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Organic ultraviolet (UV) filters are used in sunscreens and other personal-care products to protect against harmful effects of exposure to UV solar radiation. Little is known about the fate of UV filters in seawater swimming pools disinfected with chlorine. The present study investigated the occurrence and fate of five commonly used organic UV filters, namely dioxybenzone, oxybenzone, avobenzone, 2-ethylhexyl-4-methoxycinnamate, and octocrylene, in chlorinated seawater swimming pools. Pool samples were collected to monitor the variation of UV filter concentrations during pool opening hours. Furthermore, laboratory-controlled chlorination experiments were conducted in seawater spiked with UV filters to investigate the reactivity of UV filters. Extracts of chlorination reaction samples were analyzed using high-resolution mass spectrometry and electron-capture detection to identify the potentially formed byproducts. In the collected pool samples, all the UV filters except dioxybenzone were detected. Chlorination reactions showed that only octocrylene was stable in chlorinated seawater. The four reactive UV filters generated brominated transformation products and disinfection byproducts. This formation of brominated products resulted from reactions between the reactive UV filters and bromine, which is formed rapidly when chlorine is added to seawater. Based on the identified byproducts, the transformation pathways of the reactive UV filters were proposed for the first time.

Bromoform was generated by all the reactive UV filters at different yields. Bromal hydrate was also detected as one of the byproducts generated by oxybenzone and dioxybenzone.

