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Fate of sulfamethoxazole in compost, manure and soil amended with previously stored organic wastes

Keywords: antibiotic, metabolites, compost, manure, soil, storage

Highlights

-The fate of SMX added via manure or compost to soil is impacted by organic wastes -The fate of SMX added via manure to soil depends on the prior time storage -SMX added to soil via manure or compost forms mainly non-extractable residues -Available SMX and metabolites persist in manure, compost and soil after spreading -The SMX fate is independent on its initial spiked concentration

Introduction

Antibiotics, especially sulfonamides, are widely used in human and veterinary medicine. Poorly metabolized, sulfonamides are excreted rapidly after administration, unaltered or as metabolites, mostly through the urine [START_REF] Thiele-Bruhn | Pharmaceutical antibiotic compounds in soil-A review[END_REF][START_REF] Du | Occurrence, fate, and ecotoxicity of antibiotics in agro-ecosystems. A review[END_REF]. Thus sulfonamides may be present in manure and slurry [START_REF] Haller | Quantification of veterinary antibiotics (sulfonamides and trimethoprim) in animal manure by liquid chromatography-mass spectrometry[END_REF][START_REF] Jacobsen | Multi-component analysis of tetracyclines, sulphonamides and tylosin in swine manure by liquid chromatography-tandem mass spectrometry[END_REF]. Since wastewater treatment does not completely eliminate them [START_REF] Hartig | Detection and identification of sulphonamide drugs in municipal waste water by liquid chromatography coupled with electrospray ionisation tandem mass spectrometry[END_REF][START_REF] Miao | Occurrence of antimicrobials in the final effluents of wastewater treatment plants in Canada[END_REF][START_REF] Göbel | Fate of sulfonamides, macrolides, and trimethoprim in different wastewater treatment technologies[END_REF][START_REF] Yang | Fate of sulfonamide antibiotics in contact with activated sludge -Sorption and biodegradation[END_REF], sulfonamides may also be present in sewage sludge [START_REF] Göbel | Occurrence and sorption behavior of sulfonamides, macrolides, and trimethoprim in activated sludge treatment[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] Garcia-Galan | Multiresidue trace analysis of sulfonamide antibiotics and their metabolites in soils and sewage sludge by pressurized liquid extraction followed by liquid chromatography-electrospray-quadrupole linear ion trap mass spectrometry[END_REF]. For example, sulfamethoxazole (SMX) was detected in µg kg -1 dry matter concentrations in some sewage sludge [START_REF] Kinney | Survey of Organic Wastewater Contaminants in Biosolids Destined for Land Application[END_REF][START_REF] Nieto | Occurrence of pharmaceuticals and hormones in sewage sludge[END_REF] but concentrations in biosolids can vary with the initial quality of wastewater influent, the wastewater treatment processes and the biosolids preparation methods [START_REF] Kinney | Survey of Organic Wastewater Contaminants in Biosolids Destined for Land Application[END_REF].

The application of organic wastes to soil is considered one of the main sources of antibiotics introduced into the environment [START_REF] Halling-Sørensen | Occurrence, fate and effects of pharmaceutical substances in the environment-a review[END_REF][START_REF] Boxall | Veterinary medicines in the environment[END_REF][START_REF] Karcı | Investigation of the tetracycline, sulfonamide, and fluoroquinolone antimicrobial compounds in animal manure and agricultural soils in Turkey[END_REF]. Antibiotics such as sulfonamides can be added to soils indirectly through the spreading of raw or transformed organic wastes such as manure, slurry or sewage sludge. SMX concentrations in the µg kg -1 dry matter range were measured in soils amended with organic wastes [START_REF] Karcı | Investigation of the tetracycline, sulfonamide, and fluoroquinolone antimicrobial compounds in animal manure and agricultural soils in Turkey[END_REF][START_REF] Watanabe | Use and environmental occurrence of antibiotics in freestall dairy farms with manured forage fields[END_REF]. Once in the soil, sulfonamides including SMX, raise various health and environmental concerns. Indeed, they can be the cause of microbial antibiotic resistance and thus reduce the effectiveness of antibiotic treatments [START_REF] Cheng | Sulfamethoxazole affects the microbial composition and antibiotic resistance gene abundance in soil and accumulates in lettuce[END_REF].

They can also persist in the soil and affect the microbiological functioning of the soil with impacts for example on respiration and enzymatic activities [START_REF] Liu | Effects of six selected antibiotics on plant growth and soil microbial and enzymatic activities[END_REF][START_REF] Conkle | An initial screening of antibiotic effects on microbial respiration in wetland soils[END_REF], be transferred to plants [START_REF] Du | Occurrence, fate, and ecotoxicity of antibiotics in agro-ecosystems. A review[END_REF][START_REF] Cheng | Sulfamethoxazole affects the microbial composition and antibiotic resistance gene abundance in soil and accumulates in lettuce[END_REF] and/or surface and groundwater [START_REF] Sacher | Pharmaceuticals in groundwaters: Analytical methods and results of a monitoring program in Baden-Württemberg, Germany[END_REF][START_REF] Kolpin | Pharmaceuticals, Hormones, and Other Organic Wastewater Contaminants in U.S. Streams, 1999-2000: A National Reconnaissance[END_REF][START_REF] Loos | Pan-European survey on the occurrence of selected polar organic persistent pollutants in ground water[END_REF][START_REF] Carvalho | Antibiotics in the aquatic environments: A review of the European scenario[END_REF]. This is why it is necessary to expand the knowledge about the fate of SMX in soil, and especially in agricultural soils amended with organic wastes.

