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The use of reclaimed water in agriculture represents a promising alternative to relieve pressure on freshwater supplies, especially in arid or semiarid regions facing water scarcity.

However, this implies introducing micropollutants such as pharmaceutical residues into the environment. The fate and the ecotoxicological impact of valsartan, an antihypertensive drug frequently detected in wastewater effluents, were evaluated in soil-earthworm microcosms.

Valsartan dissipation in the soil was concomitant with valsartan acid formation. Although both valsartan and valsartan acid accumulated in earthworms, no effect was observed on biomarkers of exposure (acetylcholinesterase, glutathione S-transferase and carboxylesterase activities). The geometric mean index of soil enzyme activity increased in the soils containing earthworms, regardless of the presence of valsartan. Therefore, earthworms increased soil carboxylesterase, dehydrogenase, alkaline phosphatase, β-glucosidase, urease and protease activities. Although bacterial richness significantly decreased following valsartan exposure, this trend was enhanced in the presence of earthworms with a significant impact on both alpha and beta microbial diversity. The operational taxonomic units involved in these changes were related to four (Proteobacteria, Bacteroidetes, Actinobacteria and Firmicutes) of the eight most abundant phyla. Their relative abundances significantly increased in the valsartantreated soils containing earthworms, suggesting the presence of potential valsartan degraders.

The ecotoxicological effect of valsartan on microbes was strongly altered in the earthwormadded soils, hence the importance of considering synergistic effects of different soil organisms in the environmental risk assessment of pharmaceutical active compounds.

Introduction

Within the context of the global change, water resource shortage is becoming a critical issue in arid and semi-arid areas such as the Mediterranean basin, one of the main vegetable and fruit producers for all European consumers. To cope with this shortage, the European Union proposed wastewater reuse for agricultural irrigation and aquifer recharge (European Commission, 2015). A guideline describing the minimum quality requirements of wastewater and the risks of wastewater reuse for crop irrigation grown on arable soils was published in 2017 [START_REF] Alcalde-Sanz | Minimum quality requirements for water reuse in agricultural irrigation and aquifer recharge: Towards a water reuse regulatory instrument at EU level. EUR 28962 EN[END_REF]. However, information on the possible ecotoxicological effects of wastewater-borne micropollutants on soil-borne organisms and the supported ecosystem functions is obviously lacking.

Valsartan (an antagonist of the angiotensin II type-1 receptor) is one of the most highly prescribed antihypertensive drug for high blood pressure treatment [START_REF] Sörgel | The contamination of valsartan and other sartans, part 1: New findings[END_REF]. It reduces the risk of fatal and nonfatal cardiovascular events such as strokes, myocardial infarctions, and complications when heart attacks result from abrupt increases in blood pressure (Andresen et al., 2017;[START_REF] Criscione | Valsartan: Preclinical and Clinical Profile of an Antihypertensive Angiotensin-II Antagonist[END_REF][START_REF] Jugdutt | Valsartan in the treatment of heart attack survivors[END_REF]. Like other pharmaceuticals, valsartan is excreted via the urine and feces, reaches the sewer systems, and is transported to wastewater treatment plants (WWTPs) to be fully or partially removed through a combination of processes [START_REF] Auvinen | Removal of pharmaceuticals by a pilot aerated sub-surface flow constructed wetland treating municipal and hospital wastewater[END_REF][START_REF] Bayer | Behavior of sartans (antihypertensive drugs) in wastewater treatment plants, their occurrence and risk for the aquatic environment[END_REF][START_REF] Kovalova | Hospital wastewater treatment by membrane bioreactor: Performance and efficiency for organic micropollutant elimination[END_REF][START_REF] Margot | Treatment of micropollutants in municipal wastewater: Ozone or powdered activated carbon?[END_REF]. Valsartan and its main transformation product valsartan acid are poorly eliminated by conventional WWTPs [START_REF] Gurke | Occurrence and removal of frequently prescribed pharmaceuticals and corresponding metabolites in wastewater of a sewage treatment plant[END_REF]. Both are frequently detected at relatively high concentrations (a few µg per L for valsartan and up to 150 ng per L for valsartan acid) in WWTP effluents [START_REF] Batt | Analysis of ecologically relevant pharmaceuticals in wastewater and surface water using selective solid-phase extraction and UPLC-MS/MS[END_REF][START_REF] Bayer | Behavior of sartans (antihypertensive drugs) in wastewater treatment plants, their occurrence and risk for the aquatic environment[END_REF][START_REF] Botero-Coy | An investigation into the occurrence and removal of pharmaceuticals in Colombian wastewater[END_REF][START_REF] Gurke | Occurrence and removal of frequently prescribed pharmaceuticals and corresponding metabolites in wastewater of a sewage treatment plant[END_REF][START_REF] Kostich | Concentrations of prioritized pharmaceuticals in effluents from 50 large wastewater treatment plants in the US and implications for risk estimation[END_REF][START_REF] Santos | Contribution of hospital effluents to the load of pharmaceuticals in urban wastewaters: Identification of ecologically relevant pharmaceuticals[END_REF]. Discharge of WWTP effluents in the rivers leads to the contamination of surface waters and other aquatic environments with valsartan [START_REF] Godoy | Occurrence, ecotoxicological effects and risk assessment of antihypertensive pharmaceutical residues in the aquatic environment -A review[END_REF][START_REF] Kasprzyk-Hordern | Illicit drugs and pharmaceuticals in the environment -Forensic applications of environmental data, Part 2: Pharmaceuticals as chemical markers of faecal water contamination[END_REF], 2008;[START_REF] Klosterhaus | Method validation and reconnaissance of pharmaceuticals, personal care products, and alkylphenols in surface waters, sediments, and mussels in an urban estuary[END_REF][START_REF] Nödler | Occurrence and fate of the angiotensin II receptor antagonist transformation product valsartan acid in the water cycle -A comparative study with selected β-blockers and the persistent anthropogenic wastewater indicators carbamazepine and acesulfame[END_REF]. The effects of frequently found pharmaceuticals in wastewater on soil microorganisms [START_REF] Barra Caracciolo | Pharmaceuticals in the environment: Biodegradation and effects on natural microbial communities. A review[END_REF]Gallego and Martin-Laurent, 2020) and terrestrial invertebrates [START_REF] Carter | Uptake and Effects of Pharmaceuticals in the Soil-Plant-Earthworm System[END_REF][START_REF] Carter | Fate and uptake of pharmaceuticals in soil-earthworm systems[END_REF][START_REF] Carter | Terrestrial Ecotoxicity[END_REF] have been previously documented. On aquatic organisms, valsartan showed no acute toxic effect on the freshwater alga Desmodesmus subspicatus at concentrations up to 120 mg•L -1 [START_REF] Bayer | Behavior of sartans (antihypertensive drugs) in wastewater treatment plants, their occurrence and risk for the aquatic environment[END_REF], and a non-observed-effect concentration (NOEC) of 12.5 mg•L -1 and a lowest-observed-effect concentration (LOEC) of 25 mg•L -1 on sea urchin (Lytechinus variegates) [START_REF] Yamamoto | Avaliação dos efeitos biológicos adversos dos fármacos anti-hipertensivos Losartan e Valsartan em ouriço-do-mar Lytechinus variegatus ( ECHINODERMATA , ECHINOIDEA )[END_REF]. To our knowledge, only two publications have addressed the effects of candesartan and losartan, two antihypertensive sartans, in the gut microbiome in rats [START_REF] Robles-Vera | Changes to the gut microbiota induced by losartan contributes to its antihypertensive effects[END_REF][START_REF] Wu | Candesartan attenuates hypertension-associated pathophysiological alterations in the gut[END_REF] and no information is available as to its ecotoxicity to terrestrial macro-and micro-organisms.

