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Sulfamethoxazole biodegradation and impacts on soil microbial communities in a Bolivian arid high altitude catchment

The processes controlling antibiotics fate in ecosystems are poorly understood, yet their presence can inhibit bacterial growth and induce the development of bacterial resistance. Sulfamethoxazole (SMX) is one of the most frequently detected sulfonamides in natural environments due to its low metabolism and molecular properties. This work presents pioneering results on SMX biodegradation and impact in high altitude soils (Bolivian Altiplano), allowing a better understanding of the persistence, spread and impact of this antibiotic at the global watershed scale.

Our results showed significant dissipation of SMX in relation to its adsorption, hydrolysis and biotransformation. However, biodegradation appears to be lower in these mountain soils than in lowland soils as widely described in the literature. The half-life of SMX ranges from 12 to 346 days in non-sterile soils. In one soil, no biotic degradation was observed, indicating a likely high persistence. Biodegradation was related to OC content and to proximity to urban activities.

Regarding the study of the impacts of SMX, the DGGE results were less sensitive than the sequencing. In general, SMX strongly changes the structure and composition of the studied soils at high altitudes, which is comparable to the observations of other authors in lowland soils. The phylum Actinobacter showed high sensitivity to SMX. In contrast, the abundance of ɣproteobacteria remained almost unchanged. Soil contamination with SMX did not lead to the development of the studied resistance genes (sul1 and sul2) in soils where they were absent at the beginning of the experiment. Thus, the presence of SMX resistance genes seems to be related to irrigation with wastewater carrying the studied resistance genes.

Introduction

Over the last few decades, the consumption of antibiotics has continuously increased in all countries. In a recent study [START_REF] Klein | Global Increase and Geographic Convergence in Antibiotic Consumption between 2000 and 2015[END_REF] showed that antibiotic consumption increased by up to 65% in all countries between 2000 and 2015, particularly in low-and middle-income countries (LMICs). As a result, these so-called emerging contaminants are increasingly detected in wastewater and natural ecosystems worldwide [START_REF] Acuña | Occurrence and In-Stream Attenuation of Wastewater-Derived Pharmaceuticals in Iberian Rivers[END_REF][START_REF] Hoa | Antibiotic Contamination and Occurrence of Antibiotic-Resistant Bacteria in Aquatic Environments of Northern Vietnam[END_REF][START_REF] Kafaei | Occurrence, Distribution, and Potential Sources of Antibiotics Pollution in the Water-Sediment of the Northern Coastline of the Persian Gulf, Iran[END_REF] . The ecotoxicological impact of antibiotics is fairly well known [START_REF] Kümmerer | Antibiotics in the Aquatic Environment -A Review -Part I[END_REF][START_REF] Proia | Effects of Pesticides and Pharmaceuticals on Biofilms in a Highly Impacted River[END_REF] . It was showed that in the soils of the Katari watershed, sulfamethoxazole (SMX) at concentrations close to environmental levels significantly induce the accumulation of nitrogen oxide (NO) and NO-derived reactive species and the formation of 4-nitro-SMX and 4-nitroso-SMX [START_REF] Brienza | 4-Nitroso-Sulfamethoxazole Generation in Soil under Denitrifying Conditions: Field Observations versus Laboratory Results[END_REF] . Furthermore, SMX resistance genes sul1 and sul2 were often detected in the basin [START_REF] Archundia | Antibiotic Pollution in the Katari Subcatchment of the Titicaca Lake: Major Transformation Products and Occurrence of Resistance Genes[END_REF] .

Although human intake of pharmaceuticals through vegetables consumption does not seem to pose a threat to human health [START_REF] De Santiago-Martín | Pharmaceuticals and Trace Metals in the Surface Water Used for Crop Irrigation: Risk to Health or Natural Attenuation?[END_REF] , pharmaceuticals and their metabolites have been shown to alter cell functions and gene expression (light sensitivity, allergic reactions, malformations), or to act as endocrine disrupting compounds (EDCs) and induce resistances in microorganisms. Bacterial resistance to antibiotics has now become a central issue as it can lead to global health problems for animals and humans [START_REF] Devries | The Effect of Ultralow-Dose Antibiotics Exposure on Soil Nitrate and N2O Flux[END_REF][START_REF] Mojica | Antibiotics Pollution in Soil and Water: Potential Ecological and Human Health Issues[END_REF] . On the other hand, the main drivers controlling the environmental fate of pharmaceuticals such as antibiotics are poorly documented due to the complexity of the undergone processes (e.g. sorption, complexation, biotic or abiotic transformations) determined by the specific properties of both the environment (physico-chemical properties and climatic factors) and the contaminants [START_REF] Cycoń | Antibiotics in the Soil Environment-Degradation and Their Impact on Microbial Activity and Diversity[END_REF] .

The natural attenuation of antibiotics in the environment can cushion the increasing spread of contamination. Unfortunately, little is known about the degradation of antibiotics under natural conditions, especially in high altitudinal arid zones where the effects of climate change could contradictory promote or reduce the risk associated with antibiotics, by the increased spreading of antibiotics (through increased rainfall and flooding) or their enhanced degradation (at higher temperatures). SMX, which belongs to the sulfonamide antibiotic family, is one of the most frequently detected antibiotic in natural environments [START_REF] Hoa | Antibiotic Contamination and Occurrence of Antibiotic-Resistant Bacteria in Aquatic Environments of Northern Vietnam[END_REF][START_REF] Gibs | Occurrence and Partitioning of Antibiotic Compounds Found in the Water Column and Bottom Sediments from a Stream Receiving Two Wastewater Treatment Plant Effluents in Northern New Jersey[END_REF][START_REF] Kim | Occurrence and Environmental Fate of Veterinary Antibiotics in the Terrestrial Environment[END_REF][START_REF] Leung | Fate and Risk Assessment of Antibiotics in Sewage Treatment Plants in Hong Kong, South China[END_REF][START_REF] Michael | Urban Wastewater Treatment Plants as Hotspots for the Release of Antibiotics in the Environment: A Review[END_REF] primarily because they are poorly absorbed and metabolized in organisms [START_REF] Mojica | Antibiotics Pollution in Soil and Water: Potential Ecological and Human Health Issues[END_REF][START_REF] Schauss | Analysis, Fate and Effects of the Antibiotic Sulfadiazine in Soil Ecosystems[END_REF] . Observed SMX concentrations ranging from 5 to about 15,000 ng L -1 in the surface waters of the Katari watershed in the Bolivian Highlands, indicating a quite variable persistence in such environments [START_REF] Archundia | Antibiotic Pollution in the Katari Subcatchment of the Titicaca Lake: Major Transformation Products and Occurrence of Resistance Genes[END_REF] .

