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 1. Water and surface sediment (0-1 cm) samples analyzed for florfenicol and flumequine in Puyuhuapi Fjord. Although both particulate and dissolved phases were analyzed (see methods), antibiotics were detected only in suspended particles and shown in ng L -1 ± standard deviation of duplicate injections. ND: Not detected. Trace indicates concentration lower than quantification limit (details in method section) …………………………………………………………………32 2, section 3.2), implying that flumequine has a greater tendency to be adsorbed and absorbed by sediments. From an environmental point of view, our results may imply that the fate of flumequine will be related to processes affecting particles, suspension transport and seafloor deposition, whereas florfenicol concentration be controlled by hydrodynamic processes such as dilution and transport by currents. In turn, a higher fraction of flumequine may be stored in the sediments in coastal areas housing salmon farming centers.
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The pesticides deltamethrin and cypermethrin were incorporated through dips to control outbreaks of caligus (Caligus rogercresseyi) infection. Very low concentrations of deltamethrin were detected in total suspended solids (0.01 to 0.05 ng L -1 ), which value would not have an effect on organisms (NOEC, LC50 and EC50) or at the ecological level (NOEAEC), which may come from sediment resuspension or external input from adjacent areas with active salmon culture centers.

Although cypermethrin was not used in Puyuhuapi Fjord, low concentrations were detected in bivalves and sponges (0.04 and 0.05 ng g -1 , respectively), values comparable to wild salmon caught for human consumption (0.04 ng g -1 ). These results suggest an indirect exposure of the compound may be associated with external input from adjacent fjords or unreported treatments because cypermethrin can remain for more than two years in sediments with high organic material and low oxygen content. Preliminary results from the community breathing experiments suggest decreases in activity and/or changes in the biological component, especially in the bacterial community, since some differences in parameters such as dissolved organic carbon, ammonium, and nutrients are observed. However, possible changes in bacterial diversity have not been analyzed due to the pandemic conditions.

In future research, it is necessary to include in the study the fjords and canals adjacent to our study area, with and without aquaculture activity, which will allow the authorities to better evaluate the sanitary rests considering the interconnection of farming neighborhoods. It is also suggested to use both sponges and bivalves to evaluate the environmental conditions of an area, with or adjacent, to aquaculture activity. On the other hand, it is necessary to make modifications to the fugacity model used in our study, incorporating the presence of at least two layers in the water column.
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RESUMEN

Chile, como segundo país con mayor producción en el cultivo de salmones a nivel mundial, reporta el mayor uso de antibióticos y pesticidas, lo que puede ser perjudicial tanto para el medioambiente como para el hombre. Estos compuestos tienden a ser secuestrados por las partículas suspendidas, transportados por las corrientes y, finalmente son depositadas en los sedimentos, donde eventualmente son consumidos por la comunidad bentónica. Cambios en la comunidad bacteriana, aparición de genes de resistencia e impactos a nivel ecológico han sido descritos para antibióticos y pesticidas, aunque la mayoría se enfocan en el impacto local de la actividad salmonera. Este estudio buscó entender la dinámica y el destino de los antibióticos en todo el fiordo Puyuhaupi y conocer el comportamiento particional de los antibióticos florfenicol y flumequina a través de experimentos de adsorción que simular la temperatura promedio de fiordo.

Junto con esto se buscó evaluar la ocurrencia de deltametrina y cipermetrina en los sólidos totales suspendidos y los organismos bentónicos filtradores (bivalvos y esponjas) en el fiordo Puyuhuapi.

Finalmente se desarrolló un experimento de respiración en columna de agua y sedimentos marinos obtenidos, una zona sin actividad acuícola (bahía Banyuls, Francia), para evaluar si la presencia de antibióticos y pesticidas pueden afectar el proceso de degradación del material orgánico, a través de cambios en respiración comunitaria y en las componentes remineralizadas.

Nuestros resultados muestran bajas concentraciones florfenicol (desde traza a 23.1 ng L -1 ) y flumequina (nivel traza) detectados después de 180 y 360 días (respectivamente) desde su la última medicación a una distancia de entre 2 y 23 km de los centros de cultivo. El modelo de fugacidad utilizado en nuestra área de estudio, junto con el modelo de decaimiento, predicen que flumequina puede permanecer en los sedimentos más de dos meses a concentraciones de inhibición sub-Mínima (sub-MIC). Esta condición puedo promover la selección bacteriana por resistencia a los antibióticos y, eventualmente representar un riesgo para la salud humana por el consumo de productos marinos. Los valores de constantes de partición Kd y KOC, obtenidos experimentalmente en nuestro estudio, sugieren que la capacidad de adsorción de flumequina es dos veces mayor que la de florfenicol (Tabla 2, sección 3.2), lo que implica que flumequina tiene una mayor tendencia a ser adsorbido por los sedimentos. Desde el punto de vista ambiental, nuestros resultados pueden implicar que el destino de la flumequina estará más asociado a procesos como el transporte de partículas y la deposición en el fondo marino, mientras que el florfenicol debería estar más xxiii relacionado con procesos acuáticos como la dispersión y el transporte por las corrientes, lo que sugiere que, eventualmente, una mayor fracción de flumequina puede quedar almacenada en los sedimentos en la zona con centros de cultivo de salmones.

Los pesticidas deltametrina y cipermetrina se incorporaron a través de baños para controlar brotes de infección por caligus (Caligus rogercresseyi). Concentraciones muy bajas de deltametrina se detectaron en los sólidos totales suspendidos (0.01 a 0.05 ng L -1 ), cuyo valor no tendría un efecto sobre los organismos (NOEC, LC50 y EC50) o a nivel ecológico (NOEAEC), los que pueden provenir de la resuspensión de sedimentos o por aporte externo de áreas adyacentes con centros de cultivo activos. A pesar de no ser utilizada cipermetrina en fiordo Puyuhuapi, bajas concentraciones se detectaron en bivalvos y esponjas (0.04 y 0.05 ng g -1 , respectivamente) valores comparables a salmones silvestres capturados para consumo humano (0.04 ng g -1 ). Estos resultados sugieren una exposición indirecta del compuesto puede estar asociado al ingreso externo desde fiordos adyacentes o bien tratamientos no reportados, debido a que cipermetrina puede permanecer más de dos años en sedimentos con alto material orgánico y bajo contenido de oxígeno. Resultados preliminares de los experimentos respiración comunitaria sugieren disminución en la actividad y/o cambios en la componente biológica, especialmente en la comunidad bacteriana, dado que se observan algunas diferencias en parámetros como carbono orgánico disuelto, amonio y los nutrientes. Sin embargo, los posibles cambios en la diversidad bacteriana no has sido analizados debido a las condiciones de pandemia.

