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Arsenite (AsIII) is a major pollutant in many countries and is responsible of major sanitary problems due to the use of As-rich groundwater or surface water as drinking water. In view of the bioremediation of As(III)-polluted sites based on microbial As(III) oxidation into arsenate (As(V)) that precipitates more easily, many researches are directed toward the isolation and characterization of microbial strains and consortia able to oxidize As(III) [START_REF] Santini | A new chemolithoautotrophic arsenite-oxidizing bacterium isolated from a gold mine: phylogenetic, physiological, and preliminary biochemical studies[END_REF][START_REF] Battaglia-Brunet | An arsenic(III)-oxidizing bacterial population: selection, characterization, and performance in reactors[END_REF][START_REF] Ike | Removal of arsenic from groundwater by arsenite-oxidizing bacteria[END_REF][START_REF] Osborne | Microbial oxidation of arsenite in a subarctic environment: diversity of arsenite oxidase genes and identification of a psychrotolerant arsenite oxidiser[END_REF][START_REF] Paul | Arsenic bioremediation potential of arseniteoxidising Micrococcus sp. KUMAs15 isolated from contaminated soil[END_REF]. These works are generally screening for microorganisms highly tolerant to As and are usually conducted at high As(III) concentrations (until 100 mg/L and even more) and need analytical tools that allow total As quantification and also As(III) and As(V) species quantification at high concentrations. Standard analytical methods commonly used for arsenic (As) quantification (atomic absorption spectroscopy, mass spectroscopy) are sensitive with low detection limits and allow redox state determination. However, their main drawbacks are the equipment cost, the need of specific qualification of the experimenters, and the need to transport and store samples from the site to the laboratory. Several colorimetric tests have been developed to overcome these drawbacks [START_REF] Dhar | A rapid colorimetric method for measuring arsenic concentrations in groundwater[END_REF][START_REF] Baghel | A rapid field detection method for arsenic in drinking water[END_REF][START_REF] Hu | A novel colorimetric method for field arsenic speciation analysis[END_REF][START_REF] Sidhu | Highly sensitive & low cost colorimetric method for quantifying arsenic metal in drinking water of Malwa punjab and comparison with ICAP-AES[END_REF][START_REF] Sirawatcharin | Naked-eye and colorimetric detection of Arsenic (III) using difluoroboron-curcumin in aquaeous and resin bead support systems[END_REF][START_REF] Rathore | Quantifying arsenic metal in drinking water. Comments on: Highly sensitive & low cost colorimetric method for quantifying arsenic metal in drinking water of Malwa Punjab and comparison with ICAP-AES[END_REF][START_REF] Kearns | Expanding quantification of arsenic in water to 0 µg L -1 with a field test kit: substituting 0.4% M/V silver nitrate as the colorimetric reagent; employing digital image analysis[END_REF][START_REF] Lace | Arsenic monitoring in water by colorimetry using an optimized leucomalachite green method[END_REF]. They are cheap methods that allow routine and high frequency monitoring of polluted sites (that can be used as alert systems), and screening of samples that need to be further analyzed by standard analytical methods. However, as most of these colorimetric methods have been developed for on-site measurements of As in drinking waters, they usually display low detection limit and quantification ranges in the µg/L order, and for many of them, redox sate determination (As(III) vs. As(V)) is not possible. With the exception of few of them [START_REF] Hu | A novel colorimetric method for field arsenic speciation analysis[END_REF], most of these methods are not adapted to the characterization and monitoring of microorganisms in a context of site bioremediation. There is thus a need for rapid and simple laboratory tests that allow the quantification of As species, such as As(III), at high concentrations (until several dozens of mg/L).

The objective of this work was to develop a simple and rapid method to quantify As(III) (but not As(V)) in the 0-100 mg/L range in microbial culture media in the frame of growth, selection and characterization of strains and consortia that express As(III)-oxidizing activity. In this context, the possibility to use the metals/metalloids chelation properties of pyrrolidine dithiocarbamate (PDTC) (C5H9NS2) was evaluated. This chemical compound is known to form a non-soluble complex with As(III) and not with As(V) at pH 5, thus allowing to determine the redox state of As [START_REF] Charlot | Chimie analytique quantitative. Part II: Méthodes sélectionnées d'analyse chimique des éléments[END_REF][START_REF] Subramanian | Determination of arsenic(III), arsenic(V), antimony(III), antimony(V), selenium(IV) and selenium (VI) by extraction with ammonium pyrrolodinedithiocarbamate-methyl isobutyl ketone and electrothermal atomic absorption spectrometry[END_REF].

