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Short-chain chlorinated paraffins (SCCPs) are high-volume chemicals raising concerns because of their classification as priority hazardous substances by the European Water Framework Directive (WFD) and their recent inclusion in the persistent organic pollutants' (POPs) list by the Stockholm convention. As this group cover up to 5000 isomers, their measurement is still challenging. Hence the SCCPs occurrence in the environment is poorly documented in comparison with other POPs, especially in matrices where they are present at ultratrace levels such as waters. In the two-past decades, passive sampling has been increasingly used as it overcomes some major drawbacks associated to the conventional grab sampling. This study constitutes the first work aiming to examine the passive sampling's applicability for the monitoring of such complex analytes' mixtures in waters. Optimization and calibration of two proven passive samplers, namely silicone rubbers and Chemcatcher®, were performed through batch and laboratory pilot experiments. Despite the thousands of molecules present in the SCCPs mixture, the resulting global kinetic uptakes fitted well with the theorical model, for both samplers. Sampling rates of 8.0 L d -1 for silicone rubbers and 0.53 L d -1 for Chemcatcher® were found, and logK sw determined for silicone rubbers equaled 4.24 to 4.95. These values are in complete agreement with published data for other HOCs. A field trial carried out in marine coastal environments provided further evidence to demonstrate the applicability of the passive samplers to measure CPs amounts in water bodies. All these results unveil that passive sampling using silicone rubbers or Chemcatcher® can be a relevant approach to track traces of such complex mixtures in water.

Introduction

Chlorinated paraffins (CPs) constitute high-volume chemicals produced by chlorination of the n-alkanes feedstocks under forced conditions (ie. UV and/or pressure) [START_REF] Muir | Chlorinated paraffins, Anthropog. Compd. Part K[END_REF]. The low positional selectivity of the reaction leads to the formation of complex mixtures constituted by thousands of isomers and congeners. They are classified into three categories depending on their carbon chain lengths: 10-13, 14-17, 18-30 carbon atoms for respectively the short (SCCPs), the middle (MCCPs) and the long chains (LCCPs). Only the SCCPs are under regulation by the Water Framework Directive (WFD) in which they are listed as priority dangerous substances [START_REF] Off | [END_REF]. They were also included in 2017 in Annex A listing Persistent Organic Pollutants (POPs) of the Stockholm Convention [START_REF]United nations environment programme, Stockholm Convention on Persistent Organic Pollutants[END_REF]. The WFD has emitted Environmental Quality Standards (EQS) in water for the SCCPs, equaling 0.4 μg L -1 for the annual average concentration and 1.4 μg L -1 for the maximum admissible concentration. Compliance to these requirements is nowadays achieved through different extraction procedures, like LLE [START_REF] Geiß | Preliminary interlaboratory trial for ISO/DIS 12010: determination of short chain polychlorinated alkanes (SCCP) in water[END_REF] or micro-LLE [START_REF] Chang | Vortex-assisted liquid-liquid microextraction for the rapid screening of short-chain chlorinated paraffins in water[END_REF], SPE [START_REF] Castells | Solid-phase extraction versus solid-phase microextraction for the determination of chlorinated paraffins in water using gas chromatography-negative chemical ionisation mass spectrometry[END_REF][START_REF] Wang | Solid-phase extraction for analysis of short-chain chlorinated paraffins in water samples[END_REF], SPME [START_REF] Castells | Solid-phase microextraction for the analysis of short-chain chlorinated paraffins in water samples[END_REF][START_REF] Gandolfi | Parameters optimization using experimental design for headspace solid phase micro-extraction analysis of short-chain chlorinated paraffins in waters under the European water framework directive[END_REF][START_REF] Zhan | Headspace solid-phase microextraction coupled to comprehensive two-dimensional gas chromatography time-of-flight mass spectrometry for the determination of short-chain chlorinated paraffins in water samples[END_REF] and SBSE [START_REF] Tölgyessy | Determination of short chain chlorinated paraffins in water by stir bar sorptive extraction-thermal desorption-gas chromatography-triple quadrupole tandem mass spectrometry[END_REF]. Despite these analytical developments, information on the water occurrence of SCCPs is still lacking comparing to other Hydrophobic Organic Compounds (HOCs), like PCBs or PAHs [START_REF] Wei | Occurrence, fate and ecological risk of chlorinated paraffins in Asia: a review[END_REF]. In this frame, alternatives to conventional grab sampling can be considered, and among them the passive sampling approach seems to be relevant [START_REF] Booij | Passive sampling in regulatory chemical monitoring of nonpolar organic compounds in the aquatic environment[END_REF][START_REF] Brack | Towards the review of the European Union Water Framework Directive: recommendations for more efficient assessment and management of chemical contamination in European surface water resources[END_REF][START_REF] Lohmann | Talanta xxx (xxxx) xxx-xxx You, Aquatic global passive sampling (AQUA-GAPS) revisited: first steps toward a network of networks for monitoring organic contaminants in the aquatic environment[END_REF][START_REF] Miège | Position paper on passive sampling techniques for the monitoring of contaminants in the aquatic environmentachievements to date and perspectives[END_REF]. Based on the accumulation of compounds from the targeted matrix to a physical device during a determined exposure period, passive sampling provides an in-situ preconcentration. Moreover, a time weighted average concentration (TWAC) reflecting the whole period of exposure, usually several weeks, or an equilibrium concentration can be obtained, which is helpful in the understanding of the contaminant fluxes with other accumulative matrices in the aquatic compartment [START_REF] Vrana | Chasing equilibrium passive sampling of hydrophobic organic compounds in water[END_REF]. As only the freely dissolved fraction of contaminants is accumulated into the sampler, passive sampling reflects more properly the pressure on organisms in the aquatic compartment [START_REF] Mills | Measurement of environmental pollutants using passive sampling devicesan updated commentary on the current state of the art[END_REF][START_REF] Reichenberg | Two complementary sides of bioavailability: accessibility and chemical activity of organic contaminants in sediments and soils[END_REF].

Among the existing passive samplers applied for HOCs, the Semi-Permeable Membrane Device (SPMD) has been extensively used, but due to laborious extraction and purification protocols, a shift occurred towards monophasic polymers during the last decade, mainly Low-Density Polyethylene (LDPE) and Silicone Rubber samplers [START_REF] Mills | Measurement of environmental pollutants using passive sampling devicesan updated commentary on the current state of the art[END_REF]. The latter is particularly interesting as having a higher permeability than LDPE, implying an enhanced sampler mass capacity [START_REF] Rusina | Polymer selection for passive sampling: a comparison of critical properties[END_REF][START_REF] Valderrama | Implications of observed PBDE diffusion coefficients in low density polyethylene and silicone rubber[END_REF]. Multiphasic devices, such as Chemcatcher®, composed of a receiving phase and a membrane enclosed into a housing [START_REF] Kingston | Development of a novel passive sampling system for the time-averaged measurement of a range of organic pollutants in aquatic environments[END_REF], were also applied to several families of nonpolar compounds [START_REF] Charriau | Overview of the Chemcatcher® for the passive sampling of various pollutants in aquatic environments Part A: principles, calibration, preparation and analysis of the sampler[END_REF][START_REF] Lissalde | Overview of the Chemcatcher® for the passive sampling of various pollutants in aquatic environments Part B: field handling and environmental applications for the monitoring of pollutants and their biological effects[END_REF]. Nonetheless, passive sampling studies for HOCs in water were mostly performed for PAHs, PCBs or OCPs [START_REF] Miège | An in situ intercomparison exercise on passive samplers for monitoring metals, polycyclic aromatic hydrocarbons and pesticides in surface waters[END_REF][START_REF] Smedes | Chapter 19 Monitoring of chlorinated biphenyls and polycyclic aromatic hydrocarbons by passive sampling in concert with deployed mussels[END_REF], and extended very recently to emerging compounds, such as PBDEs, PFOA and PFOS [START_REF] Vrana | Chasing equilibrium passive sampling of hydrophobic organic compounds in water[END_REF][START_REF] Valderrama | Implications of observed PBDE diffusion coefficients in low density polyethylene and silicone rubber[END_REF][START_REF] Vrana | An interlaboratory study on passive sampling of emerging water pollutants[END_REF]. All these studies focused on individual analytes, but the passive sampling approach has never been applied to mixtures composed of a large number of compounds, like SCCPs, as the large range of physicochemical properties associated complicates the understanding of the accumulation mechanisms.

