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This study evaluates binding discs based on 3-mercaptopropyl-functionalized silica gel for the selective sampling of selenite (Se IV ) using Diffusive Gradients in Thin films sampler (DGT). Se IV accumulation was quantitative and selective over Se VI and followed the theoretical linear accumulation with the exposure time up to 0.7 µg. The sampling was not affected by ionic strength variations down to 10 -2 mol L -1 (as NaNO 3 ) but Se IV accumulation was found to decrease significantly for pH greater than 5 and was nearly zero at pH 9. Both the limited accumulation range and the pH dependence were unexpected because they have not been reported in the literature related to the Se IV trapping by thiol-based solid phases. Our experiments showed that after Se IV was bound to thiol functional groups, a further pHdependent reaction occurred with free thiols, resulting in the reduction of Se IV into elemental selenium (Se 0 ) followed by its release and back-diffusion through the DGT sampler. Unfortunately, such a reversible accumulation is incompatible with the implementation of the mercapto-functionalized silica binding phase in DGT devices for Se IV selective sampling.

Introduction

Selenium is a ubiquitous element that is considered to be both as essential and toxic. Selenium deficiency can lead to health issues such as Keshan disease, while an excessive selenium exposure can induce hairs and nails loss or nervous system disorders [1]. The World Health Organization (WHO) has set a provisional guideline of 40 µg L -1 for the selenium concentration in drinking water [START_REF]World Health Organization, Selenium in drinking-water: background document for development of WHO guidelines for drinking-water quality[END_REF] and the European Union limits its concentration to 10 µg L -1 [START_REF][END_REF]. Concentrations reported in the literature for unpolluted waters are in the sub-µg L -1 range but can increase to several mg L -1 in seleniferous aquifers or contaminated wastewater [START_REF] Fernández-Martínez | Selenium environmental cycling and bioavailability: a structural chemist point of view[END_REF][START_REF] Plant | Treatise on Geochemistry[END_REF][START_REF] Santos | Selenium contaminated waters: An overview of analytical methods, treatment options and recent advances in sorption methods[END_REF].

Selenium is found in the environment in several oxidation states and its speciation is strongly affected by redox and pH conditions. In natural water, the most abundant species are selenite (Se IV , mainly HSeO 3 -) and selenate (Se VI , mainly SeO 4 2-) [START_REF] Santos | Selenium contaminated waters: An overview of analytical methods, treatment options and recent advances in sorption methods[END_REF][START_REF] Sharma | Biogeochemistry of selenium. A review[END_REF]. For risk assessment, it is necessary to distinguish between these oxidation states because they have different chemical and toxicological properties and thus different environmental impacts. For example, selenite has been shown to be more toxic to aquatic organisms than selenate [START_REF] Canton | Acute aquatic life criteria for selenium[END_REF]. Moreover, for water treatment, the selenite and selenate removal efficiencies can change drastically depending on the treatment process [START_REF] Hu | Removal of Se(IV) and Se(VI) from drinking water by coagulation[END_REF][START_REF] Kapoor | Removal of selenium from water and wastewater[END_REF].

Various analytical methods based on electrochemical, spectrometric or hyphenated techniques have been successfully developed to quantify total selenium and assess its speciation [START_REF] Pettine | A critical review of selenium analysis in natural water samples[END_REF]. Their com-2 mon limitations rely on the representativity of the analyzed sample, that can be altered by the interconversion of the selenium species during sample transport and storage. Furthermore, generally, these techniques are based on grab sampling and the determined concentration is thus only representative of the point in time at which the sample was collected. The use of passive sampling techniques is an interesting approach for overcoming these limitations. Analytes recovered from passive samplers allow the determination of time-weighted average concentrations [START_REF] Allan | Evaluation of the Chemcatcher and DGT passive samplers for monitoring metals with highly fluctuating water concentrations[END_REF]. Furthermore, selective sorption of the analytes during passive sampling allows in situ separation of the species and should remove the interconversion problem.