Overall sulfonamides bind strongly to soil components and form stable residues [START_REF] Cycoń | Antibiotics in the Soil Environment-Degradation and Their Impact on Microbial Activity and Diversity[END_REF] . The detailed mechanisms of SMX degradation in activated sludge and in aquatic and terrestrial ecosystems have been examined in several studies. Authors [START_REF] Srinivasan | Dissipation of Sulfamethoxazole in Pasture Soils as Affected by Soil and Environmental Factors[END_REF][START_REF] Xu | Sulfamethoxazole Biodegradation and Biotransformation in the Water-Sediment System of a Natural River[END_REF][START_REF] Yang | Sorption and Biodegradation of Sulfonamide Antibiotics by Activated Sludge: Experimental Assessment Using Batch Data Obtained under Aerobic Conditions[END_REF][START_REF] Ma | Determination of Sulfamethoxazole Degradation Rate by an in Situ Experiment in a Reducing Alluvial Aquifer of the North China Plain[END_REF] suggested that natural biodegradation may play an important role in the dissipation of SMX in aquatic or terrestrial environments and that degradation occurred at a lower rate under anaerobic conditions [START_REF] Shen | Adsorption and Degradation of Sulfadiazine and Sulfamethoxazole in an Agricultural Soil System under an Anaerobic Condition: Kinetics and Environmental Risks[END_REF] . It was showed that SMX is eliminated via sorption and biodegradation in activated sludge [START_REF] Yang | Sorption and Biodegradation of Sulfonamide Antibiotics by Activated Sludge: Experimental Assessment Using Batch Data Obtained under Aerobic Conditions[END_REF] . Similarly, it was observed that bacterial degradation activity increases if SMX is previously photodegraded in water [START_REF] Silva | Sulfamethoxazole Exposure to Simulated Solar Radiation under Continuous Flow Mode: Degradation and Antibacterial Activity[END_REF] and that SMX sorption dominates in soil during the first moments of soil-pollutant contact and then gives way to biodegradation [START_REF] Martínez-Hernández | The Role of Sorption and Biodegradation in the Removal of Acetaminophen, Carbamazepine, Caffeine, Naproxen and Sulfamethoxazole during Soil Contact: A Kinetics Study[END_REF] . It was observed that biodegradation was the main process for SMX removal compared to sorption by SMX acclimatized cultures [START_REF] Miran | Biodegradation of the Sulfonamide Antibiotic Sulfamethoxazole by Sulfamethoxazole Acclimatized Cultures in Microbial Fuel Cells[END_REF] and that microbial interactions drive the SMX complete catabolism in activated sludge [START_REF] Qi | Microbial Interactions Drive the Complete Catabolism of the Antibiotic Sulfamethoxazole in Activated Sludge Microbiomes[END_REF] . Hydrolysis is considered one of the most important pathways for abiotic degradation, but sulfonamides are known to be less susceptible to hydrolysis [START_REF] Cycoń | Antibiotics in the Soil Environment-Degradation and Their Impact on Microbial Activity and Diversity[END_REF] .

The impact of antibiotics on the structure and functioning of bacterial communities in soil and water has also been widely studied [START_REF] Devries | The Effect of Ultralow-Dose Antibiotics Exposure on Soil Nitrate and N2O Flux[END_REF][START_REF] Johansson | Toxicity of Ciprofloxacin and Sulfamethoxazole to Marine Periphytic Algae and Bacteria[END_REF][START_REF] Kor-Bicakci | Chronic Impact of Sulfamethoxazole on Acetate Utilization Kinetics and Population Dynamics of Fast Growing Microbial Culture[END_REF][START_REF] Vila-Costa | Degradation of Sulfonamides as a Microbial Resistance Mechanism[END_REF] as well as their effect on the development and spreading of antibiotic resistance within bacteria [START_REF] Vila-Costa | Degradation of Sulfonamides as a Microbial Resistance Mechanism[END_REF][START_REF] Guo | Sulfamethoxazole and COD Increase Abundance of Sulfonamide Resistance Genes and Change Bacterial Community Structures within Sequencing Batch Reactors[END_REF][START_REF] Guo | Sulfamethoxazole and COD Increase Abundance of Sulfonamide Resistance Genes and Change Bacterial Community Structures within Sequencing Batch Reactors[END_REF] . They affect their enzyme activity and ability to metabolize different carbon sources, modify the microbial biomass, the relative abundance of different groups and the presence of many types of antibiotic resistance genes (ARGs) [START_REF] Cycoń | Antibiotics in the Soil Environment-Degradation and Their Impact on Microbial Activity and Diversity[END_REF][START_REF] Miran | Biodegradation of the Sulfonamide Antibiotic Sulfamethoxazole by Sulfamethoxazole Acclimatized Cultures in Microbial Fuel Cells[END_REF] .

In the case of sulfonamides it is known that bacterial resistance is mainly mediated by genes "sul1", "sul2" and "sul3" [START_REF] Perreten | A New Sulfonamide Resistance Gene (Sul3) in Escherichia Coli Is Widespread in the Pig Population of Switzerland[END_REF][START_REF] Sköld | Sulfonamide Resistance: Mechanisms and Trends[END_REF] , they have been found in large quantities in a wide range of environmental matrices [START_REF] Dungan | Tracking Antibiotic Resistance Genes in Soil Irrigated with Dairy Wastewater[END_REF][START_REF] Lüneberg | Water Flow Paths Are Hotspots for the Dissemination of Antibiotic Resistance in Soil[END_REF] , thus appearing as good candidates for monitoring bacterial resistance to sulfonamides in the environment.

Although the degradation of SMX and the impact of sulfonamides in soil and water have been widely studied, understanding of its fate remains poor at the watershed scale, especially with regard to the immense diversity and heterogeneity of soil biogeochemical properties at such a scale.

Similarly, a large amount of data is available on the degradation of pharmaceuticals in soil on a small scale, but quantification and prediction of these processes at the watershed scale under natural conditions remains difficult, especially under extreme conditions such as those at high altitudes.

This study is the first of its kind on the natural soils of the Bolivian Altiplano. By studying 10 soils representative of the pedology of the Titicaca basin, we first sought to advance our knowledge of the biodegradation of sulfonamide-antibiotics in natural high-altitudinal arid soils at a catchment scale. The second goal was to document sulfonamide-antibiotics impact on the structure of soil bacterial communities of disturbed top layer (i.e. 0-10 cm below surface) and to study the development of sulfonamide resistance genes, using biomolecular techniques. SMX was used as a model sulfonamide antibiotic. The results were discussed in the light of field SMX concentration levels, main physico-chemical properties of soils and land use.