In this frame, the present work aimed to explore the applicability of passive sampling to search for SCCPs in water by studying both silicone rubber and Chemcatcher® samplers. Experiments were performed using a SCCPs technical mixture, instead of individual congeners, as being much more relevant for assessing real-world applicability, since SCCPs are exclusively produced and dispersed into the environment as mixtures. Batch experiments were carried out to optimize the Chem-catcher® configuration. To compare the capabilities of both samplers, kinetic exchanges were studied through two laboratory calibration pilots, using a passive dosing system (implying the use of dosing silicone sheets) [START_REF] Rusina | Calibration of silicone rubber passive samplers: experimental and modeled relations between sampling rate and compound properties[END_REF] for silicone rubber sampler and a continuous water flow through system for Chemcatcher® [START_REF] Garnier | Study of passive sampler calibration (Chemcatcher®) for environmental monitoring of organotin compounds: matrix effect, concentration levels and laboratory vs in situ calibration[END_REF][START_REF] Vrana | Calibration of the Chemcatcher passive sampler for the monitoring of priority organic pollutants in water[END_REF]. Both water spiking procedures were discussed and key values governing compound's accumulation into the samplers (i.e. sampling rates and equilibrium partition coefficients) were determined. Benefits of passive sampling for the SCCPs monitoring in water bodies were discussed in the light of these constants, and performance of the calibrated samplers was tested through a field trial.

Materials and methods

Chemicals and materials

All the solvents used were of HPLC grade and obtained from VWR Chemicals (Fontenay-sous-Bois, France), except ethyl acetate, which was of technical grade and supplied by Sigma-Aldrich (Lyon, France). SSP-M823 silicone sheets (250 μm thick) were furnished by Shielding Solutions Limited (Braintree, United Kingdom). The Chemcatcher® comprised a reusable polytetrafluoroethylene (PTFE) housing, constituted by a 20 mm deep cup in front of the device (first design), and provided by Portsmouth University. Diffusion membranes made of Poly-EtherSulphone (PES, 150 μm thick) and Low-Density Polyethylene (LDPE, 40 μm thick) were supplied by Merck Millipore and Portsmouth University, respectively. Three receiving phases (Empore TM disks, 47 mm diameter) were tested: C 8 obtained from Agilent Technologies (Montpellier, France), C 18 , and Grease and Oil from Sigma Aldrich. They consisted in octyl (C 8 disk) or octadecyl (C 18 and Grease and Oil disk) carbon chains bonded silica, embedded in a PTFE network. This matrix in the Grease and Oil disk was sandwiched between two films of polypropylene. The technical SCCPs mixture Cloparin 55 was kindly offered by Caffaro Industry (Torviscosa, Italy), and was composed of C 10 to C 13 chains and an averaged chlorine content of 56% by weight. PCB 54 and SCCPs analytical standard (C 10-13 , 63% of chlorine by weight) were purchased from CIL Cluzeau (Courbevoie, France), and 13 C 6 -hexachlorobenzene was obtained from Sigma-Aldrich. For water extraction, C 18 -bonded silica cartridges (1 g/6 mL) from Supelco (Lyon, France) were used.

Samplers preparation

Before use, the receiving phases of Chemcatcher® were pre-cleaned and conditioned using protocols adapted from previous works [START_REF] De La Cal | Evaluation of the aquatic passive sampler Chemcatcher for the monitoring of highly hydrophobic compounds in water[END_REF][START_REF] Vrana | Performance optimisation of a passive sampler for monitoring hydrophobic organic pollutants in water[END_REF]. Briefly, the disks were soaked in methanol for 12 h, then 50 mL of methanol followed by 150 mL of ultrapure water were slowly percolated through vacuum filtration. The diffusion membranes were soaked overnight in n-hexane and methanol, respectively for LDPE and PES membranes [START_REF] Vrana | Performance optimisation of a passive sampler for monitoring hydrophobic organic pollutants in water[END_REF]. The latter were rinsed with ultrapure water [START_REF] Shaw | Uptake and release of polar compounds in SDB-RPS Empore TM disks; implications for their use as passive samplers[END_REF], and both membranes were dried before use. The Chemcatcher® assembly consisted in placing the disks in the PTFE housing and covering them with the diffusion membranes, gently pressed with a lint-free tissue to remove any air bubble [START_REF] Charriau | Overview of the Chemcatcher® for the passive sampling of various pollutants in aquatic environments Part A: principles, calibration, preparation and analysis of the sampler[END_REF]. To prevent from drying out, the device was either immersed directly in the experimental medium or filled with ultrapure water, sealed, and stored at 4 °C.

Concerning the silicone rubber samplers, dosing and uptake sheets were cut into pieces of 15 × 15 cm and 5.5 × 9.5 cm, respectively. They were precleaned and spiked according to protocols adapted from the guidelines provided by the International Council for the Exploration of the Sea (ICES) [START_REF] Smedes | International Council for the Exploration of the Sea, Guidelines for Passive Sampling of Hydrophobic Contaminants in Water Using Silicone Rubber Samplers, International Council for the Exploration of the Sea[END_REF], details can be found in Supplementary Material, S1. A 29-h Soxhlet extraction followed by 2 Soxtherm® (ie. automated Soxhlet extractor) extraction cycles of 3.5 h each, using ethyl acetate were performed. This step allowed the oligomers present in the original material to be eliminated, as they can notably interfere with the instrumental analysis. The sheets were then stored in methanol until use. For the passive dosing system employed for silicone rubber samplers calibration, dosing sheets were spiked with Cloparin 55 by equilibration in solutions of water and methanol [START_REF] Booij | Spiking of performance reference compounds in low density polyethylene and silicone passive water samplers[END_REF].

Batch experiments

To optimize the Chemcatcher® configuration, batch experiments were conducted in 600 mL glass beakers filled with ultrapure water, fortified with a solution of Cloparin 55 prepared in methanol. The resulting nominal concentration was equal to 10 μg-L -1 . The beakers were agitated using a magnetic bar and placed onto a stirring table and the decrease of SCCPs concentration in the aqueous phase was monitored for 30 h. In a first series of experiments, the Chemcatcher® was equipped with the three selected receiving phases without membrane. The second optimization step consisted in exposing Chemcatcher® equipped with the previously optimized disk (ie. Empore™ C 18 ) covered by a diffusive membrane. Four configurations were studied, with the disks impregnated either with water or n-octanol according to a protocol described elsewhere [START_REF] Vrana | Performance optimisation of a passive sampler for monitoring hydrophobic organic pollutants in water[END_REF], and isolated from the exposure medium by PES or LDPE membranes. The tests were carried out in duplicate over a period of 7 days.

Calibration pilots

The flow-through exposure system employed for the laboratory calibration of Chemcatcher® consisted of a 25 L tank coated with a PTFE film. The system comprised a PTFE carousel with places for 14 samplers, connected to an electronic stirrer to simulate turbulent conditions [START_REF] Garnier | Study of passive sampler calibration (Chemcatcher®) for environmental monitoring of organotin compounds: matrix effect, concentration levels and laboratory vs in situ calibration[END_REF][START_REF] Vrana | Calibration and field performance of membrane-enclosed sorptive coating for integrative passive sampling of persistent organic pollutants in water[END_REF]. Tap water was fed to the tank from a 200 L aquarium by a peristaltic pump, with a flow rate of 34 mL min -1 . Stock solution of SC-CPs in methanol (Cloparin 55 at 0.9 mg.L -1 and 1.5 mg L -1 for configurations with LDPE and PES membranes, respectively) was delivered to the tank by a HPLC pump with a flow rate of 0.2 mL min -1 , to maintain a constant concentration of analytes in water. The theoretical nominal concentrations were of 5.3 and 8.8 μg L -1 , for respectively the configurations with LDPE and PES membranes. An overflow was put in place to keep the volume of water constant in the tank. The stabiliza tion of the concentration in the tank was obtained after three complete renewals of the water in the tank (i.e. after 38 h here).