The diffusive gradients in thin films (DGT) technique [START_REF] Davison | Progress in understanding the use of diffusive gradients in thin films (DGT) back to basics[END_REF] is commonly used for passive sampling of metals and metalloids. Some DGT devices were recently developed to determine the speciation of several redox sensitive elements (e.g. As, Cr…) [START_REF] Menegário | Use of diffusive gradient in thin films for in situ measurements: A review on the progress in chemical fractionation, speciation and bioavailability of metals in waters[END_REF].

Passive sampling of selenium has been investigated during the last years using conventional DGT devices in water [START_REF] Bennett | New Diffusive Gradients in a Thin Film Technique for Measuring Inorganic Arsenic and Selenium(IV) Using a Titanium Dioxide Based Adsorbent[END_REF][START_REF] Luo | Performance Characteristics of Diffusive Gradients in Thin Films Equipped with a Binding Gel Layer Containing Precipitated Ferrihydrite for Measuring Arsenic(V), Selenium(VI), Vanadium(V), and Antimony(V)[END_REF][START_REF] Price | An evaluation of ferrihydrite-and Metsorb TM -DGT techniques for measuring oxyanion species (As, Se, V, P): Effective capacity, competition and diffusion coefficients[END_REF] and soil [START_REF] Sogn | Use of Diffusive Gradients in Thin Films to Predict Potentially Bioavailable Selenium in Soil[END_REF]. These devices are based on three different binding phases: ferrihydrite [START_REF] Luo | Performance Characteristics of Diffusive Gradients in Thin Films Equipped with a Binding Gel Layer Containing Precipitated Ferrihydrite for Measuring Arsenic(V), Selenium(VI), Vanadium(V), and Antimony(V)[END_REF][START_REF] Price | An evaluation of ferrihydrite-and Metsorb TM -DGT techniques for measuring oxyanion species (As, Se, V, P): Effective capacity, competition and diffusion coefficients[END_REF][START_REF] Sogn | Use of Diffusive Gradients in Thin Films to Predict Potentially Bioavailable Selenium in Soil[END_REF], titanium dioxide (Metsorb©) [START_REF] Bennett | New Diffusive Gradients in a Thin Film Technique for Measuring Inorganic Arsenic and Selenium(IV) Using a Titanium Dioxide Based Adsorbent[END_REF][START_REF] Price | An evaluation of ferrihydrite-and Metsorb TM -DGT techniques for measuring oxyanion species (As, Se, V, P): Effective capacity, competition and diffusion coefficients[END_REF] and zirconia [START_REF] Guan | Novel Precipitated Zirconia-Based DGT Technique for High-Resolution Imaging of Oxyanions in Waters and Sediments[END_REF]. All of the phases can sorb both Se IV and Se VI but are sensitive to pH, ionic strength and/or interferences. The zirconia-based DGT allowed a quantitative uptake of both Se IV and Se VI in the pH range of 4-7.8 for ionic strengths ranging from 10 -3 to 0.5 mol L -1 . For ferrihydrite, a quantitative uptake of Se IV was reported for pH 4-8, whereas the uptake of Se VI was reduced above pH 7 and 0.1 mol L -1 ionic strength [START_REF] Luo | Performance Characteristics of Diffusive Gradients in Thin Films Equipped with a Binding Gel Layer Containing Precipitated Ferrihydrite for Measuring Arsenic(V), Selenium(VI), Vanadium(V), and Antimony(V)[END_REF][START_REF] Price | An evaluation of ferrihydrite-and Metsorb TM -DGT techniques for measuring oxyanion species (As, Se, V, P): Effective capacity, competition and diffusion coefficients[END_REF]. For Metsorb, an efficient uptake was obtained for Se IV except at pH values above 8 or in the presence of interfering ions (> 2 days deployments) [START_REF] Price | An evaluation of ferrihydrite-and Metsorb TM -DGT techniques for measuring oxyanion species (As, Se, V, P): Effective capacity, competition and diffusion coefficients[END_REF] but the uptake of Se VI was about eight-time lower [START_REF] Bennett | New Diffusive Gradients in a Thin Film Technique for Measuring Inorganic Arsenic and Selenium(IV) Using a Titanium Dioxide Based Adsorbent[END_REF]. As a result, only the zirconia-based DGT appears to show satisfactory performance for total selenium determination. When considering a selective sampling to assess the selenium redox speciation, none of these phases are suitable. For example, using Metsorb for a selective determination of Se IV , Bennett et al. estimated that the determined concentration of Se IV would be overestimated by 12% for a Se IV /Se VI ratio of 1, and by 216% for a Se IV /Se VI ratio of 0.1 [START_REF] Bennett | New Diffusive Gradients in a Thin Film Technique for Measuring Inorganic Arsenic and Selenium(IV) Using a Titanium Dioxide Based Adsorbent[END_REF].

