF, SiC foam presented the highest peak area for the 17 assessed compounds. It was shown that peak areas obtained from SiC foam extracts were up to 10 times higher than those from GF which was also higher than those obtained from CNT foam. Results in figure 2 show that the relative peak areas obtained from SiC foam were ranged between 0.7 and 239.1, averaging at 105.9. These results overcome those obtained for CNT foam and GF, therefore the results corresponding to these latest two adsorbents are summarized in figure 1s in supplementary materials S2.

These results showed that GF allowed better extraction than CNT foams.

Moreover, it was shown that in addition to the weak relative peak areas they generated, CNT foam prevents the extraction of all the assessed PAHs as only 6 out of 17 PAHs were detected while all these later were detected on both SiC foam and GF.

PCBs analysis

The results obtained for PCBs analysis are summarized in figure 3. The results shown in figure 3 are consistent with those showed for PAHs as the relative peak areas observed from SiC foam extracts were higher than those of graphite felt and CNT foam extracts. Indeed, SiC foam gave relative peak areas with an average of 85.9, while GF showed peak areas averaging at 5, and those provided by the CNT foam was averaged at 3.5.

A better comparison between the relative peak areas observed from GF and CNT is shown figure 2s in supplementary materials S2.

In fact, as seen, CNT and GF undergo the same trend with PCBs desorption. Indeed, similar trends of relative peak areas were observed with all the assessed PCBs except for PCB 169 and PCB 189 where no peaks were observed with CNT foam.

OCPs analysis

The results obtained for OCPs analysis are summarized in figure 4. As shown, for OCPs, graphite felt and CNT foam are on the same order of magnitude for every compound and all of them were detected in each adsorbent.

Comparison between standard solutions and extracted samples

As seen from the results observed for PAHs, PCBs and OCPs analysis, SiC foam was the most efficient adsorbent for such analysis given that the highest relative peak areas for all assessed compounds were obtained using those adsorbents.

In order to explain the lower results obtained with GF and CNT foam, clean GF and CNT foam adsorbents were extracted by PSE according to the previous used method detailed in section 2.3.1.1. Afterwards, the obtained extract was spiked with 100 µL of the pollutant's mixture (PAHs, PCBs and OCPs) at 10 mg L -1 . Subsequently, the obtained spiked extract was concentrated and analysed according to the previously used procedure detailed in section 2.3.1.2. In fact, this test aimed to assess if the CNT foam and the GF allowed a strong retention of the pollutants disabling their subsequence desorption and therefore leading to the relatively low surface areas obtained.

The obtained results for both spiked extracts and spiked adsorbent showed a quite difference only for PAHs analysis. However, no significant differences were obtained for PCBs and OCPs. Figures 5 and6 show the relative surface areas obtained for PAHs with spiked CNT foam and spiked GF respectively. The results showed by figures 5 and 6 proved that there is a clear difference of the relative peak areas of PAHs extracted from the spiked adsorbents and those analysed from the spiked extracts for both adsorbents. However, this difference is clearer with CNT foam indicating a strong retention of the pollutants by the adsorbent. Therefore, once the PAHs adsorbed on the CNT foam, they cannot easily be desorbed from the adsorbent using the applied PSE method. Consequently, CNT foam appeared to be not effective for PAHs assessment in air. In fact, carbon nanotubes contain several graphene sheets and hexagonal format allowing their strong interactions towards the aromatic rings of PAHs [START_REF] Rasheed | TiO2/SiO2 decorated carbon nanostructured materials as a multifunctional platform for emerging pollutants removal[END_REF]. Regarding the GF, it seems that its affinity is moderate and highly reduced for HMW PAHs given the fact relative peak areas from the spiked extract were twice as high as those from the felt extracts (figure 6).