The laboratory calibration of silicone rubber samplers was based on the work of Rusina et al. and was operated in a stainless-steel tank [START_REF] Rusina | Calibration of silicone rubber passive samplers: experimental and modeled relations between sampling rate and compound properties[END_REF], filled with 35 L of tap water agitated by means of two aquarium pumps (see Supplementary Material, S2). Five dosing sheets were placed at the bottom whereas 26 others were mounted on fixation rods. The water was renewed after two days, followed by another equilibration period of two days. This step allowed the SCCPs to reach partition equilibrium between dosing sheets and water, ensuring stability of concentrations during the exposure [START_REF] Rusina | Calibration of silicone rubber passive samplers: experimental and modeled relations between sampling rate and compound properties[END_REF].

The temperature and water velocity are known influential parameters on analyte uptake by passive samplers thus, they were determined during the experiments. The agitation at 50 rpm in the Chemcatcher® calibration's tank resulted in linear flow velocity of 100 cm s -1 . In silicone rubber samplers calibration, velocity measurements were conducted with an electromagnetic current meter (BFM801, Ponsel, France). The associated confidence interval of 95% was comprised between 5.5 and 8.6 cm s -1 (n = 30 measurements at the sheets' positions). The water temperature in the tank remained stable with a mean value of 21 ± 0,4 °C for Chemcatcher® (n = 9), and 25,6 ± 0,6 °C (n = 14) for silicone rubber samplers.

Samplers exposure in calibration pilots

For silicone rubber samplers calibration, the uptake sheets were immersed in water, and collected in duplicate at 8 h, and 1, 3, 5, 7 and 14 days, at different positions in the tank (see Supplementary Material, S2). During the whole exposure period, four sheets were exposed simultaneously, corresponding to an exposed surface area equal to 3% of that of the dosing sheets [START_REF] Rusina | Calibration of silicone rubber passive samplers: experimental and modeled relations between sampling rate and compound properties[END_REF]. Such a low ratio prevents the depletion of SCCPs from the dosing sheets and their direct transfer to the uptake sheets. In addition, the exposure of a limited number of sheets avoids the deployment of a too large quantity of dosing sheets, and therefore a too large quantity of analytes to be spiked. To check the non-depletion criterium, SCCPs concentrations were measured in the dosing sheets, by cutting 6 pieces at different positions in the tank, and in water at the beginning and at 12 days of exposure [START_REF] Vrana | An interlaboratory study on passive sampling of emerging water pollutants[END_REF][START_REF] Jacquet | Comparison of five integrative samplers in laboratory for the monitoring of indicator and dioxin-like polychlorinated biphenyls in water[END_REF].

The Chemcatcher® calibration involved the exposure of 14 devices in the tank, with successive retrieval in duplicate (on each stage of the carousel) at set time intervals (4, 6, 10, 12, 14, 17 and 19 days). They were all replaced by empty Chemcatcher® bodies to avoid any modification of hydrodynamic conditions in the tank. The aqueous concentrations of SCCPs were determined each time the samplers were removed.

Blanks were also performed in both experiments: a Chemcatcher® and silicone rubber sampler were exposed to air each exposure time, then stored at 4 °C (Chemcatcher® was filled with ultrapure water) until the next sample was taken. No contamination by SCCPs was noticed for Chemcatcher®, whereas these compounds were detected in silicone rubber samplers, but the associated levels did not exceed 5% of that in the passive samplers.

After the collection of the passive samplers, the water was removed gently with a lint-free tissue for silicone rubber samplers and LDPE membranes whereas the C 18 disks were dried 30 min on a vacuum filtration ramp. The water samples and the passive samplers were stored in the dark at 4 °C in glass jars and extracted within a week.

Field performance of passive samplers

To perform the field trial, the Gulf of Fos, a semi enclosed bay located in the Mediterranean Sea in the South-East of France, was chosen as it constitutes a heavily industrialized area. Silicone rubber and Chemcatcher® (ie. C 18 Empore disk impregnated with water and topped by an LDPE membrane) samplers were deployed at five stations.

Four were near petrochemical and metallurgic industries and the fifth in a mussel farming area, as described in Supplementary Material, S3. Grab water samples were collected at the deployment and retrieval of the samplers, at each station. The samplers were transported in amber glass jars stored in cool boxes and were placed in stainless-steel cages (represented in Supplementary Material, S3), in triplicate. Note that according to the ICES guidelines, a silicone rubber sampler consisted of three exposed sheets [START_REF] Smedes | International Council for the Exploration of the Sea, Guidelines for Passive Sampling of Hydrophobic Contaminants in Water Using Silicone Rubber Samplers, International Council for the Exploration of the Sea[END_REF]. The cages were roped to mooring buoys at about 2 m below the surface, and the exposure periods lasted between 3 and 6 weeks (See Supplementary Material, S3). During the deployment and retrieval steps, two samplers were deployed simultaneously to the air and kept as field blanks. After their retrieval, silicone rubber samplers and LDPE membranes were rinsed with distilled water and the eventual biofouling was removed using a lint-free tissue. After their transportation to laboratory, both samplers were stored in amber glass jars at -20 °C until extraction and analysis. No contamination was observed in the blank Chemcatcher® but SCCPs were detected in silicone rubber samplers. No correction was performed since the associated levels were always lower than 5% of that in the samplers deployed.

Extraction of SCCPs from samplers and water

Details on the extraction conditions for both samplers can be found in Supplementary Material, S4. Briefly, Chemcatcher® membranes and disks were extracted separately in two successive ultrasonic baths, 10 min each, using 10 mL of n-hexane/acetone (1:1, v/v). The extracts were then concentrated under a gentle flow of nitrogen at 30 °C. Validation of the Chemcatcher® extraction was carried out in duplicate, by directly spiking the analytes onto the disks and letting the solvent to evaporate. The associated recovery was equal to 101.5 ± 1% (n = 3). Concerning silicone rubber samplers, a protocol adapted from the ICES guidelines was employed [START_REF] Smedes | International Council for the Exploration of the Sea, Guidelines for Passive Sampling of Hydrophobic Contaminants in Water Using Silicone Rubber Samplers, International Council for the Exploration of the Sea[END_REF], consisting briefly in an automated Soxhlet extraction using a methanol/acetonitrile mixture (1:1, v/v). Before each extraction, 500 ng of recovery standard (PCB 54, prepared in acetone solution) were added to the samplers.

For water extraction, C 18 -silica cartridges conditioned with 4 mL of methanol followed by 4 mL of Milli-Q water were employed. 500 mL water samples were percolated at approximatively 10 mL min -1 . After vacuum drying for 2 h, the cartridges were eluted using 6 mL of n-hexane. Validation of the extraction was performed with 1 L of ultrapure water, spiked with a solution of SCCPs in acetone followed by a 30-min equilibration period under orbital agitation at 200 rpm. The obtained recoveries were equal to 80.1 ± 2.3% (n = 6).

All the extracts were concentrated to near dryness under a gentle flow of nitrogen and reconstituted with 0.5 mL of n-hexane. 50 μL of 13 C 6 -hexachlorobenzene 0.01 ngµLwas added as internal standard in the extracts before instrumental analysis.