Realization of selective passive samplers for assessing selenium speciation, i.e. the differentiation of labile selenite from labile selenate, will therefore require investigations of new binding phases. Thiols were previously used, as thiol cotton [START_REF] Yu | Determination of trace arsenic, antimony, selenium and tellurium in various oxidation states in water by hydride generation and atomic-absorption spectrophotometry after enrichment and separation with thiol cotton[END_REF] or mercapto-silica [START_REF] Sahin | Selective pre-concentration of selenite from aqueous samples using mercapto-silica[END_REF], to pre-concentrate selenium and were found to be selective for Se IV . Moreover, thiols had already been successfully used in DGT devices for the selective passive sampling of arsenite [START_REF] Bennett | Speciation of Dissolved Inorganic Arsenic by Diffusive Gradients in Thin Films: Selective Binding of AsIII by 3-Mercaptopropyl-Functionalized Silica Gel[END_REF] and antimonite [START_REF] Bennett | In situ speciation of dissolved inorganic antimony in surface waters and sediment porewaters: development of a thiol-based diffusive gradients in thin films technique for Sb III[END_REF]. Therefore, it is interesting to develop a thiol-based DGT device for the selective passive sampling of selenite. In this work, such a device, based on mercapto-functionalized silica, was evaluated.

Material and methods

General procedures

All of the reagents used in this study were of analytical grade. All of the solutions were prepared in ultrapure water (UPW; MilliQ, >18.2 MΩ) and concentrations are expressed as the mass of the element per liter. All of the experiments were performed at (20 ± 1)°C. Stock solutions of Se IV and Se VI (1 g L -1 ) were prepared from Na 2 SeO 3 , 5 H 2 O and Na 2 SeO 4 , 10 H 2 O salts respectively and stored at 4°C. Working solutions were prepared daily by appropriate dilutions. The solutions used for the DGT devices were systematically controlled by analyzing aliquots sampled at least at the beginning and at the end of each experiment. For the experiments exceeding one day, solution concentrations were controlled at least every 8 h.

DGT samplers preparation and handling

Polyacrylamide diffusive gels (15% acrylamide, 0.3% agarose derived cross-linker) were prepared according to the procedure of Zhang et al. [START_REF] Pettine | A critical review of selenium analysis in natural water samples[END_REF]. The mercapto-functionalized silica agarose binding gels were prepared by adding 1 g of 3-mercaptopropyl-functionalized silica (Aldrich) per 10 mL of melted (70°C) agarose solution (15 g L -1 ). The use of agarose was preferred to that of polyacrylamide for the preparation of the binding gels because it resulted in a more homogeneous distribution of the mercapto-functionalized silica in the gel (Figure A1). Assembly of the DGT devices was performed by enclosing a mercapto-functionalized silica binding disc, a diffusive gel disc (0.5 and 0.77 mm thick, respectively) and a polycarbonate filter inside a piston type molding (DGTResearch).

After deployment, the binding gels were retrieved from the DGT holder and rinsed with UPW. Unless stated otherwise, the accumulated selenium was recovered by acid digestion as follows: each binding gel was individually introduced in a Teflon digestion vessel with concentrated nitric acid (2 mL, 69%, Optima grade, Fisher Chemical) plus hydrogen peroxide (4 mL, 30%, For analysis, Carlo Erba Reagents) and heated at 180°C for 40 min using a microwave-assisted digester (Multiwave Go, Anton Paar). The digestates were then adjusted to 20 mL for total selenium analysis. The recovery of selenium by acid digestion was (98 ± 3) % (n=5). If applied for the experiments on accumulation over time (see section 2.5), such a procedure would result in Se concentrations lower than the analytical limit of quantification (see section 2.8). Thus, this procedure was replaced by an elution step to avoid an excessive dilution of accumulated selenium. For this purpose, a mixture of 1 mol L -1 HNO 3 and 10 -2 mol L -1 KIO 3 (2 mL) [START_REF] Sahin | Selective pre-concentration of selenite from aqueous samples using mercapto-silica[END_REF] was added to each binding gel and allowed to stand for 24 h. The determination of the elution yield is described in the supplementary material.