Prior to soil application, organic wastes can be stored for a few days to months due to technical, economic and regulatory constraints. During storage, antibiotics may interact with organic matter, be physically sequestered and/or be degraded, or even be transferred to surface or groundwater if organic matter is stored directly on soils. Moreover, the organic matter itself may evolve over time, potentially also modifying the fate of the antibiotics. [START_REF] Wu | Determination of the persistence of pharmaceuticals in biosolids using liquid-chromatography tandem mass spectrometry[END_REF], who studied the persistence of pharmaceuticals, including antibiotics, during biosolid storage (77 days), observed no elimination of carbamazepine, triclosan, and ciprofloxacin, unlike tetracycline, doxycycline, clindamycin, erythromycin and clarithromycin. The concentrations of sulfadiazine and difloxacin in pig manure showed no decline after 150 days of storage [START_REF] Lamshöft | Behaviour of 14 C-sulfadiazine and 14 Cdifloxacin during manure storage[END_REF]. Contrasted results were also observed for the same antibiotics. For example, [START_REF] Wu | Sorption and biodegradation of selected antibiotics in biosolids[END_REF] showed that SMX degraded rapidly in biosolids and could not be detected after a few days while [START_REF] Kinney | Survey of Organic Wastewater Contaminants in Biosolids Destined for Land Application[END_REF] observed only partial dissipation of SMX over time in biosolids. Thus, the fate and behavior of antibiotics in soil may be affected by what happens prior to application. Some studies have addressed the question of SMX dynamics in organic wastes and in organic waste-amended soils [START_REF] Kreuzig | Investigations on the fate of sulfadiazine in manured soil: laboratory experiments and test plot studies[END_REF][START_REF] Heise | Chemical and biological characterization of non-extractable sulfonamide residues in soil[END_REF][START_REF] Höltge | Laboratory testing of sulfamethoxazole and its metabolite acetylsulfamethoxazole in soil[END_REF][START_REF] Wu | Sorption and biodegradation of selected antibiotics in biosolids[END_REF][START_REF] Andriamalala | Fate of sulfamethoxazole, its main metabolite N-ac-sulfamethoxazole and ciprofloxacin in agricultural soils amended or not by organic waste products[END_REF][START_REF] Goulas | Environmental availability of sulfamethoxazole and its acetylated metabolite added to soils via sludge compost or bovine manure[END_REF][START_REF] Bastos | Occurrence, fate and environmental risk assessment of pharmaceutical compounds in soils amended with organic wastes[END_REF]. However, few studies have considered the storage duration before spreading. The works in the literature concern mainly other sulfonamides or other antibiotics families [START_REF] Schlüsener | Elimination of macrolides, tiamulin, and salinomycin during manure storage[END_REF][START_REF] Lamshöft | Behaviour of 14 C-sulfadiazine and 14 Cdifloxacin during manure storage[END_REF][START_REF] Hammesfahr | Effects of sulfadiazine-contaminated fresh and stored manure on a soil microbial community[END_REF]. Furthermore, most works only studied the elimination of the parent compound, which is not necessarily related to complete mineralisation [START_REF] Carballa | Behavior of pharmaceuticals, cosmetics and hormones in a sewage treatment plant[END_REF][START_REF] Göbel | Fate of sulfonamides, macrolides, and trimethoprim in different wastewater treatment technologies[END_REF]. The only study, to our knowledge, investigating the fate of SMX in organic wastes and after application of organic wastes to soil was carried out by [START_REF] Höltge | Laboratory testing of sulfamethoxazole and its metabolite acetylsulfamethoxazole in soil[END_REF]. They showed that the mineralisation of SMX applied at a concentration of 2-3 mg kg -1 of sewage sludge and bovine manure was very low (<1%) and highlighted the presence of metabolites. They also showed that the metabolic fate of SMX was mainly governed by the formation of non-extractable residues in the organic wastes. But the formation of non-extractable residues was faster in bovine manure than in sewage sludge. The formation of non-extractable residues was also strongly stimulated and was the dominant process in the soil-organic waste mixtures, with transfer rates depending on the type of organic wastes. The fate of SMX in soils depended on its entry route [START_REF] Höltge | Laboratory testing of sulfamethoxazole and its metabolite acetylsulfamethoxazole in soil[END_REF].

Nevertheless, the literature results were acquired for a single concentration of SMX, without varying the storage time and for only 2 organic wastes. Consequently, there is still scarce information about the biotransformation and mineralisation rates and the persistence of metabolites, which is necessary for a better understanding of the different removal mechanisms. Furthermore, some metabolites such as N 4 -acetylsulfamethoxazole (acSMX) can undergo deacetylation leading to the regeneration of SMX [START_REF] Achermann | Biotransformation of sulfonamide antibiotics in activated sludge: the formation of pterin-conjugates leads to sustained risk[END_REF]. This is another reason to follow the presence of both SMX and its metabolites.

Thus, the objective of this work was to study the fate of the sulfonamide SMX, added at 2 different concentrations, and its metabolites i) in organic wastes by varying the storage time and ii) in soil after organic wastes addition.

Materials and Methods

Soil

The studied arable soil is a silt loam Glossic Luvisol, from the experimental field QualiAgro [START_REF] Houot | Agronomic value and environmental impacts of urban composts used in agriculture[END_REF] located at Feucherolles (Yvelines, France). It is cropped with a biannual rotation of winter wheat-maize and had never received any exogenous organic matter. The soil was sampled in November 2014 in the Ap horizon (0-25 cm) with a minimum of 10 samples on the 45 m × 10 m plot. The ploughed layer contains on average 15% clay, 79% silt and 6% sand. The C and N contents were 10.2 and 1.0 g kg -1 dw soil, respectively. The pH in water was 6.8. The soil water holding capacity (WHC) was 0.256 g of water g -1 of soil. SMX was not detected above the method quantification limit of 1 µg kg -1 dw soil by the online solid-phase extraction-ultra-high-performance liquid chromatography-tandem mass spectrometry (SPE-UHPLC-MS-MS) method [START_REF] Bourdat-Deschamps | Fate and impacts of pharmaceuticals and personal care products after repeated applications of organic waste products in long-term field experiments[END_REF]. The soil was homogenized and sieved through a 4-mm mesh and then stored at 4°C in the dark before use.

Organic wastes

Two different organic wastes spread in 2013 on the QualiAgro site were tested in this study: a bovine manure and a co-compost of sewage sludge (20%) and green waste (80%). Selected properties of the organic wastes are listed in Table 1. The two organic wastes differed in their C and N contents, biochemical composition and stability. Concentrations of antibiotics were analysed in the organic wastes of 2013, and no SMX was detected above the method quantification limit of 22 µg kg - 1 dw with the online SPE-UHPLC-MS-MS method [START_REF] Bourdat-Deschamps | Fate and impacts of pharmaceuticals and personal care products after repeated applications of organic waste products in long-term field experiments[END_REF]. The organic wastes were kept at -20°C before use, the compost was ground and sieved < 5 mm, and the manure was cut and sieved < 5 mm.

Sulfamethoxazole

14

C-phenyl-ring-labelled SMX (radiochemical purity 99%, specific activity 2849 MBq mmol -1 ) was purchased from American Radiolabeled Chemicals (ARC, Saint Louis, MO, USA), and 12 C-SMX (chemical purity 99%) was purchased from Dr Ehrenstorfer GmbH (Ausburg, Germany). Two solutions of SMX were prepared at concentration of 14.3 mg L -1 and 144.1 mg L -1 from the 14 C-SMX solution and a mixture of 12 C-and 14 C-SMX solutions, respectively.

Organic waste incubations

A volume of 50 µL of the SMX solutions described above ( 14 C-SMX or mixture of 12 C-and 14 C-SMX) was added to 0.15 g (equivalent dry weight) of organic wastes to final concentrations of 4.77 (C1) and 48.03 (C2) mg kg -1 dw organic wastes (8330 Bq per sample). The water content corresponded to 80% of the maximum water holding capacity (0.66 g and 1.95 g of water per g of compost and manure, respectively), favourable to microbial activity with the presence of both air and water in organic wastes. Control organic waste samples treated with deionized water (without SMX) were also prepared in parallel under the same conditions (to determine the impact of SMX on the mineralisation from organic wastes). Six replicates per treatment were prepared. Spiked organic wastes in 50 mL Falcon tubes were incubated in 1 L airtight jars in the presence of two vials containing 4 mL of deionized water to maintain humidity and 6 mL of sodium hydroxide (NaOH) 1 N to trap evolved CO 2 at 28°C (temperature stimulating microbial activities) for 0, 14 or 28 days. The opening of the jars to replace the NaOH traps ensured aerobic conditions during all incubation times.