Instrumental analysis

A gas chromatograph (7890A GC) coupled to a tandem mass spectrometer (Triple quadrupole 3000 A) from Agilent Technologies was employed for the identification and quantification of SCCPs. 1 μL was injected in pulsed splitless mode at 250 °C and 10 psi. SCCPs were separated on a HP-5MS column of 30 m long, with a film thickness of 0.25 μm, and an internal diameter of 0.25 mm. The oven was heated at 70 °C for 1 min and increased at 15 °C-300 °C, maintained 5 min. Helium was used as the carrier gas, at 1 mL min -1 . Transfer line and ion source (electronic impact at 70 eV) were heated at 250 and 280 °C, respectively. The detection of SCCPs was achieved using the multiple reaction mode, as detailed in Supplementary Material, S5, adapted from the work of Zencak et al. [START_REF] Zencak | Determination of total polychlorinated n-alkane concentration in biota by electron ionization-MS/MS[END_REF]. The quantification of SCCPs was performed with solutions of Cloparin 55 for all laboratory samples, whereas SCCPs analytical standard (C 10-13 , 63% of chlorine by weight)

U N C O R R E C T E D P R O O F
was used for the field samples quantification, as the composition of the environmental mixture was unknown. Calibration curves were established using 6 concentration levels, ranging from 1 to 20 ng μL -1 . The associated R 2 was always higher than 0.98 and the accuracy was equal to 100 ± 7%. Solvent blanks and standard controls were respectively injected every 3 and 6 samples. MassHunter Quantitative analysis software was used for the data treatment and quantification of samples.

Data modeling and calculations

An exponential model describing the accumulation of compound onto silicone rubber samplers was fitted to the experimental data:

(1)

Where is the concentration of SCCPs in the sampler in μg.kg -1 at time in day, is the concentration of SCCPs in water in μg.L -1 , determined experimentally, is the silicone-water partition coefficient corresponding to the ratio between the concentrations of SCCPs at equilibrium in the silicone and those in water and is the exchange rate coefficient in day -1 and constitute the adjustable parameter of the model [START_REF] Rusina | Calibration of silicone rubber passive samplers: experimental and modeled relations between sampling rate and compound properties[END_REF][START_REF] Jacquet | Comparison of five integrative samplers in laboratory for the monitoring of indicator and dioxin-like polychlorinated biphenyls in water[END_REF][START_REF] Huckins | Monitors of Organic Chemicals in the Environment : Semipermeable Membrane Devices[END_REF]. The sampling rate (R s , in L.d -1 ) representing an equivalent volume of water sampled per day was derived from the modeled value according to the following equation:

(

Where is the mass of the sampler (ie. 1.35.10 -3 ± 2.10 -5 kg). For the optimization of the Chemcatcher® receiving phase, the ratio between the initial water concentration and the concentration during the exposure (C t /C 0 ) decreased exponentially. Consequently, for better visualization of the differences, we represented the ln transformed ratio, and performed a linear fitting. For the calibration of Chemcatcher®, as being integrative samplers, the following linear model was fitted to the measured values:

(3) were is the mass of SCCPs accumulated in the sampler in μg at time. For the field trial, the freely dissolved water concentrations were calculated as follows for the linear uptake phase: [START_REF] Geiß | Preliminary interlaboratory trial for ISO/DIS 12010: determination of short chain polychlorinated alkanes (SCCP) in water[END_REF] and for equilibrium sampling the following equation was used: ()

Results and discussion

Spiking procedure and stability of water concentrations in pilots 3.1.1. Continuous water flow-through calibration pilot

For the flow-through pilot, water spiking was performed by pumping the Cloparin 55 stock solution directly into the exposure tank, leading theoretically to the same composition in water. However, the Fig. 1 below reveals that the associated chromatographic patterns are quite different, with a decline of the relative abundances for the later eluted analytes in the fortified water compared to the original spiking mixture. The retention times of a homologs' series on apolar columns increase with the boiling point thus, with the number of carbon and chlorine atoms for SCCPs, which is globally linked with an increase in hydrophobicity [START_REF] Korytár | Group separation of organohalogenated compounds by means of comprehensive two-dimensional gas chromatography[END_REF]. Even if the chlorine atoms can have a slightly different impact on the molecules' polarity [START_REF] Glüge | Calculation of physicochemical properties for short-and medium-chain chlorinated paraffins[END_REF], the relative abundances found in the SCCPs' pattern in the fortified water tend to globally de crease with analytes hydrophobicity. This discrepancy could be explained by sorptive losses, as the more hydrophobic the molecules are, the more they tend to sorb to solid surfaces. This assumption is also supported by the measured water concentrations, which were systematically lower than the nominal value. When set at 8.8 μg L -1 for the configuration with PES membrane, the measured value equaled 5.5 ± 1.0 μg L -1 , and 2.2 ± 0.4 μg L -1 for configuration with LDPE membrane instead of a nominal value of 5.3 μg L -1 . These results are in line with other works in which sorptive losses were also suspected, when dealing with HOCs [START_REF] De La Cal | Evaluation of the aquatic passive sampler Chemcatcher for the monitoring of highly hydrophobic compounds in water[END_REF][START_REF] Vrana | Calibration and field performance of membrane-enclosed sorptive coating for integrative passive sampling of persistent organic pollutants in water[END_REF][START_REF] Petersen | Calibration of Chemcatcher® passive sampler for selected highly hydrophobic organic substances under fresh and sea water conditions[END_REF]. Nonetheless, a satisfactory stability of the water concentration was achieved during sampler exposure, with relative standard deviations of 11% (n = 16) and 19% (n = 16) for the calibration of Chemcatcher® equipped with LDPE membrane and PES membrane, respectively. Thus, the pre-exposure procedure involving a three-times renewing of the water tank and a daily checking of pump flows during exposure enabled to properly stabilize the aqueous concentration.

Passive dosing calibration pilot

The passive dosing calibration pilot implied a first stage consisting in spiking the dosing silicone sheets with the studied compounds. The loading of the SCCPs technical mixture onto the dosing sheets reflected perfectly the composition to the original spiking mixture of Cloparin 55, as shown by the complete superposition of the two chromatographic patterns (see Fig. 1). These observations demonstrated the efficiency of the spiking protocol, involving equilibration in mixtures of methanol and ultrapure water, even for complex HOCs mixtures such as SCCPs.

Conversely, as for Chemcatcher®, discrepancies in chromatographic patterns between the spiking solution and the fortified water were observed and were even larger in case of analytes eluted in the 15-18 min range (Fig. 1). When the passive dosing system is employed, sorptive losses from the freely dissolved fraction must be compensated by a compound's release from the dosing sheets. The observed disparity could result from the non-attainment of the partition equilibrium for the most hydrophobic compounds, thus leading to the underrepresentation of the latest eluted compounds in the fortified water chromatograms. But the complete superposition of the patterns at the beginning of the exposure and at 14 days for mixtures in the dosing sheets on the one's hand and mixtures in water on the other hand (see Supplementary Material, S6) did not support this hypothesis. Moreover, the aqueous concentrations in water remained stable, differing only by about 5% between 0 and 14 days. A more likely assumption would be linked to a decline in the partition of SCCPs towards water, this effect being increased with hydrophobicity. Similar decline was already shown for the log K sw of other HOCs families like PCBs, spanning over several orders of magnitude [START_REF] Smedes | Silicone-water partition coefficients determined by cosolvent method for chlorinated pesticides, musks, organo phosphates, phthalates and more[END_REF].

The water concentrations in the passive dosing experiments (123.7 ± 6.4 μg L -1 ) were 23-56 times higher than the values found in the flow-through experiments. This concentration is congruent with the very high SCCPs levels in the dosing sheets (ie. 11.2 ± 0.9 mg g -1 ), chosen by using K sw values (mandatory when partition-controlled delivery is employed) extrapolated for Cloparin 55 mixture [START_REF] Gandolfi | Parameters optimization using experimental design for headspace solid phase micro-extraction analysis of short-chain chlorinated paraffins in waters under the European water framework directive[END_REF]. As the latter were determined through SPME extraction of water at 70 °C, the effect of this high temperature on partition was corrected using factors provided by Jonker et al. for PCB and silicone rubber samplers [START_REF] Jonker | Quantifying the effects of temperature and salinity on partitioning of hydrophobic organic chemicals to silicone rubber passive samplers[END_REF]. As substantial differences in the temperature impact were mentioned in this work, the maximal corrective value (ie. -0.035 log unit per °C) was used to avoid too low a concentration in the water tank. Nonetheless, the measured level in water was much higher than the expected value, implying that the temperature has a weaker influence than expected on the partition coefficients of SCCPs. Furthermore, the different polymers' suppliers in the studies resulted probably in another bias in the calculation of the spiking concentration, as differences in log K sw up to 0.4 log unit were observed between silicone of different brands [START_REF] Rusina | Polymer selection for passive sampling: a comparison of critical properties[END_REF]. These results point out that accurate K sw values are requisite to properly perform the spiking of dosing sheets and therefore that of the water in passive dosing system.