Materials and methods

Sampling, soil properties and SMX initial concentrations. The 0-10cm layer of soil was collected at ten different locations in the Katari watershed (Figure 1) from 4700 m to 3830 m altitude. Natural sites (soil 1, 2 and 3), agricultural sites (soils 6, 7 and 8), urban sites (soils 4 and 5) and along the edge of Lake Titicaca (soils 9 and 10). Collection sites were selected to represent best the places where anthropogenic activities occur. Soils 9 and 10 may be subject to flooding. Soils 1, 2, 3, 6 and 7 were collected close to the surface waters network (around 100 m away) but are not or very rarely flooded. Soils 4 and 5 were collected at the entrance (below the wastewater collector pipe) and inside the wastewater treatment plant respectively.

Samples were sieved at <2mm and transported in plastic bags to the IGE Laboratory (France) at 4°C. Extensive soil description and use can be found in Archundia et al. (2019) [START_REF] Archundia | Assessment of the Sulfamethoxazole Mobility in Natural Soils and of the Risk of Contamination of Water Resources at the Catchment Scale[END_REF] .

The main physico-chemical properties and soil type of the ten studied soils are summarized in supporting information (SI. 1). The SMX contents measured in these soils is presented in Archundia The experiments were conducted in 250-ml glass bottles with soil slurry according to the procedure described by Martins and Mermoud (1998). Three different treatments were carried out in duplicate: i) non-sterile soils with sterile water (NS-C) used as blanks, ii) sterile soils with SMX (S-SMX) used to assess abiotic degradation and sorption of SMX, and iii) non-sterile soils with SMX (NS-SMX). Additionally, an internal standard control tests with autoclaved soils and sterile water were performed systematically to account for the presence of matrix effects (linked to soil autoclaving) possibly affecting HPLC measurements. Controls showed the absence of a peak at the SMX retention time in solutions of non-SMX spiked autoclaved soils. Soil solutions were prepared with sterile HPLC-grade water. The initial concentration of SMX was set at ̴ 25 mg L -1 (SMX water solubility) by first dissolution in methanol and application of 0.1mL of SMX in soil suspensions. This intermediate antibiotic concentration is more likely to induce contrasting degradation rate constants among the studied soils, compared to very low concentrations [START_REF] Martins | Sorption and Degradation of Four Nitroaromatic Herbicides in Mono and Multi-Solute Saturated/Unsaturated Soil Batch Systems[END_REF] , allowing the determination of relative biodegradation constants and to study the worst case scenario. The ionic strength of the soil solution was fixed at a constant level by adding a CaCl2 solution with an equilibration time of 12h.

In addition, batches containing 200 ml of SMX solution (duplicate, same ionic strength and SMX concentration) were incubated under the same conditions to account for the hydrolysis and to exclude any possible effect of its adsorption on the glass. Sterile soils were obtained by two consecutive autoclaving (121°C and 1 bar for 1.5 h). Sterility was verified by bacterial plate counts of soil aliquots using Luria-Bertani agar plates.

The most appropriate soil/solution ratio was tested (preliminary tests, data not shown) and set at 1:10. Soil batches were therefore prepared by placing 20g of air dried soil in glass flasks closed with cotton rubbers, equilibrated with 200 ml of CaCl2 solution (1.1g L -1 ) and spiked with appropriate amounts of SMX. SMX (98% purity) was purchased from LKT Laboratories, Inc. The batches were incubated for 3 months under stirring at 350 rpm in the dark at constant temperature (20°C ± 2). At 0, 1, 2, 5, 7, 15, 20, 33, 60 and 90 days, 1.5ml of soil slurry was collected in all batches and centrifuged to separate solid and liquid [START_REF] Martins | Sorption and Degradation of Four Nitroaromatic Herbicides in Mono and Multi-Solute Saturated/Unsaturated Soil Batch Systems[END_REF] . The supernatant of each sample was stored at -20°C until analysis. SMX concentrations were determined by HPLC -UV (SI. 2). SMX impact on soil bacterial communities. Impacts were studied in soils 1, 4, 5, 8 and 10, representing all pedological conditions in the basin, using Denaturing Gradient Gel Electrophoresis (DGGE), high-throughput sequencing and qPCR techniques. Solely soil microbial communities of disturbed top layer (i.e. 0-10 cm below surface) soil samples were studied. Duplicate soil samples were collected in the NS-SMX soils and the NS-C Control soils, at 1, 7, 30, 60 and 90 days. To evaluate the SMX impact these samples were compared to samples of untreated soils (T0). DNA was extracted from the soil samples using the FastDNA® SPIN Kit for Soil (MP Biomedicals) following the manufacturer's protocol. Raw DNA was analyzed by agarose gel electrophoresis (1%) compared to a range of calf thymus DNA (Biorad France) and UV visualization of ethidium bromide stained gels with a Gel Doc TM XR Molecular imager device (Biorad). The detailed procedure used to perform the 16S rDNA amplification for DGGE analysis and the DGGE analysis itself can be found on SI. 3.

Similarity dendrograms (clustering based on the Pearson correlation coefficient) by the

Agglomerative hierarchical clustering (AHC) method were performed on the basis of a binary matrix representing the presence or absence of a band in the DGGE analysis by using the XLSTAT 2014.4.10 software with samples obtained 1, 7 and 30 days after the SMX contamination.

The similarities were also studied by comparing different parameters calculated from the DGGE profiles measured 0 and 30 days after SMX spiking: diversity index (Shannon, Simpson's) and Richness. The details regarding the estimation of these parameters are found in SI. 4.

Based on the DGGE results, only T0 and T30 samples of all conditions were analyzed by highthroughput sequencing in a MiSeq System to assess the SMX impact at the microbial community level, i.e. the changes in the structure of bacterial communities. The detailed procedure can be found on SI. 5. qPCR assays were used to determine the prevalence of SMX resistance genes (RGs) in the bacterial communities of the studied soils, following the procedure described by Heuer et al. (2008) and Heuer and Smalla (2007) [START_REF] Heuer | Fate of Sulfadiazine Administered to Pigs and Its Quantitative Effect on the Dynamics of Bacterial Resistance Genes in Manure and Manured Soil[END_REF][START_REF] Heuer | Manure and Sulfadiazine Synergistically Increased Bacterial Antibiotic Resistance in Soil over at Least Two Months[END_REF] . The targeted ARG's were sul1 and sul2. qPCR was performed at 30, 60 and 90 days after SMX soil contamination in triplicate. The real-time PCR primer sets used are listed SI. 6. The details of the qPCR procedure and the generation of the plasmids carrying the target genes for calibration curves are found on SI. 7. The qPCR efficiencies ranged within 90 and 102% and the R² values were between 0.98 and 0.99 for all calibration curves. Sample quality control was performed for DNA extraction and all biomolecular analysis by including negative control samples (in triplicate).