Earthworms and microorganisms represent the largest part of the living biomass in soils. They support essential soil functions that contribute to soil health and ecosystem services [START_REF] Barrios | Soil biota, ecosystem services and land productivity[END_REF][START_REF] Blouin | A review of earthworm impact on soil function and ecosystem services[END_REF][START_REF] Costanza | The value of the world's ecosystem services and natural capital[END_REF][START_REF] Delgado-Baquerizo | Multiple elements of soil biodiversity drive ecosystem functions across biomes[END_REF][START_REF] Hanajík | Role of Soil and Soil Microorganisms in Evaluation Process of Ecosystem Services : a Review[END_REF][START_REF] Pulleman | Soil biodiversity, biological indicators and soil ecosystem services-an overview of European approaches[END_REF]. Earthworms are commonly considered as soil engineers [START_REF] Jones | Organisms as Ecosystem Engineers[END_REF]. Their continual burrowing and feeding activities modify the physicochemical and biological properties of soils where they bore galleries and thus increase soil macro porosity. Earthworms also disperse microorganisms in the bulk soil through their continual burrowing activity [START_REF] Yang | Mechanisms and ecological implications of the movement of bacteria in soil[END_REF]. Bioturbation thereby modifies bacterial and fungal habitats and leads to important changes not only in their abundance, composition and diversity but also in the functions they support such as the biodegradation of pesticides and other organic pollutants [START_REF] Bart | Earthworms mitigate pesticide effects on soil microbial activities[END_REF][START_REF] Kersanté | Interactions of earthworms with Atrazine-degrading bacteria in an agricultural soil[END_REF][START_REF] Sanchez-Hernandez | Earthworm-induced carboxylesterase activity in soil: Assessing the potential for detoxification and monitoring organophosphorus pesticides[END_REF]. Due to their sensitivity to pollutants [START_REF] Pelosi | Searching for a more sensitive earthworm species to be used in pesticide homologation tests -A meta-analysis[END_REF], soil-dwelling earthworms such as Lumbricus terrestris are used as bioindicators of environmental contaminants [START_REF] Fründ | Earthworms as Bioindicators of Soil Quality[END_REF][START_REF] Rodríguez-Castellanos | Earthworm biomarkers of pesticide contamination: Current status and perspectives[END_REF][START_REF] Solé | Biomarkers in Earthworms[END_REF]. The measurement of biochemical markers in earthworms as a screening method to estimate the bioavailability and toxicity of soil pollutants arouses more and more interest [START_REF] Sanchez-Hernandez | Earthworm Biomarkers in Ecological Risk Assessment[END_REF]. Some of these biological indicators have indeed been used to assess genotoxicity, oxidative stress, and alterations in the metabolic profile of earthworms exposed to pharmaceutical-contaminated soils [START_REF] Dong | DNA damage and biochemical toxicity of antibiotics in soil on the earthworm Eisenia fetida[END_REF][START_REF] Lin | Physiological and molecular responses of the earthworm (Eisenia fetida) to soil chlortetracycline contamination[END_REF][START_REF] Mckelvie | Metabolic responses of Eisenia fetida after sub-lethal exposure to organic contaminants with different toxic modes of action[END_REF]. Despite these ecotoxicological studies, information on the role of earthworms in pharmaceutical dissipation in soils is scant, even though they stimulate soil microbial proliferation [START_REF] Brown | Regulation of soil organic matter dynamics and microbial activity in the drilosphere and the role of interactions with other edaphic functional domains[END_REF][START_REF] Dempsey | Exotic earthworms alter soil microbial community composition and function[END_REF].

Soil microorganisms are the most abundant and diverse organisms in terrestrial ecosystems [START_REF] Fierer | The diversity and biogeography of soil bacterial communities[END_REF][START_REF] Locey | Scaling laws predict global microbial diversity[END_REF][START_REF] Pedrós-Alió | The vast unknown microbial biosphere[END_REF]. They fulfill an impressive range of functions that support biogeochemical cycles, contribute to food supply and water quality, regulate greenhouse gas emissions, and participate in soil detoxification processes. Loss of microbial diversity may alter multiple soil functions and services, with tremendous consequences on the global ecosystem [START_REF] Delgado-Baquerizo | Soil microbial communities drive the resistance of ecosystem multifunctionality to global change in drylands across the globe[END_REF][START_REF] Hanajík | Role of Soil and Soil Microorganisms in Evaluation Process of Ecosystem Services : a Review[END_REF][START_REF] Philippot | Loss in microbial diversity affects nitrogen cycling in soil[END_REF][START_REF] Wagg | Soil biodiversity and soil community composition determine ecosystem multifunctionality[END_REF]. On the one hand, pollutants such as pesticides, pharmaceuticals and personal care products (PPCPs) can indirectly affect soil microorganisms by inhibiting enzymes involved in key microbial processes [START_REF] Feld | Pesticide side effects in an agricultural soil ecosystem as measured by amoA expression quantification and bacterial diversity changes[END_REF][START_REF] Puglisi | Impact of Fungicides on the Diversity and Function of Nontarget Ammonia-Oxidizing Microorganisms Residing in a Litter Soil Cover[END_REF], so that the survival of certain microbial guilds and associated functions is compromised [START_REF] Karpouzas | A tiered assessment approach based on standardized methods to estimate the impact of nicosulfuron on the abundance and function of the soil microbial community[END_REF][START_REF] Romdhane | Ecotoxicological impact of the bioherbicide leptospermone on the microbial community of two arable soils[END_REF]. On the other hand, repeated exposure to pollutants may induce the emergence of microorganisms able to metabolize them to obtain nutrients and energy [START_REF] Arbeli | Accelerated biodegradation of pesticides: An overview of the phenomenon, its basis and possible solutions; and a discussion on the tropical dimension[END_REF][START_REF] Devers | Fitness drift of an atrazine-degrading population under atrazine selection pressure[END_REF][START_REF] El-Sebai | Enhanced isoproturon mineralization in a clay silt loam agricultural soil[END_REF]. In this context, soil microorganisms represent relevant bioindicators of soil quality [START_REF] Thiele-Bruhn | Identification of new microbial functional standards for soil quality assessment[END_REF]. Thanks to the latest developments in microbial ecotoxicology, a diverse toolbox can be used to assess the impact of pollutants on the abundance, composition, diversity and activity of soil microbial populations by means of -omics methodologies [START_REF] Gallego | Assessment of the effects of oxamyl on the bacterial community of an agricultural soil exhibiting enhanced biodegradation[END_REF][START_REF] Storck | Lab to Field Assessment of the Ecotoxicological Impact of Chlorpyrifos, Isoproturon, or Tebuconazole on the Diversity and Composition of the Soil Bacterial Community[END_REF]. In parallel, the use of soil extracellular enzymes has long been used in environmental risk assessment of soil contamination and deterioration [START_REF] Rao | Enzymes as useful tools for environmental purposes[END_REF][START_REF] Sanchez-Hernandez | Soil enzyme dynamics in chlorpyrifos-treated soils under the influence of earthworms[END_REF], 2017). Soil enzymes, mainly produced by microorganisms and plant roots, catalyze multiple biochemical processes that drive nutrient cycles, organic matter decomposition, and organic pollutant breakdown [START_REF] Burns | Soil enzymes in a changing environment: Current knowledge and future directions[END_REF][START_REF] Caldwell | Enzyme activities as a component of soil biodiversity: A review[END_REF][START_REF] Sanchez-Hernandez | Earthworm-induced carboxylesterase activity in soil: Assessing the potential for detoxification and monitoring organophosphorus pesticides[END_REF]. Soil enzyme activities are also altered by pharmaceuticals [START_REF] Cycon | Variable effects of non-steroidal anti-inflammatory drugs (NSAIDs) on selected biochemical processes mediated by soil microorganisms[END_REF][START_REF] Molaei | Impact of chlortetracycline and sulfapyridine antibiotics on soil enzyme activities[END_REF], so they can be used as indicators of soil disturbance, together with other microbial parameters (e.g., those derived from diversity assessment). Taken together, these studies suggest that the proliferation of microorganisms induced by earthworms could reduce the impact of pharmaceuticals on soil functioning. Therefore, we hypothesized that adding anecic earthworms (L. terrestris) to agricultural soil could be an eco-friendly strategy to alleviate the toxicity of pharmaceuticals and reduce their potential uptake by edible plants.