The concentrations the fortified water remained stable during the experiments and the corresponding chromatographic patterns were well overlaid at 0 and at 14 days of exposure (see Supplementary Material, S7). These results implied that the pre-exposure protocol to reach partition equilibrium between dosing sheets and water was valuable, i.e. renewing water after two days and waiting for another equilibration period of two days. Furthermore, when applying the passive dosing approach, the non-depletion criterium, evoked in part 2.5, must also be assessed. To this end, the evolution of the SCCPs concentrations in the dosing sheets was studied, and from the beginning to 14 days of exposure, a decrease of 12% was observed. This value is in the high range of the variation observed by Jacquet et al. for PCB (ie. between 3 and 11%) [START_REF] Jacquet | Comparison of five integrative samplers in laboratory for the monitoring of indicator and dioxin-like polychlorinated biphenyls in water[END_REF]. But as the pollutants' mixture studied here are much complex leading thus to higher analytical uncertainties, the non-depletion criterium was considered as fulfilled with good confidence. To conclude, the partition-controlled delivery system was proven effective for maintaining a stable water concentration of HOCs, even when they represent complex mixtures like SCCPs.

Uptake kinetics of SCCPs in silicone rubber samplers

The uptake kinetics of SCCPs in silicone rubber samplers are represented in Fig. 2, with a fitting model as follows:

. The associated R 2 value equaled 0.94, the k e and the product K sw C w had respectively relative standard deviation of 20.8 and 7.9%. These satisfying values imply that even if the SCCPs mixture comprises thousands of molecules, the global accumulation model agrees well with the experimental data. This is not surprising since SCCPs constitute a series of homologs and congeners.

The equilibrium was attained at 14 days, which is lower than the values reported for calibration experiments involving HOCs (ie. about several weeks to months). The thickness of our polymer, two times lower than in the other studies, thus increasing the transfer rates, can partly explain these results. Other parameters can affect the time to attain equilibrium. To illustrate these, Vrana et al. found for PCB 10 a desorption of 90% at 16 days of exposure, whereas only 20% were dissipated at the same period in Jacquet et al. The two experiments were carried out at similar temperatures, and despite that the silicone-based samplers had different geometries (notably 7-times lower area exposed Overall, this indicates that a comparison is very difficult to make in terms of equilibrium times. All these parameters should be precisely informed to provide elements for comparison between the laboratory exposures.

Among the parameters estimated through the calibration, the R s calculated from k e according to the equation (2) equaled 8.0 ± 2.1 L d -1 and the log K sw derived from equation ( 5) was equal to 4.24 ± 0.04. Nevertheless, this value must be taken with precaution as it describes the fraction of SCCPs absorbed onto the uptake sheets after partitioning into the water from the preloaded dosing sheets, as described in part 3.1.2. This value is named log(K a sw ) (for absorption of SCCPs from water to the silicone uptake sheets) in the following discussion. To calculate a K sw value representative of the original Cloparin 55 mixture, the concentration measured in the dosing sheet at equilibrium partition was used instead of that in the uptake sheets. The corresponding partition coefficient was called log(K d sw ) (for desorption of SCCPs from the silicone dosing sheets to water), and equaled 4.95 ± 0.06.

The 0.7 log unit increase compared to K a sw might be likely due to the higher amounts of hydrophobic SCCPs congeners present in the original mixture. This assumption also supports the discussion in part 3.1.2, where differences in the partitioning behavior between silicone and water were suspected. Furthermore, both partition coefficients could have been biased by a possible overestimation of the freely dissolved concentrations. HOCs easily sorb onto particulate matter and organic carbon and can aggregate to each other when transferred to water. This non dissolved fraction could have been coextracted in spot sampling of water performed during the calibration. These phenomena could have been enhanced by the probable exceedance of the water solubilities of some congeners, since estimated values for the most hydrophobic SC-CPs may possibly reach a dozen of μg.L -1 [START_REF] Glüge | Calculation of physicochemical properties for short-and medium-chain chlorinated paraffins[END_REF] which is lower than the measured value. Overall, the hereby calculated K sw values are in a range close to the log K sw of 4.4 reported by Gandolfi et al. for the same mixture and by Castells et al. for a C 10-13 , 63% Cl standard mixture, through the partitioning between water and a polydimethylsiloxane SPME fiber [START_REF] Castells | Solid-phase microextraction for the analysis of short-chain chlorinated paraffins in water samples[END_REF][START_REF] Gandolfi | Parameters optimization using experimental design for headspace solid phase micro-extraction analysis of short-chain chlorinated paraffins in waters under the European water framework directive[END_REF]. They are also in line with K sw reported for other SCCPs mixtures like Cereclor 50LV (K sw of 3.6), or Huels 70 (K sw
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2) through partitioning between water and silicone [START_REF] Castro | Partitioning of chlorinated paraffins (CPs) to Daphnia magna overlaps between restricted and in-use categories[END_REF]. Nevertheless the discussed values represent averages for mixtures composed of thousands congeners with very different chemical properties and then behaviors, as reflected by the log K ow ranging from 4.5 to 7 for SCCPs [START_REF] Muir | Chlorinated paraffins, Anthropog. Compd. Part K[END_REF]. For other HOCs families with K ow also covering several orders of magnitude, the log K sw values spanned also over several log units, equaling for instance 4.0 to 7.6 and 3.0 to 6.8 for PAHs and PCBs, respectively [START_REF] Vrana | An interlaboratory study on passive sampling of emerging water pollutants[END_REF][START_REF] Rusina | Calibration of silicone rubber passive samplers: experimental and modeled relations between sampling rate and compound properties[END_REF][START_REF] Jacquet | Comparison of five integrative samplers in laboratory for the monitoring of indicator and dioxin-like polychlorinated biphenyls in water[END_REF]. It means that the presented curve reflected an average of individual kinetics, in which low hydrophobic congeners reached equilibrium fast, while some other remained probably in the linear phase at the end of the experiment. This average behavior also depends on the weight of the different congeners in the total mixture. Hence, future work is mandatory to give insights in the partition properties of CPs mixtures towards silicone.

Accumulation of SCCPs in Chemcatcher® 3.3.1. Optimization of the Chemcatcher® configuration

The depletion kinetics of SCCPs in the aqueous phase, in which the three types of Empore TM disk (C 18 , C 8 and "grease and oil") were immersed, are represented in Fig. 3. The slopes associated to the linear fits are the lowest for the C 8 phase, which corresponds to the least apolar phase among the three tested, and the highest for the C 18 receiving phase, which was thus chosen as the best receiving phase. These results are consistent with a fairly general use of this phase for compounds with log(K ow ) > 4 [START_REF] Charriau | Overview of the Chemcatcher® for the passive sampling of various pollutants in aquatic environments Part A: principles, calibration, preparation and analysis of the sampler[END_REF] and with the use of SPE cartridges comprising C 18 -silica sorbent for the extraction of SCCPs from water [START_REF] Castells | Solid-phase extraction versus solid-phase microextraction for the determination of chlorinated paraffins in water using gas chromatography-negative chemical ionisation mass spectrometry[END_REF][START_REF] Wang | Solid-phase extraction for analysis of short-chain chlorinated paraffins in water samples[END_REF].