The water content was checked over time and readjusted when necessary to 80% WHC by adding deionized water. Organic waste-free jars were also prepared for monitoring atmospheric CO 2 trapping (to determine the background signal of CO 2 in the headspace of the experimental device).

Total CO 2 and 14 C-CO 2 (and thus SMX mineralisation) were quantified weekly: 14 C activity was measured with a Tri-Carb 2100 TR liquid scintillation counter (Packard Instruments, Meriden, CT, USA) after mixing 2 mL of NaOH with 10 mL of UltimaGold XR liquid scintillation cocktail (Perkin Elmer, Waltham, MA, USA). Samples were kept for at least 24 h in the dark before counting to avoid potential chemiluminescence. The counting time was 10 min, and the results were expressed as % of added 14 C.

The remaining NaOH was introduced in a colorimetric analyser (Skalar Analyser, Breda, the Netherlands) to quantify the total organic carbon mineralisation (method based on a pH shift). The results of total CO 2 were expressed as evolved C-CO 2 per C added via organic wastes.

After 0, 14 and 28 days, a 14 C balance was performed on 3 replicates per date from radioactivity quantifications in the mineralised, available, extractable and non-extractable fractions (detailed below). The results were expressed as % of recovered 14 C.

Soil incubations

After 0, 14 and 28 days of organic wastes incubation, 5 g of soil previously adjusted to 80% of the water holding capacity (0.21 g g -1 ) were added to the three remaining replicates of SMX-treated organic wastes. The resulting SMX concentrations were at a maximum of 0.14 and 1.4 µg SMX per g of soil-organic waste mixtures (if no SMX degradation occurred in the organic wastes). At the same time, soil-free jars (for monitoring atmospheric CO 2 trapping) and soil-only controls were prepared under the same conditions. Soil-organic waste mixtures and controls were incubated in the presence of two vials containing 4 mL of deionized water and 6 mL of 1 N NaOH at 28°C for 28 days. The opening of the jars to replace the NaOH traps ensured aerobic conditions during all incubation times. The soil moisture was checked over time and readjusted when necessary to 80% WHC by adding deionized water. As for organic wastes incubated alone, total CO 2 and 14 C-CO 2 were analysed over time, and a 14 C balance was carried out after 28 days (detailed below).

Quantification of 14 C-SMX residues

The distribution of the 14 C-activity between the mineralised, available, extractable and nonextractable fractions [START_REF] Goulas | Development of a soft extraction method for sulfamethoxazole and transformation products from agricultural soils: Effects of organic matter co-extraction on the environmental availability assessment[END_REF][START_REF] Goulas | Environmental availability of sulfamethoxazole and its acetylated metabolite added to soils via sludge compost or bovine manure[END_REF][START_REF] Schäffer | A unified approach for including non-extractable residues (NER) of chemicals and pesticides in the assessment of persistence[END_REF] was determined at days 0, 14 and 28 in the organic wastes spiked with 14 C-SMX and incubated alone and at day 28 in the soilorganic waste mixtures according to the protocol developed by [START_REF] Goulas | A new extraction method to assess the environmental availability of ciprofloxacin in agricultural soils amended with exogenous organic matter[END_REF] and [START_REF] Goulas | Development of a soft extraction method for sulfamethoxazole and transformation products from agricultural soils: Effects of organic matter co-extraction on the environmental availability assessment[END_REF]. To measure the available fraction, a first soft extraction step was carried out with a solution of 2 hydroxypropyl-β-cyclodextrin (HPCD) (0.05 mol L -1 , pH 7). A volume of 15 mL of this solution was added to each organic waste or soil-organic waste sample. After shaking for 17 h at 15 rpm (Heidolph® Reax 20, Schwabach, Germany), the samples were centrifuged for 10 min at 34155 g (Sorvall® Evolution-RC, Thermo Fisher Scientific). A 2 mL aliquot of the supernatant was mixed with 10 mL of Ultima Gold XR scintillation liquid (Perkin Elmer) for counting. The HPCD extracts named "available fractions" allowed to access to available SMX (and metabolites) in organic waste and soilorganic waste mixtures, from the dissolved fraction up to the rapidly desorbed fraction. The remaining pellet was used for the second extraction.

The second extraction was carried out by adding acetonitrile (99.9% MeCN Carlo Erba Reagents Dasit Group, 15 mL) combined with McIlvaine pH 9 buffer solution (4.65 mL of 1/29 (v/v) citric acid/phosphate). pH 9 was reached with addition of 10 N NaOH. Samples were ultrasonicated twice 10 min before centrifugation (20°C, 34155 g). Radioactivity was quantified in 2 mL of the supernatants by liquid scintillation.

The third extraction was performed by the addition of acetonitrile (99.9% MeCN Carlo Erba Reagents Dasit Group, 15 mL) combined with McIlvaine pH 2 buffer solution (5.5 mL of 9/1 (v/v) citric acid/phosphate) to the pellet from McIlvaine extraction at pH 9. Acidification at pH 2 was obtained with HCl (37%). Samples were ultrasonicated twice for 10 min before centrifugation (20 min, 20°C, 34155 g), which led to two distinct phases, an upper phase (organic phase) and a lower phase (aqueous phase), because of a salting out effect due to the high quantity of EDTA salt. The radioactivity of the two phases was measured by liquid scintillation (2 mL). The acetonitrile-McIlvaine extracts (named "extractable fractions") allowed to extract SMX and metabolites that were strongly sorbed to organic wastes and soil-organic waste mixtures and therefore not immediately available.

The extractable fraction was defined as the sum of the second and third extraction steps.

After extraction, the soil samples containing non-extractable 14 C residues (NER) were air dried at 35°C for 48 h. Radioactivity from NER was measured on 40 mg aliquots for organic wastes alone and 400 mg for the soil-organic waste mixtures by combustion at 900°C (Biological Oxidizer OX 700, Zinsser Analytic, Frankfurt, Germany). The 14 C-CO 2 produced by combustion under an oxygen stream was trapped in Carbosorb and subjected to liquid scintillation counting (TriCarb 2100 TR, Packard Instruments, Meriden, CT, USA). Three replicates per treatment were analysed.

A summary of the different extraction steps is presented in Fig. S1.

14 C metabolite screening in available and extractable fractions

The HPCD and MeCN extracts from the organic wastes and soil-organic waste mixtures from samples treated with the lowest SMX concentration (C1) and with a sufficient radioactivity level (>250 Bq mL -1 , that is the detection limit for high performance liquid chromatography analyses) were concentrated and analysed by high performance liquid chromatography (HPLC) to identify the main 14 C-molecules present: 14 C-SMX, 14 C-acSMX or other 14 C-metabolites. Thus, the HPCD extracts from organic wastes at d0 and d28 and from the soil-organic waste mixtures at d28 were analysed. The MeCN extracts at pH 9 were analysed at d28 in the organic wastes and soil-organic waste samples.