The aims of this study were to i) evaluate the environmental fate of valsartan in agricultural soils added with L. terrestris or not under a predicted worst-case scenario, and ii) assess the ecotoxicological impact of valsartan on earthworms and soil microorganisms. Dissipation of valsartan, the production of its main transformation productvalsartan acidand its bioaccumulation in earthworms were monitored in valsartan-treated soils using liquid chromatography-high resolution mass spectrometry (LC-HRMS). The ecotoxicological effects of valsartan were assessed by measuring earthworm biomarkers (weight changes and enzyme activities) and assessing bacterial composition and diversity (by MiSeq sequencing of 16S rRNA amplicons) and soil microbial activity (by measuring extracellular enzyme activities). This study shows the interest for a multilevel framework based on the microbiota and the macrofauna, and their interactions for the environmental risk assessment of pharmaceuticals on soil borne organisms.

Materials and Methods

Chemicals

High-purity valsartan (VST) for a reference standard was purchased from Sigma-Aldrich (98% purity, St. Louis, MO, USA). High-purity (mostly 90%) valsartan acid (VSA) and deuterated compounds (d3 and d4 for VST and VSA, respectively) were obtained from Toronto Research Chemicals (Toronto, ON, Canada). LC-MS grade acetonitrile (ACN) (≥99.9%), methanol (MeOH) (≥99.9%), water and di-sodium hydrogen phosphate dehydrate (Na2HPO4•2H2O) were purchased from Merck (Darmstadt, Germany). Citric acid monohydrate (C6H8O7•H2O) and ethylenediaminetetraacetic acid anhydrous (EDTA) (≥99%) were supplied by Sigma-Aldrich (St. Louis, MO, USA), while ammonium fluoride was bought from Fisher Chemical (Fisher Scientific SL, Madrid, Spain). The Original nonbuffered (OR) QuEChERS extraction salts kit (4g MgSO4 + 1g NaCl) and the buffered European EN 15662 kit (EN) (4g MgSO4; 1g NaCl; 1g sodium citrate; 0.5 g disodium citrate sesquihydrate) were obtained from BEKOlut GmbH & Co. KG (Hauptstuhl, Germany). Oasis PRiME HLB Cartridges (3 cc, 150 mg) were purchased from Waters (Waters Corporation, Milford, MA, US).Individual standard stock solutions (at a concentration of 1,000 µg•mL -1 ) and stock solutions of isotopically labeled compounds (at 1,000 mg•L -1 too) used as internal standards (IS) were prepared in MeOH and stored at -20 °C. The mixtures containing VST and VSA (at 2 µg mL -1 ) and the working IS solution (VST-d3 and VSA-d4, 2 µg•mL -1 ) for analysis and calibration were prepared by diluting adequate volumes of the individual stock solutions with MeOH. All these solutions were stored at -20 °C.

Soil characteristics and experimental setup

Pristine soil (loam, pH 8.5, total organic matter 2.91%, organic carbon content 1.68%, total nitrogen 0.171%) never exposed to pesticides before was collected from the Parc Agrari of Llobregat (Barcelona, SP). The soil was placed without sieving in 1.5-L pots containing 1.5 Kg dw of soil, equivalent to 1 L in volume. Four different treatments were tested in triplicate: a) earthworm-and VST-free soil (CTRL), b) soil added with earthworms (EW), c) soil treated with VST (VST) and d) VST-treated soil with earthworms added (VST+EW). VST dissolved in 10 mL of methanol was sprayed over the soil (1% v/v) and left 3 hours to allow methanol to evaporate to reach a final concentration of 5 mg•kg -1 (equivalent to 11.5 µmol•kg -1 ). The same quantity of methanol was sprayed onto the CTRL soils. Soil humidity was then adjusted to 22-25% with sterile water and kept constant throughout incubation. The soil was thoroughly mixed to facilitate VST homogenization. Then, ten earthworms (Lumbricus terrestris, Linnaeus, 1758) from commercial vermiculture (Decathlon) were added per pot.

All earthworms were kept in clean soil for 7 days before the start of the experiment for acclimation. They were fed with organic oats placed on top of the soil throughout incubation.

The experiment was carried out in a chamber, at 15ºC with a 12h photoperiod (photosynthetic active radiation (PAR) = 60 µmol•m -2 •s -1 ). The pots were covered with a thin mesh that allowed light in and prevented worms from escaping.

Homogeneous samples of the soil column (about 30 g) were collected 0, 7, 14 and 21 days after the start of the experiment and stored at -20ºC until use. At each sampling time, two or three earthworms per pot were collected for each condition and treated as described below.