The results provided by the in situ (laboratory) comparison of the three assessed adsorbents showed that SiC foams appeared to be the most suitable adsorbent for the considered pollutants. In fact, among numerous types of adsorbents, it was shown that SiC foams offer the highest quality of chemical inertness, adequate porosity, intrinsic thermal and mechanical properties, which make them prone to such studies [START_REF] Yang | One-step synthesis of silicon carbide foams supported hierarchical porous sludge-derived activated carbon as efficient odor gas adsorbent[END_REF]. Graphite felt and CNT foam, while not behaving in exactly the same way, gave comparable results. Both had relative peak areas ten times lower than those from SiC foam. However, CNT appeared to be the less effective matrix for the assessment of the three types of assessed pollutants given that the lowest relative peak areas were obtained within this adsorbent. For instance, only the PAHs with low molecular weight (LMW PAHs) were detected with CNT foams and therefore, it could be assumed that at high molecular weight, a strong interaction between the PAHs and the CNT foams could be observed and therefore high molecular weight PAHs (HMW PAHs) are not easily desorbed from CNTs. The micropores present inside the adsorbent could also significantly reduce the desorption rate of the adsorbed products [START_REF] Liu | Synthesis of porous carbon nanotubes foam composites with a high accessible surface area and tunable porosity[END_REF]. These results are in accordance with those provided by [START_REF] Paszkiewicz | Helical multiwalled carbon nanotubes as an efficient material for the dispersive solid-phase extraction of low and high molecular weight polycyclic aromatic hydrocarbons from water samples: theoretical study[END_REF] showing that, low recoveries were observed for the extraction of HMW PAHs on CNTs systems [START_REF] Paszkiewicz | Helical multiwalled carbon nanotubes as an efficient material for the dispersive solid-phase extraction of low and high molecular weight polycyclic aromatic hydrocarbons from water samples: theoretical study[END_REF]. Moreover, CNT foams dimensions were another disadvantage of this adsorbent as above 1.5 cm in height, the material started to crack upon thermal treatment.

Therefore, CNT foam was discarded from the rest of the experiment (sampling campaign) in which SiC foam and GF were compared to the well-known XAD ® -2 resins.

Sampling campaign:

During the sampling campaign, both SiC foam and GF were compared to XAD ® -2 resins as described previously in section 2.3.2. Prior to their use, all these three adsorbents were cleaned as previously described in section 2.2.

After collection, samplers were extracted and analysed using the same analytical procedure reported in section 2.3.1.

PAHs, PCBs and OCPs analysis

The sampling campaign results are reported by pollutants' type as shown respectively in figures 7, 8 and 9. Relative peak areas were used for comparison between adsorbents. The results provided by the sampling campaign validate those obtained for the laboratory assessments as SiC foam generated higher peak areas than GF for PAHs assessments. These areas were close to those obtained with XAD ® -2 resin except for fluoranthene and pyrene for which SiC foam gave surprisingly high areas. For chlorinated compounds, results showed that XAD ® -2 resins were the more efficient sampler leading to the highest pollutants peak areas. However, quite similar behaviour was observed with SiC foam and GF. In fact, among the main advantages of XAD ® -2 resin figures its superior uptakes capacities, even higher than PUF, for most of organic compounds [START_REF] Okeme | Calibration of polydimethylsiloxane and XAD-Pocket passive air samplers (PAS) for measuring gas-and particle-phase SVOCs[END_REF].

Moreover, the obtained results showed that XAD ® -2 resins were the most efficient sampler for lighter, more volatile compounds, while graphite felt and SiC foam were better suited for heavier, particulate compounds.

Non-chlorinated pesticides

On the other side, and in order to extend the detected pollutants' range, the sampling campaign done was enlarged in order to cover some non-chlorinated pesticides.

