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Introduction

Endocrine-disrupting chemicals (EDCs) affect the normal functioning of endogenous hormones [START_REF] Zhou | Endocrine disrupting chemicals in wild freshwater fishes: Species, tissues, sizes and human health risks[END_REF]. EDCs consist of various types of chemicals such as natural and synthetic hormones, plasticizers, pesticides, and flame retardants (C. Yang et al., 2020). With the development of industry and the pursuit of high-quality life of humans, the EDCs-containing products have been consumed in a large amount. Over the past 10 years, EDCs as a major concern of water quality have received extensive attention [START_REF] Adeel | Environmental impact of estrogens on human, animal and plant life: A critical review[END_REF][START_REF] Havens | Occurrence of estrogens, androgens and progestogens and estrogenic activity in surface water runoff from beef and dairy manure amended crop fields[END_REF][START_REF] Vilela | Water contamination by endocrine disruptors: Impacts, microbiological aspects and trends for environmental protection[END_REF]. The regularly detected amount of EDCs in surface and drinking waters are up to ng/L while higher concentrations in municipal wastewater, an important source of anthropogenic pollution release into the environment, were also reported [START_REF] Adeel | Environmental impact of estrogens on human, animal and plant life: A critical review[END_REF][START_REF] Lei | Estrogens in municipal wastewater and receiving waters in the Beijing-Tianjin-Hebei region, China: Occurrence and risk assessment of mixtures[END_REF].

To decrease the concentration of EDCs in wastewater, different processes based on thermal and photochemical degradation were reported [START_REF] Chaves | Comparative endocrine disrupting compound removal from real wastewater by UV/Cl and UV/H2O2: Effect of pH, estrogenic activity, transformation products and toxicity[END_REF][START_REF] Gabet | Hydrogen peroxide and persulfate activation using UVA-UVB radiation: Degradation of estrogenic compounds and application in sewage treatment plant waters[END_REF][START_REF] Gmurek | Photochemical decomposition of endocrine disrupting compounds -A review[END_REF]. Advanced oxidation processes (AOPs) are innovative technologies used to improve the degradation of the recalcitrant pollutants based on the formation of highly oxidative species [START_REF] Gabet | Hydrogen peroxide and persulfate activation using UVA-UVB radiation: Degradation of estrogenic compounds and application in sewage treatment plant waters[END_REF][START_REF] Gmurek | Photochemical decomposition of endocrine disrupting compounds -A review[END_REF]. Reactive oxygen and sulfur species (ROS and RSS) with high oxidation potentials such as hydroxyl (HO • ) and sulfate (SO 4

•-) radicals are generated through photochemical or electron transfer reaction [START_REF] Gligorovski | Environmental Implications of Hydroxyl Radicals (•OH)[END_REF]. Such radicals are capable of inducing hazardous pollutants degradation till complete mineralization in water.

Among the different AOPs systems, transition metal-based activation of radical precursors represents a low-energy cost and efficient process (Wang and Wang, 2018;[START_REF] Xiong | Synthesis strategies and emerging mechanisms of metal-organic frameworks for sulfate radical-based advanced oxidation process: A review[END_REF]. Iron (Fe) is one of the most used metal in homogeneous and heterogeneous applications and the redox cycle between Fe(II) and Fe(III) provide a very efficient system for activation of radical precursors and abatement of organic pollutant concentration in waters [START_REF] Kusic | Modeling of iron activated persulfate oxidation treating reactive azo dye in water matrix[END_REF].

However, organic complexes such as aminopolycarboxylic are regularly used to improve the iron stability toward a large range of pH values [START_REF] Abida | Impact of iron-complex (Fe(III)-NTA) on photoinduced degradation of 4-chlorophenol in aqueous solution[END_REF][START_REF] Huang | Assessment of the Fe(III)-EDDS Complex in Fenton-Like Processes: From the Radical Formation to the Degradation of Bisphenol A[END_REF].