Soil and earthworm sample preparation; pharmaceutical extraction

For each soil sample, 10 g of wet material were dried overnight under a fume hood, ground in a mortar and sieved at 2 mm pore size. Pharmaceuticals were extracted following a modified QuEChERS procedure. In a single extraction step, 10 g of soil (dry weight equivalent) were mixed with 3 mL of acetone and 50 µL of IS mix in a 50-mL centrifuge tube to obtain a final concentration of 10 ng•g -1 . Samples were then vortexed for 2 minutes at 2,500 rpm using a BenchMixer XLQ QuEChERS Vortex (Benchmark Scientific, Sayreville NJ, US) and left under the hood at room temperature overnight, to let the solvent evaporate. The following day, the samples were hydrated by adding 8 mL of EDTA-Mcllvaine buffer (pH = 4) (ESM), vortexed, and left to rest for one hour before extraction. Ten mL of acetonitrile were added to each hydrated sample, and each sample was vortexed 2 minutes at 2,500 rpm. The OR QuEChERS salts kit was emptied into the sample and immediately hand shaken for 30 minutes to prevent salt agglomeration. Then, all the samples were vortexed for another 2 minutes at 2,500 rpm using a BenchMixer XLQ. Finally, the tubes were centrifuged for 10 minutes at 4,000 rpm and 4⁰C, and 1 mL of the supernatant was transferred to a 2-mL glass vial and evaporated under gentle nitrogen flow at 24ºC using a TurboVap® LV (Biotage AB, Uppsala, Sweden) until total dryness, and then reconstituted with 1 mL of water/MeOH (90:10, v/v) for injection.

Earthworm samples were extracted according to the following procedure [START_REF] Montemurro | Development and application of a QuEChERS method with liquid chromatography-quadrupole time of flight-mass spectrometry for the determination of 50 wastewater-borne pollutants in earthworms exposed through treated wastewater[END_REF]. Briefly, 0.5 g of freeze-dried earthworm powder were rehydrated in 8 mL of pure water in 50-mL falcon tubes that were vortexed and left on the bench for half an hour.

Thereafter, 50 µL of IS solution were added (final concentration 20 ng•g -1 ) to the sample that was vortexed (2,500 rpm, 2.5 min) and incubated for 30 minutes at room temperature. Then, 10 mL of ACN were added to the samples, vortexed for 2 minutes at 2,500 rpm, added to the EN QuEChERS salt kit and immediately hand shaken to prevent agglomeration of the salts.

All the samples were vortexed another time, centrifuged (4,000 rpm, 10 min, 4 ⁰C), and each supernatant was recovered and cleaned up by gravity with the Oasis PRiME HLB Cartridge to remove co-extractives from the matrix. Finally, 1 mL of purified extract was transferred into an injection vial, evaporated under a gentle nitrogen flow at room temperature to total dryness and recovered in 1 mL of water/MeOH (90:10, v/v).

All detailed information on the LC-MS/MS methodology is described elsewhere [START_REF] Montemurro | Development and application of a QuEChERS method with liquid chromatography-quadrupole time of flight-mass spectrometry for the determination of 50 wastewater-borne pollutants in earthworms exposed through treated wastewater[END_REF] 2.4 Earthworm biomarkers Earthworms were individually placed in petri dishes and left for 48 hours in a 15ºC incubator to empty their gastrointestinal tracts and avoid interference with enzyme measurements. Then, they were frozen in liquid nitrogen and kept at -80ºC until use. Whole animals were individually ground with a Mills MM400 mixer for 1.5 min at 28c•s -1 frequency using 50-mL stainless steel capsules submerged in liquid nitrogen to obtain a homogenous powder; 0.3 g of tissue per worm were collected for biomarker analysis, and the remaining tissue was used for pharmaceutical analysis. For biomarker analysis, each 0.3 g of worm powder was mixed at 1:5 (w:v) with a solution of 20 mM Tris-HCl and 1 mM ethylenediaminetetraacetic acid (EDTA) (pH 7.4) and sonicated 3 times for 10 sec. Each homogenized sample was centrifuged (10,000 g, 20 min, 4ºC), and then the supernatant was collected and stored at -80ºC until use.

Acetylcholinesterase (AChE, EC 3.1.1.7) activity was determined according to [START_REF] Ellman | A new and rapid colorimetric determination of acetylcholinesterase activity[END_REF]. Briefly, 25 μL of earthworm homogenate were added toacetylthiocholine (ATC; 1 mM) and dithiobisnitrobenzoate (DTNB; 0.180 mM). The product was quantified at 412 nm, using ε=1.36 10 4 mM -1 •cm -1 .

Glutathione S-transferase (GST, EC 2.5.1.18) activity was measured following the method described by [START_REF] Habig | Glutathione S-transferases. The first enzymatic step in mercapturic acid formation[END_REF]. In short, 25 µL of reduced glutathione (1 mM) was mixed to 1-chloro-2,4-dinitrobenzene substrate (1 mM). The reaction was monitored continuously for 5 min at 340 nm and quantified using ε=9.6 mM -1 •cm -1 .

Carboxylesterase (CE, EC 3.1.1.1) activity was measured using different substrates: 1 mM pnitrophenyl acetate (4NPA) and p-nitrophenyl butyrate (4NPB) according to [START_REF] Hosokawa | Measurement of Carboxylesterase (CES) Activities[END_REF], and 0.25 mM 1-naphthyl acetate (1NA), 1-naphthyl butyrate (1NB) and 2naphthyl acetate (2NA) according to [START_REF] Mastropaolo | An ultraviolet spectrophotometric assay for α-naphthyl acetate and α-naphthyl butyrate esterases[END_REF]. The appropriately diluted sample was mixed with the respective substrates in 50 mM phosphate buffer (pH 7.4).

The formation of the product (4-nitrophenolate or 1-naphthol at 405 nm or 235 nm, respectively) was measured in triplicate at 25ºC using a TECAN infinite 200 microplate reader. Extinction coefficients (ε) of 1.8•10 4 mM -1 •cm -1 and 2.34•10 4 mM -1 •cm -1 were used to calculate enzyme activities (in nmol•min -1 •mg -1 protein) representing the hydrolysis of nitrophenyl esters and naphthyl-derived esters, respectively. The total protein content was determined by the Bradford method (1976) using the Bradford Bio-Rad Protein Assay reagent. A series of ten-fold dilutions of bovine serum albumin solution (BSA; 0.05-0.5 mg•mL -1 ) was prepared to establish a standard curve and quantify total proteins in the homogenates.

Soil enzyme analysis

Potential extracellular enzyme activities (carboxylesterase, β-glucosidase, urease, and alkaline phosphatase) were measured in soils according to [START_REF] Sanchez-Hernandez | Soil enzyme dynamics in chlorpyrifos-treated soils under the influence of earthworms[END_REF]. Briefly, wet soils were mixed in distilled water (1:50, w/v) using an orbital shaker (50 rpm for 30 min) and the enzymes activities were measured by discontinuous colorimetric methods.

Carboxylesterase was measured according to Sanchez-Hernandez et al., (2017) using 1naphthyl butyrate (2.5 mM final concentration): the hydrolysis product (1-naphthol) was revealed with Fast Red and measured at 530 nm.

Alkaline phosphatase and β-glucosidase activities were assayed according to Popova and Deng (2010) using 4-nitrophenyl phosphate and 4-nitrophenyl β-D-glucanopyranoside (4 mM final concentration, respectively), as the substrate of the reactions. For both enzymatic reactions, the product (4-nitrophenolate) was measured at 405 nm after 4h reaction.