En futuras investigaciones es necesario incluir en el estudio los fiordos y canales adyacentes a nuestra área de estudio, con a sin actividad acuícola, lo que permitirá a las autoridades evaluar de mejor manera los descansos sanitarios considerando la interconexión barrios de cultivo. También 

INTRODUCTION 1.1 Antibiotic and pesticides used in aquaculture

Food fish demand has been increasing since the '80s, while natural fish capture seems to have reached a limit at ca. 90 million tons since the early 90's [START_REF] Ottinger | Aquaculture: Relevance, distribution, impacts and spatial assessments e A review[END_REF]. Thus, the higher demand has been supplemented by aquaculture activities in the last decades (FAO, 2020;

Figure 1). Farming of marine salmon and trout produced 7. Once these compounds are released into the marine environment their environmental persistence and impact on non-target organisms is determined by their physicochemical properties (Table 2) that affect sorption, degradation processes, and sediment deposition (e.g., [START_REF] Power | Assessing sediment quality[END_REF][START_REF] Lutnicka | Degradation Of Pyrethroids In An Aquatic Ecosystem Model[END_REF][START_REF] Wen | Degradation of tetracycline and oxytetracycline by crude lignin peroxidase prepared from Phanerochaete chrysosporium -A white rot fungus[END_REF][START_REF] Sirtori | Photolysis of flumequine: Identification of the major phototransformation products and toxicity measures[END_REF][START_REF] Zhao | Role of pH on photolytic and photocatalytic degradation of antibiotic oxytetracycline in aqueous solution under visible/solar light: Kinetics and mechanism studies[END_REF][START_REF] Gaw | Sources, impacts and trends of pharmaceuticals in the marine and coastal environment[END_REF]Mitchell et al., 2015).

Chile used in 2007 the highest amount of antibiotics compared to Norway, Canada and UK, with 385600 kg of antibiotics (active ingredient) for a salmon production of 380381 tons. In contrast, Norway with a higher salmon production (821997 tons) reported the use of 649 kg of antibiotics (active ingredient) [START_REF] Burridge | Chemical use in salmon aquaculture:a review of current practices and possible environmental effects[END_REF]. The quantity of anti-lice declared in Chile was 132 kg of pesticides (active ingredient) while 600 kg of pesticides (active ingredient) were used in Norway [START_REF] Burridge | Chemical use in salmon aquaculture:a review of current practices and possible environmental effects[END_REF]. One of the serious concerns about the use of antibiotics in aquaculture includes the development of resistance in bacterial populations which, in turn, can limit the effectiveness of cultured species' immune systems [START_REF] Cabello | Heavy use of prophylactic antibiotics in aquaculture: a growing problem for human and animal health and for the environment[END_REF][START_REF] Primavera | Overcoming the impacts of aquaculture on the coastal zone[END_REF] and eventually be transferred to humans [START_REF] Burridge | Chemical use in salmon aquaculture:a review of current practices and possible environmental effects[END_REF] [START_REF] Sernapesca | Servicio Nacional de Pesca y Acuicultura: en Oficio Servicio Nacional de Pescay acuicultura N° 138511[END_REF]. Some studies have been focusing on the local impact of salmon culture, however, few studies seek to understand the dynamic and fate of these compounds along of fjords, with high pressure of aquaculture activities. 

Impact of aquaculture pollutants on marine food webs and carbon cycle

A rising concern is whether pollutants and their metabolites released to aquatic environments are transferred to non-target edible shellfish and fish resources (e.g., [START_REF] Lahti | Pharmaceutical in settle able particulate material in urban and non urban waters[END_REF][START_REF] Cabello | Antimicrobial use in aquaculture re-examined: 1 its relevance to antimicrobial resistance and to animal and human health[END_REF], and thereby to humans [START_REF] Burridge | Chemical use in salmon aquaculture:a review of current practices and possible environmental effects[END_REF]. Dissolved pollutants enter non-target organisms of the pelagic food web through bioconcentration [START_REF] Power | Assessing sediment quality[END_REF] as shown for treatment bath plume, and this exposure is limited to a few days [START_REF] Willis | Sea lice treatments on salmon farms have no adverse effects on zooplankton communities: a case study[END_REF]. Due to their deposition to sediments, they are also incorporated by benthic [START_REF] Coull | Role of meiofauna in estuarine soft-bottom habitats[END_REF], and they could also be affected by pesticides that in turn affect mineralization or trophic structure.

Benthic response to antibiotics is complex because they inhibit some bacterial biochemical processes (see Table N°1) and also induce gene resistance (e.g., Chellosi et al., 2003;[START_REF] Marti | The role of aquatic ecosystems as reservoirs of antibiotic resistance[END_REF]. Bacteria with antibiotic resistance occur in feces of treated salmons and are also detected in sediments underneath salmon farms [START_REF] Miranda | Bacterial resistance to oxytetracycline in Chilean salmon farming[END_REF][START_REF] Cabello | Heavy use of prophylactic antibiotics in aquaculture: a growing problem for human and animal health and for the environment[END_REF][START_REF] Primavera | Overcoming the impacts of aquaculture on the coastal zone[END_REF][START_REF] Price | Marine cage culture and the environment: effects on water quality and primary production[END_REF]. Antibiotics more likely affect biomass and degradation of organic carbon and considering that aquaculture is a source of additional organic carbon to the ecosystem, a decrease in mineralization may lead to an even greater organic carbon accumulation.

Our understanding of the occurrence of toxic compounds released by aquaculture is limited to a few reports on pyrethroids in seawater, on florfenicol, and flumequine in sediments. Several authors have pointed to the need for a more comprehensive inventory on the fate and partition of antibiotics and insecticides in the environment and on their degradation (e.g., [START_REF] Ernst | Dispersion and toxicity to non-target crustaceans of azamethiphos and deltamethrin after sea lice treatments on farmed salmon, Salmo salar[END_REF][START_REF] Gaw | Sources, impacts and trends of pharmaceuticals in the marine and coastal environment[END_REF]. The impact of these pollutants on the carbon cycle, and especially on organic carbon mineralization is unknown.