Analyses of the upper phases of the McIlvaine pH 2 extracts could only be carried out on samples based on compost. Considering that the quantitative 14 C balances were homogeneous for the three replicates of each treatment, only one of the three repetitions was analysed by HPLC.

The HPLC analyses were performed with a Flexar system (Perkin Elmer, Villebon-sur-Yvette, France) equipped with a 250 × 4.6 mm 5 μm XBridge-C18 column (Waters,Milford, MA, USA), using a 1 mL min -1 mobile phase constituted of A) Milli-Q water + 0.01% TFA (trifluoroacetic acid, Sigma-Aldrich) and B) acetonitrile + 0.01% TFA, with a gradient from 5 to 35% of B in 31 min and to 100% in 1 min for 5 min.

Absorbance was measured continuously in the range of 190-400 nm with the photodiode array detector (PDA, Perkin Elmer), and the radioactivity was measured with the flow scintillation detector (Radiomatic 150TR, Packard-Radiomatic). The data were processed with Chromera® software (Perkin Elmer). The UV spectra of detected peaks were compared to those of SMX and acSMX standards, which exhibited a maximum UV absorption at 272 nm and 266 nm, respectively. Before the HPLC analyses, HPCD extracts were loaded on SPE cartridges (Strata X-A 33 µm Polymeric Stron Anion, Phenomenex). MeCN-McIlvaine extracts were evaporated before the addition of 2 mL MeCN-ultra-pure water (5%/95%), corresponding to the initial mobile phase of HPLC, and then centrifuged.

Statistical analyses

We first checked the normality of the distributions and the homogeneity of the variances with the Shapiro-Wilk and Bartlett tests, respectively. Then, a multivariate ANOVA was performed to compare the total CO 2 and the different fractions of 14 C-SMX recovered from incubations of organic wastes and soil-organic waste mixtures with the three factors: organic wastes (compost and manure), organic waste incubation time (0, 14 and 28 days) and initial SMX concentrations (4.77 and 48.03 mg kg -1 dw organic wastes) with the SigmaPlot 12.5 software. A P-value less than 0.05 was considered statistically significant.

Results

Total mineralisation in the organic wastes and soil-organic waste mixtures

Carbon mineralisation in the organic wastes occurred immediately, with maximal mineralisation rates at the beginning of incubation (due to changes in abiotic factors, such as temperature or water content, with incubation conditions) (Fig. 1). Then, mineralisation rates became constant throughout the incubation of organic wastes alone. The carbon mineralisation in the compost ranged between 4.0 and 4.9% of total organic C after 14 days and between 5.1 and 6.9% after 28 days. In the manure, C mineralisation ranged between 10.5 and 11.4% and between 17.4 and 18.5% after 14 and 28 days of incubation, respectively (Fig. 1).

Addition of soil to organic wastes increased C mineralisation rates but much higher for the compost (×1.8 on average) than for the manure (×1.3 on average). Twenty-eight days after mixing organic wastes with soil, cumulative mineralisation varied between 10.3 and 14.6% in soil-compost and between 20.9 and 40.2% in soil-manure, depending on the pre-incubation time of organic wastes. Total mineralisation was significantly higher with the manure than with the compost, highlighting a specific organic waste effect. Furthermore, total mineralisation was similar regardless of the SMX concentration in the compost and the manure. Consequently, SMX had no impact on the total mineralisation at the tested concentrations of 4.77 and 48.03 mg per kg dry organic waste (Fig. 1).

Fate of 14 C-SMX in the organic wastes and soil-organic waste mixtures

SMX mineralisation

After 14 and 28 days of incubation, 14 C-SMX mineralisation in the organic wastes alone was very low, ranging between 0 and 0.1% of the added 14 C in the compost and 0 and 0.6% in the manure (Table 2) and remained lower in all cases to the impurity threshold of the 14 C-labelled molecule (1%).

The addition of soil to the compost stimulated 14 C-mineralisation that reached 0.8-1.1% at the C1 SMX concentration (Fig. 2) and 0.7-1.0% at the C2 SMX concentration after 28 days (Fig. S2). The maximum values of SMX mineralisation in the soil-manure reached 1.7% for the C1 SMX concentration and 1.4% for the C2 concentration after 28 days (Fig. 2 andS2). Therefore, the impact of soil seems to depend on the nature of the organic wastes. The statistical analysis revealed an organic waste effect with a higher mineralisation in the soil-manure mixtures than in the soilcompost mixtures.

Mineralisation rates of SMX in soil increased with decreasing pre-incubation time of the organic wastes. The increase in mineralisation rates after mixing organic wastes with soil as a function of pre-incubation time was similar for the manure and the compost (x1.4-1.5 between 0 and 14 days of pre incubation and x1.7 between 0 and 28 days). After mixing organic wastes with soil, the SMX concentration did not affect its mineralisation expressed in % of added 14 C.

14 C balance

14

C balances were performed in the organic wastes alone after 0, 14 and 28 days and in the soil-organic waste mixtures after 28 days. The values reached 94.4 ± 1.8% at d0, 62.9 ± 7.4% at d14 and 57.0 ± 3.4% at d28 in the organic wastes incubated alone. In the organic wastes stored for 14 and 28 days, the lower balances were explained by the fact that the organic wastes had to be transferred to another container before quantification of the non-extractable residues. Because of the very small amount of organic wastes (150 mg), even a small loss of material had a significant impact on balance deficiencies. According to this identification of the source of balance deficiencies, we attributed them to the non-extractable fraction.

The 14 C distribution in the mineralised, available, extractable and non-extractable fractions of the organic wastes for the C1 SMX concentration is presented in Fig. 3. The results for the C2 SMX concentration are shown in the supplementary information (Fig. S3). At d0 (just after the addition of 14 C-SMX), the radioactivity was mainly concentrated in the HPCD fraction corresponding to the available fraction (90.3% and 87.9% for manure and 91.9% and 92% for compost at C1 and C2 concentrations, respectively). The extractable fractions (MeCN) were less than 4%, and the nonextractable residues represented a maximum of 10% of the total radioactivity. Then, 14 C in the HPCD fractions decreased over time, representing 40.7% and 35.2% for manure and 38.1% and 37.1% for compost at C1 and C2 concentrations after 14 days of storage and 39.0% and 32.2% for manure and 29.2% and 29.4% for compost at C1 and C2 concentrations after 28 days of storage. In contrast, NER increased strongly between 0 and 14 days and then more progressively between 14 and 28 days. NER represented between 39.6 and 60.4% after 14 days and 51.2 and 63.3% after 28 days.

The proportion of NER was generally higher in the manure than in the compost. The compost favoured the formation of weak adsorbed residues, with 19.4% (and 17.9% for C2) in the compost and 3.7% (4% for C2) in the manure after 28 days. Statistical analyses generally showed an organic waste effect, an incubation time effect (between d0, d14 and d28) and an organic waste × incubation time interaction but no SMX concentration effect for the different studied (mineralised, available, extractable and non-extractable) fractions.