Recently, other metals such as manganese (Mn) has been used for different water treatment applications. Mn is a promising metal due to its multiple oxidation states (+II, +III, +IV, +VII) and high oxidative and catalytic reactivity. Most of published reports have focused on manganese dioxide-based AOPs (MnO 2 -AOPs), to remove pollutants, such as phenol and 2,4dichlorophenol, using MnO 2 activated peroxymonosulfate (PMS) or persulfate (PS) in water [START_REF] Wang | New insights into heterogeneous generation and evolution processes of sulfate radicals for phenol degradation over one-dimensional α-MnO2 nanostructures[END_REF][START_REF] Zhao | Insights into the degradation of 2,4-dichlorophenol in aqueous solution by α-MnO 2 nanowire activated persulfate: catalytic performance and kinetic modeling[END_REF]. [START_REF] Huang | Effects of MnO2 of different structures on activation of peroxymonosulfate for bisphenol A degradation under acidic conditions[END_REF] investigated the effects of properties of MnO 2 such as crystal structure, morphology, and surface Mn oxidation states on PMS activation. They showed that the catalytic activity of MnO 2 is positively corrected with the surface Mn(III) content [START_REF] Huang | Effects of MnO2 of different structures on activation of peroxymonosulfate for bisphenol A degradation under acidic conditions[END_REF].

Other studies have used Mn(III) oxides as a mean to activate oxidants (e.g. PMS and PS) and then remove organic contaminants, such as α-Mn 2 O 3 [START_REF] Saputra | Shape-controlled activation of peroxymonosulfate by single crystal α-Mn2O3 for catalytic phenol degradation in aqueous solution[END_REF] and MnOOH [START_REF] Xu | Activation of persulfate by MnOOH: Degradation of organic compounds by nonradical mechanism[END_REF]. He et al. demonstrated that nanowires MnOOH have higher activity on PMS activation for 2,4-dichlorophenol oxidation as compared with multi-branches and nanorods MnOOH [START_REF] He | New insights into MnOOH/peroxymonosulfate system for catalytic oxidation of 2,4-dichlorophenol: Morphology dependence and mechanisms[END_REF]. Moreover, [START_REF] Li | Efficient oxidation of phenol by persulfate using manganite as a catalyst[END_REF] showed that sulfate and hydroxyl radicals can be generated from manganite-activated PS under pH 11. Although the good ability of Mn III -oxides for PS or PMS activation has been investigated the underlying mechanisms of activation and generation of reactive species remain elusive. In addition, most of available data on the MnOOH/PMS activation process has been obtained in ultrapure water and very little is known about the application of this process in real wastewater. Therefore, the ability of γ-MnOOH for PMS activation under real-world conditions for wastewater treatment merits investigation.

In the present study, we investigated the degradation of three EDCs (Bisphenol A (BPA), 17βestradiol (E2) and 17α-ethinylestradiol (EE2)) using γ-MnOOH-activated PMS process. We have combined radical scavenging approaches, EPR and XPS analyses, to determine the different activation and removal mechanisms (i.e. radical and non-radical pathways). Moreover, the influence of key parameters such as the initial concentration of γ-MnOOH and PMS, and the impact of water inorganic constituents were also evaluated. Finally, the efficiency of the degradation system was evaluated in real sewage treatment plant water, collected from the "3 rivières" urban treatment plant in Clermont-Ferrand, France.

Material and Methods

Chemicals and reagents

Bisphenol A (BPA, 99%), 17β-estradiol (E2, 98%), 17α-ethynylestradiol (EE2, 98%), potassium peroxymonosulfate (PMS, purchased in the form of KHSO 5 • 0.5KHSO 4 • 0.5K 2 SO 4 ), sodium nitrite (NaNO 2 , 97%), sodium bicarbonate (NaHCO 3 , 99.7%), and sodium chloride (NaCl, 99%) were purchased from Sigma-Aldrich Company, France. Sodium nitrate (NaNO 3 , 99%) was bought from Fluka. Manganese (II) chloride (MnCl 2 ) was purchased from Riedel-de Haen. HPLC grade acetonitrile solvent (ACN) was purchased from CARLO ERBA Reagents. Sodium hydroxide (NaOH, 99.9%) and perchloric acid (HClO 4 , 72%) which were used to adjust solution pH were purchased from Sigma-Aldrich. Ethanol (96%, VWR Chemicals), t-Butyl alcohol (TBA), and furfuryl alcohol (FFA) from Sigma-Aldrich were employed as radical and singlet oxygen scavengers. Ultrapure water (Millipore, resistivity 18.2 MΩ cm) was used in the preparation of all solutions. All chemicals were used as received without further purification.