Therefore, the extracts obtained previously from the SiC foam, the GF and the XAD ® -2 resins used previously were analysed using the method reported previously in section 2.3.2. The obtained results are illustrated in figure 10. The results obtained for non-chlorinated pesticides are quite similar to those obtained for PAHs, PCBs and OCPs regarding the three tested adsorbents. As XAD ® -2 resins seem to be the most efficient matrix for most of the assessed pesticides except for diphenylamine for which SiC foam provided the higher peak area. These results are in accordance with those provided by [START_REF] Levy | An integrated extraction method coupling pressurized solvent extraction, solid phase extraction and solid-phase micro extraction for the quantification of selected organic pollutants in air by gas and liquid chromatography coupled to tandem mass spectrometry[END_REF] showing that these differences are mainly due to the volatility and polarity of the assessed compounds [START_REF] Lévy | Comparison and calibration of diverse passive samplers used for the air sampling of pesticides during a regional sampling monitoring campaign[END_REF]. However, as seen from figure 10, the obtained peak areas were generally low which is in accordance to those provided by Levy et al., in 2018[START_REF] Lévy | Use of XAD®-2 passive air samplers for monitoring environmental trends of PAHs, PCBs and pesticides in three different sites in Strasbourg and its vicinity (east of France)[END_REF]. Moreover, it should be noted that Strasbourg started a 'zero pesticides' policy in 2008 and therefore all the pesticides' (chlorinated and non-chlorinated) emission could be explained by the important agricultural area located proximate (5 km) away from downtown [START_REF] Al-Alam | The use of conifer needles as biomonitor candidates for the study of temporal air pollution variation in the Strasbourg region[END_REF].

General discussion

The results obtained from both laboratory analysis and sampling campaign proved the efficiency of both GF and SiC foam as reliable adsorbents for passive samplers of organic pollutants. Both materials showed comparable results with the well-known XAD ® -2 resins. In fact, the use of XAD resins is usually recommended in environmental assessments of organic pollutants due to their large specific areas allowing the resin to be used in smaller quantities and in light-weight air sampling tubes [START_REF] Armstrong | Comparison of polyurethane foam and XAD-2 sampling matrices to measure airborne organophosphorus pesticides and their oxygen analogs in an agricultural community[END_REF]. These sorbents have high sorption capacities in order to capture pollutants for longer durations [START_REF] Climent | Legacy and currentuse pesticides (CUPs) in the atmosphere of a rural area in central Chile, using passive air samplers[END_REF][START_REF] Ghalichi Zave | Application of a needle trap device packed with XAD-2 polyaniline composite for sampling naphthalene and phenanthrene in air[END_REF][START_REF] Okeme | Passive air sampling of flame retardants and plasticizers in Canadian homes using PDMS, XAD-coated PDMS and PUF samplers[END_REF].

However, focusing on GF and SiC foam, close results were observed and therefore several properties have to be considered in order to select the sorbent of choice for such analysis. For instance, GF, despite its efficiency, has a low surface area of 1 to 2 m² g -1 that is smaller than the surface areas of XAD ® -2 resins and SiC foam being respectively averaged of about 300 m² g -1 and 30 m² g -1 [START_REF] Ba | A highly N-doped carbon phase "dressing" of macroscopic supports for catalytic applications[END_REF][START_REF] Jiang | A bi-porous graphite felt electrode with enhanced surface area and catalytic activity for vanadium redox flow batteries[END_REF][START_REF] Lévy | Comparison and calibration of diverse passive samplers used for the air sampling of pesticides during a regional sampling monitoring campaign[END_REF]. Therefore, in this manner, GF could be comparable to PUF leading to limited adsorbed pollutants over long sampling periods [START_REF] Armstrong | Comparison of polyurethane foam and XAD-2 sampling matrices to measure airborne organophosphorus pesticides and their oxygen analogs in an agricultural community[END_REF]. Moreover, SiC are characterized by high hardness and rigidity making them hard to deform, good strength as well as a high oxidation resistance and temperature stability, while GF is a much softer material that can be bent and deformed [START_REF] Eom | Processing and properties of macroporous silicon carbide ceramics: A review[END_REF]. Thus, GF seems to be less reliable than SiC foam for particle collection.