Urease activity was determined following the procedure by [START_REF] Schinner | Enzymes Involved in Carbon Metabolism[END_REF] using urea (80 mM) as substrate: formed ammonium was measured at 690 nm after 1h of reaction Protease activity was measured according to [START_REF] Schinner | Enzymes Involved in Carbon Metabolism[END_REF]. Soil suspensions were incubated for 2 h in the presence of 2% w/v casein (substrate): formed aromatic amino acids were measured at 700 nm with the Folin-Ciocalteu's phenol® reagent (Sigma-Aldrich).

Dehydrogenase activity was measured according to von Mersi and Schinner (1991) using iodonitrotetrazolium chloride as substrate: after 1 h of reaction, formed iodonitrotetrazolium formazan (INTF) was extracted with ethanol and N,N-dimethylformamide (1:1, v/v), and measured at 464 nm.

All enzyme assays were performed in quadruplicate and using 96-well bottom flat microplates (alkaline phosphatase, β-glucosidase, carboxylesterase), 1.5-ml microfuge tubes (urease, protease), or 10-ml tubes (dehydrogenase). Calibration curves were constructed with the reagents 4-nitrophenol (alkaline phosphatase, β-glucosidase), 1-naphthol (carboxylesterase), INTF (dehydrogenase), urea (urease), and tyrosine (protease), dissolved in the reaction mixture of the corresponding enzyme assays. Enzyme activities were expresses on a basis of dry mass.

Enzyme indexes

The functional diversity of the selected soil enzymes was assessed using the geometric mean index (GMean) [START_REF] Lessard | Toxicity response of a new enzyme-based functional diversity methodology for Zn-contaminated field-collected soils[END_REF]) calculated as follows:

=

Where yi is the mean value for each enzyme activity, and n is the total number of soil enzymes.

Composition and diversity of the soil bacterial community

Soil DNA was extracted using the Power soil DNA isolation kit (Qiagen, Germany) and quantified with the Quant-iT™ PicoGreen® dsDNAassay kit (Invitrogen, France) according to the manufacturer's recommendations. Bacterial community composition and diversity were determined by Mi-Seq sequencing of 16S rRNA amplicons generated with a two-step PCR as described in (Gallego et al., 2020). Sequences were deposited in the GenBank and submitted to the sequence read archive (SRA) under the accession numbers PRJNA630861: SRR11727342-SRR11723789. Bacterial α-diversity indices describing richness (Chao1), evenness (Simpson reciprocal) and relatedness (PD whole tree) were calculated based on rarefied tables (37,000 sequences per sample) (Suppl. Table S1 and Figure S1). In total, after de-multiplexing and removal of low-quality raw sequence reads, amplicon sequencing generated 8,883,345 high-quality sequences with an average sequence length of 464 ± 11 bp (Suppl. Table S1). Using a threshold at 94% nucleotide sequence identity, these sequences were grouped in 25,515 different OTUs.

UniFrac distance matrices were also computed to detect changes in microbial community composition. Constrained analysis of principal coordinates (CAP) of OTUs on weighted and unweighted Unifrac distance matrices was also performed and plotted. The relative abundance of the different bacterial phyla was also determined using a comparative bar chart.

Statistical analyses

All statistical analyses were performed in R (http://www.r-project.org). The normality of the data and residuals was checked using Shapiro Wilk's test (p>0.05) and the homogeneity of variances was verified using Levene's test (p>0.05). Inverse and log-10 transformations of the data were performed when necessary. Two-way ANOVA followed by Tukey's test (using time and treatments as factors) and pairwise Student's t-test were used to determine differences. For the statistical analysis of earthworm biomarkers, each value was calculated as the mean (n=2 or n=3) of the individual values from earthworms from a same pot. To detect significant differences in community structure among sample types, permutational multivariate analysis of variance (PermANOVA) was used on weighted and unweighted Unifrac distance matrices using the Adonis function in R "vegan" package [START_REF] Oksanen | Package 'vegan'community ecology package[END_REF]. Significant differences in OTU abundance between the different treatments were detected using the "dds" function in R DESeq2 package [START_REF] Love | Moderated estimation of fold change and dispersion for RNA-seq data with DESeq2[END_REF]. The relative abundances of the selected OTUs were then visualized using the Interactive Tree of Life (iTOL) webserver [START_REF] Letunic | Interactive Tree Of Life v2: online annotation and display of phylogenetic trees made easy[END_REF] 

Results

Soil and earthworm valsartan and valsartan acid concentrations

VST and VSA were monitored in soil and earthworms (Figure 1). VST concentrations decreased over time in both the worm-added and worm-less soil microcosms. VST concentrations in the worm-less microcosms were significantly lower at the end of the incubation period than on d0 (p=0.002). VSA was detected barely above the detection limit (0.07 ± 0.009 µmol kg -1 ) at the beginning of the experiment, and significantly increased throughout incubation in both worm-added and worm-less microcosms (p=0.00004).

Valsartan and VSA were detected in earthworms after 7 days of exposure. VST concentrations increased throughout incubation, and reached 92.3 ± 13.3 µmol kg -1 after 21 days of incubation. This was almost one order of magnitude higher than the applied VST concentration (11.5 µmol kg -1 ). As for the VSA concentration, it reached 5.9 ± 2.2 µmol kg -1 after 21 days of incubation. This seems to indicate that VST is bioaccumulated by earthworms (BAFVST = 20.50 ± 32.60 and BAFVSA = 4.51 ± 3.72, bioaccumulation factor (BAF) calculated as total VST or VSA (μg•g -1 ) in the earthworms at 21 days/ total VST or VSA (μg•g -1 ) in the soil at 21 days).

Earthworm biomarkers

First, we assessed a possible effect of time and incubation on earthworms by measuring selected biomarkers in VST-free soils. Differences in body weight (p>0.12), AChE (p=0.807), GST (p=0.909) and most of CE activities (4NPA, 4NPB, 1NA, 2NA) (p≥0.06) remained nonsignificant throughout the 21 days of incubation (Suppl. Figure S2).

Then, we assessed the potential sublethal toxic effects of VST on earthworms. VST did not significantly affect AChE (p=0.578) or GST (p=0.56) activities throughout incubation (Figure S3). However, CE activity responded to VST exposure in a different way depending on the substrate used in the enzyme assay, even though the response of this biomarker was not statistically significant (p>0.09). In non-exposed earthworms, a decrease trend was observed for CE activity measured with acetate-derived esters substrates (4NPA, 1NA and 2NA), whereas a slight increase in CE activity was detected with butyrate-derived esters substrates.

Soil enzyme activities

Extracellular enzyme activities remained unchanged during incubation in both control (earthworm-and VST-free) soils and VST-treated soils (p>0.09) (Suppl. Figure S4 and Suppl. Figure S5). However, a significant increase in carboxylesterase (p=0.01), alkaline phosphatase (p=0.0002), β-glucosidase (p=0.002) and urease (p=0.007) activities was observed after 14 days of incubation in the VST+EW soils as compared to the control soils (Figure S5). Alkaline phosphatase activity significantly increased in non-treated EW soils compared to control soils after 14 days (p=0.003) and 21 days (p=0.003). The VST+EW and EW soils did not display significant differences in any enzyme activity after 14 days of incubation (p≥0.97). In addition, protease activity was significantly higher in the VST+EW and EW soils after 21 days as compared to the control soils (p=0.02 and p<0.05, respectively).