γ-MnOOH synthesis and characterization

Manganite (γ-MnOOH) particles were synthesized as described by Yu and co-workers [START_REF] Yu | A cryogenic XPS study of Ce fixation on nanosized manganite and vernadite: Interfacial reactions and effects of fulvic acid complexation[END_REF]. The nature of γ-MnOOH was confirmed by X-ray diffraction (XRD) and Transmission Electron Microscopy-Selective Area Electron Diffraction (TEM-SAED) using an accelerating voltage of 200 kV (TEM Jeol JEM 2100 HR) (Fig. S1). TEM images of the asprepared manganite display wire-like morphology with diameters of 20-40 nm, and the SAED pattern confirmed the nature of γ-MnOOH. For XPS analysis, 0.5 g/L of solid were put in contact with 5 mM of PMS with and without BPA (200 µM). After 1 h of reaction, the solution was centrifuged and water was withdrawn and the remaining water completely removed under the N 2 stream. Then, the solid particles were collected and analyzed in a UHV chamber (pressure 10 -7 Pa) facilitated with an XPS system (hemispherical electron energy analyzer OMICRON EA125, Germany). Data analysis, curve fitting and quantification of the Mn XPS spectra were performed using CasaXPS software. The binding energy (BE) scale was referenced to the adventitious C1s peak at 284.8 eV. High-resolution XPS spectra were processed using Shirley background subtraction. After background subtraction, the spectra were smoothed and fitted by using of Gaussian-Lorentzian peak shape (70:30). For each sample, fitting parameters (FWHM, the full width at half maximum; H, the peak height; E, the peak position center) were adjusted to minimize the value of residual standard deviation (STD).

Real water matrix

The sewage treatment plant water (STPW) was collected from the urban treatment plant named "3 rivières" in Clermont-Ferrand, France in December 2019. Prior to use, the STP water was filtered using a syringe filter (CHROMAFIL ® Xtra RC-45/25) and then use for experiments.

The main physico-chemical parameters relevant to this study are reported in Table S1.

Experimental procedure

PMS was added to the solution containing selected EDCs and -MnOOH just before the reaction starts. All reactions were performed in a brown glass bottle (125 mL) at room temperature (293 ± 2 K) and under stirring to ensure homogeneity. Unless otherwise stated, experiments were performed at pH 6.5 ± 0.2. For HPLC, 2 mL of solution were withdrawn at fixed interval times, filtered using 0.20 µM PTFE filter and the reaction was immediately quenched with the addition of 20% methanol (HPLC grade, Sigma-Aldrich). Samples were kept at 277 K and analysis was performed within 4 hours. Furthermore, to identify the generated radicals, EtOH, TBA and FFA were added to the solution before PMS addition and a kinetic approach based on the second-order rate constants and pseudo-first order decay determination was used to assess the radical species involvement.

Analytical methods

BPA, E2 and EE2 quantification during reactions was performed by high performance liquid chromatography (HPLC) equipped with a diode array detector (Waters 2475, USA). The injection volume was 50 µL and a flow rate of 1 mL min -1 with a mobile phase consisting of a mixture of water and ACN (50/50, v/v) were used. An Agilent Eclipse XDB C18 of 250 mm × 4.6 mm × 5 µm column was adapted as the analytic column. Under these conditions, the detection wavelength and retention time were: for BPA (277 nm) at 5.4 min, for E2 (280 nm) at 6.2 min, for EE2 (280 nm) at 7.3 min (Fig. S2). To investigate the mineralization, the total organic carbon (TOC) analysis (TOC-L CPH CN200, Shimadzu) was performed.