Diffusion coefficient measurement

The diffusion coefficient of Se IV in the diffusive gel was measured in triplicate according to the diaphragm cell method described by Davison and Zhang [START_REF] Davison | Progress in understanding the use of diffusive gradients in thin films (DGT) back to basics[END_REF]. The diffusion cell used in this study is fully described in [START_REF] Devillers | Simultaneous measurement of Cr(III) and Cr(VI) in freshwaters with a single Diffusive Gradients in Thin Films device[END_REF]. The source and receptor compartments were filled with 10 -2 mol L -1 NaNO 3 adjusted to pH 3, 5.5, 7 and 9 by addition of either HNO 3 or NaOH, 10 -2 mol L -1 of 3-(N-Morpholino)propanesulfonic acid (MOPS) for pH 7 and 10 -2 mol L -1 carbonate for pH 9. The concentration of Se IV in the source compartment was set to 5 mg L -1 . Samples were taken every 10 min for 1 h from both compartments to determine the mass of Se IV transferred by diffusion between the compartments over time. The Se IV concentration in the source compartment was checked during the experiment and remained stable.

The diffusion coefficient (D) was calculated according to Eq. 1, where ∆g is the diffusive gel thickness (0.77 mm), A is the exposure area (1.77 cm 2 ) and [Se] is the selenium concentration in the source compartment. The selenium flux between the two compartments, q m , was determined as the slope of the linear regression for the selenium mass transferred by diffusion plotted vs. the exposure time. (1)

The diffusion coefficients were corrected for temperature (T) using the Stokes-Einstein equation (Eq. 2), where η is the water viscosity (taken from NIST chemistry WebBook):

η = η (2)

Uptake selectivity

The selectivity of the mercapto-functionalized silica binding phase for Se IV over Se VI was evaluated by immersing a binding gel (n=5) for 16 h in solution of either Se IV (10 mL, 100 µg L -1 ) or Se VI (10 mL, 100 µg L -1 or 10 mg L -1 ) (prepared in 10 -2 mol L -1 NaNO 3 solutions). The immersion solutions were sampled prior the introduction and after the retrieval of the binding gels in order to determine the initial and remaining selenium concentrations. The mass of accumulated selenium on a binding gel was calculated as the difference between these concentrations. Control agarose gels without mercaptofunctionalized silica (n=2) were also used during Se VI uptake experiments.

Accumulation over time

To determine the linear range of Se IV accumulation, DGT devices were immersed in duplicate in a wellstirred 0.5 or 5 L solution of 15, 45 or 172 µg L -1 Se IV with 10 -2 mol L -1 NaNO 3 . The devices were removed after deployment times varying from 2 to 72 h. The binding gels were retrieved and then eluted rather than digested to avoid an excessive dilution of selenium prior to analysis (see section 2.2). The solutions were sampled at each device retrieval to check the stability of the selenium concentration.

Influence of pH and ionic strength

The effect of pH was investigated by deploying triplicate DGT devices for 24 h in solutions of 10 - 2 mol L -1 NaNO 3 (2 L) and 20 µg L -1 Se IV , adjusted to pH 3, 5.5, 7 or 9 (using NaOH and HNO 3 , with 10 -2 mol L -1 MOPS buffer for pH 7 and 10 -2 mol L -1 carbonate buffer for pH 9).

The effect of ionic strength was investigated by immersing three DGT devices for 24 h in solutions of 20 µg L -1 Se IV (2L) with NaNO 3 concentrations of 1, 10, 100 or 1000 mmol L -1 (pH = 5.5 ± 0.4).