INTRODUCTION

Ultraviolet (UV) filters are the active ingredients in sunscreens and are added to many personalcare products (PCPs) such as cosmetics, lipsticks, and hair sprays. During the last decades, there have been an increasing production and use of UV filters due to rising concerns about the harmful health effects associated with exposure to UV solar radiation in humans. UV filtering compounds are either mineral or organic. Organic UV filters protect from UV radiation by absorbing light and converting it into a small amount of heat through their conjugated chemical structures. Mineral filters, such as titanium dioxide and zinc oxide, act by scattering and reflecting UV radiation. [START_REF] Díaz-Cruz | Organic UV filters and their photodegradates, metabolites and disinfection by-products in the aquatic environment[END_REF] Since a single UV filter only blocks a specific wavelength range of radiation, multiple UV filters are incorporated in a sunscreen formulation to offer protection against a wide range of UV radiation. In a sunscreen, UV filters can account for more than 10% of the product mass. [START_REF]1223/2009 of the European Parliament and of the Council of 30 November 2009 on cosmetic products[END_REF] UV filters have been detected in sediments, soils, and in natural, tap and swimming pool waters. [START_REF] Ramos | Advances in analytical methods and occurrence of organic UV-filters in the environment -A review[END_REF] Many people take part in activities such as swimming, bathing and water sports while wearing sunscreens. UV filters in some sunscreens are readily washed off after a single immersion in water, even those labeled 'water-resistant' or 'waterproof'. [START_REF] Stokes | The water resistance of sunscreen and day-care products[END_REF] Some studies showed that sunscreens claimed to be 'water-resistant' only possess between 10 and 30% waterresistance retention [START_REF] Lambropoulou | Gas chromatographic determination of 2-hydroxy-4-methoxybenzophenone and octyldimethylp-aminobenzoic acid sunscreen agents in swimming pool and bathing waters by solid-phase microextraction[END_REF] , and thus, are partially washed off after a single immersion in the pool. [START_REF] Agin | Water resistance and extended wear sunscreens[END_REF] UV filters have been detected in swimming pool waters and spas with concentrations ranging from the ng L -1 to the µg L -1 levels. [START_REF] Lambropoulou | Gas chromatographic determination of 2-hydroxy-4-methoxybenzophenone and octyldimethylp-aminobenzoic acid sunscreen agents in swimming pool and bathing waters by solid-phase microextraction[END_REF][START_REF] Giokas | Determination of UVfilter residues in bathing waters by liquid chromatography UV-diode array and gas chromatography-mass spectrometry after micelle mediated extraction-solvent back extraction[END_REF][START_REF] Vidal | Ionic liquid-based single-drop microextraction followed by liquid chromatography-ultraviolet spectrophotometry detection to determine typical UV filters in surface water samples[END_REF][START_REF] Ye | Orthogonal array design for the optimization of ionic liquid-based dispersive liquid-liquid microextraction of benzophenone-type UV filters[END_REF][START_REF] Zwiener | Drowning in disinfection byproducts? Assessing swimming pool water[END_REF][START_REF] Ekowati | Occurrence of pharmaceuticals and UV filters in swimming pools and spas[END_REF] The release of recreational waters such as those of swimming pools into the environment represents one of the main input routes of UV filters into water bodies (e.g. rivers, lakes, sea). [START_REF] Negreira | Study of some UV filters stability in chlorinated water and identification of halogenated by-products by gas chromatography-mass spectrometry[END_REF] UV filters such as 2-ethylhexyl methoxycinnamate, also known as octylmethoxy cinnamate (OMC), octrocrylene (OC), and oxybenzone (OXY) have been detected in fish in Swiss lakes [START_REF] Balmer | Occurrence of some organic UV filters in wastewater, in surface waters, and in fish from Swiss lakes[END_REF] and in marine mammals in Brazilian coastal areas. [START_REF] Gago-Ferrero | First determination of UV filters in marine mammals. octocrylene levels in Franciscana dolphins[END_REF] Concerns about the bioaccumulation and persistence of UV filters in the environment have been raised because of an increasing number of experimental studies indicating that several UV filters might have endocrine disruptive effects. [START_REF] Krause | Sunscreens: Are they beneficial for health? An overview of endocrine disrupting properties of UV-filters[END_REF][START_REF] Kunz | Multiple hormonal activities of UV filters and comparison of in vivo and in vitro estrogenic activity of ethyl-4-aminobenzoate in fish[END_REF][START_REF] Durrer | Estrogen sensitivity of target genes and expression of nuclear receptor co-regulators in rat prostate after pre-and postnatal exposure to the ultraviolet filter 4-methylbenzylidene camphor[END_REF][START_REF] Schlumpf | In vitro and in vivo estrogenicity of UV screens[END_REF][START_REF] Klammer | Effects of a 5-day treatment with the UV-filter octyl-methoxycinnamate (OMC) on the function of the hypothalamo-pituitary-thyroid function in rats[END_REF][START_REF] Schmutzler | Endocrine active compounds affect thyrotropin and thyroid hormone levels in serum as well as endpoints of thyroid hormone action in liver, heart and kidney[END_REF] Furthermore, Nakajima et al. showed that the chlorination of water containing OMC increased the mutagenic activity of water. [START_REF] Nakajima | Aquatic Fate of Sunscreen Agents Octyl-4-methoxycinnamate and Octyl-4-dimethylaminobenzoate in Model Swimming Pools and the Mutagenic Assays of Their Chlorination Byproducts[END_REF] In consequence to these concerns, investigations about the occurrence and behavior of UV filters in the environment have increased in the last few years. [START_REF] Richardson | Water Analysis: Emerging Contaminants and Current Issues[END_REF] Some studies investigated the fate of UV filters when exposed to chemical oxidants or light. [START_REF] Díaz-Cruz | Organic UV filters and their photodegradates, metabolites and disinfection by-products in the aquatic environment[END_REF] The determination of the fate of UV filters and the identification of their transformation products is necessary for health risk assessment since byproducts with unknown toxicities could be formed following the transformation of UV filter in presence of oxidants such as chlorine. [START_REF] Nakajima | Aquatic Fate of Sunscreen Agents Octyl-4-methoxycinnamate and Octyl-4-dimethylaminobenzoate in Model Swimming Pools and the Mutagenic Assays of Their Chlorination Byproducts[END_REF][START_REF] Santos | The degradation products of UV filters in aqueous and chlorinated aqueous solutions[END_REF] Chlorine is the most popular disinfectant in swimming pools. [START_REF] Lakind | The good, the bad, and the volatile: Can we have both healthy pools and healthy people?