The pseudo-first order decay of selected pollutant ( ) was determined from the slope of ln(C/C 0 ) vs reaction time as following:

. Where C 0 and C are the initial and remaining concentrations in solution and t is the reaction time.

PMS was quantified using the iodometric titration in which generated I 3 -was quantified at 348 nm using a Cary 300 Varian Spectrophotometer [START_REF] Wacławek | Simple spectrophotometric determination of monopersulfate[END_REF]. Calibration was performed using different PMS concentrations and data are presented in the supplementary Materials (Fig. S3). Briefly, 100 µL of sample was withdrawn at different reaction times and added to 5 mL of a solution containing KI (0.6 M) and HCO 3 -(0.06 M). The Abs of solution at 348 nm was measured after 10 min of reaction and PMS concentration (C PMS , (mM)) was determined as . Where V PMS and V tot are the volume of sample (100 µL) and total volume (5.1 mL), 0.5 was the slope of the linear correlation between the PMS concentration and value of Abs at 348 nm.

The Atomic absorption spectroscopy (AAS, PerkinElmer) was employed to determine the concentration of dissolved Mn 2+ in the aqueous solution. The procedure involved the filtration of the samples through a 0.2 μm PTFE filter and the addition of 2% nitric acid (HNO 3 , 65%, Sigma-Aldrich) before detection. Mn 2+ standard solution for AAS (TraceCERT ® , 1000 mg L -1

Mn in 2% nitric acid, Sigma-Aldrich) was used for making the calibration curve of Mn 2+ . The detection wavelength was set at 279.48 nm.

The identification of reactive oxygen species was performed on the electron paramagnetic resonance spectroscopy (EPR, Burker) using 5,5-dimethyl-1-pyrroline N-oxide (DMPO) as the spin trapping agents. Typically, 375 µL of sample was withdrawn and immediately mixed with 125 µL of DMPO (100 mM), then the mixture was transferred into an EPR quartz capillary tube (0.5 mm, 100 mm) for measurement. The EPR spectrometer settings were as follows:

modulation frequency, ~100 kHz; microwave frequency, ~9.87 GHz; microwave power, ~6.87 mW; center field, ~352.7 mT; sweep width, 20 mT; sweep time, 30 s; sample g-factors, 2.0; modulation amplitude, 1.0 G.

Results and discussion

Effect of γ-MnOOH and PMS dosage

Preliminary experiments showed that no significant degradation was observed with PMS or γ-MnOOH, while efficient removal was reached when both γ-MnOOH and PMS were used simultaneously (Fig. 1). In this system, BPA was completely removed after 2 h with an initial pseudo-first order degradation rate (k'BPA) of 0.058 ± 0.001 min -1 showing that reactive species (such as SO 4

•-and HO • ) may be generated through the reaction between γ-MnOOH and PMS in solution. Moreover, the adsorption of BPA on γ-MnOOH was negligible (< 3 %) after 3h of reaction. When various concentrations of γ-MnOOH were used in the presence of 0.5 mM PMS (Fig. 2A), a different trend can be observed. Increasing the γ-MnOOH concentration up to 0.1 g L -1 , faster degradation of BPA was determined and the corresponding kinetic rate constant of BPA degradation ( ) increased up to 0.163 ± 0.001 min -1 . At higher γ-MnOOH concentrations, the BPA degradation decreased and almost no degradation was observed using 0.5 g L -1 of γ-MnOOH. Similar trend was observed when different PMS concentrations were used in the presence of 0.1 g L -1 of γ-MnOOH (Fig. 2B). From 0 to 2 mM, increased almost linearly to 0.719 ± 0.007 min -1 , while higher PMS concentrations inhibited the degradation. This behavior suggests that Mn(III)-oxide and PMS would scavenge the generated reactive species when they are used at high concentrations. This behaviour suggests that Mn(III)-oxide and PMS would scavenge the generated reactive species when they are used at high concentrations. This effect can be attributed to the quenching of excessive γ-MnOOH and PMS on the active species [START_REF] Wang | Enhanced Fenton-like degradation of TCE in sand suspensions with magnetite by NTA/EDTA at circumneutral pH[END_REF][START_REF] Zhang | A novel MnOOH coated nylon membrane for efficient removal of 2,4-dichlorophenol through peroxymonosulfate activation[END_REF]. Thus, an optimal concentration of γ-MnOOH (0.1 g/L) and PMS (2 mM) was adopted for the followed study. 