Selenium distribution in DGT layers

Triplicate mercapto-functionalized DGT devices and duplicate control DGT devices (with a Teflon disc instead of a mercapto-functionalized silica binding disc) were exposed in a 2 mg L -1 Se IV solution. After 24 h, binding and diffusive gels were separately submitted to acid digestion prior to selenium quantification.

Selenium analysis and DGT calculation

The total selenium content in eluates, digestates and exposure solutions was determined by graphite furnace atomic absorption spectrometry (GF-AAS, Agilent 240Z). The samples were acidified with 1% suprapur HNO 3 prior to the analysis. The analytical limit of quantification (according to IUPAC) was estimated at 4 µg L -1 .

Selenium speciation (Se VI , Se IV ) in exposure solutions or eluates was assessed by highperformance liquid chromatography coupled to atomic fluorescence spectroscopy [START_REF] Simon | Development of an on-line UV decomposition system for direct coupling of liquid chromatography to atomic-fluorescence spectrometry for selenium speciation analysis[END_REF].

The concentration of labile selenium in solution (C DGT ) was determined using Eq. 3 [START_REF] Menegário | Use of diffusive gradient in thin films for in situ measurements: A review on the progress in chemical fractionation, speciation and bioavailability of metals in waters[END_REF]:

= ∆ D ( 3 
)
where m is the accumulated mass on the binding gel, Δg is the diffusion gel thickness, D is the diffusion coefficient in the diffusive gel, A g is the geometric exposure area (3.14 cm 2 ) and t is the deployment time.

Considering the entire procedure (24h deployment, acid digestion and analysis by GF-AAS), the methodological limit of quantification corresponds to 4 µg L -1 labile selenium in the exposure solution.

Statistical analysis

Unless stated otherwise, the results are reported as the experimental mean value followed by the standard deviation of the experimental mean (S m ), calculated as: S m = S / √n (S : standard deviation of the measurements ; n : number of measurements) [START_REF] Fernández-Martínez | Selenium environmental cycling and bioavailability: a structural chemist point of view[END_REF] Statistical analysis of the experimental data was performed using Student t-test with two-tailed distribution at a statistical significance level of p ≤ 0.05.

Results

Selectivity of the mercapto-functionalized binding phase

The amounts of selenium accumulated in binding discs following their immersion in Se IV or Se VI solutions are given in Table I. Selenium could not be quantified (< 0.04 µg per disc) in the control gels (agarose disc without mercapto-functionalized silica). 100 µg Se VI < 0.04 < 0.04 As expected from previous works using mercapto silica [START_REF] Sahin | Selective pre-concentration of selenite from aqueous samples using mercapto-silica[END_REF], selenite is quantitatively sorbed by the mercapto-functionalized binding phase.

Regardless of the initial amount of selenate, its accumulation in the binding gel is negligible implying that the mercapto-silica did not interact with selenate. Therefore, the agarose mercaptofunctionalized binding phase can be considered to selectively accumulate Se IV rather than Se VI . This behavior is consistent with previous studies of thiols [START_REF] Yu | Determination of trace arsenic, antimony, selenium and tellurium in various oxidation states in water by hydride generation and atomic-absorption spectrophotometry after enrichment and separation with thiol cotton[END_REF][START_REF] Sahin | Selective pre-concentration of selenite from aqueous samples using mercapto-silica[END_REF].

Determination of diffusion coefficients

To enable an accurate quantification using eq. 3, the diffusion coefficient of selenite was determined for each investigated pH. The values obtained with the diffusive cell method are reported in Table II. They appear to be consistent with the values reported by Price et al [START_REF] Price | An evaluation of ferrihydrite-and Metsorb TM -DGT techniques for measuring oxyanion species (As, Se, V, P): Effective capacity, competition and diffusion coefficients[END_REF] (7.30 10 -6 at pH 6 and 6.3 10 -6 cm 2 s -1 at pH 8).

The diffusion coefficients do not significantly vary from pH 3 to 7 (p<0.05) whereas the value determined at pH 9 is significantly lower (p>0.05), resulting in a 20% decrease between pH 3 and pH 9. The influence of high pH can be linked to the increase in the ionic charge of selenite from -1 to -2 at around its second pKa value (7.94, [START_REF] Smith | Critical stability constants Volume 4 Inorganic complexes[END_REF]), which could promote stronger electrostatic interactions with the residual ionic charges of the diffusive gel and consequently alter its diffusion.