Statistical analysis.

The statistical significance of differences in structural parameters and diversity indices (calculated from DGGE fingerprints and high-throughput sequencing) between treatments was tested by analysis of variance (ANOVA) and differences between the calculated means were tested by paired multiple comparisons with the Bonferroni correction (n=2). Differences in taxonomic composition of microbial communities of the disturbed soil top layer (0-10 cm) were also studied. Statistical significance was determined at the confidence level of 0.05. Environmental and microbial variables were compared statistically by applying the Pearson's correlation coefficient. All tests were performed using the statistical software R 3.1.1. The significance level was set at 0.05 for all statistical analyses.

Results and discussion

Microbial degradation kinetics and soil's biodegradation capacity of SMX. Significant and variable initial decreases in SMX concentration were observed in all soils. This decrease is generally attributed to the pollutant sorption [START_REF] Yang | Sorption and Biodegradation of Sulfonamide Antibiotics by Activated Sludge: Experimental Assessment Using Batch Data Obtained under Aerobic Conditions[END_REF][START_REF] Martínez-Hernández | The Role of Sorption and Biodegradation in the Removal of Acetaminophen, Carbamazepine, Caffeine, Naproxen and Sulfamethoxazole during Soil Contact: A Kinetics Study[END_REF] to soil constituents (varying mainly as a function of the total organic carbon and iron oxides contents of the soils) but not to degradation. Due to their antibiotic activity, sulfonamides antibiotics (including SMX) were shown to be poorly biodegraded in the first hours after application to soil, probably due to prior degradation of more readily biodegradable substances, which could result in competitive inhibition on xenobiotic oxidation [START_REF] Yang | Sorption and Biodegradation of Sulfonamide Antibiotics by Activated Sludge: Experimental Assessment Using Batch Data Obtained under Aerobic Conditions[END_REF] . This is likely to be related to the prior adaptation of the microbial community to the spiked antibiotic. Consequently, biodegradation kinetics were considered to initiate 24h after the addition of SMX. Abiotic SMX degradation (hydrolysis and chemical degradation) was similarly assessed in sterile soils.

Figure 2 presents the degradation kinetics of SMX and its linear fit, in sterile and non-sterile systems. All these kinetics could be correctly described with a first-order kinetic equation, which is often used to describe the dissipation of organic pollutants in soils [START_REF] Martins | Sorption and Degradation of Four Nitroaromatic Herbicides in Mono and Multi-Solute Saturated/Unsaturated Soil Batch Systems[END_REF] . Overall, the coefficients of determination (R²) were good to very good and ranged between 0.7 and 0.95 and between 0.76 and 0.98 (Table 1) under sterile and non-sterile conditions, respectively. This is in agreement with several studies conducted in lowland soils showing that SMX biodegradation is generally well described with a first order decay model, with half-life values ranging between 8 to 40 days [START_REF] Cycoń | Antibiotics in the Soil Environment-Degradation and Their Impact on Microbial Activity and Diversity[END_REF][START_REF] Srinivasan | Dissipation of Sulfamethoxazole in Pasture Soils as Affected by Soil and Environmental Factors[END_REF][START_REF] Xu | Sulfamethoxazole Biodegradation and Biotransformation in the Water-Sediment System of a Natural River[END_REF][START_REF] Shen | Adsorption and Degradation of Sulfadiazine and Sulfamethoxazole in an Agricultural Soil System under an Anaerobic Condition: Kinetics and Environmental Risks[END_REF][START_REF] Martínez-Hernández | The Role of Sorption and Biodegradation in the Removal of Acetaminophen, Carbamazepine, Caffeine, Naproxen and Sulfamethoxazole during Soil Contact: A Kinetics Study[END_REF][START_REF] Cheng | Sulfamethoxazole Affects the Microbial Composition and Antibiotic Resistance Gene Abundance in Soil and Accumulates in Lettuce[END_REF][START_REF] Kodešová | An Analysis of the Dissipation of Pharmaceuticals under Thirteen Different Soil Conditions[END_REF] . This indicates that SMX is slightly more persistent in the non-sterile upland soils studied here with SMX half-life ranging from 14 to 346 days, compared to those of lowland soils. The microbial biodegradation rate constants for SMX were determined from the difference between the first order rate constant obtained in non-sterile and sterile soil conditions (Table 1).

Biodegradation of SMX was evidenced in soils 2 to 10 as degradation rate constants were higher in non-sterile systems than in sterile systems. The calculated half-lives of SMX were consistently always higher in sterile soils (Table 1). In soil 1, the microbial degradation rate constants were identical in both conditions. This result was reproducible in duplicates indicating that abiotic degradation and sorption are the predominant processes responsible of SMX dissipation. This shows that in soil 1 SMX degradation is mostly abiotic, suggesting that its microbial community is poorly adapted to SMX biodegradation due to its distance to human activities and high altitude (see Fig. 1). This is consistent with the absence of SMX in soil 1 zone (SMX not detectable [START_REF] Archundia | Antibiotic Pollution in the Katari Subcatchment of the Titicaca Lake: Major Transformation Products and Occurrence of Resistance Genes[END_REF] ). In this soil, SMX dissipated almost completely within 90 days of the experiment under both soil conditions. Soil 4 showed the highest biodegradation rate as well as the highest OC content (10.3%). Likewise soil 4 showed the highest initial SMX concentration (18 µg kg -1 ). The lowest biodegradation rate was observed in soil 1, which is OM-rich (8.2 %), but has never been in contact with the antibiotic due to its geographical situation. Soil 2 and 3 also presented high biodegradation rate constant relative to the other soils (5 to 10), also based on high OC content of 3.6 and 7.29 % (respectively) than soils 5 to 10 (OC%<2). The relationship between microbial degradation constants and OC contents by not considering soil 1 show a good relationship (R 2 = 0.93).