The scientific problem and the strategy

Most of the studies about antibiotics have been focusing on the local impact of salmon culture. However, few studies seek to understand the dynamic and fate of these compounds along fjords with high pressure of aquaculture activities. Additionally, understanding the partitional behavior of antibiotics, like florfenicol and flumequine, under controlled temperature and salinity conditions similar to the Patagonia fjord can help to understand the fate of these compounds in those environments.

Assuming that pyrethroids have a high affinity with particles and, subsequently, those particles will sink into the sediments, these compounds have the potential to be incorporated by sessile filter organisms, bioconcentrated or bioaccumulated, and eventually used as an environmental bioindicator in areas with active aquaculture conditions.

The impact of antibiotics and pyrethroids on the carbon cycle, and especially, on organic carbon mineralization is unknown. The abundance and diversity of microbial populations could be affected by the antibiotic presence, producing a decrease in mineralization that may lead to an even greater organic carbon accumulation. A similar situation can be observed in marine sediments where copepods, the second highest group in abundance, could be affected by pesticides and, in turn, affect organic matter mineralization or trophic structure.

The question of the impact of pollutants released by aquaculture activities is not trivial. First, the marine environment dilutes the compounds to a point where they can be very difficult to detect.

Second, at such low levels, the impacts of pollutants are subtle changes in ecological functions rather than usual toxicological effects (Rain-Franco et al., 2018). Finaly, the industry has set-up management procedures to reduce the impact of salmon treatments, such as period of sanitary rests, usually of 3 months, after the collection of the fish. The overall impact of using pesticides and antibiotics may integrate toxicological effects close to the cages and during the treatment to other low levels impacts, farther away from the cages and at times stretching to after the sanitary rest period. Scientific tools do not exist at present date to appraise those likely various effects. We therefore tried to tackle impacts using 3 complementary approaches (Figure 3):

-Environmental Measurements: assessing the occurrence of compounds (antibiotics) after the sanitary rest periods, all along the fjord, and not especially close to the cages. Also, pyrethooids occurrence in suspended particles and benthic filter-feeding organism were analyzed.

-Modeling: calculating exected concentration of antibiotics in seawater and sediments -Experiments: determining potential impact of pesticides and antibiotics on remineralization, at concentrations representative of treatment periods, and of area in close vicinity of the cages.

. 

Hypotheses

Hypothesis 1:

Based on the expected partition coefficients of antibiotics and pyrethroids flumequine and pyrethroids are found mainly associated with organic material in particulate phases and benthic filter-feeders in Puyuhuapi Fjord, while florfenicol is mainly under the dissolved form.

Hypothesis 2:

Antibiotics and pesticides will affect the community respiration of microorganisms and meiofauna (crustaceans).

General goal

To understand the fate and dynamics of antibiotics and pesticides used by the aquaculture industry in the marine ecosystem and to evaluate their impact on key processes of the marine carbon cycle.

Specific goal

1) To determine the occurrence of florfenicol and flumequine in dissolved and particulate phases and in surface sediments along the Puyuhuapi fjord, to establish their fate supported by fugacity models.

2) To establish in laboratory experiments of sorption of florfenicol and flumequine under temperature and salinity similar to those of Puyuhuapi fjord.

3) To determinate pyrethroid contents in benthic sessile filter organisms and estimate possible bioconcentration.

4) To establish the effects of antibiotics and pesticides on community respiration in the water column and marine sediments, through an experimental approach with samples collected in Banyuls bay (France), an area without aquaculture activity.

MATERIAL AND METHODS

The present work was developed in two geographical areas; i) zone with active aquaculture activity, Puyuhuapi Fjord in Chilean Patagonia and, ii) zone without aquaculture activities in Banyuls Bay in France. The fate and dynamics of antibiotics and pesticides were studied in Puyuhuapy fjord and the effect of these compounds on the activity of bacterial communities and meiofauna was studied in Banyuls bay. 

Study Area

Chapter I: Antibiotics florfenicol and flumequine in the water column and sediments of Puyuhuapi Fjord, Chilean Patagonia

We sampled Puyuhuapi Fjord during August 6-9, 2016, six months after the last programmed florfenicol treatment in the fjord between January and February 2016, and one year after the last treatment with flumequine (Sernapesca, 2016b). Water samples were collected at 8 sites along the fjord at four depths and from the surface of the Cisnes River, and surface sediments were taken at 4 sites (Figure 4). Seawater samples were collected with 10L-Niskin bottles and twoliter subsamples were then filtered onto previously combusted GF/F filters (0.7 m pore size).

Filters were stored at -20°C in the dark until analysis. The filtrate was acidified to pH 3 with 40% H2SO4, amended with 0.5 g L -1 Na2EDTA to chelate major cations, and then stored at 4 o C. Surface sediments were collected using a Rumohr corer, and the top one-centimeter sections were removed with a core extruder. Sediment samples were then stored at -20°C in the dark until analysis.

Physical characterization of the sampling sites was conducted by measuring temperature, salinity, and dissolved oxygen in the water column using a Seabird SBE Model 25 CTD.

Analysis of antibiotics

Dissolved organic matter was pre-concentrated onto 3 mL (60 mg) solid-phase extraction columns (SSDVB063, Styre Screen) in a VaccElut Cartridge Manifold (Agilent). C18 cartridges were previously conditioned with 5 mL methanol followed by 5 mL ultra-pure water.

Adsorbed material was eluted with 10 mL methanol at a flow rate of 2 drops per second into silanized vials and directly evaporated under a nitrogen stream at 40°C. The residue was dissolved in 1000 µL methanol and filtered through 0.22 µm PVDF syringe filters, gently saturated with N2, and then kept at -20°C until analysis (Zhou et al., 2012). The particulate organic matter on filters and within sediment (ca. 1 g dry weight) was extracted using ultrasound extraction (3 times) with 5 mL citric acid buffer (pH 3) and 5 mL acetonitrile for 15 min, and then centrifuged for 10 min at 1400 rpm. Supernatants were diluted to 100 mL using milli-Q water, amended with 0.5 g L -1

Na2EDTA, and loaded into SPE columns (SSDVB063, Styre Screen). Elution and storage of eluates were as described above for the dissolved phase.