Activation pathway and reactive species formation

In order to verify the generation of reactive species resulted from the activation of γ-MnOOH, the leaching of dissolved Mn 2+ in γ-MnOOH/PMS system was measured, and the homogenous activation of PMS by Mn 2+ was evaluated. The total amount of leached and adsorbed Mn 2+ was determined at around 34 µM after 30 min of reaction. However, a high amount of dissolved Mn 2+ (100 µM) can only remove about 20% of target compound in 1 h reaction (Fig. S4).

Therefore, the removal of BPA was mainly attributed to the heterogeneous activation of PMS by γ-MnOOH.

To identify the reactive species generated in the γ-MnOOH/PMS system, chemical scavenging tests and EPR experiments were conducted. Firstly, the generation of reactive oxidant species was investigated using different chemical quenchers. TBA was used as the HO • scavenger due to its higher selectivity toward HO • ( = 6.0 × 10 8 M -1 s -1 ) compared to SO 4

•-( = 8.4 × 10 5 M -1 s -1 ) [START_REF] Yuan | Enhanced oxidation of aniline using Fe(III)-S(IV) system: Role of different oxysulfur radicals[END_REF]. Theoretically, the addition of 10 mM of TBA can suppress 96% of BPA degradation considering the reaction rate constants of TBA, PMS and BPA with HO • ( = 1  10 7 M -1 s -1 and = 8.6  10 9 M -1 s -1 ) (Table S2) (W. Huang et al., 2018;[START_REF] Maruthamuthu | Radiolytic chain decomposition of peroxomonophosphoric and peroxomonosulfuric acids[END_REF]. However, the was not inhibited when 10 mM of TBA were added to the solution, indicating that no HO • was generated in the system (Fig. 3). Comparatively, using 10 mM of EtOH can efficiently quench both HO • and SO 4

•-radicals ( = 1.9 × 10 9 M -1 s -1 and = 4.3 × 10 7 M -1 s -1 ) [START_REF] Buxton | Critical review of rate constants for reactions of hydrated electrons, hydrogen atoms and hydroxyl radicals (⋅ OH/⋅ O-in aqueous solution[END_REF][START_REF] Clifton | Rate constants for hydrogen abstraction reactions of the sulfate radical, SO4-. Alcohols[END_REF]. The decreases to 40 % of the initial value (0.719 min -1 )

showing that SO 4 •-are generated and contributed to the BPA degradation. Further increasing EtOH concentration up to 50 mM, the BPA degradation decreased to 39 %. The generation of reactive radicals were also confirmed by the EPR experiments using DMPO as the complexing agents. Fig. S5 shows one clear seven-peaks signal was formed in the γ-MnOOH/PMS system.

This multiplet peaks signal is recognized as the 5,5-dimethyl-2-oxo-pyrroline-1-oxyl (DMPOX) which can be generated by the overoxidizing of DMPO by reactive species such as HSO 5 ─ , HO • and SO 4 •-radicals. Since no HO • was generated in the reaction, and HSO 5 ─ has low reactivity to oxidize DMPO (X. Yang et al., 2020), the formation of DMPOX can be reasonably attributed to the reactivity of DMPO with SO 4 •-radicals.

Furthermore, under the adopted experimental conditions we can estimate that, considering only SO 4

•-involved during the degradation system, quenching of 78.5 and 94.8% of BPA degradation should be expected with the addition of 10 and 50 mM of EtOH (Table S2).

However, this difference has not been observed in our experiments, which suggest the occurrence of other reactive species un-quenchable by the organic scavengers. Thus, one nonradical mechanism was assumed to be responsible for the degradation of the rest part of BPA.