Interestingly, after 21 days of incubation, β-glucosidase activity was significantly higher in the VST+EW soil microcosms than in all other microcosms that produced similar activity, suggesting a synergistic effect of earthworms and VST on β-glucosidase activity (p<0.02).

Based on all our measurements, the geometric mean index (GMean) was calculated to assess the effect of earthworms and VST on soil enzyme activities (Figure 2). After 14 and 21 days of incubation, the GMean was significantly higher in the EW soil microcosms, whether treated with VST or not, than in the EW-less microcosms. Therefore, the presence of earthworms promoted soil enzyme activities (p<0.04 and p<0.04, respectively).

Soil bacterial community composition and diversity

Bacterial community diversity was assessed by calculating several α and β-diversity indices. Firstly, to assess a possible time effect, α and β-diversity indices from control soil samples at different incubation times were analyzed statistically. The differences in α-diversity indices describing richness (Chao1, p=0.84) and relatedness (PD whole tree, p=0.05) over time were non-significant. However, the differences in α-diversity evenness indices (Simpson's reciprocal index, p=0.02) between d7 and d0 were significant, indicating a time effect (Table S2). The differences in all α-diversity indices after d7 were non-significant (p>0.05). βdiversity analysis using canonical analysis of principal coordinates (CAP) revealed significant differences in bacterial community composition in the control soil over time (p=0.001 and p=0.003 for weighted and unweighted Unifrac distance matrices, respectively). The bacterial community of the control soil microcosms on days 7, 14 and 21 was separated along CAP1 (accounting for 39.3% and 13.1% of explained variance, respectively) (Figure S6a andS6b).

The effect of VST on soil microbial diversity was assessed on d0 and throughout incubation.

On d0, no significant difference was observed in α and β-diversity indices between the wormless microcosms treated or untreated with VST (p>0.1) (Table S2 and Figure S7). Exposure to VST significantly decreased Simpson reciprocal index throughout incubation (p=0.01), but did not modify the α-diversity Chao1 and PD whole tree indices (p=0.09 and p=0.06) (Figure 3 and Table S3).

Overall, the presence of earthworms decreased α-diversity indices, but only Simpson reciprocal index was significantly lower after 14 and 21 days as compared to the worm-less control (p=0.001 and p=0.02, respectively) (Figure 3). In the VST+EW microcosms, αdiversity decreased as compared to the control microcosms, with significant differences after 7 days for Simpson reciprocal index (p<0.0002) and after 14 days for the other two indices (p=0.04 for Chao1 and p<0.0005 for PD whole tree).

VST had a significant effect on bacterial β-diversity throughout incubation. CAP ordinations explained 92.3 and 43.5% of the variance (48.84 and 33.52% on the first axis and 15.18 and 5.03% on the second axis for weighted and unweighted Unifrac distance matrices, respectively) (Figure 3 and Figure S8). The bacterial community composition of the EW microcosms unexposed to VST was clearly separated from the control along CAP1. In response to VST exposure, the bacterial composition of the EW-less microcosms was separated from the control along CAP2. Similarly, VST exposure led to changes in the bacterial composition of the EW-less microcosms. Recovery of the bacterial composition following exposure to VST was observed along CAP2 in both EW and EW-less microcosms over time.

The effect of VST and earthworms on soil bacterial diversity was also assessed.

Proteobacteria,

Bacteroidetes, Actinobacteria, Acidobacteria, Chloroflexi,

Gemmatimonadetes, Verrucomicrobia and Firmicutes were the 8 most abundant bacterial phyla in the soil samples. They represented altogether up to 98% of bacterial abundance. The relative abundance of Proteobacteria (p=0.003), and Acidobacteria (p=0.01) significantly increased in the control microcosms, while the abundance of Actinobacteria initially significantly decreased (p=0.01) but the difference was no longer found after 7 days (p>0.06) (Figure S6). Exposure to VST significantly increased the abundance of Proteobacteria after 7 days of incubation (p<0.00002) (Figure S0), and also significantly decreased the relative abundance of Bacteroidetes (p=0.004) after 7 days and of Actinobacteria (p=0.0001) and Acidobacteria (p=0.0001) after 14 days as compared to the control. Interestingly, the relative abundance of Proteobacteria was significantly higher in the VST+EW microcosms than in the control microcosms on d7, and remained so throughout incubation (p<0.03).

To further evaluate the effect of VST and earthworms at a lower taxonomic level, the OTUs represented in at least half of the samples (a total of 8,974 different OTUs) were analyzed using the DESeq2 R package. Three hundred and fifteen OTUs (p=1•10 -9 ) were selected as being involved in the differences among treatments. The relative abundances of these discriminant OTUs were then visualized using an iTOL phylogenetic tree (Figure 4). Most of them were affiliated to 4 of the most 8 abundant bacterial phyla (Proteobacteria, Bacteroidetes, Actinobacteria, and Firmicutes). Their relative abundances were strongly affected in different ways. For instance, OTUs belonging to Gammaproteobacteria and Bacteroidetes, highly represented in the EW microcosms, significantly increased throughout incubation under VST exposure. The relative abundance of OTUs related to Betaproteobacteria was higher in the VST microcosms. It also increased importantly in the EW microcosms unexposed to VST over time. Furthermore, the relative abundance of OTUs related to Firmicutes, Tenericutes, Actinobacteria, Verrucomicrobia, Deltaproteobacteria and Alphaproteobacteria increased in the VST+EW microcosms over time.

Discussion

The fate and ecotoxicological effect of VST and its main transformation product VSA were investigated in a soil-earthworm microcosm experiment under a predicted worst-case scenario. The scenario included a continuous input of VST (irrigation with treated wastewater), soil fertilization with VST-contaminated biosolids, a high soil organic matter content and a low degradation rate. To date, the environmental fate of VST had only been evaluated in municipal biosolids applied to a soil used in greenhouse experiments [START_REF] Sabourin | Uptake of pharmaceuticals, hormones and parabens into vegetables grown in soil fertilized with municipal biosolids[END_REF] and in river samples [START_REF] Nödler | Occurrence and fate of the angiotensin II receptor antagonist transformation product valsartan acid in the water cycle -A comparative study with selected β-blockers and the persistent anthropogenic wastewater indicators carbamazepine and acesulfame[END_REF]. VST was measured in the soil and earthworm samples by combining an extraction method based on QuEChERS and LC-HR/MS analyses. VST concentrations significantly decreased throughout incubation in both EW and EW-less control soil microcosms as compared to d0. In parallel, VSA was formed, and its concentrations increased over time. The absence of VSA at the beginning of the experiment indicates that all the recovered VSA resulted from VST transformation. Interestingly, at the end of incubation, a significant increase in the VSA concentrations was observed in both EW and EW-less soils. It was slightly lower in the EW soils, probably due to uptake by earthworms. After 7 days of exposure, both VST and VSA were detected in earthworms. By the end of incubation, earthworms contained 16 times more VST than VSA, and almost 10 times more VST than the VST concentration initially spiked in the soils. Therefore, earthworms bioaccumulated VST [START_REF] Pearson | Effects of Soil Amendments on the Bioavailability of Lead, Zinc, and Cadmium to Earthworms[END_REF][START_REF] Zhang | Bioaccumulation of total and methyl mercury in three earthworm species (drawida sp., allolobophora sp., and Limnodrilus sp.)[END_REF]. In line with these results, Bergé and Vuillet (2015) showed that pharmaceuticals could be taken up from soils and accumulate in earthworms. Then, they can contaminate higher trophic levels of the food chain via bioaccumulation and biomagnification processes [START_REF] Shore | Detection and drivers of exposure and effects of pharmaceuticals in higher vertebrates[END_REF].