These results show that a high level of OC in soil promotes the biodegradation of this antibiotic, probably related to the higher microbial activity. These results are in agreement with those of Xu et al. ( 2011) [START_REF] Srinivasan | Dissipation of Sulfamethoxazole in Pasture Soils as Affected by Soil and Environmental Factors[END_REF] who showed that SMX biodegradation is significantly increased with increasing humic acid content in a natural river water-sediment. Our results show that OC-rich soils with pre-adapted bacterial communities show significant capacities for degradation. However, there is evidence that SMX is not completely degraded in situ, as significant SMX residues have been detected in soils collected by Archundia et al. (2017) [START_REF] Archundia | Antibiotic Pollution in the Katari Subcatchment of the Titicaca Lake: Major Transformation Products and Occurrence of Resistance Genes[END_REF] , probably relating to the activity and composition of soil bacterial community at high-altitude, and also irreversible sorption [START_REF] Archundia | Assessment of the Sulfamethoxazole Mobility in Natural Soils and of the Risk of Contamination of Water Resources at the Catchment Scale[END_REF] .

The high SMX contamination observed in soil 4 [START_REF] Archundia | Antibiotic Pollution in the Katari Subcatchment of the Titicaca Lake: Major Transformation Products and Occurrence of Resistance Genes[END_REF] probably also favored the pre-adaptation of the microbial community to SMX and thus its rapid degradation associated with the lower persistence.

The biodegradation constants observed in the soils close to urban areas (soils 2 to 5) were significantly (p-value: 0.0026) higher than those observed in the soils far away from urban areas (soils 1 and 6 to 10). The PCA results presented in Figure 3 Overall, our results show that SMX degradation in high-altitude soils is inferior than in low altitude soils. In studied soils, SMX is degraded by biotic and abiotic processes and remains significantly persistent, especially in soils that have never been contaminated by this antibiotic. The half-lives measured in this study in the non-sterile studied soils under suboxic/anoxic conditions were from 12.8 to 346.5 days.

In the context of global warming and considering the specific climate characteristics and the increasing human activities in the catchment, it is likely that both will impact in the future the persistence of molecules such as antibiotics in soil ecosystems. This is consequently an interesting issue that should receive more attention in the future from both the scientific community and the public.

Changes in the structure of soil bacterial communities induced by SMX. Major changes in the structure of soil bacterial communities of disturbed top layer (0-10 cm) induced by SMX were studied 30 days after antibiotic contamination in soils 1, 4, 5, 8 and 10 using DGGE fingerprinting and high-throughput sequencing of PCR-amplified 16s rRNA, sul1 and sul2 products. The diversity and richness indices (from the DGGE) are presented in Table 2.

Analysis of the variations in microbial biodiversity revealed by DGGE fingerprints shows that SMX contamination had a low overall impact on soils microbial structures, as statistical analyses of these data reveal significant impact only on the soil 1. In soil 1, SMX impacted both the richness and diversity (Shannon and Simpson indexes) with significant differences in microbial communities between time 0 (T0) and 30 days post-contamination (30SMX, [START_REF] Collado | Effects on Activated Sludge Bacterial Community Exposed to Sulfamethoxazole[END_REF] using a DGGE approach in activated sludge.

A cluster analysis of all soils results was carried out and presented as a dendrogram (SI. 8).

Although the statistical analysis of the indices calculated with the DGGE data was significant only in soil 1, the dendogram revealed impacts for soils 5, 8 and 10. As expected, the dendogram for soil 1 reveals an immediate impact of SMX because the microbial community structure was changed as early as one day after SMX spiking. 30 days after SMX contamination, all SMX samples are grouped separately from the control and T0 samples, indicating a significant impact. The separation of control samples measured after 1 and 7 days could be attributed to the adaptation of the bacteria community to the experimental conditions.

SMX impact on the microbial communities of soils 5 and 8 remained clearly visible up to 30 days, as the corresponding samples (30SMX) appeared separately from the other samples, which were all grouped. In soil 10, an impact of SMX was visible only until day 7 (7SMX). No SMX effects are detected by clustering in soil 4 (all samples are grouped). Using DGGE fingerprints, Zhang et al.

(2014) [START_REF] Lüneberg | Water Flow Paths Are Hotspots for the Dissemination of Antibiotic Resistance in Soil[END_REF] also showed inhibitory effects of SMX (as co-pollutant of estrone and17β-estradiol) on the presence of some bacterial species.

The results obtained with high-throughput sequencing are much more sensitive than the DGGE results and permitted to show a variable impact of SMX in the different soils. For each soil, 5 000 to 18 000 filtered and high quality sequences were obtained per sample. Most rarefaction curves approached a plateau or were asymptotic; only the T0b rarefaction curve for soil 5 was truncated due to the limited number of sequences obtained. Rarefaction curves are presented in SI. 9.

Bioinformatics analysis of these sequences permitted to calculate several parameters describing the microbial diversity of each soil sample (Table 2). [START_REF] Archundia | Assessment of the Sulfamethoxazole Mobility in Natural Soils and of the Risk of Contamination of Water Resources at the Catchment Scale[END_REF] who also observed an impact of SMX on the structure of the bacterial communities of manure-amended soils, 2 and 5 weeks after exposure SMX. Cheng (2020) [START_REF] Cheng | Sulfamethoxazole Affects the Microbial Composition and Antibiotic Resistance Gene Abundance in Soil and Accumulates in Lettuce[END_REF] showed that SMX contamination significantly reduced the bacterial diversity and altered the composition of bacterial and fungal communities in a low altitude soil. [START_REF] Kang | Variation in Bacterial Community Structure of Aerobic Granular and Suspended Activated Sludge in the Presence of the Antibiotic Sulfamethoxazole[END_REF] made similar observations in activated sludge.

Kang et al. (2018)

Differences are related to the difficulty for DGGE to separate all DNA fragments, with low sequence variation and the limitation of the maximum number of different visible DNA fragments, which can be separated on the same gel, or to co-migration of DNA fragments. In addition, several studies have revealed that PCR-DGGE is often limited to the detection of dominant species [START_REF] Boon | Evaluation of Nested PCR-DGGE (Denaturing Gradient Gel Electrophoresis) with Group-Specific 16S RRNA Primers for the Analysis of Bacterial Communities from Different Wastewater Treatment Plants[END_REF][START_REF] Hoshino | DNA-versus RNA-Based Denaturing Gradient Gel Electrophoresis Profiles of a Bacterial Community during Replenishment after Soil Fumigation[END_REF][START_REF] Sigler | The Impact of Chlorothalonil Application on Soil Bacterial and Fungal Populations as Assessed by Denaturing Gradient Gel Electrophoresis[END_REF] .

Therefore, our results suggest that in soils 4, 5, 8 and 10, the dominant soil bacterial species successfully tolerated important SMX concentrations.