[END_REF] To date, there have been few investigations examining the fate of organic UV filters in the presence of chlorine in tap water and freshwater. [START_REF] Negreira | Study of some UV filters stability in chlorinated water and identification of halogenated by-products by gas chromatography-mass spectrometry[END_REF][START_REF] Nakajima | Aquatic Fate of Sunscreen Agents Octyl-4-methoxycinnamate and Octyl-4-dimethylaminobenzoate in Model Swimming Pools and the Mutagenic Assays of Their Chlorination Byproducts[END_REF][START_REF] Duirk | Reaction of benzophenone UV filters in the presence of aqueous chlorine: Kinetics and chloroform formation[END_REF][START_REF] Sakkas | Aqueous photolysis of the sunscreen agent octyl-dimethyl-p-aminobenzoic acid[END_REF] Previous studies examined the reactivity of few UV filters with aqueous chlorine using laboratory-controlled experiments. Sakkas et al. studied the reactivity of octyl dimethyl-p-aminobenzoic acid (ODPABA) with chlorine and showed the formation of monochlorinated byproducts of ODPABA. [START_REF] Sakkas | Aqueous photolysis of the sunscreen agent octyl-dimethyl-p-aminobenzoic acid[END_REF] Negreira et al. studied the reactivity of 2-ethylhexyl salicylate (ES) and ODPABA in the presence of excess chlorine. ES reacted at lower rates than ODPABA which was readily degraded upon chlorination. [START_REF] Negreira | Study of some UV filters stability in chlorinated water and identification of halogenated by-products by gas chromatography-mass spectrometry[END_REF] Duirk et al. investigated the kinetic rates of reactions of two benzophenone UV filters with aqueous chlorine. [START_REF] Duirk | Reaction of benzophenone UV filters in the presence of aqueous chlorine: Kinetics and chloroform formation[END_REF] The two benzophenone UV filters were rapidly transformed, but their transformation pathways were not elucidated. Some commonly used UV filters such as AVO, OMC, and OC have received less attention compared to benzophenone UV filters and their reactivity in swimming pools remain largely unknown. Furthermore, available data regarding the reactivity of UV filters based on laboratory-controlled chlorination experiments have not been confronted with findings of field studies assessing the occurrence trends of the corresponding UV filters in chlorinated swimming pools. Besides, in swimming pools one of the main aspects relevant to chemical health is the formation of disinfection byproducts (DBPs), which have been linked to a range of adverse health effects. [START_REF] Zwiener | Drowning in disinfection byproducts? Assessing swimming pool water[END_REF][START_REF] Richardson | Water Analysis: Emerging Contaminants and Current Issues[END_REF] Organic UV filters have been detected in swimming pools, [START_REF] Lambropoulou | Gas chromatographic determination of 2-hydroxy-4-methoxybenzophenone and octyldimethylp-aminobenzoic acid sunscreen agents in swimming pool and bathing waters by solid-phase microextraction[END_REF][START_REF] Giokas | Determination of UVfilter residues in bathing waters by liquid chromatography UV-diode array and gas chromatography-mass spectrometry after micelle mediated extraction-solvent back extraction[END_REF][START_REF] Vidal | Ionic liquid-based single-drop microextraction followed by liquid chromatography-ultraviolet spectrophotometry detection to determine typical UV filters in surface water samples[END_REF][START_REF] Ye | Orthogonal array design for the optimization of ionic liquid-based dispersive liquid-liquid microextraction of benzophenone-type UV filters[END_REF][START_REF] Ekowati | Occurrence of pharmaceuticals and UV filters in swimming pools and spas[END_REF] yet their contribution to the formation of disinfection byproducts (DBPs) is so far largely unknown. [START_REF] Zwiener | Drowning in disinfection byproducts? Assessing swimming pool water[END_REF] In seawater pools, questions regarding the fate of UV filters and their contribution to the formation of DBPs are of particular concern for several reasons. In chlorinated seawater pools, the presence of high concentrations of bromide (about 67 mg L -1 ) could result in higher reactivity of UV filters than in chlorinated freshwater pools. [START_REF] Heeb | Oxidative treatment of bromide-containing waters: Formation of bromine and its reactions with inorganic and organic compounds -A critical review[END_REF] Chlorinated seawater can be found in some swimming pools and in centers of thalassotherapy where seawater properties are used for health and wellness purposes. [START_REF] Manasfi | Occurrence of brominated disinfection byproducts in the air and water of chlorinated seawater swimming pools[END_REF][START_REF] Parinet | Exposure levels to brominated compounds in seawater swimming pools treated with chlorine[END_REF][START_REF] Manasfi | Identification of disinfection by-products in freshwater and seawater swimming pools and evaluation of genotoxicity[END_REF] The use of seawater in thalassotherapy centers has been developing in Europe since the early 1900s for presumed health benefits. [START_REF] Parinet | Exposure levels to brominated compounds in seawater swimming pools treated with chlorine[END_REF] Today, there are around 70 thalassotherapy centers along the French coasts. [START_REF] Smith | Health and wellness tourism[END_REF] According to some estimates, French thalassotherapy centers welcome more than one million users annually. [START_REF] Schwartz | Encyclopeida of Coastal Science[END_REF] More generally, thalassotherapy can technically be found anywhere where there is a seacoast. [START_REF] Smith | Health and wellness tourism[END_REF] Furthermore, the use of seawater in pools is not limited to thalassotherapy pools since recreational seawater pools can be found in water parks, hotels, resorts, and on cruise ships. [START_REF]Guidelines for safe recreational water environments: Volume 2. Swimming pools and similar environments[END_REF] Similar to freshwater pools, seawater pools should be disinfected to reduce risks of infections caused by pathogenic microorganisms present in water. [START_REF] Manasfi | Occurrence, origin, and toxicity of disinfection byproducts in chlorinated swimming pools: An overview[END_REF] When chlorine is added to seawater (pH ~ 8), it rapidly reacts with bromide ions (Br -) resulting in the formation of bromine most abundantly in the form of hypobromous acid (HOBr) and hypobromite ions (OBr -). [START_REF] Deborde | Reactions of chlorine with inorganic and organic compounds during water treatment-Kinetics and mechanisms: A critical review[END_REF] Bromine reacts with organic compounds present in pool waters generating brominated byproducts. The reaction rate of bromine with phenol-like organic compounds was estimated to be about 10 3 -fold higher than with chlorine. [START_REF] Gallard | Rate constants of reactions of bromine with phenols in aqueous solution[END_REF][START_REF] Abdallah | Kinetics of Chlorination of Benzophenone-3 in the Presence of Bromide and Ammonia[END_REF] The potential formation of brominated byproducts from organic compounds including organic UV filters in chlorinated seawater pools is a matter of concern for health risk considerations. Several studies have shown that brominated byproducts are considerably more toxic than their chlorinated analogues. [START_REF] Richardson | Occurrence, genotoxicity, and carcinogenicity of regulated and emerging disinfection by-products in drinking water: A review and roadmap for research[END_REF][START_REF] Yang | Toxic impact of bromide and iodide on drinking water disinfected with chlorine or chloramines[END_REF][START_REF] Plewa | Mammalian cell cytotoxicity and genotoxicity of the haloacetic acids, a major class of drinking water disinfection by-products[END_REF] Toxicological studies conducted on laboratory animals associated exposure to brominated byproducts with higher risks of colon cancer. [START_REF] Boorman | Drinking Water Disinfection Byproducs: Review and Approach to Toxicity Evaluation[END_REF] In the present study, the occurrence and reactivity of five commonly used UV filters (Table 1) in chlorinated seawater swimming pools was investigated. The studied UV filters were oxybenzone (OXY), dioxybenzone (DIOXY), avobenzone (AVO), 2-ethylhexyl-4-methoxycinnamate (also known as octylmethoxy cinnamate, OMC), and octocrylene (OC). These UV filters were selected because previous surveys highlighted their frequent use in sunscreens. [START_REF] Duirk | Reaction of benzophenone UV filters in the presence of aqueous chlorine: Kinetics and chloroform formation[END_REF][START_REF] Rastogi | UV filters in sunscreen products -a survey[END_REF][START_REF] Li | Occurrence and behavior of four of the most used sunscreen UV filters in a wastewater reclamation plant[END_REF] The aims of the study were to i) determine the occurrence and monitor the variation of the concentrations of UV filters in seawater swimming pools disinfected with chlorine as a function of pool opening hours, ii) investigate the reactivity of the UV filters in chlorinated seawater, and iii) identify the potentially formed halogenated transformation products and DBPs.