In the soil-organic waste mixtures, the 14 C balances at the end of incubation ranged between 86 and 102% and were therefore normalized to facilitate comparison between treatments. The results obtained for the C1 and C2 SMX concentrations are presented in Fig. 4 and S4 respectively. At the end of incubation in the soil-compost mixtures, 10-15.4% of 14 C were present in the available fractions (Fig. 4 and S4), which were lower than the circa 30% in the available fractions after 28 days in the compost alone (Fig. 3 andS3). In parallel, 19.4-24.9% in the extractable fractions and 59.6-70.0% in the non-extractable fractions were found (Fig. 4 and S4), which were higher than the corresponding fractions after 0, 14 and 28 d in the compost alone (Fig. 3 andS3). In the soil-manure mixtures, the available, extractable and non-extractable fractions represented 9.0-12.4%, 8.5-15.7% and 70.2-81.6% of the recovered 14 C, respectively (considering C1 and C2 SMX concentrations). In comparison with the manure incubated alone, a 28 days incubation with soil decreased the available fraction and increased the extractable and non-extractable ones (Fig. 3, 4, S3 and S4). Thus, the fate of SMX in soil after the addition of organic wastes depended on the nature of the organic wastes, with the manure producing more NER and fewer extractable residues than the compost.

Although the fate of SMX was influenced by incubation time in the compost alone, the distribution of 14 C in the available, extractable and non-extractable fractions 28 days after mixing with soil was similar (Fig. 4 andS4). In the soil-manure mixtures, we observed a slight decrease in the available and extractable fractions in favour of the non-extractable fractions when the storage time of manure increased (Fig. 4 andS4).

The initial SMX concentration did not affect the distribution of 14 C in the different fractions (Fig. 4 andS4).

14 C-metabolite screening in HPCD and MeCN extracts

The results of metabolite screening are presented in Table 3. In the compost, the available fraction, which was 90% at day 0, was mainly composed of SMX (96.1% of the extracted radioactivity and 88.3% of the total radioactivity). After 28 days, SMX represented only 46.6% of the available fraction and 13.6% of the total radioactivity, with the remaining radioactivity corresponding to acSMX and other metabolites (M) that could not be identified. In the MeCN extracts (pH 2 and pH 9), radioactivity was predominantly in the form of SMX and in lower quantities as more polar metabolites (M5) or more apolar metabolites (M7) than SMX after 28 days of incubation.

In the manure, the radioactivity of available fractions mainly corresponded to SMX (89.5% of the HPCD extractable fraction and 80.8% of the total 14 C) but also to acSMX (10.5% of the HPCD extractable fraction and 9.5% of the total 14 C). After 28 days, the SMX present in this available fraction decreased (52.9 and 20.6% of the HPCD extractable and total 14 C, respectively), and the proportion of acSMX in the available fraction more than doubled (25.1%) while still accounting for approximately 10% of the total radioactivity. Also a metabolite M6 was determined (22.1% and 8.6% of the HPCD extractable and total 14 C, respectively). The number of metabolites detected in the manure (2) was lower than that in the compost (5). In the MeCN pH 9 fraction, radioactivity after 28 days corresponding to M1 and M7 represented less than 0.5% of the total radioactivity. It was generally observed that SMX was partially degraded over time in the organic wastes but remained present in significant quantities regardless of the organic wastes (25.6% and 20.6% of total 14 C in the compost and manure, respectively) after 28 days.

After addition of organic wastes to soil, SMX continued dissipating and represented only 10.9 and 4.8% of the total radioactivity at the end of incubation in the available and extractable fractions of soil-compost and soil-manure, respectively (Table 3). In soil-compost, SMX represented 40% of the available fraction after 28 days, and the remaining 60% corresponded to different metabolites (M3, M5, M6, M7 and acSMX). In amended soil, some of the metabolites initially produced in the compost incubated alone decreased (M5 and M6) or disappeared (M2 and M4), while acSMX increased and new metabolites were formed (M3 and M7). In the MeCN pH 9 extracts, 14 C was mainly observed as SMX and as the highly polar M1 (3.5% of total 14 C for each) and in lower quantities as M6 and M7, whereas in the MeCN pH 2 extracts, 14 C was mainly as apolar form (M7) and SMX, M4 and M5 forms.

In the soil-manure mixtures, SMX represented only 30% of the 28-day HPCD fraction (2.9% of total 14 C) and was mainly transformed to acSMX (44.4% of HPCD extractable fraction and 4.4% of total 14 C), while the proportion of M6 remained almost constant (22.1 and 25.8% of HPCD extracts in manure-d28 and soil-manure-d28, respectively). In the MeCN pH 9 extracts, 28 days after soil mixing, radioactivity was evenly distributed between SMX and metabolites 1 and 7. This distribution was close to that found in the MeCN pH 9 extracts of soil-compost-d28 samples except for the quantification of M6.

Discussion

Total mineralisation in the organic wastes and soil-organic waste mixtures

Total mineralisation in the organic wastes (expressed in % of C added with organic waste) was higher in the manure compared to the compost due to a different organic matter quality. These results are consistent with the index of residual organic carbon (I ROC ) equal to 70.3% for compost and 55.8% for manure (Table 1), reflecting that compost contained more stable organic matter and manure more biodegradable organic matter. The C mineralisation rates, which were different in the compost and the manure, were not affected by the storage time of the organic wastes. Although changes in the structure of communities may occur during storage due to a decrease in lowmolecular weight compounds and a relative increase in complex components [START_REF] Hammesfahr | Effects of sulfadiazine-contaminated fresh and stored manure on a soil microbial community[END_REF], we did not observe any impact in our case, after one month of storage, on overall microbial activity such as C mineralisation.

Carbon mineralisation rates slightly increased after soil addition regardless of the previous incubation time (0, 14 and 28 days) of the organic wastes incubated alone. Soil microorganisms seemed to play a minor role in the mineralisation of C-organic wastes, which could be explained by the low contents of microorganisms compared to those in the organic wastes. Indeed [START_REF] Annabi | Soil aggregate stability improvement with urban composts of different maturities[END_REF] observed that microbial biomass content in different composts (municipal solid waste compost, co-compost of sewage sludge and green waste) and just before their application to the soil was 1000 times higher than soil microbial biomass.

Finally, the tested SMX concentrations, which represented a maximum of 1.43 mg SMX kg -1 soil-organic waste mixtures, had no impact on total soil mineralisation. Similar results were observed in previous studies [START_REF] Hammesfahr | Effects of sulfadiazine-contaminated fresh and stored manure on a soil microbial community[END_REF]. [START_REF] Thiele-Bruhn | Effects of sulfonamide and tetracycline antibiotics on soil microbial activity and microbial biomass[END_REF] demonstrated that concentrations up to 1000 mg kg -1 soil of sulfapyridine, another sulfonamide, did not affect microbial respiration in soil (without addition of organic wastes). Although respiration inhibition was detected after the addition of sulfonamides, it generally occurred for concentrations higher than those in our study and/or with transient effects [START_REF] Liu | Effects of six selected antibiotics on plant growth and soil microbial and enzymatic activities[END_REF][START_REF] Jechalke | Fate and effects of veterinary antibiotics in soil[END_REF].