Moreover, the fast depletion highlights that the inclusion of membranes in Chemcatcher® is required to keep the uptake in the integrative stage, in addition to the protection of the receiving phase from degradation and/or biofouling [START_REF] Greenwood | Chapter 9 Monitoring of priority pollutants in water using chemcatcher passive sampling devices[END_REF]. Two membranes were tested here with the selected C 18 disks, with or without disk saturation with n-octanol. In both cases, the measured quantities of SCCPs in the receiving phases after seven days were much lower when PES (<19 ± 2 ng per Fig. 3. Depletion kinetics of short-chain chlorinated paraffins (Cloparin 55 technical mixture, C 10-13 , 56% Cl) in water in contact with naked Chemcatcher® equipped with receiving phases (Empore disks C18 (•), C8 (○) and Grease and Oil (▲)). The depletion is expressed as a ln transformed ratio of the water concentrations at the beginning (C w (t 0 )) and at t exposure time (C w (t)). disk) was used in comparison with LDPE (>1208 ± 37 ng per disk). This is not surprising since the latter is particularly well adapted for HOCs, while PES membranes are usually employed for more polar organic pollutants [START_REF] Charriau | Overview of the Chemcatcher® for the passive sampling of various pollutants in aquatic environments Part A: principles, calibration, preparation and analysis of the sampler[END_REF]. This is also in good agreement with Kingston et al., showing that LDPE and PolyVinyl Chloride (PVC) membranes were more suitable for PAH and PCB [START_REF] Kingston | Development of a novel passive sampling system for the time-averaged measurement of a range of organic pollutants in aquatic environments[END_REF].

A layer of n-octanol between the disk and the membrane is widely added in Chemcatcher® for hydrophobic compounds, since it constitutes a high permeability solvent for such compounds, thus increasing the uptake rates [START_REF] Charriau | Overview of the Chemcatcher® for the passive sampling of various pollutants in aquatic environments Part A: principles, calibration, preparation and analysis of the sampler[END_REF]. However, with PES membrane, no SCCPs were detected when n-octanol was used whereas when the disks were impregnated with water, the accumulation equaled 19 ± 2 ng per disk. One explanation may rely on the incompatibility of the PES membrane with n-octanol as it has pores of 0.45 μm, which may have been filled by the solvent and furthermore could have leaked from the Chemcatcher®. Concerning the configuration including LDPE membranes, the amount of SCCPs accumulated onto a C 18 disk impregnated with octanol (ie. 1474 ± 310 ng per disk) was 1.2 times higher than that observed without n-octanol (1208 ± 37 ng per disk), but this difference was not significant (t-test, p of 0.05). These results are quite contradictory with the observations of Vrana et al. and de la Cal et al., who showed a clear improvement for PAHs and PBDEs accumulation, when n-octanol was used to saturate the disks [START_REF] De La Cal | Evaluation of the aquatic passive sampler Chemcatcher for the monitoring of highly hydrophobic compounds in water[END_REF][START_REF] Vrana | Performance optimisation of a passive sampler for monitoring hydrophobic organic pollutants in water[END_REF]. In our case, SCCPs are linear molecules, which tend to diffuse along their long axis thus faster than aromatics [START_REF] Reynier | Diffusion coefficients of additives in polymers. I. Correlation with geometric parameters[END_REF][START_REF] Kwan | The role of penetrant structure on the transport and mechanical properties of a thermoset adhesivehttps[END_REF] and maybe have a higher surface area in contact with the C 18 chains, favoring their binding. Finally, the viscosity of n-octanol makes it difficult to handle, when mounting the Chemcatcher® device (like phase moving during its positioning in the device). Leaks to the aqueous medium can occur, as well as constrains in GC analysis with a possible decrease in repeatability [START_REF] Vrana | Performance optimisation of a passive sampler for monitoring hydrophobic organic pollutants in water[END_REF][START_REF] Jacquet | Comparison of five integrative samplers in laboratory for the monitoring of indicator and dioxin-like polychlorinated biphenyls in water[END_REF]. Hence, for practical reasons, the configuration including water saturated C 18 disk was chosen for the subsequent experiments.

Uptake kinetics in Chemcatcher®

Uptake kinetics of SCCPs were evaluated for both C 18 /PES and C 18 /LDPE Chemcatcher® configuration. When LDPE membranes were used, a small and almost constant amount was accumulated in the C 18 receiving phase over the first ten days of exposure. This observation probably reflects a lag-time effect, due to accumulation of SCCPs in the LDPE diffusion barrier, as this polymer has high affinity for HOCs, and is even used alone for passive sampling purposes [START_REF] Jacquet | Comparison of five integrative samplers in laboratory for the monitoring of indicator and dioxin-like polychlorinated biphenyls in water[END_REF]. The coextraction of LDPE membranes supported this assumption as significant quantities of SCCPs were found in these. Long lag phases such as observed here were also reported in other studies focusing on Chemcatcher® [START_REF] Kingston | Development of a novel passive sampling system for the time-averaged measurement of a range of organic pollutants in aquatic environments[END_REF][START_REF] Estoppey | Monitoring of explosive residues in lake-bottom water using Polar Organic Chemical Integrative Sampler (POCIS) and chemcatcher: determination of transfer kinetics through Polyethersulfone (PES) membrane is crucial[END_REF]. Beyond the lag-time period, the accumulated quantity began a linear trend but correlations between the modeled and experimental data were not satisfactory (R 2 of 0.56). When considering the uptake in both membrane and disk, the quantity accumulated much better fitted the model (Fig. 4), with a R 2 of 0.978 and a slope of 1.175 ± 0.048. By using equation ( 3), a sampling rate of 0.54 ± 0.13 L d -1 was determined for the LDPE/C 18 configuration.

The same methodology was applied to model the quantity of SC-CPs accumulated in the PES/C 18 configuration. As no SCCPs were detected in the PES membrane, the fitted data corresponded only to the uptake in the receiving phase, with a corresponding R 2 of 0.82 and a slope of 0.049 ± 0.007. The latter yielded to a drastically decreased sampling rate of 0.0085 ± 0.0022 L d -1 in comparison with the configuration with LDPE membrane. This is in line with the polarity of PES and our previous results found in part 3.3.1. The absence of SCCPs' accumulation in the PES membrane and the good linearity of the uptake considering the receiving phase only, indicates that apparently no lag-time effect occurs, contrarily to the configuration including LDPE membrane. This would be advantageous for passive sampling, in particular to avoid delays in the sampler response, which may cause the non-detec tion of a pollution peak [START_REF] Kingston | Development of a novel passive sampling system for the time-averaged measurement of a range of organic pollutants in aquatic environments[END_REF]. Nevertheless, the very low sampling rates obtained indicate that the preconcentration power would be too low, which is unfavorable for the sampling of compounds' ultratrace levels.

Field applicability

Implications relatively to the WFD requirements

To provide a more concrete vision of the potential contributions of both passive samplers in the implementation of the EU WFD, the calculated kinetic parameters were converted into equivalent sampling water volumes for a usual sampling period of 3 weeks. Given a typical GC-MS/ MS quantification limit of 0.5 ng μL -1 , the quantifiable aqueous concentrations of SCCPs are reported in Table 1 for both samplers in the linear or equilibrium regimes.

Reaching such low levels, in the ng.L -1 with Chemcatcher® and down to the pg.L -1 with silicone rubber samplers, fulfilled the WFD requirements, setting EQS at 0.4 μg L -1 and 1.4 μg L -1 respectively for the Maximum Admissible Concentration (MAC) and the Annual Averaged Concentration (AAC). Only Chemcatcher® with the configuration including PES membrane did hardly reach the AAC, which reinforced the need of a sufficient preconcentration factor and the preference of LDPE diffusive barrier. The WFD compliance requirements can also be reached through the grab sampling approach [START_REF] Chang | Vortex-assisted liquid-liquid microextraction for the rapid screening of short-chain chlorinated paraffins in water[END_REF][START_REF] Castells | Solid-phase extraction versus solid-phase microextraction for the determination of chlorinated paraffins in water using gas chromatography-negative chemical ionisation mass spectrometry[END_REF][START_REF] Wang | Solid-phase extraction for analysis of short-chain chlorinated paraffins in water samples[END_REF][START_REF] Gandolfi | Parameters optimization using experimental design for headspace solid phase micro-extraction analysis of short-chain chlorinated paraffins in waters under the European water framework directive[END_REF][START_REF] Tölgyessy | Determination of short chain chlorinated paraffins in water by stir bar sorptive extraction-thermal desorption-gas chromatography-triple quadrupole tandem mass spectrometry[END_REF]. But the benefit of passive sampling, with equivalent water volumes filtered amounting to several hundreds of liters, lies undoubtedly in a better representativeness of the water body status.