EXPERIMENTAL SECTION

Chemicals. Standards of OXY, DIOXY, AVO, OMC, OC and benzophenone-d10 were purchased from Sigma-Aldrich Fluka (purity > 98%). 2,4,6-tribromo-3-methoxyphenol (TBMP) was purchased from Sigma-Aldrich (Saint-Quentin Fallavier, France). Salicylic acid (purity > 99%) was purchased from Acros Organics (Geel, Belgium). Ammonium formate (UHPLC/MS grade) was purchased from Biosolve Chimie (Dieuze, France). Trihalomethane (THM) calibration mix containing chloroform (100.3 mg L -1 ), bromodichloromethane (94.8 mg L -1 ), dibromochloromethane (94.6 mg L -1 ), and bromoform (93.5 mg L -1 ), was purchased from Supelco (Bellefonte, PA, USA) and tribromoacetaldehyde (97%) was purchased from Aldrich (Dorset, United Kingdom). Standard solutions of UV filters were prepared with methanol (Ultra Chromasolv, purity > 99.9%).

Stock solutions of chlorine were prepared by diluting a reagent grade commercial solution of sodium hypochlorite (NaOCl, available chlorine 4.00 -4.99%, Sigma-Aldrich). Reconstituted seawater was prepared according to the ASTM International standard practice for the preparation of substitute ocean water (method D1141-98, 2013). Methyl tert-butyl ether (MTBE, Chromosolv, HPLC grade, Sigma-Aldrich, Germany) was used for extraction. An aqueous solution of L-ascorbic acid (reagent grade, Sigma, China) was prepared using ultrapure water (Millipore water system, resistivity >18 MΩ cm) and was used for quenching. Glassware was washed with a chlorine solution and thoroughly cleaned prior to usage so that any contaminating organic matter could be eliminated. All experiments were performed at 25 °C.

Collection of swimming pool water samples. Samples were collected from two outdoor swimming pools located in the region of Southeastern France. One of the pools was for adults while the other was for children. Both pools were filled with seawater and were disinfected with chlorine. According to pool operators, the pools are drained and refilled by seawater pumped from the Mediterranean Sea on daily basis. Sampling was performed during pool opening hours starting from pool opening in the morning till closure in the evening with samples collected at 1-h intervals. The first sample was collected upon filling the pools with filtered seawater before the entrance of users to the pools to confirm the absence of UV filters from the filling water. Water samples were collected in 1-L amber glass bottles. Ascorbic acid was added to quench chlorine and stop further chlorination reactions. Samples were stored at 4 °C away from sunlight and were extracted within 24 h after collection. To confirm that no contamination took place during the treatment of samples or during analysis with ultra-high-performance liquid chromatography coupled to tandem mass spectrometry (UHPLC-MS/MS), blank samples were prepared using ultrapure water (Milli-Q, Millipore system) and were treated similarly to the collected pool samples.

Physicochemical parameters, bromide concentration, free and combined chlorine in pool water samples. Physicochemical parameters including pH, temperature, and conductivity were determined on-site using multi-electrode from WTW (SenTix 41-3 pH electrode and WTW Pt 4805/S7 electrode). Bromide concentrations were determined using an ICS-3000 Dionex ion chromatography system (30 mM NaOH eluent with a flow rate of 1.5 mL min -1 at 30 °C). Free chlorine and combined chlorine were measured on-site by the colorimetric DPD method using a portable spectrophotometer (AQUALYTIC-AL 800, Germany).

Chlorination reactions of UV filters in reconstituted seawater. To investigate the fate of UV filters in chlorinated seawater swimming pools, chlorination experiments were conducted by adding excess chlorine to reconstituted seawater spiked with UV filters. The use of reconstituted seawater, which only contains minerals rather than organic compounds naturally present in seawater, enables the determination of the kinetics of disappearance of the UV filters and the formation of their transformation products without interferences from other organic compounds.

In non-reconstituted seawater, even if filtration is performed, the presence of organic matter cannot be ruled out making uncertain the qualitative and quantitative attribution of the formed halogenated byproducts to UV filters exclusively. Chlorination experiments were carried out in 65-mL glass vials with PTFE-lined screw caps. Vials were filled with reconstituted seawater containing a UV filter at an initial concentration of 1 µM. All vials were filled without headspace so that any potentially formed volatile byproduct would not be lost. Vials were placed in water baths at 25 °C (±1 °C) away from sunlight to avoid any risk of photodegradation. Reactions were initiated by adding aliquots of the concentrated chlorine solution corresponding to the amount needed to obtain an initial chlorine concentration of 10, 25, and 100 µM. In these conditions, the molar ratios of UV filter/chlorine were 1:10, 1:25, and 1:100 (designated in the text as R10, R25 and R100, respectively). An additional ratio of 1:1000 was included for the UV filter OC. The different chlorination ratios were used to simulate realistic conditions in swimming pools where different chlorine concentrations could be used for disinfection. At different reaction times, ascorbic acid was added in excess to quench free chlorine. The first time-point (t = 0 min) was obtained by adding ascorbic acid before the addition of chlorine. The pH was measured at each time point to verify that it remained constant during experiments. No pH variations higher than 0.1 unit was observed. Samples were analyzed using UHPLC-MS/MS to determine the remaining concentration of UV filters as a function of reaction time and to identify the potentially formed transformation products. Samples were also analyzed with gas chromatography coupled to an electron-capture detector (GC-ECD) and gas chromatography coupled to a mass spectrometer (GC-MS) to investigate the formation of volatile halogenated byproducts. To evaluate the relevance of chlorination reaction findings when the UV filters are exposed solar radiation (as in outdoor pools), chlorination experiments at ratio UV filter:chlorine 1:25 were conducted under solar irradiation produced by a solar simulator (Solsim, Luzchem Research, Ottawa, Ontario, Canada) with a 300 W ceramic xenon lamp power supply (XE300BF, Luzchem Research) as the light source. Photoexposure was carried out at 44,000 lx, which represents the annual average solar radiation in southern France. [START_REF] Suri | Potential of solar electricity generation in the European union member states and candidate countries[END_REF] Sample Treatment Chlorination reactions. The chlorinated seawater solutions of the UV filters were acidified (to pH = 2) using concentrated sulfuric acid. Liquid-liquid extraction (LLE) was then performed by applying MTBE (5 mL) to an aliquot (50 mL) of the sample. Sodium sulfate (10 g) was added and vials were vigorously shaken manually for 2 min. The addition of sodium sulfate enhances the separation of the two liquid phases. [START_REF] Gallard | Rate constants of reactions of bromine with phenols in aqueous solution[END_REF] The organic phases were recovered and added to chromatography vials for analyses (UHPLC-MS, GC-ECD, and GC-MS analyses).

Concentrations of UV filters in swimming pool samples. Pool samples were extracted using LLE with MTBE similarly to the procedure followed in the treatment of chlorination reaction samples. To further decrease the detection limits, the LLE extracts (5 mL) were concentrated to a final volume of 0.5 mL using a gentle stream of nitrogen at 50 °C. Benzophenone-d10 was added as a surrogate.

