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INTRODUCTION

Water disinfection is necessary step in drinking water production to avoid water contaminated with germs that may make people sick. Drinking water is produced from raw water that may have different origins like, rivers, lakes and wells and can be potentially contaminated with a variety of microorganisms and toxins. Additionally, water can also be contaminated with germs on their way through the piping system towards the final user. To avoid these problems, disinfectants like chlorine and chloramine as well as UV are mainly used, and a wide variety of advanced materials are being developed for that same purpose (Gonzalez-Perez et a. 2018). Those options are not free of issues and disinfectant by-products can be generated adding extra causes of concern for public health (Boorman et al 1999, Lee and[START_REF] Lee | Drinking Water Disinfection Byproducts (DBPs) and Human Health Effects: Multidisciplinary Challenges and Opportunities[END_REF]. Additionally, sustainability issues for an aging centralized drinking water infrastructure suggest a shift towards small-scale decentralized systems that can ensure a more rational, resilient, and sustainable model for drinking water production and delivery in cities. This tendency will give new opportunities for small-scale approaches that are not easy implementable on the large-scale infrastructure characteristic from conventional drinking water production and delivery in cities. To reach good drinking water quality withing acceptable limits of safety, clays have been used as alternative option for small scale drinking water units and individual households. The use of organoclays for the removal of pollutants from water is extensively reported in the literature and from modification protocols to practical cases has been getting attention for the removal of pollutants of emerging concern (Guégan et al. 2020). More recently the use of micelle-clay composite, that involve the use of surfactants in micellar form instead of monomeric for clay modification, have been proven to be efficient for the removal of bacteria and hydrophobic neutral chemicals from water [START_REF] Polubesova | Water purification from organic pollutants by optimized Micelle-clay systems[END_REF][START_REF] Benitez | Modified compositions of micelle-clay and liposome-clay composites for optimal removal from water of bacteria and hydrophobic neutral chemicals[END_REF]. In this work, we investigate the use of quaternary ammonium salts with surface active properties and long alkyl chains for the modification of clays to develop micelle-clay composites for the removal of bacteria from water.

RESULTS AND DISCUSSION

Following the work of Nir and collaborators [START_REF] Nir | Water purification from perchlorate by micelle-clay complex: laboratory and pilot experiments[END_REF] we prepared modified Bentonite the using a different quaternary ammonium cation at several concentrations in monomeric and self-assembled micellar form. The behaviour of alkylpyridinium halides in aqueous solution in monomeric and micellar form is well know and reported in the literature [START_REF] Gonzalez-Perez | Sphere to rod transitions in homologous alkylpyridinium salts. A stauff-Klevens type equation for the second critical micelle concentration[END_REF]). The isotherms of adsorption for alkylpyridicnium have been investigated by several authors [START_REF] Chen | Adsorption enthalpy and adsorption isotherm of tetradecylpyridinium bromide on Na-Montmorillonite[END_REF]). In the current work we use bentonite and hexadecylpiridinium bromide (C16PyBr) for the preparation of Micelle-clay composites. We follow an analogous protocol to Benitez and collaborators [START_REF] Benitez | Modified compositions of micelle-clay and liposome-clay composites for optimal removal from water of bacteria and hydrophobic neutral chemicals[END_REF]. Is important to note that C16PyBr is not soluble a 20 C hence heating was needed in order to ensure that all the solution was soluble, and the presence of monomers or micelles could be found from the conductivity vs concentration isotherms [START_REF] Galan | Thermodynamic study of the process of micellization of long chain alkyl pyridinium salts in aqueous solution[END_REF]. We use the following concentrations of C16PyBr; 0.00054, 0.00098, 0.01009, 0.02616 mol/kg -1 . The bentonite concentration used was about two times the concentration of surfactant. The surfactant was first dissolved in distilled water and warm to ensure that is fully soluble in water. After stabilization the corresponding amount of clay was added with continuous stirring and the process was monitored for several days. Conductivity was used to monitor the cationic exchange upon the mixing with bentonite. The conductivity results are shown in figure 1. The first conductivity data at zero time corresponds to the conductivity of different concentrations of pure C16PyBr. After adding the clay, the conductivity changes where monitored for several days. After 70 hours all the cationic exchange reached saturation and the modified clay was extracted by centrifugation and dried for further use on the filtration experiments. A small layer of modified clay was used for a preliminary filtration test, based on the micelle-clay composite, with a known solution of E. Coli. The bacteria were counted after filtration to assess the entrapment on the test filter. Preliminary results on filtration in in the laboratory with the Micelle-clay composite (sphere-like micelles) indicate the removal of bacteria in good agreement with the results previously published using other quaternary ammonium surfactants in their composition. Note that hexadecylpydinium cation is a close structural relative to octadecyltrimethylammonium and hexadecyldimethylbenzylammonium that had been used by other authors [START_REF] Benitez | Modified compositions of micelle-clay and liposome-clay composites for optimal removal from water of bacteria and hydrophobic neutral chemicals[END_REF] for the removal of bacteria from water. More studies will follow these preliminary results to investigate the optimal composition for the maximization of the bacterial removal and different flow rates as well as test on the regeneration of the used filter material to increase their life-spam. We see a bright future to this micelle-clay composite alternative for the removal of virus and bacteria that can be used on small scale water treatment units without known by-products. In line with a global tendency towards decentralization and the possible end of centralized systems in cities to ensure sustainability and resilience, we envisage possibilities to implement this type of technology not only on the countryside but also in medium and large cities.
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 1 Figure 1. Conductivity vs time at different C16PyBr-Motmorillonite concentrations in monomeric and micellar form.
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