Recently, EQS values were emitted for SCCPs in biota, precisely because of the lipophilicity of these hydrophobic compounds overcoming then the problematic of ultratrace levels' detection in water [50]. But biota standards raise ethical issues and challenges such as the species selection, the high variability linked to living organisms and extraction of the complex matrices they form. In this line, passive samplers stand as powerful analytical tools since like biota they constitute accumulative matrices for SCCPs, which would be beneficial for assessing water bodies status through WFD implementation.

Field trial

The performance of both passive sampling devices to monitor SCCPs in water were further assessed by carrying a field trial at five stations along the French Mediterranean coastal zone, where CPs were detected in sediments and mussels (unpublished work).

The freely dissolved concentrations of CPs were expressed as TWAC (time weighted average concentration) for Chemcatcher® (see part 3.2.1) and silicone rubber samplers. For the latter, the exposure periods lasting between 25 and 43 days implied a possible attainment of equilibrium for the less hydrophobic CPs congeners. Indeed, the time needed to attain 95% of the equilibrium was calculated according to Booij and Tucca (ie. in which an infinite volume of water is considered, reflecting in-situ deployment conditions): [START_REF] Booij | Passive samplers of hydrophobic organic chemicals reach equilibrium faster in the laboratory than in the field[END_REF]. The associated values were equal to 9 days when using the previously determined log K a sw of 4.24 but increased to 48 days when employing the K d sw of 4.95. The chromatographic pattern of the CPs mixture detected in the field was closer to that of the Cloparin 55 original mixture rather than the one of the fractions desorbed into the water in the calibration pilot (see Fig. 1). This implied that the composition of the CPs mixture at field is closer to the one of Cloparin 55. Hence, the value noted K d sw of 4.95 was used to calculate C eq (equilibrium concentration). TWAC values were also reported for silicone samplers, since exposure periods were lasting between 25 and 43 days (<48 days). Consequently, the most hydrophobic CPs congeners remained probably in the linear phase of accumulation.

C free values were in the ng.L -1 range as presented in Fig. 5-B. It must be noticed that CPs were not detected in any grab water samples. Nevertheless, CPs were present at only 3 stations out of 5 in Chemcatcher® and in only one replicate each, while CPs were detected in all the silicone rubber samplers' replicates.

Several reasons could explain the quasi absence of accumulation in Chemcatcher® devices, neither in the membranes nor the disks. Firstly,

Table 1

Water volumes sampled by Chemcatcher® in both configurations (C 18 disk surmounted either by a PES or a LDPE membrane) in linear regime and by silicone rubber sampler in linear or equilibrium regime, for a 3-week exposure time and extrapolated short-chain chlorinated paraffins' freely dissolved concentration (C free ) theoretically reachable assuming an instrumental LoQ of 0. the sampling rate calculated was almost 15 times lower than those of silicone rubber samplers, leading probably to insufficient masses accumulated onto the samplers to reach the LoQ. Secondly, the presence of the diffusion limiting membrane lowers the exchange kinetics as well as quieter hydrodynamic conditions due to the use of the first generation's housing (cavity depth of 20 mm) and their deployment in protective cages with small openings limiting the water movements (see Supplementary Material, S3). Conversely, the absence of a surrounding membrane and housing, and the larger exposed area can justify a better detectability of CPs by using silicone rubber samplers. The deployment devices employed for silicone rubber samplers prevent such water flow disturbance, then for a future Chemcatcher® field application, similar cages should be used. The replacement of the old housing design by the new in which the cavity depth has been decreased to 7 mm would be beneficial also to increase the uptake rate [START_REF] Lissalde | Overview of the Chemcatcher® for the passive sampling of various pollutants in aquatic environments Part B: field handling and environmental applications for the monitoring of pollutants and their biological effects[END_REF]. Another option would imply the deployment of several Chemcatcher® devices pooled at their retrieval to increase both the mass and area exposed, as it is usually done for silicone rubber samplers [START_REF] Smedes | International Council for the Exploration of the Sea, Guidelines for Passive Sampling of Hydrophobic Contaminants in Water Using Silicone Rubber Samplers, International Council for the Exploration of the Sea[END_REF].

Otherwise, the C free for both samplers are in the same range, between less than 50 to about 450 ng L -1 , the C eq calculated for silicone rubber samplers being slightly lower than the TWAC. These levels are consistent with the few published data ranging from about dozens to hundreds of ng.L -1 [START_REF] Wang | Solid-phase extraction for analysis of short-chain chlorinated paraffins in water samples[END_REF][START_REF] Gandolfi | Parameters optimization using experimental design for headspace solid phase micro-extraction analysis of short-chain chlorinated paraffins in waters under the European water framework directive[END_REF][START_REF] Rubirola | Routine method for the analysis of short-chain chlorinated paraffins in surface water and wastewater[END_REF]. But the comparison can hardly be made since spot sampling was performed and water bodies were situated in quite distinct environments from ours.

The Fig. 5-A revealed a shift in the chromatographic pattern of CPs accumulated onto silicone rubber samplers towards higher retention times compared to CPs found in Chemcatcher®. These differences are congruent with the variation in the polarities since the log K ow covered are up to 6 for Chemcatcher®, and up to 10 for silicone rubber samplers [START_REF] Vrana | Passive sampling techniques for monitoring pollutants in water[END_REF] leading probably to the accumulation of different groups of CPs congeners. The chromatographic patterns (Fig. 5-A) were both shifted towards high retention times in comparison with the pattern of the SC-CPs mixture studied in laboratory (see Fig. 1). This illustrates the huge diversity of CPs mixtures in the environment, originating from the numerous mixtures produced and the different fates linked to the biotic or abiotic reactions they can undergo. Further works are needed to evaluate the influence of mixture diversity on key parameters of CPs passive sampling.

Comparison with uptake parameters reported for other HOCs

The passive sampling approach have been successfully applied for a range of HOCs in water. To evaluate the validity of this approach for SCCPs, we compared the uptake constants determined in this work for SCCPs with published data for other HOCs. R s is influenced by the samplers' surface area. Silicone-based samplers can be of different shapes and also have different geometry compared to Chemcatcher®. Hence, the values were expressed per 100 cm 2 (R S/A ) for better comparison of both samplers, and gathered in the Table 2. R S/A for the two Chemcatcher® configurations and silicone rubber samplers were in the range of the published values. In particular, R S/ A for the LDPE/C 18 configuration corroborates very well the values calculated for other HOCs by using the same calibration pilot and Chem-catcher® configuration [START_REF] De La Cal | Evaluation of the aquatic passive sampler Chemcatcher for the monitoring of highly hydrophobic compounds in water[END_REF].

But globally, strong variations in R S/A values can be noticed from Table 2, firstly linked to the wide range of K ow covered by the studied analytes. On the one hand, variation in R S/A can rely on different geometries and polymer manufacturers for silicone rubber samplers and on different configurations applied for Chemcatcher®. On the other hand, both samplers are affected by the design of the pilot used for the laboratory calibration and also by environmental conditions, such as temperature, water flow velocity, salinity, biofouling, further explaining the differences in the values gathered.