Analytical Procedures

UHPLC-MS/MS Analysis. Extracts of field and laboratory samples were analyzed using UPLC system (Acquity, Waters) coupled to quadrupole/time-of-flight mass spectrometry (Q/ToF-MS) with electrospray ion (ESI) source (Synapt G2 HDM, Waters, MA, USA). Calibration curves were established for each UV filter by external standard approach using the reference standard.

Benzophenone-d10 was used as surrogate. Calibration standards were prepared by spiking reconstituted seawater with UV filters and then performing the same procedure used for sample analysis (LLE-UHPLC-MS/MS). Quantitation of UV filters was performed by following the same procedure used to establish the calibration curves. The operating conditions used in UHPLC-MS/MS analyses are described below.

Separation of analytes were achieved using a CORTECS UPLC column (Waters Acquity C18 2.1×100 mm, 1.6 μM) at 40 °C. The mobile phase consisted of A: water and B: methanol (ULC/MS grade, Bisolve). Both solvents A and B contained 5 mM ammonium formate. Elution was performed at a flow rate of 0.4 ml min -1 with a gradient starting at 15% of B and increasing to reach 100% within 6 min and held for 1 min. The sample injection volume was 5 μL. The ESI source contained two individual orthogonal sprays. One spray was for the column eluent while the other was for the internal standard (lockmass). During each chromatographic run, leucine enkephalin (2 mg L -1 , C 28 H 37 N 5 O 7 , MW 555.27, Waters Q-ToF product) was used for lock-mass correction to obtain accurate masses for each organic component eluting from the column. A solution of sodium formate (HCOONa, Waters Q-ToF product) was infused daily in the ESI source to calibrate the instrument. Optimum ESI conditions were found using a 2.5 kV capillary voltage, 450 °C desolvation temperature, 120 °C source temperature, 20 L h -1 cone gas flow rate and 800 L h -1 desolvation gas flow rate. The optimum sample cone voltage for each analyte is described in Table S1. The ESI source has been optimized directly with the samples. These parameters allowed increasing the signal to noise ratio maintaining soft ionization technique. MS/MS transitions used for quantitation of the UV filters are described in Table S1.

GC-ECD and GC-MS Analysis. To investigate the formation of volatile halogenated transformation products which are not detected by UHPLC-MS, extracts were also analyzed by GC-ECD (Perkin Elmer Clarus 580 system, Norwalk, CT, USA) and GC (Trace GC Ultra, Thermo Scientific) coupled to a quadrupole ion trap MS fitted with an external ion source (Finnigan Polaris Q). The operating conditions of GC-ECD were as follows:

Target analytes were separated on a capillary column DB5-ms (30 m × 0.25 mm × 1 μm). Helium 5.0 was used as a carrier gas at a programmed flow of 1 ml min -1 and nitrogen as make-up gas at a flow of 30 ml min -1 . Injection volume was 1 µL and injector temperature was 200 °C. Detector temperature was adjusted to 290 °C. The GC oven temperature started at 35 °C, held for 22 min, increased to 145 °C at 20°C min -1 and held for 2 min, then increased to 225 °C at 20 °C min -1 and held for 15 min, finally temperature increased to 260 °C at 10 °C min -1 and held for 2 min.

The operating conditions for GC-MS were as follows:

The chromatographic separation was accomplished on a TR-5MS capillary column (Thermo Electron, 30 m × 0.25 mm × 0.25 μm). Samples (2 µL) were injected at 280 °C in splitless mode.

Helium was used as a carrier gas at a flow of 1 mL min -1 . Oven program was adjusted according to U.S.EPA Method 551. 1 (1995). Data was recorded in the full scan mode in the mass range m/z 50-600.

RESULTS AND DISCUSSION

Performance of the Analytical Method for Measuring UV filters in Seawater. An analytical method that allows measuring UV filters in seawater pools at environmental levels was optimized. UV filters detected in samples were identified based on matching the retention times and the relative intensity ratio of transition ions with those of the standard. Quantitation was performed using the ion transition representing the highest abundance. The performance parameters of the analytical method are presented in Table S2.

Table S2. LLE-LC-MSMS method performance characteristics for the analysis of UV filters Within the studied concentration range, the calibration curves were linear (r 2 > 0.99). Limits of detection (LOD) were determined as a signal-to-noise ratio 3:1 and ranged between 1 and 10 ng L -1 . Limits of quantitation (LOQ) were determined based on a signal-to-noise ratio 10:1. LC-MS/MS analysis was demonstrated to be reliable for the identification and quantification of the five studied UV filters in seawater swimming pools.

Occurrence of UV filters in seawater swimming pools. The concentrations of UV filters occurring in the pool water samples collected consecutively at 1-h intervals starting from the pool filling and opening in the morning, were measured by analyzing samples using the validated method based on LLE extraction and further UHPLC-ESI-MS/MS separation and detection. The physicochemical parameters, free and combined chlorine, and bromide content of water in the pools are summarized in Table S3.

Table S3. Physicochemical parameters, bromide concentration, free and combined chlorine Since the pools were filled with seawater, pH was slightly basic (8.08 and 8.04 in the adults' and children's pools, respectively) and bromide contents were relatively high (73.2 mg L -1 and 68.1 mg L -1 in adults' and children's pool, respectively). Free chlorine residual was 1.7 mg L -1 in the adults' pool and 3.1 mg L -1 in the children's pool. These concentrations are higher than the maximal free chlorine residual recommended by French swimming pool guidelines (between 0.4 and 1.4 mg L -1 ). [START_REF]Evaluation des risques sanitaires liés aux piscines. Partie 2: Bains à remous[END_REF] Figure 1 shows the evolution of the concentration of UV filters detected in the adults' and children's pools as a function of time. All the analyzed UV filters except DIOXY were detected in the pools. OXY was detected at relatively low concentrations with maximal concentration reaching 180 ng L -1 in the adult's pool.