He et al. reported the generation of singlet oxygen ( 1 O 2 ) in the system of γ-MnOOH/PMS [START_REF] He | New insights into MnOOH/peroxymonosulfate system for catalytic oxidation of 2,4-dichlorophenol: Morphology dependence and mechanisms[END_REF]. To verify if 1 O 2 was generated, the degradation of BPA was followed in the presence of 1 mM FFA as 1 O 2 quencher ( = 1.2 × 10 8 M -1 s -1 ) in addition to 50 mM of EtOH [START_REF] Haag | Singlet oxygen in surface waters -Part I: Furfuryl alcohol as a trapping agent[END_REF]. Since FFA has high reactivity with HO • ( = 1.5 × 10 10 M -1 s -1 ) [START_REF] Yang | Oxidation of Organic Compounds in Water by Unactivated Peroxymonosulfate[END_REF], the simultaneous addition of FFA and EtOH was planned to consume all the possible HO • radicals using EtOH, and then verify the inhibition of BPA degradation caused by FFA addition was only attributed to the generation of 1 O 2 . As reported in Fig. 3, almost no effect was observed with the addition of FFA indicating that 1 O 2 was not generated. To further shed light on the non-radical mechanism in the γ-MnOOH/PMS system, more attention had been paid to the oxidation states of Mn species changing during the reaction.

Since the direct oxidation of the organic compounds by Mn(IV) through electron transfer process has been widely reported [START_REF] Huang | Effects of MnO2 of different structures on activation of peroxymonosulfate for bisphenol A degradation under acidic conditions[END_REF][START_REF] Huang | Effect of MnO 2 Phase Structure on the Oxidative Reactivity toward Bisphenol A Degradation[END_REF], we can suppose that higher valence state Mn species (e.g. Mn IV ) can be formed, and thus contribute to the degradation of BPA. In order to get more insights on the redox process involving Mn species, XPS analysis of γ-MnOOH surfaces was performed during different reaction steps. The chemical oxidation state of Mn in the external layers was determined using the Mn 3s multiplet splitting method and the position and shape of the Mn 2p 3/2 spectra (Fig. 4) [START_REF] Ardizzone | Mn3O4 and γ-MnOOH powders, preparation, phase composition and XPS characterisation[END_REF][START_REF] Ilton | XPS determination of Mn oxidation states in Mn (hydr)oxides[END_REF]. The peak position and relevant parameters from curve fitting of Mn 3s

and Mn 2p 3/2 high resolution spectra are listed in Table 1. The average oxidation state (AOS) of samples was calculated from the % of each Mn species from the fitting of Mn 2p 3/2 spectra and from the binding energy difference of Mn 3s doublet splitting as following: AOS = 8. 956 -1.126 × ∆E [25,26]. Using the multiplets fitting of the Mn 2p 3/2 peaks, the percent contents of Mn(IV), Mn(III) and Mn(II) in the γ-MnOOH sample were 7%, 85% and 8%, respectively and AOS was 2.99. After reaction with PMS, the relative contents of Mn(IV), Mn(III) and Mn(II) changed and Mn(IV) percentage increased to 24.5 consistently with an increase of AOS up to 3.10. In the sample γ-MnOOH + PMS + BPA, Mn(II) percentage increased to 37% while Mn(IV) decreased to 9% with a decrease of AOS down to 2.72. AOS values were consistent with those determined from the fitting of Mn 3s multiplet splitting data (Table 1). The increase of Mn(IV) in the presence of PMS followed by a decrease when BPA was present in solution, suggests that freshly generated Mn(IV) may contribute to the degradation of BPA. Such a process, called metal-based oxidation, was previously indicated as relevant surface-mediated oxidation of organic pollutants in the presence of Mn(IV) oxides [START_REF] Kamagate | Mineralization Enhancement of Pharmaceutical Contaminants by Radical-Based Oxidation Promoted by Oxide-Bound Metal Ions[END_REF].

Huang et al. demonstrated the efficient oxidation of BPA by MnO 2 with different structures such as α-, β-, γ-, -MnO 2 with and without PMS [START_REF] Huang | Effects of MnO2 of different structures on activation of peroxymonosulfate for bisphenol A degradation under acidic conditions[END_REF][START_REF] Huang | Effect of MnO 2 Phase Structure on the Oxidative Reactivity toward Bisphenol A Degradation[END_REF].