Fate of SMX in the organic wastes

The negligible SMX mineralisation in the organic wastes after 28 days was consistent with most previous results obtained for SMX [START_REF] Höltge | Laboratory testing of sulfamethoxazole and its metabolite acetylsulfamethoxazole in soil[END_REF][START_REF] Alvarino | Role of biotransformation, sorption and mineralization of 14 C-labelled sulfamethoxazole under different redox conditions[END_REF] or other sulfonamides [START_REF] Ingerslev | Biodegradability properties of sulfonamides in activated sludge[END_REF][START_REF] Kreuzig | Investigations on the fate of sulfadiazine in manured soil: laboratory experiments and test plot studies[END_REF][START_REF] Geng | Impact of liming and drying municipal sewage sludge on the amount and availability of 14 C-acetyl sulfamethoxazole and 14 C-acetaminophen residues[END_REF] in biosolids and manure. The absence of SMX mineralisation can be partly due to the i) sequestration and/or adsorption of SMX on the organic wastes leading to its unavailability to microorganisms [START_REF] Guo | Dependence of pesticide degradation on sorption: nonequilibrium model and application to soil reactors[END_REF], ii) absence (or presence in too small quantities) of degrading microorganisms or iii) biotransformation of SMX and persistence of metabolites.

As SMX was present in the available fraction after 28 days of incubation, both physical sequestration and strong adsorption were not sufficient assumptions to explain the absence of mineralisation. [START_REF] Höltge | Laboratory testing of sulfamethoxazole and its metabolite acetylsulfamethoxazole in soil[END_REF] also showed that the extractable fraction contained on average 35% 14 C-SMX as the parent compound after 7 days. [START_REF] Yang | Biodegradation of sulfonamide antibiotics in sludge[END_REF] observed that the remaining percentage of SMX in sludge was 58.3% after 10 days. Furthermore, if SMX adsorbs more readily on organic wastes than on soil [START_REF] Karcı | Investigation of the tetracycline, sulfonamide, and fluoroquinolone antimicrobial compounds in animal manure and agricultural soils in Turkey[END_REF][START_REF] Andriamalala | Fate of sulfamethoxazole, its main metabolite N-ac-sulfamethoxazole and ciprofloxacin in agricultural soils amended or not by organic waste products[END_REF], adsorption remains weak. Biotic degradation of SMX may be the result of a specific metabolism pathway in which SMX is used as a source of C and energy [START_REF] Ricken | ipso-hydroxylation and subsequent fragmentation: a novel microbial strategy to eliminate sulfonamide antibiotics[END_REF][START_REF] Jiang | Biodegradation and metabolic pathway of sulfamethoxazole by Pseudomonas psychrophila HA-4, a newly isolated cold-adapted sulfamethoxazole-degrading bacterium[END_REF][START_REF] Reis | Biodegradation of sulfamethoxazole and other sulfonamides by Achromobacter denitrificans PR1[END_REF] or co-metabolism [START_REF] Alvarino | Role of biotransformation, sorption and mineralization of 14 C-labelled sulfamethoxazole under different redox conditions[END_REF] by bacteria and fungi [START_REF] Larcher | Biodegradation of sulfamethoxazole: current knowledge and perspectives[END_REF]. The mineralisation of sulfonamides by specific microorganisms occurred after microbial adaptation following repeated antibiotic inputs [START_REF] Ingerslev | Biodegradability properties of sulfonamides in activated sludge[END_REF][START_REF] Yang | Biodegradation of sulfonamide antibiotics in sludge[END_REF]. No SMX was initially quantified in the organic wastes used in this study [START_REF] Bourdat-Deschamps | Fate and impacts of pharmaceuticals and personal care products after repeated applications of organic waste products in long-term field experiments[END_REF]. Due to the absence of selection pressure, specific microorganisms degrading SMX are probably absent or scarce in the organic wastes. Finally, after 28 days of storage, metabolites were present in the available and extractable fractions of organic wastes, revealing a partly degradation of SMX, certainly by co-metabolism. Thus the low SMX mineralisation was most likely due to the deficiency of certain microorganisms, possessing particular enzymes, to achieve the complete degradation of SMX until mineralisation.

The increase with time of extractable but above all of the non-extractable residues were consistent with the previous works of [START_REF] Kreuzig | Investigations on the fate of sulfadiazine in manured soil: laboratory experiments and test plot studies[END_REF] and [START_REF] Höltge | Laboratory testing of sulfamethoxazole and its metabolite acetylsulfamethoxazole in soil[END_REF] on sewage sludge and manure. NER include i) strongly adsorbed and or entrapped residues that can be released and remobilised (type I), ii) covalently bound residues that are considered to be irreversibly bound (type II), both either derived from SMX or transformation products and iii) biogenic residues (type III) derived from biotic degradation products (amino-acids, phospholipids) with no environmental concern [START_REF] Kaestner | Classification and modelling of nonextractable residue (NER) formation of xenobiotics in soil-a synthesis[END_REF][START_REF] Schäffer | A unified approach for including non-extractable residues (NER) of chemicals and pesticides in the assessment of persistence[END_REF]. Our experimental process did not allow distinguishing between the different types of NER but the environmental risks due to the formation of non-extractable residues from SMX could be limited because they tended to persist in the soil with very low remobilisation [START_REF] Heise | Chemical and biological characterization of non-extractable sulfonamide residues in soil[END_REF].

Fate of SMX after organic waste addition to soil

After addition of the organic wastes previously treated with SMX to soil, SMX mineralisation, while remaining low was stimulated. Previous works showed that this soil harboured microorganisms capable of mineralising SMX [START_REF] Andriamalala | Fate of sulfamethoxazole, its main metabolite N-ac-sulfamethoxazole and ciprofloxacin in agricultural soils amended or not by organic waste products[END_REF]. A large supply of organic matter, which increased the soil C content by up to 2 times, could stimulate soil microorganisms, especially those involved in the biodegradation of SMX. The higher stimulation in absence of storage was certainly related to the higher amount of SMX available in the HPCD fraction.

Twenty-eight days after application of the organic wastes to the soil, the available fraction decreased significantly. As in our work with SMX, [START_REF] Kreuzig | Investigations on the fate of sulfadiazine in manured soil: laboratory experiments and test plot studies[END_REF] showed a more rapid decrease of 14 C-sulfadiazine in the extractable fractions in manure mixed with soil than in manure alone. SMX and acSMX were the two main compounds detected in the available fractions but in very low quantities (<5% of the total 14 C for SMX and <4.5% for acSMX). Other works showed the persistence of SMX and acSMX in low quantities in organic wastes (sludge, manure) after 1 to several weeks [START_REF] Höltge | Laboratory testing of sulfamethoxazole and its metabolite acetylsulfamethoxazole in soil[END_REF][START_REF] Geng | Impact of liming and drying municipal sewage sludge on the amount and availability of 14 C-acetyl sulfamethoxazole and 14 C-acetaminophen residues[END_REF] and in soils [START_REF] Koba | Antibiotics degradation in soil: a case of clindamycin, trimethoprim, sulfamethoxazole and their transformation products[END_REF][START_REF] Goulas | Environmental availability of sulfamethoxazole and its acetylated metabolite added to soils via sludge compost or bovine manure[END_REF][START_REF] Malvar | Occurrence of the main metabolites of the most recurrent pharmaceuticals and personal care products in Mediterranean soils[END_REF]. The persistence in soil of SMX is generally higher than those of acSMX [START_REF] Koba | Antibiotics degradation in soil: a case of clindamycin, trimethoprim, sulfamethoxazole and their transformation products[END_REF][START_REF] Malvar | Occurrence of the main metabolites of the most recurrent pharmaceuticals and personal care products in Mediterranean soils[END_REF] but the kinetics of formation and quantities of acSMX vary also according to the type of soil [START_REF] Koba | Antibiotics degradation in soil: a case of clindamycin, trimethoprim, sulfamethoxazole and their transformation products[END_REF].