In the literature, the reported concentrations of OXY in swimming pools varied considerably between one study and another with concentrations ranging from the ng L -1 to the µg L -1 . [START_REF] Lambropoulou | Gas chromatographic determination of 2-hydroxy-4-methoxybenzophenone and octyldimethylp-aminobenzoic acid sunscreen agents in swimming pool and bathing waters by solid-phase microextraction[END_REF][START_REF] Giokas | Determination of UVfilter residues in bathing waters by liquid chromatography UV-diode array and gas chromatography-mass spectrometry after micelle mediated extraction-solvent back extraction[END_REF] In the present study, OC was the most abundant UV filter with concentrations reaching 8.77 µg L -1 and 10.96 µg L -1 in the adults' and children's pool, respectively. In both pools, OC showed an accumulating concentration trend, while the other detected UV filters OXY, AVO and OMC witnessed fluctuations in their concentrations. In the adults' pool, OMC represented the second most abundantly occurring UV filter with maximal concentration reaching 2.39 µg L -1 , while in the children's pool AVO represented the second most abundantly occurring UV filter with a maximal concentration reaching 2.51 µg L -1 . This partition could be caused by differences in formulations between sunscreens intended to be applied by adults than those intended to be applied by children. Overall, the concentration of UV filters detected in the children's pool (13.60 µg L -1 ) was slightly higher than that detected in the adults' pool (10.49 µg L -1 ). These findings are in agreement with findings about the occurrence of UV filters in swimming pools in Germany. [START_REF] Zwiener | Drowning in disinfection byproducts? Assessing swimming pool water[END_REF] In this latter study, authors detected OC as the most abundant UV filter in the studied pool with higher concentrations of UV filters detected in babies' pool in comparison to swimmers' pool. Since sunscreens usually contain combinations of multiple UV filters, the discrepancy in variation in the concentrations of the different UV filters in pools could be partially caused by different stability/reactivity characteristics of the UV filters in the presence of oxidants. [START_REF] Ramos | Advances in analytical methods and occurrence of organic UV-filters in the environment -A review[END_REF] In German swimming pools, where pool disinfection guidelines recommend maintaining free residual chlorine level between 0.3 and 0.6 mg L -1 , relatively high concentrations of UV filters reaching 40 µg L -1 were reported in pools. [START_REF] Zwiener | Drowning in disinfection byproducts? Assessing swimming pool water[END_REF] In other countries where higher levels of residual chlorine are recommended, lower concentrations of UV filters reaching the ng L -1 range were reported. [START_REF] Ramos | Advances in analytical methods and occurrence of organic UV-filters in the environment -A review[END_REF] 

Chlorination reactions of UV filters in reconstituted seawater

Reactivity of the UV filters. The reactivity of the five UV filters in the presence of excess chlorine in seawater at the ratios molar 1:10, 1:25, and 1:100 (UV filter:chlorine) was investigated. The reactive UV filters OXY, DIOXY, AVO and OMC were unstable when chlorine was added in excess at ratios 1:10, 1:25, and 1:100 (Figure 2). On the contrary, the concentration of OC remained constant chlorine was added. This difference in reactivity towards halogenating/oxidizing agents is related to structural differences between the UV filters. the concentration of OC remained constant even when This difference in reactivity towards halogenating/oxidizing agents is related to structural differences between the UV filters. While all of the four reactive in their molecular structures making them susceptible to OC has a cyano group (strongly electron-withdrawing withdrawing) making the molecule less susceptible to electrophilic attack stability of OC can be advantageous from the point of view that the UV filter is still intact in screening UV radiation. Among the reactive UV filters, the OXY and OXY were degraded very rapidly followed by the slower reacting UV filters AVO and OMC, respectively (Figure 2). Chlorination experiments carried out irradiation resulted in roughly similar kinetics of disappearance adiation was applied (Figure S1). OC was stable even when solar irradiation was applied during chlorination reactions. Although these findings suggest that bromination is the main process leading to the disappearance of reactive UV filters in chlorinated seawater pools, a slow photolability cannot be excluded based on this finding.

Formation of brominated byproducts from the reactive UV filters. The chlorination of UV filters DIOXY, AVO and OMC in seawater generated brominated transformation products. No chlorinated transformation products were detected. The detection of brominated species only can be explained by the formation of bromine upon the addition of chlorine to seawater. In seawater, chlorine rapidly reacts with bromide to produce bromine which is a faster oxidant. [START_REF] Heeb | Oxidative treatment of bromide-containing waters: Formation of bromine and its reactions with inorganic and organic compounds -A critical review[END_REF] The reaction takes places as follows: 27 

OXY and DIOXY

HOCl + Br -→ HOBr + Cl -k 1 = (1.55-6.84).10 3 M -1 s -1 (1)

ClO -+ Br -→ BrO -+ Cl - k 2 = 9.10 -4 M -1 s -1 (2)
This reaction is in agreement with the nucleophilic character of the reacting species since bromide ions are more nucleophilic than chloride ions. Bromine reactions are often several orders of magnitude faster than those of chlorine. [START_REF] Deborde | Reactions of chlorine with inorganic and organic compounds during water treatment-Kinetics and mechanisms: A critical review[END_REF] Bromine species that could contribute to bromination reactions of organic compounds include HOBr and OBr -which represent the most abundant species. [START_REF] Heeb | Oxidative treatment of bromide-containing waters: Formation of bromine and its reactions with inorganic and organic compounds -A critical review[END_REF] Other species like Br 2 , Br 2 O, BrOCl, and BrCl which are more reactive than HOBr and OBr -have been also shown to contribute to the bromination of some organic compounds. [START_REF] Sivey | Reactivity of BrCl, Br2, BrOCl, Br2O, and HOBr toward dimethenamid in solutions of bromide + aqueous free chlorine[END_REF] Table 2 shows the equilibrium concentrations of bromine species when seawater (67 mg L -1 of bromide, pH 8.05) is chlorinated with 2 mg L -1 active chlorine, as calculated using PHREEQC [START_REF] Heeb | Oxidative treatment of bromide-containing waters: Formation of bromine and its reactions with inorganic and organic compounds -A critical review[END_REF] .