Analyses of florfenicol and flumequine were conducted using an UHPLC Shimadzu (Kyoto, Japan) Nexera X2 LC-30 AD system coupled to a single quadrupole mass spectrometer ). Reproducibility was 3 to 5 % (coefficient of variation), routinely determined from three to five replicate analyses. Recovery yield of antibiotics from seawater was estimated by adding 1 mL of a 100 g L -1 antibiotic standard solutions to 1L Milli-Q water (in triplicate) and maintained for 24h in the dark under continuous shaking. Antibiotics were extracted and analyzed as described in the above methodology, resulting in recoveries of 79% for florfenicol and 66% for flumequine. Detection and quantification limits were calculated using signal-to-noise ratios (S/N) of 3 and 10, respectively. Detection limits for florfenicol were 2 ng L -1 in seawater and 1 ng gdw -1 in sediments and for flumequine were 12 ng L -1 and 6 ng gdw -1 . Limits of quantification for florfenicol were 6 ng L -1 in seawater and 3 ng gdw -1 in sediments and for flumequine were 36 ng L -1 and 18 ng gdw -1 .

Regarding QA/QC, all solvents used for chromatography were LC grade, Milli-Q water with a resistivity of 18.2 MΩ cm (25ºC), TOC < 5 ppb and bacterial count <0.01 CFU mL -1 . All reagents and chemicals were at least analytical grade (ACS) and all instruments are annually calibrated as recommended by the by manufacturer. QC was performed using blank (methanol) and internal reference samples (florfenicol and flumequine standards diluted at calibration middlelevel), which were analyzed in triplicate at initial, middle and end of each sample analysis batch.

Thus, the equipment performance was constantly evaluated including carry-over effect, resulting in relative standard errors ≤5% for concentration and ≤1% for retention time.

Multimedia fugacity model

A Calculations were made for simultaneous treatments with medicated feed pellets in 25 salmon farms, each consisting of 20 cages, as found in Puyuhuapi Fjord (Sernapesca, 2016b). Dosages in fish feed were 10 mg kg -1 florfenicol and 30 mg kg -1 flumequine, and the biomass of almonids was between 11 and 17 kg m -3 per cage with 15% mortality rate over a two-year production period (Subpesca, 2016). The model considers both diffusive and advective transports of antibiotics from seawater in sediments, and removal by microbial degradation, modeled as first order reaction rate.

Physical and chemical properties of antibiotics and environmental parameters used in the model for Puyuhuapi Fjord are shown in Tables S2,S3 (Supplementary material). See more detail in the result section chapter I.

Monte Carlo Simulation

A probabilistic simulation was carried out to assess uncertainties and sensitivity of the model based on probability distributions of the input parameters (Table S3) and their contribution to variability in modeling outcomes Lognormal and triangular distributions were assumed for input parameters. These analyses determined 95% confidence intervals (CI95%) from the probabilistic distribution of model outcomes (Figure 3 main paper). Simulations were run 100,000 trials using Crystal Ball 11.1.1 software (Gentry et al., 2008).

Simulation test for permanence time of antibiotics

A second modeling experiment involved ten days of daily additions of florfenicol and fifteen days of flumequine, a common treatment protocol for the industry in southern Chile (Contreras and Miranda, 2011). This simulation was used to evaluate whether antibiotics remain at inhibiting or sub-inhibiting concentrations in seawater and surface sediment after the end of the treatment, and if so, for how long they remained above either of these thresholds. During consecutive daily treatments, microbial decay of predicted antibiotic contents in both water and sediment was calculated assuming to follow first-order reaction kinetics using half-life values from literature (Table S2). Environmental concentrations estimated for seawater and sediment through modeling were used as initial values for temporal decay simulation of antibiotics. During each treatment in cages the degradation rate constant (k, d -1 ) was computed using equation 1:

𝑙𝑛 𝐶 𝑖 𝐶 0 = -𝑘 𝑡 (1)
where C0 is the estimated concentration from the multimedia model of compartment-i, and k values are calculated as 0.693/t1/2. Experiments started on the 23 rd of October, 2018. Forty mL of seawater or ultrapure water were added to glass flasks of 80 mL. The same water volume was amended with 3 g of wet marine sediments to prepare the water + sediment treatments. Each treatment was prepared in triplicate (Figure 6).

Chapter

Control treatments consisted of flasks containing pure water or seawater, with or without sediment, but without antibiotic addition. For other treatments, antibiotics were added to the tubes to a final concentration of 1.4 (8°C incubation) or 1.2 mg L -1 (15°C incubation) of each florfenicol and flumequine. Flasks were gently mixed, maintained for 30 min under dark conditions, and 1 mL of water was sampled for the initial time. Further sampling times were at 1, 2, 3, 4, 24, and 48h.

The 1 mL water sample was diluted 10X using an acetonitrile: water mix (50:50, v/v), then a subsample of 1 mL was directly injected in the UHPLC-MS. Organic Marine Laboratory at the University of Concepcion. After 30 min of incorporating the antibiotics, 1 mL of water was sampled (initial time). Further samples were collected every hour until 4h, at 24h and 48h. This experiment was done at 8°C and repeated at 15°C.

Analysis of antibiotics

Antibiotics were analyzed using a Shimadzu (Kyoto, Japan) Nexera X2 LC-30 AD UHPLC system coupled to a single quadrupole mass spectrometer LCMS-2020 with an electrospray ionization (ESI) interface. The mobile phase A was Milli-Q + Formic acid 0.1%, and B was Acetonitrile + Formic Acid 0.1%. The analysis started using 10% B for 1 min, increasing to 70% around 3 min, maintained for 10 min, and finally decreased to 10% B for 5 min. 

Statistical analyses

Tests of both homogeneity of variances (Levene test) and normality of variables (Shapiro-Wilk test) were not fulfilled. We therefore tested for significant differences between categorical factors (matrix, antibiotic type, and temperature) using the nonparametric Kruskal-Wallis test (95% significance), and for differences between experimental treatments (Seawater, pure water, seawater + sediment, and pure water + sediment) using the paired sample Wilcoxon test (95% significance).