The procedure for the proposed PDTC test is simple and rapid (per sample: 5 minutes from sample preparation to absorbance measurement with a UV-visible spectrophotometer). In a glass tube, 0.5 mL of filtered growth medium (at 0.22 µm) are mixed with 0.5 mL of acetate buffer (0.1 M Na-acetate, pH 5 (pH is adjusted using acetic acid)). Then, 0.1 mL of a PDTC stock solution (5 g of PDTC (Sigma) dissolved in 1 L of demineralized water) are added and immediately mixed by a rapid hand shaking (by inverting the tubes 2-3 times). In the presence of As(III), white small precipitates immediately appear (whereas there are no precipitates with As(V)). Absorbance (at 450, 500, 550 and 600 nm) is then measured using a spectrophotometer (in this study: Cary 100 UV-Vis spectrophotometer, Agilent Technologies, using 1 cm light path cuvettes). Absorbance measurements have to be done immediately after shaking, as the precipitates tend to aggregate after 1 minute. It is thus recommend to analyze one sample at a time. The acetate buffer and PDTC stock solutions can be stored at room temperature for several months.

The first step of this work aimed to validate the possibility to quantify the turbidity due to As(III)-PDTC interaction using spectrophotometry. For this, the PDTC test was applied on As(III) solutions at various concentrations ranging from 0 to 100 mg/L and prepared in distilled water. Results showed a linear relation (R 2 about 0.98) between absorbance and As(III) concentration for the four tested wavelengths, and for As(III) concentrations ranging from 0 to 100 mg/L (Fig. 1). The calibration curves varied according to the wavelength so that the sensitivity was the highest at 450 nm and the weakest at 600 nm (Fig. 1, Table 1). The potential influence of microbial growth medium composition (as the presence of salts) on the sensitivity was then evaluated. For this, As(III) solutions prepared in CAsO1 medium (a defined growth medium used for the growth of As(III)-oxidizing bacteria, [START_REF] Battaglia-Brunet | An arsenic(III)-oxidizing bacterial population: selection, characterization, and performance in reactors[END_REF] or 2A-MOPS medium (a defined growth medium adapted to marine As(III)-oxidizing bacteria, [START_REF] Lescure | Oxidation of As(III) by the bacterial community of a marine sediment monitored by microcalorimetry[END_REF] were tested. Results demonstrated the influence of growth medium composition as sensitivity and quantification range varied according to the medium (Table 1). Sensitivity was indeed slightly higher for the CAsO1 medium in comparison to results obtained with distilled water and 2A-MOPS medium. This is potentially due to the presence, in the CAsO1 medium only, of Mg 2+ and Ca 2+ that probably favored the flocculation of precipitates [START_REF] Sworska | Flocculation of the Syncrude fine tailings. Part I. Effect of pH, polymer dosage and Mg 2+ and Ca 2+ cations[END_REF]. Same sensitivity and detection range were obtained in the CAsO1 medium prepared with or without yeast extract (data not shown), showing no impact of yeast extract on the quantification of As(III). Concerning quantification range, for the CAsO1 medium, the linear relation between As(III) concentration and absorbance was lost for concentrations higher than 40 mg/L, at which a plateau was observed (data not shown) because of high absorbance values incompatible with the Beer-Lambert equation. To overcome this bias, if observed, a dilution of the sample, using growth medium as the dilution solution, is needed before analysis with the PDTC test. For the 2A-MOPS medium, As(III) quantification was possible until 100 mg/L range. More precisely, the detection limit was about 3 mg/L in water and 2A-MOPS medium, and about 2 mg/l in CAsO1 medium. However, linearity was optimal for concentrations higher than 10 mg/L. Taken all together, these results demonstrated the relevance of the PDTC test for quantifying As(III) in culture media containing up to 100 mg/L of As(III) (according to the growth media), and even more by diluting the sample. For accurate sensitivity of the method, the calibration curves have to be done in the growth medium used for the studied microbial strain or consortium. Moreover, to have the best As(III) concentration determination, it is suggested to measure the absorbance at the 4 wavelengths to calculate an average As(III) concentration. 

Sensitivity for As(III)