The application of the laboratory assessments findings on the field showed the efficiency of the selected matrices in air pollution assessments. In fact, as shown, the side by side samples of SiC foam and GF, in comparison with XAD ® -2 resins, yielded quite similar results. However, the physical properties of the SiC foam favour its selection among the three initially tested materials especially that CNT were discarded since laboratory analysis. Moreover, the chemical inertness and mechanical strength of the Sic foam, allowing its regeneration and reusability, favour its choice over the XAD ® -2 resins being usually subjected to deterioration as a function of adsorption and desorption process. On the other hand, SiC foam displays an extremely high resistance towards harsh treatment, i.e. acid treatment [START_REF] Lacroix | Silicon carbide foam composite containing cobalt as a highly selective and re-usable Fischer-Tropsch synthesis catalyst[END_REF].

Conclusion

Three carbon-based adsorbents were tested in order to choose the most reliable and efficient sorbent that could be further developed as passive air sampler. CNT foam had the advantage of a high specific surface area, graphite felt was the easiest to handle and SiC foam had its macro-and mesoporous network. However, laboratory tests revealed inefficiency of CNT foam to extract PAHs as they appeared to be strongly adsorbed on the material due to the presence of large micropores contribution. Moreover, CNT foam was unsuitable for PAS manufacturing as their properties unable the achievement of the required dimensions. GF displays low specific surface area along with the lack of porosity for the adsorption of the pollutants. SiC foam displays the most appropriate properties and performance for being used as passive sampler. On the other hand, the field application of the SiC foam and GF and their comparison with XAD ® -2 resins proved the efficiency of these two materials for PAS applications. However, the physical properties of GF making them more prone to deformations and thus, SiC foam has been selected as an efficient, reliable sorbent for PAS applications. Therefore, these findings demonstrate that SiC foam matrix can be used as an alternative to properly quantify exposures PAHs, PCBs, OCPs and NCPs in outdoor environment. 

A

  mixture of 16 PAHs including naphthalene, acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene, benzo[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[e]pyrene, benzo(a)pyrene, indeno (1,2,3-cd) pyrene, benzo[g,h,i]perylene, and dibenzo[a,h]anthracene, at 0.1 g. L -1 in acetonitrile was prepared from individual standards purchased from Sigma-Aldrich (L'Isle D'Abeau, France) Two mixtures of 22 PCBs and 20 OCPs at 0.1 g. L -1 were purchased from Cluzeau Info Labo (St. Foy la Grande, France). PCBs mixture included PCB 18, PCB 31, PCB 28, PCB 52, PCB 44, PCB 70, PCB 81, PCB 101, PCB 123, PCB 118, PCB 114, PCB 105, PCB 126, PCB 149, PCB 153, PCB 138, PCB 167, PCB 156, PCB 157, PCB 169, PCB 180, and PCB 189. OCPs mixture included α-HCH, γ-HCH, β-HCH, δ-HCH, heptachlor epoxide A, methoxychlor, o,p'-DDD, o,p'-DDT, p,p'-DDD, p,p'-DDT, α-endosulfan, o,p'-DDE, p,p'-DDE, aldrin, heptachlor, dieldrin, hexachlorobenzene, heptachlor epoxide B, trans-chlordane, and cis-chlordane.

Figure 1 :

 1 Figure 1: (A, B) Digital and SEM images of the CNT foam, (C, D) Digital and SEM images of the graphite felt, (E, F) SEM images of the SiC foam showing the large interconnected macropores between the different struts.

Figure 2 :

 2 Figure 2: Relative peak areas of PAHs for CNT foam, graphite felt and SiC foam

Figure 3 :

 3 Figure 3: Relative peak areas of PCBs for CNT foam, graphite felt and SiC foam

Figure 4 :

 4 Figure 4: Relative peak areas of OCPs for CNT foam, graphite felt and SiC foam

Figure 6 :

 6 Figure 6: Relative peak areas of PAHs for spiked GF and spiked GF extract

Figure 7 :

 7 Figure 7: Relative peak areas of PAHs assessed during the sampling campaign

Figure 10 :

 10 Figure 10: Relative peak areas of non-chlorinated pesticides assessed during the sampling campaign
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