Calculation of Kd and KOC

When the difference between treatment with and without sediment was proven to be significant using the Wilcoxon test, concentrations of sorbed antibiotics were calculated as the difference between the concentration of a dissolved antibiotic in a given treatment without sediment and that with sediment. This was calculated for each replicate at each of the equilibrated times (4, 24, and 48 h). For instance, for the treatment seawater at 4H and the first replicate, it was calculated as:

[𝐹𝐿𝑈 in sed SW W ] 4H,R1 = [𝐹𝐿𝑈 SW W ] 4H,R1 -[𝐹𝐿𝑈 SW W+SED ] 4H,R1 SedW 
where,

[FLU SW W]4H, R1 is the dissolved antibiotic concentration (FLU stands for flumequine) in the first replicate of the treatment (SW W stands for seawater winter temperature) without sediment sampled at 4H, expressed in g L -1 ;

[FLU SW W+SED]4H, R1 is the dissolved antibiotic concentration in the first replicate of the same treatment with sediment, sampled at 4H, expressed in g L -1 ;

SedW is the dry weight of sediment used in the treatment, expressed in kg L -1 ;

[FLU in sed SW W]4H, R1 is the calculated content of flumequine sorbed to the sediment, expressed in g kg -1 , for the treatment SW W, at 4H, for the first replicate.

The dissolved-particle partition constant Kd was calculated as the ratio of sorbed antibiotic concentration to the dissolved antibiotic concentration, for a given treatment:

𝐾 𝑑 = 𝐶𝑖 𝑇,𝑠𝑒𝑑 𝐶𝑖 𝑇,𝑠𝑤
Where:

𝐶𝑖 𝑇,𝑠𝑒𝑑 Is the concentration of the compound i in the sediment, averaged for all equilibrium times (T=, 4,8, 24 and 48h) in the experiments carried out at temperature T.

𝐶𝑖 𝑇,𝑠𝑤 Is the concentration of the compound i in the seawater (experiment condition without sediment), averaged for all equilibrium times (T=, 4, 8, 24 and 48h) in the experiments carried out at temperature T.

𝛿𝐾 𝑑 is the error on Kd, and is calculated using propagation error formula using derivatives:

𝛿𝐾 𝑑 = 𝐾 𝑑 × √( 𝛿𝐶𝑖 𝑇,𝑠𝑒𝑑 𝐶𝑖 𝑇,𝑠𝑒𝑑 ) 2 + ( 𝛿𝐶𝑖 𝑇,𝑠𝑤 𝐶𝑖 𝑇,𝑠𝑤 ) 2 
Where:

𝛿𝐶𝑖 𝑇,𝑠𝑒𝑑 is the error on 𝐶𝑖 𝑇,𝑠𝑒𝑑 and its calculation is explained below.the error 𝛿𝐶𝑖 𝑇,𝑠𝑤 is the standard deviation of the measurements of 𝐶𝑖 𝑇,𝑠𝑤 .

Calculation of 𝛿𝐶𝑖 𝑇,𝑠𝑒𝑑 𝐶𝑖 𝑇,𝑠𝑒𝑑 = 𝐶𝑖 𝑇,𝑠𝑤+𝑠𝑒𝑑 -𝐶𝑖 𝑇,𝑠𝑤

The expression of 𝛿𝐶𝑖 𝑇,𝑠𝑒𝑑 is, using derivatives:

𝛿𝐶𝑖 𝑇,𝑠𝑒𝑑 = √(𝛿𝐶𝑖 𝑇,𝑠𝑤+𝑠𝑒𝑑 ) 2 + (𝛿𝐶𝑖 𝑇,𝑠𝑤 ) 2
The organic carbon partition constant KOC represents the ratio of sorbed antibiotic concentration in the organic phase, divided by the dissolved antibiotic concentration, for a given treatment and a

given replicate:

𝐾 𝑂𝐶 = 𝐾 𝑑 𝑂𝐶
where, OC is the concentration of organic carbon in the dry sediment, expressed in kg kg -1 and KOC is expressed in L (of seawater)/ kg (of organic carbon). At station 18, OC= 0.03 kg kg -1 = 3%.

Chapter III-B: Occurrence of pesticides in marine benthic filter-feeders in the

Puyuhuapi fjord (44°57'S; 73°21'W), Chilean Patagonia

Field Sampling

Seawater and benthic filter-feeding organisms were collected in seven sampling stations in the Puyuhuapi fjord between March 23 th and 30 th , 2017 (Figure 7, Table 3), onboard the vessel L/M Don Osvaldo (with a length of 15 m and the beam of 3.5 m; registration CIS-1719 CA 2028).

Seawater samples were collected between 6 and 15 m depth with Niskin bottles (10 L), prefiltered with a 100 m sieve, and filtered using a precombusted filter GF/F 0.7 m pore size. The filter was kept at -20°C for pesticides and total organic carbon measurement. Sponge species (three species for each station) and two bivalve species (Mytilus chilensis and Chlamys patagonica) were collected by scuba diving, freeze-dried and kept in dark conditions. On each station, three specimens of sponge were collected, and six specimens per bivalve species. Pesticides, lipids, and elemental analysis (CHN) were conducted in the Benthic Ecogeochemistry Laboratory (LECOB) at the Observatoire Océanologique de Banyuls-sur-mer, Sorbonne Université (France). 

Total lipids analysis.

The sulphophosphovanillin method (colorimetric method) considers the relation of total lipids with cholesterol and gravimetric standards as described by Baner and Blackstock (1973).

Briefly, this method is based on (i) lipid extraction: 1.5 mL of chloroform-methanol mixture (2:1)

were added to 25 mg of freeze-dried samples, maintained in orbital agitation during 20 min, centrifugated for 5 min at 1000 rpm, and 1 mL of supernatant was dried at 90°C, (ii) hydrolysis: 500 L sulfuric acid (97%) was added in order to hydrolyze ester lipids from dry extracts, closing the screw cap, and heating for 10 min at 90°C. Samples were immediately cooled, (iii) complex formation: 100 L of the hydrolyzed solution were recovered, and 2.5 mL of phosphor-vanilla solution were added to produce stable color by mixing, and measured in the spectrophotometer at 520 nm after 30 min in disposable cuvettes of 10-mm. A cholesterol stock solution (0.9 mg mL -1 ) was used to prepare the calibration curve with a range of concentration of 20 to 1000 g chol. mg dw -1 . This calibration curve had been treated with the same procedure previously described after drying the sample at 90°C in step (ii). Data were normalized by organic matter content in the samples.