Wang et al. reported the removal of BPA was due to a complex between amorphous MnO 2 and PMS (Wang et al., 2018). Collectively, quenching experiments and XPS analysis suggest that the first electron transfer reaction occurring between ≡Mn(III) and PMS on the surface of oxide led to the formation of ≡Mn(IV) and SO 4

•-(R1). SO 4 •-can oxidize BPA (R4) (Table S2) while Mn(IV) can further react with PMS leading to the formation of ≡Mn(III) and SO 5

•-(R2) or directly with BPA (R3).

The involvement of SO 5 •-during the BPA degradation (R5) is reasonably considered less relevant due to the typical second-order rate constants between SO 5 •-and organic molecules (10 4 -10 6 M -1 s -1 ) [START_REF] Huie | One-electron redox reactions in aqueous solutions of sulfite with hydroquinone and other hydroxyphenols[END_REF].

(R1) (R2) (R3) (R4) (R5)

Degradation and mineralization of BPA, E2 and EE2

Degradation and mineralization efficiencies of γ-MnOOH/PMS system were tested on BPA, E2 and EE2 mixing solution at pH 6.5. In Fig. 5, the degradation of three EDCs (5 µM each) and PMS (2 mM) consumption were followed during the reaction time in the presence of γ-MnOOH (0.1 g L -1 ). Despite no degradation in the presence of γ-MnOOH alone and less than 10 % after 2 hours in the presence of PMS alone (Fig. S6), almost complete degradation of three pollutants can be observed after 30 min. Degradation of BPA, E2 and EE2 follows a mono-exponential decay and after 30 min of reaction, ~ 100 µM of PMS were consumed. We can then estimate an efficiency of degradation system considering the stoichiometric efficiency value (η) that is calculated as the ratio between degraded EDCs vs consumed PMS (η = ). In the presence of 0.1 g L -1 γ-MnOOH and 2 mM of PMS a value of η = 15% was determined at pH 6.5. 

Effect of inorganic ions

Inorganic anions are commonly detected in natural waters and they could affect the radicalmediated degradation efficiency of organic pollutants. In the γ-MnOOH / PMS system, the effect of chloride (Cl -), bicarbonate (HCO 3 -), nitrite (NO 2

-

) and nitrate (NO 3 -) anions was investigated and BPA, E2, and EE2 degradations were followed using 0.1 g L -1 of γ-MnOOH and 2 mM of PMS.

As illustrated in Fig. 7A, increasing the concentration of Cl -from 0 to 5 mM, the BPA, E2, and EE2 degradation rates slightly increased indicating a positive effect of Cl -on the oxidation system. The results are in agreement with previous studies which indicated that improvement of organic pollutants degradation efficiency in the presence of Cl -was attributed to the generation of reactive chlorine species such as and HOCl (R7 to R9) [START_REF] Wang | Effect of inorganic anions on the performance of advanced oxidation processes for degradation of organic contaminants[END_REF]. In fact, despite a different reactivity constant between and with organic compounds ( = 10 9

-10 10 M -1 s -1 , = 10 7 -10 8 M -1 s -1 ), their lower reactivity was partially counterbalanced by direct activation occurring in the presence of PMS leading to the formation of oxidant species such as HOCl as observed at high Cl -concentration in absence of γ-MnOOH (R9) (Fig. S6) [START_REF] Lente | One-Versus Two-Electron Oxidation with Peroxomonosulfate Ion: Reactions with Iron(II), Vanadium(IV), Halide Ions, and Photoreaction with Cerium(III)[END_REF].

(R7) (R8) (R9)
Bicarbonate ions (HCO 3 -) are generally considered as interfering species during oxidative processes based on radical species generation due to their reactivity with radicals and generation of less oxidative species such as [START_REF] Buxton | Critical review of rate constants for reactions of hydrated electrons, hydrogen atoms and hydroxyl radicals (⋅ OH/⋅ O-in aqueous solution[END_REF][START_REF] Clifton | Rate constants for hydrogen abstraction reactions of the sulfate radical, SO4-. Alcohols[END_REF].