(Abs / (mg/L)) 1: Sensitivity and quantification range of the PDTC test for As(III) according to the medium (CAsO1 medium, 2A-MOPS medium and distilled water) and to the wavelength used for absorbance measurement. Sensitivity values were calculated from trend lines such as those presented for water in The PDTC test was then validated by comparison with a standard analytical method for As quantification and routinely applied for the monitoring of As(III)-oxidizing or As(V)-reducing activity tests [START_REF] Lescure | Influence of organic matters on AsIII oxidation by the microflora of polluted soils[END_REF][START_REF] Thouin | Characterization and mobility of arsenic and heavy metals in soils polluted by the destruction of arsenic-containing shells from the Great War[END_REF]. For this, As(III) was selectively extracted in Methyl IsoButyl Ketone (MIBK) with PDTC, using a protocol adapted from [START_REF] Charlot | Chimie analytique quantitative. Part II: Méthodes sélectionnées d'analyse chimique des éléments[END_REF] and detailed in [START_REF] Battaglia-Brunet | An arsenic(III)-oxidizing bacterial population: selection, characterization, and performance in reactors[END_REF]. Total As and As(V) recovered in the aqueous phase were analyzed by Atomic Absorption Spectrophotometry (AAS; Varian AA22FS). The detection limit of this method was 1 mg/L. Standard As(III) solutions from 0 to 100 mg/L were prepared in distilled water, CAsO1 medium and 2A-MOPS medium. As(V) and total As were quantified by AAS and As(III) was quantified by the PDTC test. For quantification using the PDTC test, calibration curves obtained in Figure 1 and Table 1 were used for the calculation of As(III) concentrations from absorbance values. For the two growth media and water, results from AAS and PDTC test showed similar results allowing the validation of the PDCT test (Fig. 2). Finally, the use of the PDTC test to measure and monitor As(III) oxidation by a bacterial strain was evaluated. For this, the As(III)-oxidizing bacterium Thiomonas delicata subsp. arsenivorans [START_REF] Battaglia-Brunet | Proposal that the arsenite-oxidizing organisms Thiomonas cuprina and 'Thiomonas arsenivorans' be reclassified as strains of Thiomonas delicata, and emended description of Thiomonas delicata[END_REF] was grown in the CAsO1 medium at 25°C, in static conditions. Its growth was monitored by microscopic cell counts (using a Thoma cell (Marienfeld, depth 0.1 mm), and by examining 10 fields with a Zeiss Axio Imager Z1, magnification x400, AxioVision 4.6 software), and its As(III)-oxidizing activity was monitored by measuring As(III) concentration in the culture medium using the PDTC and AAS (for validation) approaches (Fig. 3). Abiotic tests (no inoculation) confirmed the stability of As(III) at 25°C in the CAsO1 medium over time (data not shown). Results showed that the As(III) oxidation kinetics was the same whatever the analytical method used for As(III) quantification, thus confirming the possibility to use the PDTC test for monitoring the activity of microbial strains able to oxidize As(III). Although not tested here, the developed test is also adapted to monitor the activity of As(V)-reducing microorganisms, since As(III) is the end product during the biological reduction of As(V). In conclusion, a rapid (5 minutes per sample), simple (one reagent and one step) and cost effective (reagent (PDTC) cost is about 60 € for the preparation of a 5 L solution) turbidimetric method was developed for the quantification of As(III) (but not As(V)) in the range of 0 to 100 mg/L (according to the growth medium) or even more due to the possibility to dilute samples. This kind of test is particularly adapted to the characterization of As(III)-oxidizing microbial strains or consortia, but also to As(V)-reducing microorganisms, as it allows to easily quantify and monitor their As-linked activity. This test, used here at the laboratory scale, could also be helpful at the (semi)-industrial scale for the development and monitoring of bioprocesses (prototypes or industrial installations) for bioremediation purposes such as treatment of As polluted water. Indeed, easy, cheap and rapid tests are needed at all scales to monitor bioremediation process efficiency, alert if pics of As(III) pollution are observed, and also select samples of interest that need further characterization using standard protocols. A third application would be the easy and cheap determination of microbial As(III)-oxidizing and As(V)-reducing activities in environmental samples, that proved to be interesting biogeochemical indicators [START_REF] Lescure | Influence of organic matters on AsIII oxidation by the microflora of polluted soils[END_REF][START_REF] Thouin | Characterization and mobility of arsenic and heavy metals in soils polluted by the destruction of arsenic-containing shells from the Great War[END_REF]. At last, preliminary tests realized in our laboratory also suggested that the developed PDTC turbidimetric test could be used to quantify Sb(III) (but with a lower sensitivity than that obtained for As(III)), another metalloid oxidized by some bacteria [START_REF] Wang | Arsenite oxidase also Functions as an antimonite oxidase[END_REF]. PDTC was also demonstrated to interact with selenium [START_REF] Subramanian | Determination of arsenic(III), arsenic(V), antimony(III), antimony(V), selenium(IV) and selenium (VI) by extraction with ammonium pyrrolodinedithiocarbamate-methyl isobutyl ketone and electrothermal atomic absorption spectrometry[END_REF], suggesting that the PDTC test could potentially be used for the characterization of the bioremediation properties of microorganisms involved in the arsenic, antimony and/or selenium cycles.
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Fig 1 :

 1 Fig 1: Calibration curves obtained for the quantification of As(III) in distilled water by the PDTC test. Absorbance measurements (n=3) were registered at four different wavelengths (450 nm, 500 nm, 550 nm and 600 nm). Dotted lines represent trend lines that correspond to calibration curves. Bars represent standard deviation.

  Fig 1.

Fig 2 :

 2 Fig 2 : Comparison of theoretical As(III) concentrations and measured As(III) concentrations by the
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 3 Fig 3 : Growth and As(III)-oxidizing activity of Thiomonas delicata subsp. arsenivorans grown in the