Table II: Diffusion coefficients in the diffusive gel determined at various pH values and corrected to 25°C (mean ± S m , n = 3). pH 3 5.5 7 9 D (10 -6 cm 2 s -1 ) 6.3 ± 0.4 6.7 ± 0.5 5.7 ± 0.2 4.9 ± 0.3

Accumulation over time

To cover both low and high accumulations, DGT deployments were performed using different concentrations and different durations. According to Eq 3, the accumulated mass of selenium should increase linearly with the product of concentration and time (Ct). The accumulation of selenite as a function of this product is presented in Figure 1. Moreover, to determine whether the experimental accumulation follows the theoretical trend, the expected accumulated masses were determined using Eq 3.

Figure 1 : Accumulation of Se IV in the DGT device versus product of Se IV concentration and exposure time (Ct) (dashed line: theoretical mass calculated according to Eq 3)

A predictable behavior, corresponding to a linear accumulation and a good agreement with theoretical values, is observed up to 0.7 µg. Therefore, the DGT device with a mercapto-functionalized binding phase appears to be described well by the DGT theory for selective sampling of selenite, at least under the above mentioned conditions. For higher Ct values, corresponding either to a long exposure (i.e. days) at moderates concentration (i.e. few µg L -1 ) or to a shorter exposure duration at higher concentrations, the accumulated Se mass deviates from the theoretical accumulated value. Such a deviation is consistent with a limitation of the selenium binding because the effective capacity was exceeded, resulting in the beginning of the saturation of the binding phase. However, the effective capacity of the mercapto-functionalized binding phase for selenite is surprisingly low, roughly 100 times lower than the values determined for arsenite [START_REF] Bennett | Speciation of Dissolved Inorganic Arsenic by Diffusive Gradients in Thin Films: Selective Binding of AsIII by 3-Mercaptopropyl-Functionalized Silica Gel[END_REF] or antimonite [START_REF] Bennett | In situ speciation of dissolved inorganic antimony in surface waters and sediment porewaters: development of a thiol-based diffusive gradients in thin films technique for Sb III[END_REF], of 77.5 µg and greater than 140 µg respectively.

Influence of pH and ionic strength

The results of the accumulation of selenite in mercapto-functionalized DGT devices immersed in 20 µg L -1 selenite solutions at various pH and ionic strengths are displayed in Figure 2. In the studied range, the ionic strength (I) does not significantly modify the accumulation of selenite in DGT (p<0.05). Therefore, the mercapto functionalized DGT device is not sensitive to ionic strength variations, providing I ≥ 10 -3 mol L -1 . This is in agreement with results observed for selenite using a titanium dioxide DGT [START_REF] Bennett | New Diffusive Gradients in a Thin Film Technique for Measuring Inorganic Arsenic and Selenium(IV) Using a Titanium Dioxide Based Adsorbent[END_REF].

The accumulation of selenite in the mercapto-functionalized DGT device is found to vary with pH (Figure 2). The highest accumulation is observed at pH 3 and then the accumulation gradually decreases with increasing pH. The accumulation was even nearly zero at pH 9. Using Eq. 3, the theoretical accumulation was calculated from the experimental conditions (e.g. C sol , D for the corresponding pH). Compared to this theoretical value, the selenite recovery values were 98, 83, 30 and 3% at pH 3, 5.5, 7 and 9, respectively. Therefore, selenite quantification can be expected to be accurate at pH close to 3 but will become biased as soon as the pH increases to 5 or greater. This behavior was not expected because selenite trapping by a mercapto-functionalized solid phase has been previously demonstrated to be independent of pH [START_REF] Yu | Determination of trace arsenic, antimony, selenium and tellurium in various oxidation states in water by hydride generation and atomic-absorption spectrophotometry after enrichment and separation with thiol cotton[END_REF][START_REF] Sahin | Selective pre-concentration of selenite from aqueous samples using mercapto-silica[END_REF].