However, a negligible impact on the EDCs degradation was observed with the addition of HCO 3 -(Fig. 7B). Such effect can be explained considering that the inhibition effect on the sulfate radical reactivity (R10-R11) is counterbalanced by the direct activation of HCO 3 -by PMS leading to the formation of HCO 4 -as reported in Fig. S7 (R12) [START_REF] Wang | Effect of inorganic anions on the performance of advanced oxidation processes for degradation of organic contaminants[END_REF].

(R10) (R11) (R12)
The effect of nitrogen anions (NO 2 -and NO 3 -) on BPA, E2 and EE2 degradation were investigated, individually. As shown in Fig. S8, no effect of both NO 2 -and NO 3 -on the degradation of the three EDCs was observed. 

Efficiency in the real water matrix

To evaluate the efficiency of γ-MnOOH/PMS system in realistic conditions, the treatment of three EDCs in filtered sewage treatment plant water (STPW) was conducted. The initial TOC was determined to be 10.8 mgC L -1 (in which 2.8 mgC L -1 come from the addition of 3 EDCs).

As expected, the removal rates and efficiencies of EDCs and TOC in STP water were slower in comparison with results in milli-Q water (Fig. 8). This effect can be attributed to the organic matter and inorganic anions present in STP water, which can compete with degradation EDCs during the γ-MnOOH/PMS process. It is interesting to notice that EDCs initial degradation in STP water is lower during the first 15 min and rapidly increases to almost complete removal after 35-40 min. 18 % of TOC removal was also observed after 30 min of reaction and TOC removal continues after EDCs degradation with a rate of 0.067 ± 0.007 mgC min -1 . 

Conclusion

In this work, the degradation of three estrogens: BPA, E2 and EE2 was performed using manganite (γ-MnOOH) in the presence of peroxymonosulfate ions (PMS). The rapid degradation in water was attributed to the generation of sulfate radical and the direct oxidation mediated by Mn(IV). In fact, about 60% of estrogens degradation was attributed to the generation of sulfate radical, while ~ 40 % to the direct oxidation mediated by Mn(IV). The effect of inorganic ions at environmentally relevant concentrations showed only limited inhibition effect on EDCs degradation in ultrapure water and real sewage treatment plant water, indicating that the γ-MnOOH/PMS system can be applied for real wastewater treatment. The Mn(III)/(IV) cycle represents the main reaction step leading to the formation of sulfate radical but also mediated Mn(IV) species have high oxidation ability toward the removal of selected pollutants. These results have strong implications for the development of Mn-mediated oxidation processes in wastewater remediation technologies.
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 56 Fig. 5. Degradation of BPA, E2 and EE2 in the system γ-MnOOH/PMS. The solid lines show
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 7 Fig. 7. Effect of chloride ions (Cl -) (A) and bicarbonate ions (HCO 3 -) (B) on the degradation of

Fig. 8 .

 8 Fig. 8. BPA, E2 and EE2 degradation by γ-MnOOH/PMS system in STPW and TOC removal. Experimental conditions are: [γ-MnOOH] = 0.1 g L -1 , [PMS] = 2 mM, [BPA] = [E2] = [EE2] = 5µM, and pH = 6.5. Error bars on TOC analysis was 0.2 mgC L -1 .

  

Table 1 .

 1 Parameters from curve fitting of Mn 3s and Mn 2p 3/2 XPS spectra and average oxidation state.

	Sample		γ-MnOOH	γ-MnOOH+PMS γ-MnOOH+PMS+BPA
	Mn(II)	BE (eV)	639.60	639.64	640.54
		%	8	14	37
	Mn(III)	BE (eV)	640.41	641.00	640.88
	Mn 2p	%	85	61	54
	Mn(IV)	BE (eV)	643.10	642.85	643.18
		%	7	25	9
		AOS	2.99	3.10	2.72
	Multiplet Splitting (eV) 5.29	5.18	5.61
	Mn 3s				
		AOS	3.00	3.12	2.64
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