Conclusion

This study constitutes the first passive sampling development for the monitoring of SCCPs in waters. The Chemcatcher® configuration was optimized with LDPE membrane and C 18 disk saturated with water. Both passive dosing and continuous flow-through calibration pilots were implemented and enabled the maintaining of constant SCCPs levels and fulfilled with good confidence the non depletion criterium, althought the mixture in the fortified water did not reflect perfectly the composition of the original spiking mixture. Good correlations between modeled and experimental values were found for both samplers. Associated calibration constants values were in the range of those published for other HOCs, and leading to detectable levels of SCCPs up to the pg.L -1 range. The field trial further established the apllicability of both samplers to in-situ deployment. Some authors have shown that for other HOCs families (ie. PCBs and PAHs) the sampling rate appears to be less sensible than the K sw to molecular properties such as the hydrophobicity. In this frame, Chem-catcher® as being integrative samplers would be more appropriate for estimating a more accurate C free , even if the preconcentrating power is lowered in comparison with silicone rubber samplers. The latter would be powerful for screening ultratraces of SCCPs in unknown environments, pending further studies to give insights into the partitioning behavior of SCCPs. For K sw values less than 5, the time for equilibration at field should remain practicable, the sampling rate being then redundant. But this would require the precise determination of K sw for more mixtures, in order to evaluate the range of variation of this parameter with the type of mixture.

U N C O R R E C T E D P R O O F M.
Moreover, as the influencing factors on the constants calculated can be very different between the field and the laboratory, it would be wise to apply corrective approaches. As SCCPs are HOCs, the performance and reference compounds' approach could be considered, especially in the case of silicone samplers, for which this approach is validated. This would enable to provide a more accurate quantification in the field by considering the influence of in-situ conditions. Forthcoming research must focalize on the determination of passive samplers' key parameters for different CPs mixture, aiming to deeper understand the influence of this diversity on R s and K sw values.
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Fig. 1 .

 1 Fig. 1. Overlaid chromatograms acquired by GC/EI-MS/MS (m/z transition: 101 → 65) corresponding to the Cloparin 55 technical mixture (red), the fraction spiked onto the dosing sheets (black), the fraction recovered in water during the passive dosing calibration (dark blue) and the flow-through experiment (light blue). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

Fig. 2 .

 2 Fig. 2. Uptake kinetics of short-chain chlorinated paraffins (Cloparin 55 technical mixture, C 10-13 , 56% Cl) in the silicone uptake sheets. The dots represent the experimental SCCPs concentrations in the uptake sheets (C s ), the line shows the fitted model described in equation (1). in Vrana et al.), the much higher flow velocity in Vrana et al. (300 rpm against 33 rpm in Jacquet et al.) would be the main explaining factor.Overall, this indicates that a comparison is very difficult to make in terms of equilibrium times. All these parameters should be precisely informed to provide elements for comparison between the laboratory exposures.Among the parameters estimated through the calibration, the R s calculated from k e according to the equation (2) equaled 8.0 ± 2.1 L d -1 and the log K sw derived from equation (5) was equal to 4.24 ± 0.04. Nevertheless, this value must be taken with precaution as it describes the fraction of SCCPs absorbed onto the uptake sheets after partitioning into the water from the preloaded dosing sheets, as described in part 3.1.2. This value is named log(K a sw ) (for absorption of SCCPs from water to the silicone uptake sheets) in the following discussion. To calculate a K sw value representative of the original Cloparin 55 mixture, the concentration measured in the dosing sheet at equilibrium partition was used instead of that in the uptake sheets. The corresponding partition coefficient was called log(K d sw ) (for desorption of SCCPs from the silicone dosing sheets to water), and equaled 4.95 ± 0.06.The 0.7 log unit increase compared to K a sw might be likely due to the higher amounts of hydrophobic SCCPs congeners present in the original mixture. This assumption also supports the discussion in part 3.1.2, where differences in the partitioning behavior between silicone and water were suspected. Furthermore, both partition coefficients could have been biased by a possible overestimation of the freely dissolved concentrations. HOCs easily sorb onto particulate matter and organic carbon and can aggregate to each other when transferred to water. This non dissolved fraction could have been coextracted in spot sampling of water performed during the calibration. These phenomena could have been enhanced by the probable exceedance of the water solubilities of some congeners, since estimated values for the most hydrophobic SC-CPs may possibly reach a dozen of μg.L -1[START_REF] Glüge | Calculation of physicochemical properties for short-and medium-chain chlorinated paraffins[END_REF] which is lower than the measured value. Overall, the hereby calculated K sw values are in a range close to the log K sw of 4.4 reported by Gandolfi et al. for the same mixture and by Castells et al. for a C 10-13 , 63% Cl standard mixture, through the partitioning between water and a polydimethylsiloxane SPME fiber[START_REF] Castells | Solid-phase microextraction for the analysis of short-chain chlorinated paraffins in water samples[END_REF][START_REF] Gandolfi | Parameters optimization using experimental design for headspace solid phase micro-extraction analysis of short-chain chlorinated paraffins in waters under the European water framework directive[END_REF]. They are also in line with K sw reported for other SCCPs mixtures like Cereclor 50LV (K sw of 3.6), or Huels 70 (K sw
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 4 Fig. 4. Uptake kinetics of short-chain chlorinated paraffins (Cloparin 55 technical mixture, C 10-13 , 63% Cl) in the Chemcatcher® devices with LDPE membrane and saturated water C 18 disk. The dots represent the experimental SCCPs accumulated in the disk and membrane, the line shows the fitted model described in equation (3).

Fig. 5 .

 5 Fig. 5. Chlorinated paraffins (CPs) found during the field application in marine waters, in Chemcatcher® (3 stations, one replicate, light grey) and in silicone rubber samplers (5 stations, 3 replicates, dark grey) passive samplers. The associated reconstructed GC/EI-MS/ MS chromatographic patterns (m/z transition: 101 → 65) are represented in part A for Chemcatcher® (light grey) and silicone rubber samplers (dark grey). The part B presents the boxplots of the calculated CPs concentrations in freely dissolved phase (C free , ng.L -1) from the Chemcatcher® (light grey) and silicone rubber samplers (dark grey). The TWAC and C eq are respectively the time-weighted averaged concentration (calculated using equation (4), for silicone rubber and Chemcatcher® samplers) and equilibrium concentration (calculated using equation (5), for silicone rubber samplers). The whiskers on the box plot show the minimum and maximum values. The lines in the boxes represents from the bottom to the top the 25, 50 and 75% percentiles. The mean values are displayed as dots.

  

  5 ng μL -1 . Corresponding to the fraction of Cloparin 55 desorbed from the dosing sheets in the water of the passive dosing calibration pilot.

	Sampler	Chemcatcher®		Silicone rubber sampler				
		PES membrane C 18 disk	LDPE membrane C 18 disk					
	Accumulation regime Equation used Kinetic constant used Water volume sampled (L) Reachable C free (μg.L -1 )	Linear V w = R s t Rs = 0.0085 L d -1 0.18 1.4	Linear V w = R s t Rs = 0.54 L d -1 11 0.022	Linear V w = R s t Rs = 8.0 L d -1 504 0.0005	Equilibrium V w = mK sw K a sw = 4.24 70 0.0036	a	K d sw = 4.95 361 0.0007	b

a b Corresponding to the original Cloparin 55 mixture.

Table 2

 2 Godere et al. Talanta xxx (xxxx) xxx-xxx Surface area normalized sampling rates R S/A (L.d -1 .100 cm -2 ) for several HOCs having log K ow of 3.4-8.4 through silicone rubber (SR) and Chemcatcher® (CC) samplers of different characteristics, determined in this work and reported elsewhere using diverse laboratory calibration methods. -1 .100 cm -2 ) Reference PBDEs 6.8-7.2 1.7 ± 0.6-3.3 ± 0.9 PES: PolyEtherSulfone, LDPE: Low-Density PolyEthylene, PAHs: Polycyclic Aromatic Hydrocarbons, PCBs: PolyChloroBiphenyls, OCPs: OrganoChlorine Pesticides, PBDEs: PolyBro-moDiphenylEthers, CBz: ChloroBenzenes.

	Sampler
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