Pesticide analysis.

The extraction and purification of pesticides from suspended solids and benthic organisms were performed in the LECOB laboratory during autumn 2018. Solid lyophilized suspended samples were extracted by ultrasound for 20 min with 5 mL dichloromethane (DCM), centrifuged for 5 min at 5500 rpm. A similar process was used for sponges and soft body of bivalves samples (0.5 g, lyophilized), but a DCM-hexane mixture (10:1) was used for the extraction. After extraction, 50 L of internal standard (0.001 g mL -1 ) were added to extracts, reducing the volume to ~1 mL using a rotary evaporator, and a few quantities of anhydrous sodium sulfate were added and keep overnight. Finally, the extract was conserved in iso-octane.

Extracts were cleaned using a column packet from bottom to top with 5 g of waterdeactivated silica gel, 3 g of water-deactivated alumina, and 0.5 g of anhydrous sodium sulfate.

The column was cleaned with 5 mL of hexane. The extract was eluted in four phases, (i) F1, 25 mL of hexane, (ii) F2, 32 mL of hexane: DCM mixture (3:1), (iii) F3, 25 mL of DCM and, (iv) F4, 15 mL of methanol. The total volume was reduced with a rotary evaporator, conserved in an isooctane and kept at -20°C until analysis.

Table 4. Quantification transition and Detection and Quantification of limit (LOD and LOQ, respectively) of pyrethroids in organisms (ng g lipid dw -1 ) and particles (ng L -1 ). 

Chapter IV: The impact on the carbon cycle of antibiotics and pyrethroids used in aquaculture activities.

A community respiration experiment was performed to establish the impact of antibiotics Seawater samples were prefiltered with a 200 m sieve.

Experiment procedures

The microcosm experiments (seawater and marine sediments) were performed under dark conditions (to prevent algae growth) and at a constant temperature of 14°C, through immersion in a water recirculation tank. Each microcosm was acclimatized for 24h. Solvent and drugs were added as shown in Figure 8.

Daily dissolved oxygen was measured using an equipment Unisense Microsensor

Multimeter Picoammeter PA2000 and microelectrode Unisense OX-100-12593. Samples were obtained for the initial condition (baseline) and for the final time of the experiments to measure nutrients, ammonium, dissolved organic carbon, and biological parameters (meiofauna and bacterial abundance and diversity). 

Meiofauna community analysis

Subsamples of each core (3 cm) were cut off and preserved in 70% alcohol. These samples were washed on a 1 mm and 40 m sieve with fresh water. The separation of meiofauna and fine sediments, after washing of samples, was extracted with Ludox (specific gravity:1.15). Briefly, sediments plus meiofauna and 20 mL of water were transferred to a 500 mL centrifuge tube, added 100 mL of Ludox and 3 gr of Kaolin, mixed, and centrifuged for 5 min at 6000 rpm. The supernatant containing the organisms was washed on a 40 m sieve with fresh water. The organisms retained on the sieve were transferred to a plastic tube and preserved with 70% alcohol.

Ten drops of Rose Bengel were added to each sample for easier recognition of the organisms. The meiofauna obtained was identified and counted under a stereomicroscope at a minimum 10-25 x magnification and expressed as specimens per unit volume.

Bacterial community analysis

Total bacterial abundance and high and low acid nucleoids content were analyzed by flux cytometry at BioPIC laboratory at the Oceanographic Observatory of Banyuls, Sorbonne Université (France). Additionally, the abundance and diversity of phytoplankton were analyzed.

Bacterial community diversity will be measured at Microbial Oceanography Laboratory in Oceanographic at the Observatory of Banyuls, Sorbonne Université (France), as soon as possible under these pandemic conditions.

Statistical analyses

Tests of both homogeneity of variances (Levene test) and normality of variables (Shapiro-Wilk test) were fulfilled, then One-way Anova test for nutrients and two-ways Anova test for Oxygen concentration values was applied for both water column and sediment experiments. We therefore tested for significant differences between categories Control Solvents, Antibiotic, Pesticides and Antibiotic + Pesticides treatments using the parametric Turkey test (95% significance). Anosim test with a 95% significance was applied for biological components for both water column and sediment experiments. The impact of antibiotics depends on their mode of release into the environment, and on subsequent partition between the dissolved phase (truly dissolved, complexed, absorbed to dissolved organic carbon) and particles (suspended, sinking and sedimentary). Surface processes (adsorption) such as ion exchange, cation and hydrogen binding all govern reverse exchanges between water and particles for those antibiotics with ionic charges, whilst diffusive exchanges such as absorption to the organic phase drive the sorption of neutral antibiotics (Cao et al. 2015). The dissolved-particle partition constant (Kd) and the octanol-water partition constant (KOW) provide information on the tendency of chemicals to be affected by the aforementioned processes, but these constants are not presently available for all antibiotics. For instance, for flumequine and florfenicol, Kd values are only available for soils and not for marine sediments. For florfenicol, Log KOW values reported in the literature vary over a range from -0.17 to 1.63. Predictions of the fate of these antibiotics in marine ecosystems housing salmon aquaculture activities are hindered by this lack of fundamental information.

In soils, the dependence of the sorbed fraction of antibiotics to their water concentration is described either by linear relationships (Kd, Cs = Kf Cw) or by Freundlich isotherms (Kf, Cs = Kf Cw 1/n). In the concentration range up to 10 mg/ L, the Freundlich isotherm fitted the sorption of norfloxacin to marine sediments, whilst sorption was also well described by the linear relationship with R 2 values of between 0.94 and 0.98 (Cao et al., 2015). As the non-linear empirical variation applies to a higher concentration range, the sorption of florfenicol and flumequine in the sub mg/L range is assumed here to be linear, and described by Kd.