Discussion

The evaluation of the performance of the mercapto-functionalized silica-based DGT device for the selective quantification of Se IV , showed that the device was effective under certain conditions. Two key features are necessary to ensure the accuracy of the quantification: the pH of the exposure media should be lower than 5 and the amount of the accumulated selenite should be lower than 0.7 µg to avoid any saturation of the binding phase.

Considering the reported evaluations of the properties of thiol-based solid phase properties, both limitations appear to be surprising. Indeed, in a previous study on Se IV et al. did not observe any effect of pH on the sorption efficiency in the pH range of 1-12 [START_REF] Sahin | Selective pre-concentration of selenite from aqueous samples using mercapto-silica[END_REF]. While they did not use a DGT setup, their experimental conditions were quite similar with respect to the Se IV /mercapto-silica mass ratio.

The selenite interaction with thiols is quite similar to that of arsenite, with the initial formation of a single As-S or Se-S bound followed by further reactions with other free SH functions, according to the following equilibrium [START_REF] Spuches | Thermodynamics of the As(III)-Thiol Interaction: Arsenite and Monomethylarsenite Complexes with Glutathione, Dihydrolipoic Acid, and Other Thiol Ligands[END_REF][START_REF] Forastiere | Reaction mechanism of selenate(IV) ions with several thiols in aqueous media[END_REF][START_REF] Harper | Thiol Reduction of Arsenite and Selenite: DFT Modeling of the Pathways to an As-Se Bond[END_REF] :

As(OH) 3 + R-SH R-S-As(OH) 2 + H 2 O (1) As(OH) 3 + 3 R-SH (R-S) 3 As + 3 H 2 O (2) H 2 SeO 3 + R-SH R-S-SeO 2 H + H 2 O (3) H 2 SeO 3 + 2 R-SH R-S-Se(=O)-S-R + 2 R-S-S-R + 2 H 2 O (4)
As a result, assuming that the steric encumbrance of Se IV and As III does not limit the access to the thiol functional groups, it could be expected that the sorption capacity of mercapto-functionalized silica should be in the same range for both species. This is not the case as observed by comparing the effective linear accumulation limit found in this study (Figure 1) with the value reported by Bennett et al. [START_REF] Bennett | Speciation of Dissolved Inorganic Arsenic by Diffusive Gradients in Thin Films: Selective Binding of AsIII by 3-Mercaptopropyl-Functionalized Silica Gel[END_REF][START_REF] Bennett | In situ speciation of dissolved inorganic antimony in surface waters and sediment porewaters: development of a thiol-based diffusive gradients in thin films technique for Sb III[END_REF]. Indeed, these limits are close to 10 -2 , 1 and >1 µmol for Se IV , As III and Sb III , respectively (considering that all of the values were reported as µg of element). Assuming that antimonite also interacts in a similar manner to thiols, all of the values should be of the same order of magnitude, as in fact is the case for As III and Sb III , but clearly is not true for Se IV .

To exclude any error in experimental execution, all of the experiments were performed a second time and similar results were obtained: the Se IV sorption onto the mercapto-functionalized silica was strongly pH-sensitive and linear accumulation was limited to approximately 0.7 µg.

One hypothesis that explains this unexpected pH dependence and surprisingly low effective sorption capacity is that a reaction between thiol-bound selenium with free thiols is followed by the release of elemental selenium: R-S-Se(=O)-S-R + 2 R-SH Se 0 + 2 R-S-S-R (5)

A similar mechanism has already been proposed to describe the interaction of Se IV with some thiolated molecules [START_REF] Forastiere | Reaction mechanism of selenate(IV) ions with several thiols in aqueous media[END_REF]. This phenomenon, which induces a reversible selenite binding, would explain the apparent limited binding capacity. Furthermore, according to Ganther [START_REF] Ganther | Formation by the reaction of thiols with selenious acid[END_REF], the release of Se 0 from (RS) 2 SeO is accelerated in alkaline media which is consistent with the changes in Se IV accumulation observed in this study as the pH increases to 9 (Figure 2). Such a phenomenon was not reported in previous studies, for example in the work [START_REF] Sahin | Selective pre-concentration of selenite from aqueous samples using mercapto-silica[END_REF] on Se IV pre-concentration using thiol-based materials. This could be explained by a shorter contact duration (pre-concentration is generally performed on a time scale of a few minutes) between Se IV and thiols, that prevents a significant reduction, and/or because in most previous studies, the thiolated solid phase was conditioned in column, reducing the possibility of the back-diffusion of Se 0 in solution.