Overall, these results showed that SMX reduced the bacterial diversity of soil bacterial communities in high-altitude soils as was also observed with low altitude soils [START_REF] Cheng | Sulfamethoxazole Affects the Microbial Composition and Antibiotic Resistance Gene Abundance in Soil and Accumulates in Lettuce[END_REF][START_REF] Demoling | Effects of Sulfamethoxazole on Soil Microbial Communities after Adding Substrate[END_REF] . Specifically, on the soils of the Bolivian Altiplano SMX impact is strongly controlled by the historical presence of SMX (preadaptation of microbial populations to SMX) and by the origin of soils with a clear distinction between agricultural (soils 8 and 10), pristine (soil 1) or urban (soils 4 and 5). Soil 1, which was not initially polluted by SMX and which came from a natural mountain area, is the most sensitive to SMX contamination, as shown with the DGGE and metabarcoding approaches. Agricultural soils (8 and 10) with intermediate initial concentrations of SMX (0.5 and 1.3µg kg -1 , respectively) were slightly but significantly impacted by SMX, as evidenced only by the DNA sequencing approach, which also indicates that SMX preferentially affects non dominant bacterial species undetectable by the DGGE approach. Finally, soils 4 and 5 with initial SMX concentrations of 0.6 and 18µg kg -1 respectively and originating from urban areas were indifferent to SMX spiking, probably in relation to a generally well-adapted soil microbial community. These results permitted to decipher the effect of the land use and of the soil type on SMX degradation. Indeed, our results clearly show that in our study context, anthropogenic activities are probably the main driver of the antibiotic degradation, with the development of antibiotic degradation capabilities.

SMX impact on the taxonomic composition of soil microbial communities. Pyrosequencing of the 16srDNA genes was performed to explore the bacterial phylogenetic structure of the soils before antibiotic application (T0), the control soils treated with water after 30 days (30C) and the polluted soils 30 days after SMX contamination (30SMX). Figure 4 presents the relative abundance of bacterial phyla in all soils at T0, 30C and 30SMX. At T0 the dominant phyla were Actinobacter and Proteobacter in all studied soils. Within Proteobacter the most dominant classes were α, ß and ɣ-Proteobacteria, while within Actinobacter, Actinobacteria, Acidimicrobiia, and Thermoleophilia were dominant. Similarly, Kumar et al. ( 2019) [START_REF] Kumar | Microbial Diversity and Soil Physiochemical Characteristic of Higher Altitude[END_REF] showed that Proteobacteria, Acidobacteria and Actinobacteria were dominant bacteria phyla at a high-altitude soil in India. In soils located near of the WWTP (soils 4 and 5), the initial microbial community (T0) was dominated by Actinobacter with relative abundances of 35 and 32.5%, respectively, and the second more abundant phylum was Proteobacter with 29.2 and 26 %, respectively. Within Actinobacter the most dominant class was Actinobacteria with 88 and 63%, respectively, while the most dominant class of Proteobacter was α-proteobacteria in both soils (56 and 62.5%, respectively). In soil 10, which is subjected to flooding due to its proximity to Lake Titicaca, phyla Actinobacter and Proteobacter were present in similar proportions, 27.4 and 26.2, respectively. In this soil, no variation in the relative abundance of the dominant phyla was observed between T0 and 30C treatments, indicating the absence of incubation effects on microbial community structure, in contrast to soils 1, 5, 4 and 8.

In soil 1, the less influenced by man, Bacteroidetes increased and became the third most abundant phylum. In soil 4 and soil 5 (near of the WWTP) Proteobacter increased and became the most abundant phylum (slightly more abundant than Actinobacter). In the agricultural soil studied (soil 8), Proteobacter remained dominant and Chloroflexi increased and became the second more abundant phylum after SMX contamination (Fig. 3).

Globally, the abundance of Actinobacter phylum has decreased in all SMX-contaminated soils (4 and 5), as well as the less dominant Bacteroidetes class. Chloroflexi increased after 30 days becoming the most abundant phylum in soil 5 and the second more abundant phylum in soils 8 and 10, probably related to high antibiotic resistance capacity.

These results are consistent with observations made by Collado et al. ( 2013) [START_REF] Collado | Effects on Activated Sludge Bacterial Community Exposed to Sulfamethoxazole[END_REF] and Miran et al (2018) [START_REF] Miran | Biodegradation of the Sulfonamide Antibiotic Sulfamethoxazole by Sulfamethoxazole Acclimatized Cultures in Microbial Fuel Cells[END_REF] who studied the effects of SMX on the bacterial communities of activated and acclimatized sludge. These authors observed that Proteobacter presented no sensitivity to SMX while Actinobacter is a sensitive phylum. The increase in Chloroflexi in soil 5 is probably related to the high initial concentration of SMX (T0), which may have caused the soil bacterial community to evolve towards greater tolerance to this antibiotic. In SMX-treated soils, we observed an increase in Proteobacter abundance between T0 and T30 in soils 1 (18%), 4 (7.8%), 8 (9.3%) and 10 (5.9%), with α-proteobacteria being the most represented class (~68-90%). In all SMX-polluted soils ßproteobacteria decreased significantly after 30 days of exposure to SMX (13.6 to 35.2 % at T0 compared to 3.2 to 13%) in soils, while ɣ-proteobacteria abundance remained almost constant.

Collado et al. (2013) [START_REF] Collado | Effects on Activated Sludge Bacterial Community Exposed to Sulfamethoxazole[END_REF] observed an increase in ɣ-proteobacteria after SMX exposure in activated sludge. The unchanged proportions of ɣ-proteobacteria could relate to the fact that some species belonging to ɣ-proteobacteria (such as Thiothrix sp.) are known to degrade Sulphur-containing compounds [START_REF] Rossetti | Phylogenetic and Physiological Characterization of a Heterotrophic, Chemolithoautotrophic Thiothrix Strain Isolated from Activated Sludge[END_REF][START_REF] Williams | Isolation and Characterization of Filamentous Bacteria Present in Bulking Activated Sludge[END_REF] .

The Rhodocyclales order of the ß-proteobacteria class completely disappeared in SMX-treated soils, suggesting that these bacteria are sensitive to SMX. This is in disagreement with Generally, our results suggest that SMX pollution in high altitudinal soils clearly affect their microbial community structure. Similar results were observed in lowland soils [START_REF] Cheng | Sulfamethoxazole Affects the Microbial Composition and Antibiotic Resistance Gene Abundance in Soil and Accumulates in Lettuce[END_REF] but with a difference in affected bacteria as altitude is the major factor affecting the initial biodiversity and composition of soil microbial communities [START_REF] Kumar | Microbial Diversity and Soil Physiochemical Characteristic of Higher Altitude[END_REF] . A cluster tree representing the microbial communities of the different soils and treatments is found on SI. 10. It can be seen that soils 1, 4 and 5 are well separated while soils 8 and 10 are grouped, probably because the exhibit similar microbial communities with similar response to SMX. This confirms the impact of SMX on soils 1, 5, 8 and 10 (all 30SMX samples are grouped). In soil 4, the effect is less clear because control samples are mixed with SMX contaminated samples, suggesting a pre-adaptation of these communities to SMX.