The dominant process in the soil was the formation of non-extractable residues, as previously observed by [START_REF] Höltge | Laboratory testing of sulfamethoxazole and its metabolite acetylsulfamethoxazole in soil[END_REF], [START_REF] Li | Influence of organic amendment on fate of acetaminophen and sulfamethoxazole in soil[END_REF] and [START_REF] Goulas | Environmental availability of sulfamethoxazole and its acetylated metabolite added to soils via sludge compost or bovine manure[END_REF] in soils amended with SMX-treated biosolids, compost or manure.

Impact of the type of organic wastes

Although the fate of SMX in organic wastes incubated alone follows the same trends in both types of organic wastes, the proportion and the composition of the available and extractable fractions after 28 days of incubation were impacted by the nature and characteristics of the organic wastes. Different factors may explain these results: abundance and diversity of degrading microorganisms, content and quality of C (more or less favourable to co-metabolism), physicochemical conditions such as pH (more or less favourable to microbial activities). Indeed metabolites vary according to microbial species [START_REF] Larcher | Biodegradation of sulfamethoxazole: current knowledge and perspectives[END_REF] and environmental conditions [START_REF] Müller | Short-term extractability of sulfadiazine after application to soils[END_REF]. For example, [START_REF] Koba | Antibiotics degradation in soil: a case of clindamycin, trimethoprim, sulfamethoxazole and their transformation products[END_REF] observed higher amounts of acSMX in soils with higher organic C contents. The proportion of NER was greater in the manure than the compost. The nature of organic waste and its stage of decomposition may exert different influences on the sorption of antibiotics, as previously shown for pesticides [START_REF] Vieublé Gonod | Spatial and temporal heterogeneity of soil microorganisms and isoproturon degrading activity in a tilled soil amended with urban waste composts[END_REF]. Compared to raw wastes, composts richer in aromatic C generally increase the sorption of organic pollutants [START_REF] Ahmad | The nature of soil organic matter affects sorption of pesticides. 1. Relation with carbon chemistry as determined by 13 C CPMAS NMR spectroscopy[END_REF]. These results are consistent with Kd values obtained for SMX, which were higher in the manure (10.1 L kg -1 ) than in the compost (2.7 L kg -1 ) (data not shown).

Differences in the fate of SMX between manure and compost persisted after application of organic wastes to soil. The addition of soil to the compost increased SMX mineralisation rates by a maximum factor of 14.9 compared to the incubated compost alone and by 2.9 for the manure.

Nevertheless, the SMX mineralisation was significantly higher in soil amended with manure, that was consistent with results observed by [START_REF] Andriamalala | Fate of sulfamethoxazole, its main metabolite N-ac-sulfamethoxazole and ciprofloxacin in agricultural soils amended or not by organic waste products[END_REF] after repeated applications of organic wastes in the field. The greater or lesser stimulation of SMX degradation in the soil after the addition of compost or manure could be explained by the nature of the organic matter of the two organic wastes and their impact on soil microorganisms. [START_REF] Li | Influence of organic amendment on fate of acetaminophen and sulfamethoxazole in soil[END_REF] proposed the same hypothesis to explain the lower SMX mineralisation in soils amended with biosolids (0.3%) than in soils amended with compost (2%). In our experiment, the extractable residues remained higher after the application of compost to the soil, whereas the NER were higher after the application of manure as previously observed in the organic wastes incubated alone. These results are in line with those observed by [START_REF] Andriamalala | Fate of sulfamethoxazole, its main metabolite N-ac-sulfamethoxazole and ciprofloxacin in agricultural soils amended or not by organic waste products[END_REF] comparing the fate of SMX in the same two soils as ours regularly amended since 1998 with the compost and the manure. [START_REF] Goulas | A new extraction method to assess the environmental availability of ciprofloxacin in agricultural soils amended with exogenous organic matter[END_REF] also showed that NER were higher in the manure than in the compost and in the soil-manure than in the soil-compost mixtures after 28 days. They explained this result by a higher microbial activity in the manure and soil-manure mixtures, which could enhance the formation of biotic NER [START_REF] Kästner | Classification and modelling of non extractable residue (NER) formation of xenobiotics in soil -a synthesis[END_REF].Thus, the fate of SMX was closely dependent on the quantity and the quality of the added organic matter to the soil.

Organic waste storage effect

SMX dissipation in organic wastes was not total for short storage periods of up to 28 days. The impact of storage on the fate of antibiotics seems to vary according to the molecules and the characteristics of the organic wastes since [START_REF] Wang | Degradation kinetics of manure-derived Sulfadimethoxine in amended soil[END_REF] showed that storage of manure for 15 days before its application to soil helps to eliminate the residue of sulfadimethoxine in manure. A very short storage period favours the persistence of antibiotics or metabolites in the available fraction, which is also the most mobile. Very short storage may therefore represent a significant short-term risk after spreading organic wastes onto soil with potential transfer to groundwater and surface water or plants. Conversely, longer storage favours the formation of NER, with environmental risks depending on the NER types. The type I NER may be remobilised in the medium term after application of organic wastes to the soil. Although the risks seem to differ slightly depending on the duration of storage, it can be concluded that in the case of storage of organic wastes for less than one month, the risks of soil and water contamination remain potentially important. Longer storage times before soil spreading could lead to the disappearance of the available fraction and reduce short-term antibiotics environmental contamination immediately after soil spreading [START_REF] Bailey | The veterinary antibiotic journey: comparing the behaviour of sulfadiazine, sulfamethazine, sulfamethoxazole and tetracycline in cow excrement and two soils[END_REF]. As storage time increases, the formation of metabolites is also enhanced. Some metabolites may be more toxic than the parent molecule. Majewsky et al. (2014) who studied the effects of SMX and some metabolites on luminescence and growth inhibition of Vibrio fischeri, showed that some metabolites such as acSMX were less toxic than the SMX parent compound but others such as 4-nitro-SMX and 4-nitroso-SMX exhibited higher ecotoxicological effects than the parent compound. Further studies are therefore needed on the toxicity of metabolites to determine the associated risks.