Although VST and VSA accumulated in earthworms, AChE, GST, and CE activities remained unchanged. Pesticides and other organic pollutants can inhibit AChE, leading to acetylcholine accumulation and malfunctioning of the nervous system of earthworms [START_REF] Caselli | In vitro characterization of cholinesterases in the earthworm Eisenia andrei[END_REF][START_REF] Saint-Denis | Biochemical responses of the earthworm Eisenia fetida andrei exposed to contaminated artificial soil: Effects of lead acetate[END_REF]. Under our conditions, VST and VSA did not seem to be neurotoxic to L. terrestris. Similarly, GST activity can inactivate a broad range of xenobiotics and endogenous metabolites via conjugation, and thus favor their excretion [START_REF] Lacourse | Glutathione transferase (GST) as a candidate molecular-based biomarker for soil toxin exposure in the earthworm Lumbricus rubellus[END_REF]. GST activity increased in earthworms exposed to pesticides [START_REF] Aly | Effect of herbicides on glutathione S-transferases in the earthworm, Eisenia fetida[END_REF][START_REF] Łaszczyca | Profiles of enzymatic activity in earthworms from zinc, lead and cadmium polluted areas near Olkusz (Poland)[END_REF][START_REF] Maity | Antioxidant responses of the earthworm Lampito mauritii exposed to Pb and Zn contaminated soil[END_REF], but did not increase following exposure to VST in our conditions. This suggests that L. terrestris might not have inducible GST enzymes, as observed by Stokke and Stenersen in Eisenia andrei earthworms after exposure to poisonous secondary plant metabolites [START_REF] Stokke | Non-inducibility of the glutathione transferases of the earthworm Eisenia andrei[END_REF]. Similarly, CEs play a key role in detoxification processes, but did not respond to VST exposure. Keeping in mind that CE activity varies in different earthworm tissues [START_REF] Sanchez-Hernandez | Carboxylesterase activity in earthworm gut contents: Potential (eco)toxicological implications[END_REF], possible activity changes in a given tissue might have been hidden by our analyses carried out on whole organisms.

The impact of VST, VSA and earthworms on soil microbial activity and community composition was assessed on a range of soil enzymes. Carboxylesterase, alkaline phosphatase, β-glucosidase and urease activities increased in VST+EW soils. Among them, β-glucosidase and carboxylesterase activities are involved in carbon cycling. β-glucosidase more particularly catalyzes the final stages of cellulose degradation [START_REF] Turner | β-glucosidase activity in pasture soils[END_REF]. VST may favor microbes possessing β-glucosidase and likely to use predigested cellulose provided by earthworms as a nutrient source. This trend was not observed in EW-less soil microcosms where enzyme activities were similar in both VST and control treatments.. However, enzyme activity in EW soils was still higher than in EW-less soils, indicating that soil enzyme activity was mainly driven by the activity of earthworms. This was further confirmed by the geometric mean index, which increased after 14 and 21 days in the EW microcosms exposed or unexposed to VST. In line with these results, earthworms increased soil enzyme activities in chlorpyrifos-polluted soils, but did not favor the dissipation of the insecticide [START_REF] Sanchez-Hernandez | Soil enzyme dynamics in chlorpyrifos-treated soils under the influence of earthworms[END_REF], 2017, 2015).

To further assess the impact of VST and earthworms on soil microbial communities, αdiversity and β-diversity of the soil bacterial community were estimated. While Chao 1 and PD whole tree indices remained constant, Simpson reciprocal index significantly decreased in the EW microcosms, and to a greater extent in those exposed to VST as compared to their respective controls. Interestingly, VST combined to EW significantly decreased Simpson reciprocal index after 7 days, and Chao 1 and PD whole tree indices after 14 days. This suggests that both EW and VST modified the relative abundance of certain OTUs in the short term, and that bacterial community composition significantly changed over time when they were combined. In line with these observations, richness estimated using Chao 1 and Shannon bacterial diversity indices significantly decreased in response to exposure to the anticonvulsant carbamazepine in agricultural soils [START_REF] Thelusmond | The identification of carbamazepine biodegrading phylotypes and phylotypes sensitive to carbamazepine exposure in two soil microbial communities[END_REF]). However, the synergistic effect of EW and VST on the soil bacterial community may not only be the result of the simple addition of the effects of the active ingredient and of the changes of soil habitat resulting from EW activity. Part of the synergistic effect might be mediated by the gut microbiota of the EW which is known to modify the abundance, diversity and activity of soil microorganisms at least in their biostructures [START_REF] Kersanté | Interactions of earthworms with Atrazine-degrading bacteria in an agricultural soil[END_REF]. Nonetheless this hypothesis cannot be tested with our dataset because we only sampled the soil and not the biostructures formed by EW.

CAP ordination analysis based on weighted Unifrac distance matrix further confirmed αdiversity observations by showing that the soil bacterial community composition changed in response to VST, to earthworms, or to their combination as compared to the control. The effect of earthworms on bacterial community composition has already been observed: bacterial populations can be selected by adapting to the microenvironments created by earthworm activity [START_REF] Kersanté | Interactions of earthworms with Atrazine-degrading bacteria in an agricultural soil[END_REF]. To our knowledge, this is the first report showing that VST modifies bacterial community composition. This is in accordance with two studies reporting significant changes in the microbial composition of soil microcosms amended with different pharmaceuticals and personal care products (PPCPs) such as diclofenac, carbamazepine, triclocarban and triclosan [START_REF] Thelusmond | Carbamazepine, triclocarban and triclosan biodegradation and the phylotypes and functional genes associated with xenobiotic degradation in four agricultural soils[END_REF][START_REF] Thelusmond | Diclofenac, carbamazepine and triclocarban biodegradation in agricultural soils and the microorganisms and metabolic pathways affected[END_REF]. The bacterial community composition of the VST microcosms (whether with earthworms added or not) moved closer to their respective controls over time, suggesting partial recovery from VST exposure. Similar recovery of the bacterial community was observed in soils exposed to leptospermone and was related to decreased bioavailability of this bioherbicide [START_REF] Romdhane | Ecotoxicological impact of the bioherbicide leptospermone on the microbial community of two arable soils[END_REF], in line with our observations.