Presence and evolution of sulfonamide resistance genes. The presence of bacterial DNA in all samples was confirmed by amplification of 16s rRNA gene. qPCR efficiencies for sul1 and sul2 genes in soil 4 were 98.3% and 96.5%, respectively and the R² correlation coefficient was 0.99 for both genes, confirming the quality of the measurements.

The sulfonamide resistance genes sul1 and sul2 were only detected in soil 4. This could be related to the limiting high altitudinal conditions (drastic ambient conditions variations and dryness) and points wastewater as principal source of resistance genes in the watershed [START_REF] Archundia | Antibiotic Pollution in the Katari Subcatchment of the Titicaca Lake: Major Transformation Products and Occurrence of Resistance Genes[END_REF] .

The temporal evolution of the copy number of sulfonamide resistance genes normalized by the number of 16S rRNA gene in soil 4 could be observed on SI. 11. As expected, this ratio remains almost constant in soil 4 controls from 0 to 90 days. On the contrary, in the SMX polluted soil, the copy number of both genes increased over time, indicating the induction of SMX resistant bacterial populations and the lack of resilience as both genes remained at high levels even after complete dissipation of SMX.

Soil 4 is the closest to the WWTP. The presence of both sulfonamide resistance genes can be explained by the overflooding of waste water and the inlet pipe drilling to irrigate nearby crops with raw wastewaters [START_REF] Archundia | Antibiotic Pollution in the Katari Subcatchment of the Titicaca Lake: Major Transformation Products and Occurrence of Resistance Genes[END_REF] and consequently of associated bacteria carrying resistance genes. This happens during the wet season when the capacity of the treatment plant is exceeded and/or when the local population illegally diverts wastewater from the inlet of the WWTP to irrigate crops [START_REF] Archundia | Antibiotic Pollution in the Katari Subcatchment of the Titicaca Lake: Major Transformation Products and Occurrence of Resistance Genes[END_REF] .

Such localized SMX pollution has not yet led to the spread of these SMX resistance genes towards the other soils of the catchment (1, 5, 8 and 10), as these two genes were not detectable by qPCR at T0 in these soils. This indicates that the presence and level of SMX ARGs are strongly related to the spread of untreated wastewater to soil surface. These results could also be related to the extremes conditions encountered in the Altiplano, which probably limit microbial activity and the development of bacterial resistance to SMX.

Conclusion

This study aimed at investigating the persistence and impact of the antibiotic Sulfamethoxazole in 10 soils representative of the entire Lake Titicaca basin. The results showed that significant abiotic and biotic degradation of SMX occurred in all of the high-altitude soils studied, with the exception of soil 1, which has no history of SMX contamination. However, the observed biodegradation capacities were generally low, although highly variable, in most of these soils (the significant presence of SMX in most of the soils in the basin confirms this), compared to the generally quite rapid degradation of SMX in lowland soils worldwide. The biodegradation rates measured in the 10 soils correlate fairly well with the OC content of the soils and with proximity to urban areas, i.e. to human activities. High throughput sequencing revealed profound impacts of SMX on soil microbial communities, except in urban soils, which were not significantly affected by SMX, probably due to their long history antibiotic contamination via uncontrolled wastewater discharges. This continuous source of antibiotics may have favored soil microbial communities' adaptation to the degradation of this type of molecule. In addition, the sul1 and sul2 sulfonamide resistance genes were detected only in these highly contaminated soils, suggesting their significant supply by the continuous wastewater discharge. Surprisingly, SMX spiking in soils did not result in the development of SMX resistance genes over 90 days in the soils where these genes were initially absent, maybe related to the low microbial activity of these high altitude soils, unfavorable to horizontal gene transfer. All 

  et al. (2017) 8 , initial concentrations ranged between <LD (0.1 ng L -1 ) and 18 μg kg -1 . The correspondences of soils identification between this paper and Archundia et al. (2017) 8 are the following: 1 (R), 2 (Not analyzed), 3 (SI), 4 (I), 5 (O), 6 (U5), 7 (K1), 8 (K2), 9 (K3) and 10 (CB1).
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 1 Figure 1. Study site and location of studied soils.

Figure 2 .

 2 Figure 2. Kinetics of SMX degradation (mg L -1 ) in the ten soils studied (duplicates of sterile and

  confirm this observation, as all soils are well distributed along the horizontal axis, which represents the distance from the soil collection site to the city of El Alto, while the vertical axis represents the biodegradation rate constant. The soils closest to the city are grouped on the left of Figure3, while the other soils are grouped on the right. Soils 9 and 10 show a specific behavior because they are close to Lake Titicaca and far from the city, but show a high biodegradation rate constant, unlike soils 1 and 6 to 8. This is probably related to the accumulation of antibiotics in the lake through surface runoff in the basin(Archundia et al. 2017) and on the surrounding soils through frequent grazing of antibiotic-treated cattle. These results show a clear trend of decreasing SMX biodegradation capacity when moving away from urban areas and human activities (e.g. wastewater discharge areas, domestic and industrial solid dumping) and not only towards OC contents.
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 3 Figure 3. Principal component Analysis (PCA) biplot obtained from SMX biodegradation rate

Figure 4 .

 4 Figure 4. Average proportions (n=2) of the dominant bacterial phyla in soils 1, 4, 5, 8 and 10 of the
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 149 these results indicate a quite specific behavior and impact of sulfonamide antibiotics on microbial communities of highland soils compared to lowland soils.Supporting Information (SI)Physico-chemical characteristics of the soils studied. SI. 2. SMX chemical analysis. SI. 3. 16S rDNA amplification for DGGE analysis and DGGE analysis procedure. SI. Procedure to the calculation of the diversity index (Shannon, Simpson's) and Richness from the DGGE profiles measured 0 and 30 days after SMX spiking. SI. 5. 16S rRNA amplification by PCR for Pyrosequencing and bioinformatics analysis. SI. 6. Real-time PCR (qPCR) primers and probes sequences. SI. 7. Procedure and the generation of the plasmids carrying the target genes for calibration curves. SI. 8. Dendrograms calculated on the basis of Pearson correlation coefficients. Sample names are composed as follows: Sampling time in days-type of system (C: control systems or SMX: SMX systems)-duplicate (a or b). T0: initial soil sample without any treatment. SI. Rarefaction curves of different soils and treatments after 30 days SMX contact (in duplicated: a and b). A: Soil 1. B: Soil 4. C: Soil 5, D: Soil 8. E: Soil 10. SI. 10. Cluster tree of different soil microbial communities obtained with the UPGMA algorithm (pondered UNIFRAC). Numbers refer to different soils. C30 refers to 30 days control soils. SMX30 refers to 30 days SMX soils. a and b refer to triplicates. SI. 11. Temporal evolution of the copy number of sul1(left) and sul2 (right) sulfonamide resistance genes normalized by the number of 16S rRNA gene in Soil 4 of the Titicaca catchment. Standard deviations were calculated from triplicates.