The impact of storage duration on the fate of SMX after application of organic waste to soil was different for compost and manure. The 28 days of incubation of the compost in the presence of soil erased the differences observed after 0, 14 and 28 days of compost storage. Twenty-eight days after application of compost to the soil, the distribution of 14 C-SMX residues in the different fractions studied was similar, regardless of the duration of prior storage. Conversely, the storage time of manure before application to soil had a higher impact on the fate of SMX in the soil. The longer the storage time, the higher the amount of NER formed. Similarly, [START_REF] Schmidt | Fate in soil of 14 C-sulfadiazine residues contained in the manure of young pigs treated with a veterinary antibiotic[END_REF] showed that the fate of sulfadiazine in soil was dependent on the ageing of manure. [START_REF] Förster | Sequestration of manure-applied sulfadiazine residues in soils[END_REF] observed that the concentrations of sulfadiazine and its metabolites in the extractable fractions after the addition of manure to soil varied between fresh and aged (6 months) manure. The impact of storing organic waste for up to 28 days before soil application on the fate of SMX therefore varies according to the type of organic waste.

SMX concentration effect

The total mineralisation in the organic wastes and soil-organic waste mixtures was similar when SMX was absent or present at the two tested concentrations (4.77 and 48.03 mg kg -1 in the organic wastes and between 0.14 and 1.4 mg kg -1 in the soil-organic waste mixtures), meaning that global microorganism activity was not affected by SMX. The fate of SMX in the organic wastes and soil-organic waste mixtures was proportional to its concentration. The activity of degrading microorganisms was therefore not influenced by the SMX concentration in the study range. Similarly, [START_REF] Accinelli | Environmental fate of two sulfonamide antimicrobial agents in soil[END_REF] showed that concentrations of two sulfonamides, sulfamethazine and sulfachloropyridine, up to 100 mg kg -1 in soils amended with liquid swine slurry had no effect on the degradation rates of sulfonamides and the soil microbial community. In contrast, [START_REF] Wang | Degradation kinetics of manure-derived Sulfadimethoxine in amended soil[END_REF] reported a decrease in the degradation of sulfadimethoxine, another sulfonamide, with increasing initial concentration from 3 to 31 mg kg -1 in manure-amended soils. Thus, even in the family of sulfonamides, the toxicity effects vary according to the molecules [START_REF] Białk ; Bielinska | Ecotoxicity evaluation of selected sulfonamides[END_REF].

However, the effects, when present, are generally observed at high concentrations in the mg kg -1 range, concentrations far above the environmental ones. Studies over longer periods of time may also be relevant. Santas-Miguel et al. (2020) showed that sulfonamides toxicity increased over time with more toxicity on the soil bacterial communities after 100 days than after 2 days.

Conclusion

Under laboratory conditions, the storage time of the organic wastes up to 28 days before application to the soil clearly impacts the fate of SMX, and differently in compost and manure. The fate of SMX in soil added via compost or manure also varies according to the type of organic waste and is only influenced by the storage time in the case of manure. The fate of SMX in compost, manure and soil may also be impacted in situ by the management of organic waste (e.g., height of piles, aeration or not) and by the inconsistency of abiotic factors (e.g., temperature, water and oxygen content). Studies in more realistic conditions, with recurrent inputs of organic wastes, are therefore necessary.

After a storage period of 28 days and after mixing organic wastes with soil, SMX and metabolites in available form persist in compost, manure and soil and may represent a risk for the environment and human health. Similarly, the high quantities of non-extractable residues formed represent a potential risk in the medium term. Further studies are therefore needed to i) identify the SMX degradation products formed to better understand the short-term risks of organic waste addition to soil and ii) study the type of NER to better understand the medium and long-term risks. 

Table 3

Metabolite screening in the HPCD, MeCN pH 9 and MeCN pH 2 fractions at d0 and d28 in the organic wastes incubated alone and after 28 days in soilorganic waste mixtures at an initial SMX concentration of 4.77 mg SMX kg -1 organic waste (expressed as % of extractable 14 C and % of total 14 C) Polarity decreases from metabolite 1 (M1) to metabolite 7 (M7).

MeCN pH 2 and pH 9 extracts from compost-d0-C1 and manure-d0-C1and MeCN pH 2 extracts from manure-d28-C1 and soil-manure-d28-C1 were not analysed because of an insufficient radioactivity level 

Fig. 1 .

 1 Fig. 1. Cumulative mineralisation of total organic C expressed as % of C initially added by organic wastes (top: compost, bottom: manure) in organic wastes incubated alone and then mixed with soil (after subtraction of the C mineralised from the soil) C0, C1 and C2 correspond to the different concentrations of SMX tested (0, 4.77 and 48.03 mg of SMX kg -1 organic waste dry equivalent, respectively). 0, 14 and 28 correspond to the incubation time (in days) of organic wastes alone before mixing with soil.

Fig. 2 .

 2 Fig. 2. 14 C-SMX mineralisation (% of added 14 C) in organic wastes (top: compost, bottom: manure) incubated alone and then mixed with soil at the C1 SMX concentration (4.77 mg of SMX kg -1 organic
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 34 Fig.3. C distribution after 0 (d0), 14 (d14) and 28 (d28) days of incubation of organic wastes incubated alone (compost and manure) at an initial concentration of 4.77 mg of SMX kg -1 dw organic waste (C1) in the mineralised ( 14 CO 2 ), available ( 14 C HPCD), extractable ( 14 C MeCN) and nonextractable ( 14 C NER) fractions
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 S1 Fig. S1. Quantitative and qualitative analyses of 14 C in the organic wastes and soil-organic waste samples
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 S3 Fig.S3.14 C distribution after 0 (d0), 14 (d14) and 28 (d28) days of incubation of organic wastes incubated alone (compost and manure) at an initial concentration of 48.03 µg of SMX g -1 organic waste (C2) in the mineralised ( CO 2 ), available ( 14 C HPCD), extracatble ( 14 C MeCN) and non-extractable ( 14 C NER) fractions

  

  

  

Table 1

 1 Main characteristics of organic wastes spread in 2013 on the QualiAgro site

		Dry matter	C content	N content	C/N	I ROC *	pH	WHC**
		%	g.kg -1 dw	g.kg -1 dw		%		g.g -1
	Compost	25	257 ± 3	25.9 ± 0.5	9.9 ± 0.3 70.3 ± 1.4 7.7 ± 0.1	0.83
	Manure	35	355 ± 14	20.1 ± 0.7 17.6 ± 0.1 55.8 ± 1.3 8.8 ± 0.3	2.44
	* Index of residual organic C (Lashermes et al., 2009)			
	** WHC water holding capacity				

Table 2 14

 2 C-SMX mineralisation (% of added 14 C) after 0 (d0), 14 (d14) and 28 (d28) days of incubation for SMX concentrations of 4.77 mg g -1 (C1) and 48.03 mg kg -1 (C2) in the sewage sludge and green waste co-compost and manure

		Compost-d0 Compost-d14 Compost-d28 Manure-d0	Manure-d14	Manure-d28
	C1	0	0.08 ± 0.01	0.11 ± 0.00	0	0.34 ± 0.02	0.64 ± 0.02
	C2	0	0.06 ± 0.00	0.10 ± 0.03	0	0.32 ± 0.02	0.56 ± 0.02
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