In the present study, batch experiments mimicking sorption-desorption between water and sediments were carried out at the sub-ppm level, over a range of conditions (temperature and salinity) typical of Chilean fjords (e.g. Schneider et al., 2014). The objectives were to provide experimental data on partition constants of florfenicol and flumequine between water and sediment particles (Kd), and between water and the organic matter associated with particles (KOC).

Results

All experiments were characterized by a steep decrease of dissolved antibiotic concentration during the initial 3 hours of the experiment (Figure 1), followed by little variation between 4 and 48 hours. However, the concentration of florfenicol increased at the final sampling time under all conditions. We assumed that partition equilibrium was reached at 4 h, and therefore replicates at 4 h, 24 h, and 48h were used to calculate partition coefficients.

The Kruskal Wallis statistical tests performed on these equilibrium concentrations showed that temperature, matrix, and antibiotic type contributed to the observed variances, producing significative differences between the concentration in each treatment, for each factor (Kruskal Wallis; p < 0.05). Log KOC of flumequine estimated in our batch experiments are also higher than published values, although by only more or less one unit on the Log scale. Our data contribute to a better definition of partition constants of antibiotics in the marine environment, but further research is required to better clarify estimates and to understand the processes underlying their variability.

Comparing the partition in pure water with that in seawater provides evidence for the formation of complexes with marine major ions for florfenicol (significant Wilcoxon tests), however this was not observed for flumequine (non-significant Wilcoxon tests). The pKa for florfenicol's is 6.3, and therefore the basic ionized form dominates both in pure water (pH=7.2) and in seawater (pH=8.2, pH=8.7 in sediment slurries). The decrease in concentration of this basic, negatively charged form of florfenicol in seawater is likely due to the formation of complexes with major marine cations.

Variable difference between pure and seawater concentration suggests that 16 ± 8% and 10 ± 8% of the florfenicol was complexed in winter and summer, respectively. Sulfamethazine also forms complexes which increase its affinity to particles (Wegst-Uhrich et al., 2014). Similarly, in the present batch experiments, florfenicol in seawater appears to bind to particles and form complexes.

The pKa of flumequine is 9.3, and its acid neutral form dominates under all experimental conditions. The non-significant difference between flumequine concentrations in pure-and seawater conditions argues against the complexation of flumequine. However, the complexation of flumequine with Cu (II) has been reported during experiments in soils [START_REF] Guaita | Copper (II) influence on flumequine retention in soils: Macroscopic and molecular invetigators[END_REF]. Marine sediments may leach cations that are not present in seawater such as Cu 2+ , and the potential complexation of flumequine cannot be ruled out in the presence of sediment. Further research is also needed to explain why flumequine sorption to sediment is lower in seawater (19 ± 6%) than in pure water (49 ± 10%) (Figure 2). The role of temperature on antibiotic behavior was explored for the first time to our knowledge. Dissolved concentrations of florfenicol were significantly different at 8°C and 15°C in all treatments (Table 1). Flumequine dissolved concentrations showed no significant differences at both temperatures in pure water treatments, but were significantly different in marine conditions, either with or without sediments (Table 1). Moreover, the proportion of sorbed flumequine increased from 19 ± 6% under summer temperatures to 30 ± 6% under temperature conditions typical of Chilean fjords in winter. The underlying processes driving these novel findings are presently unknown, but there are clear seasonal implications for the retention of flumequine in the vicinity of aquaculture activities.

Conclusions

Analytical difficulties limit our understanding of the environmental impact of emerging pollutants, and specifically those antibiotics used by salmon farming in Chilean fjords [START_REF] Jara | Antibiotics florfenicol and flumequine in the water column and sediments of Puyuhuapi Fjord, Chilean Patagonia[END_REF]. Further in situ studies are clearly required, while batch experiments offer an alternative to empirically describe the sorption behavior of these antibiotics in the coastal environment. The present study has shown flumequine to have a higher sorption tendency than florfenicol, and the fate of flumequine will therefore be more associated with processes such as particle transport and deposition onto the seafloor. In contrast, florfenicol shows a lower tendency to bind to particles, and the fate of this antibiotic will be to a greater extent related to hydrodynamic processes such as dispersion and water mass transport by currents. The discrepancy between KOC and KOW indicates that reversive absorption to organic carbon is not the dominant process driving sorption of florfenicol to sediment particles; other surface-driven processes (ion exchange, cation and hydrogen binding, and complex formation) are likely to drive partition processes [START_REF] Tolls | Sorption of Veterinary Pharmaceuticals in Soils: A Review[END_REF]). The present study provides experimental partition constants for flumequine showing that diffusive absorption to organic carbon is an important driver of the association of this compound with sediments. 

Chapter

Abstract

As a consequence of their increasing use, pyrethroid insecticides are recognized as a threat for nontarget species and ecosystem health. The present chapter gives a state-of-art overview of individual pyrethroid occurrence in waters and sediments worldwide, together with recent reports of their quantification in the atmospheric gas and aerosol phases. Degradation rates, transport processes, and partitioning of pyrethroids between environmental phases are reviewed. River flow efficiently transports pyrethroids to river mouths and estuaries, while pyrethroid impact on the marine environment remains difficult to appraise due to lack of comprehensive studies.

Nevertheless, aquaculture arises as an important but poorly understood environmental burden.

Owing to their large organic carbon pool, sediments may act as a sink for pyrethroids and impair nontarget aquatic species. Partitioning potential of pyrethroids is compared to that of other wellknown legacy pollutants in the light of their position in the phase space defined by key physicochemical properties (KOW and H'). The transport and partition of pyrethroids away from their source are strongly dependent on their half-life, but their quasi constant emissions in urban and agricultural area may compensate for their degradation, therefore sustaining the occurrence and behavior of some individual pyrethroids as "quasi persistent organic pollutants."

Introduction

In Gray stars symbolize pyrethroid direct emissions to the environment; A is the emission that remains as aerosol during spray application, mostly to cropland; B is the emission that is deposited on soils and plant during spray application.

Introduction

Pesticides are mainly used to control the outbreaks of ectoparasitic infection in freshwater and marine salmon farming (e.g. Considering the high affinity of deltamethrin and cypermethrin for organic particles, the subsequence sinking into the sediments, and incorporation into non-target organisms, this study aimed to evaluate the occurrence of deltamethrin and cypermethrin in suspended particles and benthic filter-feeding organisms collected in the Puyuhuapi fjord, an area with active aquaculture. 