In these conditions, the concentration of HOBr is about 3 orders of magnitude higher than Br 2 and Br 2 O, 5 orders of magnitude higher than BrCl and Br 3 -, and 7 orders of magnitude higher than BrOCl (Table 2). Although these latter bromine species are less abundant compared to HOBr, their contribution to bromination reactions have been shown to become significant under certain conditions. [START_REF] Sivey | Reactivity of BrCl, Br2, BrOCl, Br2O, and HOBr toward dimethenamid in solutions of bromide + aqueous free chlorine[END_REF] The importance of these species as brominating agents tends to increase when organic substrates are less nucleophilic and thus less reactive towards HOBr and OBr -. [START_REF] Sivey | Reactivity of BrCl, Br2, BrOCl, Br2O, and HOBr toward dimethenamid in solutions of bromide + aqueous free chlorine[END_REF][START_REF] Sivey | Assessing the reactivity of free chlorine constituents Cl₂, Cl₂O, and HOCl toward aromatic ethers[END_REF] Considering the observed reactivity of the UV filters investigated in the present study (Figure 2), it can be postulated that the reactivity of the fast reacting OXY and DIOXY is less likely to involve species other than the abundant HOBr and OBr -. However, with the slower reacting AVO and OMC, which are far less nucleophilic than the benzophenone-type UV filters OXY and DIOXY, the contribution of species other than HOBr and OBr -to bromination reactions could be plausible.

DIOXY undergoes a series of aromatic electrophilic substitutions leading to the formation of mono-, di-, tri-and tetra-brominated DIOXY. Tribrominated oxidized DIOXY originates from tribrominated DIOXY undergoing Baeyer-Villiger oxidation. This oxidation converts the ketone group to an ester group. Baeyer-Villiger oxidation has been described in the chlorination transformation pathways of other benzophenone-derivative UV filters including OXY [START_REF] Manasfi | Degradation Products of Benzophenone-3 in Chlorinated Seawater Swimming Pools[END_REF] and sulisobenzone (BP-4). [START_REF] Xiao | Transformation mechanism of benzophenone-4 in free chlorine promoted chlorination disinfection[END_REF][START_REF] Negreira | Assessment of benzophenone-4 reactivity with free chlorine by liquid chromatography quadrupole time-of-flight mass spectrometry[END_REF] Further bromination of the tribrominated oxidized DIOXY would lead to the formation of tetra brominated oxidized DIOXY (unstable intermediate). The cleavage of the latter leads to the formation of 2,4,6-tribromo-3-methoxyphenol (TBMP) and 2,4dibromosalicylic acid which were both detected as stable transformation products. The identification of TBMP was performed by matching the retention times and mass spectra of the detected product with a pure standard. The structural identification of the second moiety of DIOXY as dibromosalicylic acid was confirmed by matching the mass spectra and retention time with the bromination product of salicylic acid. Due to the ortho-and para-directing effects of hydroxyl group, and the meta-directing effect of the carboxyl group, 2,4-dibromosalicylic acid is likely to be formed. [START_REF] Acero | Kinetics and mechanisms of formation of bromophenols during drinking water chlorination: Assessment of taste and odor development[END_REF] The transformation pathway of OXY in chlorinated seawater was described elsewhere. [START_REF] Manasfi | Degradation Products of Benzophenone-3 in Chlorinated Seawater Swimming Pools[END_REF] Similar to DIOXY, OXY undergoes a sequence of aromatic electrophilic substitution reactions on the phenolic ring before the separation of the two aromatic rings and the formation of TBMP. However, no tetra-brominated transformation product was detected among the transformation products of OXY. In contrast, DIOXY possesses two phenolic rings that undergo a sequence of bromine substitution reactions leading to the formation of a tetrabrominated transformation product. Two brominated DBPs namely bromoform and bromal hydrate were formed from DIOXY. Bromoform and bromal hydrate were detected by GC-ECD analysis and their identification was confirmed by GC-MS analysis and by matching their retention time with pure standards. The formation of these two aliphatic brominated compounds result from the cleavage of the phenolic rings. [START_REF] Rook | Formation of haloforms during chlorination of natural waters[END_REF] Based on the identified byproducts, the transformation pathway of DIOXY was proposed (Scheme 1). The tentative structural assignments are presented along with the formula of the molecular ion detected, the measured accurate mass and the monoisotopic calculated exact mass. Four positional isomers (regioisomers) were detected for the monobrominated DIOXY. These isomers had the same exact mass and exhibited the same mass spectra but appeared at slightly different retention times. The isomers in which bromine substitution occurred at the level of the phenolic ring holding the methoxy group had superior peaks than isomers in which substitution occurred on the phenolic moiety devoid of additional electron-donating groups. The presence of methoxy group activates the phenolic ring and enhances electrophilic substitution reactions. Two isomers are generated when substitution occurs at any of the phenolic rings due to the ortho-and para-directing effect of hydroxyl group. [START_REF] Acero | Kinetics and mechanisms of formation of bromophenols during drinking water chlorination: Assessment of taste and odor development[END_REF] The reactions of OMC in chlorinated seawater generated monobrominated and dibrominated substitution products (Scheme 2). Four isomers were detected corresponding to monobrominated OMC. The four isomers are believed to originate from OMC (Z) and (E) each undergoing bromination at two different sites. Two isomers of dibrominated OMC were detected (SI-5). No transformation products were generated from OC in agreement with its observed stability evidence that some UV filters can act as precursors The analysis of swimming pool samples allowed the detection of TBMP, bromoform, and bromal hydrate. However, in swimming pool waters complex inputs continuously introduced by swimmers, so the formation of these detected increased until reaching a plateau 10 h after the addition of chlorine. This trend in the formation of bromoform is in agreement with the trends of chloroform formation from OXY and DIOXY and from other phenolic compounds. [START_REF] Duirk | Reaction of benzophenone UV filters in the presence of aqueous chlorine: Kinetics and chloroform formation[END_REF][START_REF] Gallard | Chlorination of phenols: Kinetics and formation of chloroform[END_REF] Determining the bromoform formation potential of UV filters allowed distinguishing UV filters that produced relatively high concentrations of bromoform (DIOXY and OXY) and those which produced relatively low concentrations (OMC and AVO). The yields of bromoform formation are described in Table 3 (in mole of bromoform per mole of UV filter).