To validate this hypothesis, selenium distribution in different DGT layers was investigated after exposure of the control and mercapto-functionalized DGT devices to high Se IV concentration (2 mg L -1 ). After 24 h, a pinkish coloration was observed on both binding and diffusive gels of the mercapto-functionalized DGT devices, but not on the diffusive gel from the control DGT devices (i.e. with a Teflon disc instead of a mercapto-functionalized binding disc) (Figure 3). Thus, the pinkish coloration appears to be induced by the presence of a mercapto-functionalized binding phase. Since such a coloration is characteristic of elemental selenium, this result supports the above-mentioned suggestion that Se IV is reduced by thiols. Table III gives the amounts of selenium recovered after digestion of each gel and the expected amount in the binding gel predicted by Eq. 3. The amount of Se accumulated in the binding gels was found to be lower than the expected theoretical value. Given the high exposure concentration, this is due to a saturation of the resin. However, the Thiol-DGT Control DGT significant presence of Se in the diffusive gel from mercapto-functionalized DGT is not in accordance with the conventional DGT theory and reveals the occurrence of an unexpected phenomenon. Indeed, even if a small amount of selenium could be expected in the diffusive gel due to its equilibration with the exposure solution, the comparison with the amount found in the diffusive gel of the control DGT clearly establishes a strong enrichment in the presence of the thiol-containing binding phase. Such an enrichment clearly supports the back-diffusion of selenium from the binding disc.

All of these results jointly indicate that the mercapto-functionalized binding phase induced the reduction of selenite into elemental selenium that was then able to back-diffuse in the diffusive gel, consistent with the reduction mechanism proposed above.

Conclusions

This study investigated a mercapto-functionalized binding phase for the selective sampling of selenite by DGT. The selectivity of this phase was clearly demonstrated with a quantitative uptake of selenite observed while selenate was not accumulated. Selenite accumulation was found to follow the DGT theory but only for a limited amount (approx. 0.7 µg Se per disc). Furthermore, although selenite accumulation was not affected by the ionic strength, it was found to be significantly limited at pH >5. While such a pH dependence for the selenium trapping by thiol-based solid phases was not observed in previous studies reported in the literature, making the use of mercapto-functionalized DGT an appealing approach for selenite-selective sampling, in this work, we found that a non-quantitative accumulation occurs. A reversible binding of selenite leading to back-diffusion to the solution was demonstrated. This problem was identified as being due to the reduction of bound selenite by thiols into elemental selenium, resulting in its release from the binding gel. Unfortunately, the absence of irreversible accumulation of selenite is incompatible with the implementation of mercapto-functionalized binding phase in DGT devices.
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 2 Figure 2 : Effects of ionic strength (a) and pH (b) on the amount of selenite accumulated by DGT devices

  sorption onto mercapto-silica, Sahin 0

Figure 3 :

 3 Figure 3 : Coloration observed on the DGT devices and on the corresponding diffusive (folded) and binding gels (bottom layer) after deployment in a concentrated solution of Se IV .

Table I :

 I Percentage of Se IV or Se VI accumulated in the binding gels and the agarose control gels (mean ± S m , n =

	3)		
	Initial Se amount	% of Se accumulated Control gel Binding gel
	1 µg Se IV	/	98 ± 3
	1 µg Se VI	< 4	< 4
			6

Table III :

 III Selenium quantified in the digested binding and diffusive gels from DGT or control devices (mean ± S m , n = 3) and expected amount (calculated using Eq. 3).

		Quantified Se	Expected Se
	Phase	(µg)	(µg)
	Binding gel	12 ± 2	44
	Diffusive gel		
	(mercapto-functionalized	3 ± 2	-
	DGT)		
	Diffusive gel (control DGT)	0.049 ± 0.003	-
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Appendix A. Supplementary material

Comparison of the binding gel with agarose and polyacrylamide, elution performances