Table 1 .

 1 Kinetic parameters of SMX degradation in soil.

	Treatment Soil	First-order rate constant k (d-1)	R² T1/2 (d) Treatment Soil	First-order rate constant k (d-1)	R² T1/2 (d)	Biodegradation rate constant (d-1)**	Distance to El Alto city (km)
		1 A	3.00E-02	0.86 23.10		1 A	0.03	0.97 23.10	0
											23.20
		1 B	3.00E-02	0.92 23.10		1 B	0.03	0.98 23.10	0
		2 A	1.10E-02	0.84 63.00		2 A	0.04	0.98 17.33	0.029
											7.69
		2 B	1.10E-02	0.8	63.00		2 B	0.034	0.96 20.38	0.023
		3 A	1.30E-02	0.84 53.31		3 A	0.049	0.98 14.14	0.036
											9.53
		3 B	1.20E-02	0.84 57.75		3 B	0.049	0.99 14.14	0.037
		4 A	1.00E-02	0.81 69.30		4 A	0.054	0.95 12.83	0.044
											8.07
		4 B	7.00E-03	0.77 99.00		4 B	0.054	0.94 12.83	0.047
		5 A	3.00E-03	0.75 231.00		5 A	0.011	0.96 63.00	0.008
	Sterile condition	5 B	1.00E-03	0.84 693.00	Non-sterile condition	5 B	0.01	0.97 69.30	0.009	10.84
		6A	1.00E-03	0.76 693.00		6A	0.008	0.96 86.63	0.007
											22.99
		6 B	1.00E-03	0.93 693.00		6 B	0.011	0.97 63.00	0.01
		7 A	7.00E-04	0.7 990.00		7 A	0.002	0.76 346.50	0.0013
											29.87
		7 B	7.00E-04	0.92 990.00		7 B	0.002	0.84 346.50	0.0013
		8 A	8.00E-04	0.8 866.25		8 A	0.003	0.85 231.00	0.0022
											32.07
		8 B	5.00E-04	0.75 1386.00		8 B	0.003	0.86 231.00	0.0025
		9 A	3.00E-03	0.86 231.00		9 A	0.01	0.96 69.30	0.007
											51.77
		9 B	3.00E-03	0.92 231.00		9 B	0.01	0.97 69.30	0.007
		10 A	3.00E-03	0.83 231.00		10 A	0.016	0.98 43.31	0.013
											54.99
		10 B	3.00E-03	0.95 231.00		10 B	0.016	0.98 43.31	0.013

*k was determined from equation ln[ ] = ln[ ] -. ** Determined from the difference between First-order rate constant

k (d -1

) obtained in non-sterile and sterile conditions.

Table 2

 2 

) (p-value: richness: 6E-03, Shannon: 2E-03 and Simpson: 1.66E-02). These results are confirmed by the significant difference in biodiversity indices measured in the control and SMX-contaminated soils at T30 only for soil 1 (p-value: richness (5.3E-06), Shannon (4.60E-05), Simpson (1.90E-04)). In all other soils no significant differences between treatments were observed. Similar results of the impact of SMX have been observed by

Collado et al. (2013) 

Table 2 .

 2 Diversity parameters of the bacterial communities of five soils of the Katari watershed calculated from DGGE fingerprints and DNA sequencing before and after SMX contamination.

DGGE

High-

throughput sequencing (Miseq) Soil Sample Richness Shannon Simpson Equitability (Evenness) Richness Shannon Simpson

  Values are averages from three replicates. T0: initial soil sample without any treatment. 30C: 30 days control soils spiked with water. 30SMX: 30 days after SMX contamination of soils.

	In Soil 1, a significant decrease in equitability (p-value: 5.8E-04), Shannon (p-value: 3.5E-03) and
	Simpson (p-value: 8.4E -03 ) indices was observed between T0 and T30, confirming the results
	obtained with the DGGE fingerprints. Soil 8 showed similar significant changes in biodiversity
	indices: equitability (p-value: 7.2E-04), Shannon (p-value: 8.2E-04) and Simpson (p-value: 1.2E-
	03)). Soil 4 also showed significant changes in the indices of richness (p-value: 6.7E-03), Shannon
	(p-value: 2.8E-02) and Simpson (p-value: 8.2E-03) at 30 days. Soil 5 did not show statistically
	significant variations in bacterial biodiversity. Finally, the calculated indices of SMX-contaminated
	soil 10 decreased significantly between 0 and 30 days.				
	1	T0	26	3.13	19.58	0.86	1245.5	6.10	129.7
		30C	34	3.40	26.09	0.80	1005.0	5.54	64.9
		30SMX	21	2.76	12.16	0.63	788.5	4.22	11.8
	4	T0	32.5	2.91	11.41	0.86	1322.5	6.16	211.4
		30C	28.5	2.93	14.30	0.80	1126.1	5.62	63.0
		30SMX	30.5	2.83	10.91	0.77	980.3	5.33	67.9
	5	T0	37	3.50	28.82	0.88	1114.5	6.16	190.9
		30C	42	3.59	30.59	0.89	1303.0	6.38	219.7
		30SMX	37	3.52	30.57	0.88	1185.0	6.22	198.0
	8	T0	27	2.81	9.78	0.88	1795.0	6.62	277.5
		30C	26.5	2.66	9.52	0.89	1726.0	6.64	323.4
		30SMX	23	2.56	8.43	0.80	1306.0	5.74	72.2
	10	T0	45	3.39	18.64	0.88	1504.0	6.41	238.1
		30C	34.5	3.15	15.91	0.89	1608.5	6.53	293.3
		30SMX	34.5	2.99	12.06	0.82	1150.5	5.81	97.2

These results are in agreement with

Demoling et al. (2009) 

  Collado et al. ( 2013) andKanagawa et al. (2000) observations on activated sludge, reported an increase of

	Rhodocyclales after SMX contamination 41,51 . Reis et al (2018) 52 observed that Proteobacter strains
	transformed SMX into equimolar amounts of the lesser toxic derivative N4-acetyl-
	sulfamethoxazole.
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