Table 3. Yields of bromoform produced from the UV filters (mol bromoform/mol UV filter) at different chlorination ratios (R10, R25, and R100)

The two benzophenone UV filters OXY and DIOXY had, respectively, a molar yield which ranged from 0.17 to 0.38 and from 0.32 to 0.75 in the presence of excess chlorine (from 10-fold to 100-fold). On the other hand, the molar yield of bromoform formation from AVO and OMC ranged between 0.05 to 0.10 and 0.01 to 0.04, respectively. The difference in the bromoform formation potential among the UV filters can be related to differences in structures. The higher molar yield of bromoform formation from DIOXY in comparison to OXY can be attributed to the presence of an additional hydroxyl group which activates the aromatic ring. These findings are consistent with previous studies reporting higher haloform yields when additional activating groups are present in aromatic compounds. [START_REF] Gallard | Chlorination of phenols: Kinetics and formation of chloroform[END_REF] OMC and AVO which lack the phenolic rings and the activation present in the benzophenone UV filters produced lower molar yields of bromoform.

The findings of the present study have environmental and public health implications. The instability of reactive UV filters raises questions about the protection of individuals applying sunscreens and entering chlorinated seawaters from harmful UV solar radiation. These findings suggest the interest of formulating sunscreens containing UV filters that are stable in disinfected pool waters. In addition, the formation of brominated transformation products with unknown toxicities and DBPs (bromoform and sometimes bromal hydrate) known to be toxic [START_REF] Richardson | Occurrence, genotoxicity, and carcinogenicity of regulated and emerging disinfection byproducts in drinking water: A review and roadmap for research[END_REF][START_REF] Manasfi | Assessing the genotoxicity of two commonly occurring byproducts of water disinfection : Chloral hydrate and bromal hydrate[END_REF] highlights the importance of reducing the inputs of organic compounds into seawater swimming pools.

Furthermore, findings regarding the stability of OC suggest the importance of evaluating the fate and effects of this compound once released into the environment. It also seems important for future investigations to look into the photoreactivity of UV filters. Although the limited findings presented here suggest that bromination constituted the predominant reaction process in chlorinated seawater pools even when the compounds were exposed to solar irradiation, the photoreactivity of UV filters and their fate in pools disinfected with UV treatment requires investigation.
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  Data were collected from 50 to 600 Da in the positive and negative ionization modes. The mass spectrometer was used in its resolution mode. Compounds responding in positive mode were detected as their protonated molecules ([M + H] + ) or sodium adducts ([M + Na] + ) or potassium adducts ([M + K] + ) while compounds responding in the negative mode were detected as deprotonated molecules ([M -H] -).

  Method accuracy was validated by calculating the percent recovery using nine determinations over three concentration levels covering the specified range. Recovery ranged between 89 and 117%. Repeatability was evaluated using 9 sample solutions at three different concentration levels (3 replicates per concentration level). Repeatability relative standard deviation (RSD) ranged between 8 and 16%. The range covered 70 to 130% of the expected test concentrations.

Figure 1 :

 1 Figure 1: Variation of concentrations of UV filters detected in adults' (upper figure) and children's (lower figure) swimming pools as a function of pool opening hours throughout the sampling day.
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 2 Figure 2: Disappearance of UV filters different ratios (UV filter:Chlorine 1:

10 Figure 2 :

 102 Figure 2: Disappearance of UV filters in seawater after the addition of chlorine in exc (UV filter:Chlorine 1:10, 1:25, and 1:100)

Figure S1 .

 S1 Figure S1. Disappearance of UV filters in chlorination reactions with solar irradiation (red points) and without solar irradiation (blue points). Chlorination reactions were conducted according to the protocol described in the manuscript at a ratio of UV filter:chlorine concentration of 1:25.

Scheme 1 .

 1 Scheme 1. Reaction pathway of DIOXY in chlorinated seawater, based on identified byproducts by UPLC-ESI-MS and GC-MS

SI- 4 .Scheme 2 .Scheme 2 .Scheme 3 .

 4223 Scheme 2. Reaction pathway of OMC in chlorinated seawater, based on identified byproducts by UPLC-ESI-MS and GC-MS

  +: 488.967126 Da in agreement with its observed stability. act as precursors for the formation of allowed the detection of However, in swimming pool waters complex inputs are detected byproducts cannot be +: 488.967126 Da attributed exclusively to the UV filters. No other transformation products were detected in swimming pool water samples. The transformation products could be occurring at concentrations lower that the detection limits of our analytical method or could be degraded due to the action of bromine in the pool leading to the formation of final products such as bromoform.Bromoform Formation Potential. Bromoform was detected as a stable transformation product following the chlorination of DIOXY, OXY, AVO and OMC in seawater. The potential of bromoform formation from UV filters in chlorinated seawater was investigated at the three molar ratios (UV filter:chlorine 1:10, 1:25 and 1:100).

Figure 3 .

 3 Figure 3. Concentration of bromoform (µg L -1 ) formed from the UV filters in chlorinated seawater as a function of chlorination reaction time (h). Chlorine was added in excess of 10 folds (R10), 25 folds (R25), and 100 folds (R100) with respect to UV filters.

Figure 3

 3 Figure 3 shows the variation of concentration of bromoform generated by DIOXY, OXY, AVO and OMC as a function of reaction time. The formation of bromoform from DIOXY and OXY