Sequencing of 16S rRNA amplicons generated from our soil microcosms revealed that most OTUs were affiliated to Proteobacteria, Bacteroidetes, Actinobacteria, Acidobacteria, Chloroflexi, Gemmatimonadetes, Verrucomicrobia and Firmicutes, as previously reported in a range of soils exposed to pesticides and other PPCPs [START_REF] Gallego | Assessment of the effects of oxamyl on the bacterial community of an agricultural soil exhibiting enhanced biodegradation[END_REF][START_REF] Shen | Pharmaceutical exposure changed antibiotic resistance genes and bacterial communities in soil-surface-and overhead-irrigated greenhouse lettuce[END_REF][START_REF] Thelusmond | The identification of carbamazepine biodegrading phylotypes and phylotypes sensitive to carbamazepine exposure in two soil microbial communities[END_REF]. The relative abundance of OTUs affiliated to Proteobacteria significantly increased in the VST microcosms, as observed in agricultural soils exposed to diclofenac, carbamazepine and triclocarban [START_REF] Thelusmond | Diclofenac, carbamazepine and triclocarban biodegradation in agricultural soils and the microorganisms and metabolic pathways affected[END_REF]. This suggests that OTUs belonging to this phylum may benefit from exposure to pharmaceuticals in different ways: directly by using them as a carbon source or an energy source for their growth, or indirectly by growing in niches made available by VST-susceptible bacteria. Increased relative abundance of Proteobacteria has also been observed in soil microcosms harboring earthworms probably because fast-growing bacteria such as Proteobacteria can use labile organic compounds released by earthworms [START_REF] Bernard | Endogeic earthworms shape bacterial functional communities and affect organic matter mineralization in a tropical soil[END_REF][START_REF] De Menezes | Earthworm-induced shifts in microbial diversity in soils with rare versus established invasive earthworm populations[END_REF][START_REF] Furlong | Molecular and culture-based analyses of prokaryotic communities from an agricultural soil and the burrows and casts of the earthworm Lumbricus rubellus[END_REF][START_REF] Gong | Earthworms differentially modify the microbiome of arable soils varying in residue management[END_REF]. On the contrary, the relative abundances of OTUs affiliated to Bacteroidetes, Actinobacteria and Acidobacteria significantly decreased in the VST microcosms as compared to the control, indicating a toxic effect of VST to the OTUs affiliated to these phylotypes. The relative abundances of Bacteroidetes and Actinobacteria also decreased in soils exposed to carbamazepine [START_REF] Thelusmond | The identification of carbamazepine biodegrading phylotypes and phylotypes sensitive to carbamazepine exposure in two soil microbial communities[END_REF], KBr [START_REF] Bech | Conservative tracer bromide inhibits pesticide mineralisation in soil[END_REF], or polluted with thiabendazole [START_REF] Papadopoulou | Bioaugmentation of thiabendazole-contaminated soils from a wastewater disposal site: Factors driving the efficacy of this strategy and the diversity of the indigenous soil bacterial community[END_REF]. Keeping in mind that the abundance of Acidobacteria is correlated to the soil pH [START_REF] Mukherjee | Spatial patterns of microbial diversity and activity in an aged creosotecontaminated site[END_REF] significantly increased in the EW microcosms untreated with VST. This is in line with the abundance of bacteria related to Betaproteobacteria found in the intestine and casts of earthworms [START_REF] Singh | Taxonomic and functional annotation of gut bacterial communities of Eisenia foetida and Perionyx excavatus[END_REF][START_REF] Singleton | Identification of uncultured bacteria tightly associated with the intestine of the earthworm Lumbricus rubellus (Lumbricidae; Oligochaeta)[END_REF].

Conclusions

The results of the present study indicate that neither earthworms nor soil enzyme activities were affected by VST. Although this pharmaceutical and its metabolite accumulated in earthworms, only slight changes in the soil bacterial diversity and composition were observed after VST spiking in the soil microcosms. Interestingly, VST combined with earthworms enhanced the soil microbial activity, had a strong negative impact on soil bacterial richness and a transient effect on soil bacterial composition. Further studies are needed to ascertain whether this synergistic effect between VST and earthworms was due to direct effect on soil bacterial community and/or indirect effect on earthworm's gut microbiota, which might have affected both the soil bacterial enzyme activity and richness.

The risks associated with pharmaceutical exposure in agricultural systems due to wastewater reuse has mainly focused on the fate and plant uptake of single pharmaceuticals to evaluate their implications in food chain transfer and human exposure. Little is known in complex agroecosystems where multiple living receptors are involved. Our findings underscore the pressing need for complex environmental-scale experiments so as to address the synergistic effects of different organisms and accurately assess the environmental risks of active pharmaceutical compounds. 

  , VST might have slightly modified the soil pH and thereby decreased the abundance of OTUs related to this phylum. Further analyses at a lower taxonomic level led to the identification of 315 OTUs mostly responsible for the shifts observed in the soil bacterial community composition. OTUs belonging to Alphaproteobacteria, Gammaproteobacteria, Deltaproteobacteria, Bacteroidetes, Firmicutes, Tenericutes, Actinobacteria and Verrucomicrobia significantly increased in the VST+EW microcosms, reinforcing the observations at the phylum level. In this context, several organisms belonging to Gammaproteobacteria (e.g. Serratia, Raoultella, Klebsiella, Pseudomonas), Firmicutes (e.g. Bacillus), Alphaproteobacteria (e.g. Sphingomonas, Sphingopyxis, Labrys) and Actinobacteria (e.g. Rhodococcus, Mycobacterium) have been showed to degrade or co-metabolically transform different pharmaceuticals such as ibuprofen, diclofenac, paracetamol, or triclosan. This may indicate the presence of putative VST degraders among these phylotypes. On the other hand, OTUs affiliated to Betaproteobacteria
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 12 Figure 1. Fate of valsartan (VST) and valsartan acid (VSA) in soil and earthworms (EW). Each value is the mean of three replicates. Standard deviations are indicated by error bars. ANOVA followed by Tukey's test was performed. Values indicated by different letters are significantly different.
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 3 Figure 3. α-diversity indices estimated in soils with earthworms added or not (control), treated with valsartan or not (control). Each value is the mean of three replicates. Standard deviations are indicated by error bars. ANOVA followed by Tukey's test was performed for each diversity index. Values indicated by different letters are significantly different.
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 4 Figure 4. Bacterial β-diversity analysis of bacterial communities in soils treated with valsartan (VST) or not (CTRL), with earthworms (EW) added or not (CTRL) at various time points (7, 14 and 21 days). The first two axes of the CAP using weighted UniFrac distance matrix of 16S rRNA sequences are shown. The variance explained by each axis is given as a percentage. The triplicates of each treatment are represented by the same color.
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 5 Figure 5. Phylogenetic relationships and distributions of selected 16S rRNA OTUs using DESeq2 after 7, 14 and 21 days of incubation in control (CTRL) and treated (VST) soils, with earthworms (EW) added or not (CTRL). The relative abundance of each OTU under each treatment and at each time point is represented by bar plots. Affiliation to the main microbial groups (at the phylum and class levels) is indicated in the outer circle by different colors.
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