Results

Total lipids in benthic filter-feeding organisms

A total of 26 benthic organisms, distributed in seven sponge species and two bivalve species, were processed for lipid measurement. The values have shown a range of 133.8 to 20.7 mg chol gdw -1 and 142.3 to 30.4 mg chol. gdw -1 for sponge's and bivalve's, respectively (Figure 2). Patagonian oyster (C. patagonica) was ~ 2.5 times lower than M. chilensis with average values of 38.9 ± 12.1 (two stations) and 98.9 ± 38.9 mg chol. gdw -1 (four stations), respectively. A wide range of lipid concentration was observed in sponges with average values between 33.4 (Biemna sp, one station) and 102.2 ± 27.6 mg chol. gdw -1 (Tedania spinata, three stations). Only sponges Axintella crinite and Cliona chilensis were present in most sampling stations. The average values were 39.5 ± 16.9 mg chol gdw -1 (six stations) and 56.9 ± 13.5 mg chol. gdw -1 (seven stations) for C. chilensis and A. crinite, respectively. Figure 2 showed that C. chilensis have an increased tendency at station 4 and a lower decrease at station 6. A similar trend was observed in A. crinite with a major value in station 3 and a small decrease at stations 5 (near Jacaf fjord) and 6 (Figure 1). 

Pesticides in Puyuhuapi fjord

Only cypermethrin and deltamethrin were detected in organisms and suspended particles, respectively. Cypermethrin was found in 65% of organisms analyzed (Figure 3). The highest values were found in site 3 in sponges (C. chilensis and T. spinata) with values of 1.8 and 1.3 ng g lipids dw -1 (respectively) and site 4 in oysters and sponges (C. patagonica and C. chilensis) with values of 1.04 and 0.96 ng g lipids dw -1 , respectively. The lowest contents of cypermethrin were found at Station 1 with values of 0.12 and 0.09 ng g lipids dw -1 (C. chilensis and A. rugosus, respectively), while in site 7 was not detected. Deltamethrin in suspended solid samples was detected at stations 1 and 7 (Figure 4, Table 2). Deltamethrin concentration in Puyuhuapi fjord (0.01 to 0.05 ng L -1 ), were two orders of magnitude lower than the No Observed Effect Concentration (NOEC) value for invertebrates and three orders of magnitude lower for fish with values of 4.1 ng L -1 and >32 ng L -1 , respectively (Table 1). While, half-maximal Effective Concentration (EC50) values were five orders of magnitude higher than our deltamethrin concentration, with values of 560 ng L -1 and 260 ng L -1 invertebrates and fish, respectively. These results suggested that measured deltamethrin concentration in Puyuhuapi fjord did not have an effect on the non-target organisms and neither at the ecological level where deltamethrin concentrations of no-observed ecosystem adverse-effect concentration value (NOEAEC) reaches a value of 3200 ng L -1 (Table 1). The presence of deltamethrin concentrations in our study area suggests i) the possible incorporation in the water column from marine sediment by resuspension processes, where this compound can be accumulated; ii) a possible particle transport from the adjacent fjord during their medication processes applied in December 2016.

Sampling stations

Axintella crinita Cliona chilensis Tedania spinata Amphilectus rugosus Unidentified (D) Biemna sp Unidentified S Mytilus chilensis Chlamys patagonica

Discussion

Comparison of pesticide concentrations in organisms and the environment

Cypermethrin was not used in our study area, however, we found it in the majority of the benthic filter-feeding organisms collected in march 2017, ranging from no detected to 1.8 ng g lipid dw -1 in sponges and 1.0 ng g lipid dw -1 in bivalves, where the major concentrations were observed in sites 3 and 4 (Figure 3). Our values were from two to three orders of magnitude lower (3.8 to 1520 ng g lipid dw -1 , respectively) than those reported by [START_REF] Khazri | Acute toxicity of cypermethrin on the freshwater mussel Unio gibbus[END_REF] in fish collected in four rivers in Spain and almost two times lower than in sea urchin collected at the Portuguese Atlantic coast with a value of 3.7 ng g lipid dw -1 (Rocha et al., 2018) (Table 4). A comparison of the average of cypermethrin concentrations in ng g -1 (Figure 5), considering all organism and sampling stations, shows that our values were two orders of magnitude lower than those reported from river fish collected in Spain [START_REF] Pico | Contaminants of emerging concern in freshwater fish from four Spanish Rivers[END_REF] and one order of magnitude lower than farmed salmon approved for human consumption, collected from supermarkets and markets (Aznar-Alemany et al.2017a) with several countries as sources (e.g., Norway, Chile, Spain and others). However, our average cypermethrin values (0.04 and 0.05 ng g -1 , sponges and bivalves respectively) were similar to those obtained from wild salmon (0.04 ng g -1 ) collected in Alaska and the Pacific Ocean (Aznar-Alemany et al.2017a). The similar concentration of cypermethrin between wild fish and our organisms suggests that our samples have had an indirect exposition.

Several studies have indicated that sponges and bivalves are appropriate bioindicators of contamination by organic and inorganic compounds. (e.g., Khazri et Our results suggest that Puyuhuapi fjord has an indirect exposition to cypermethrin considering that; i) this compound was not used in Puyuhuapi fjord according to official reports of the Undersecretariat of Fisheries and Aquaculture (SERNAPESCA); ii) a possible input of organic particles derived from adjacent localities connected to our study area (Figure 1) that applied cypermethrin in December 2016, considering the high affinity with organic particles; iii) and, eventuality, that cypermethrin was applied without informing the authorities in charge.

Input of pesticides to Puyuhuapi Fjord

The Puyuhuapi fjord has massive and extensive salmon farms since 2001 (Sernapesca, 2016c) and these activities have been considered one of the major sources of pesticide inputs in this zone. The Chilean government maintains specific annual monitoring of salmon infections caused by ectoparasitic C. rogercresseyi in the austral zone, through the Risk Disease Monitoring

Program (Sernapesca, 2016a;[START_REF] Sernapesca | Servicio Nacional de Pesca y Acuicultura: Informe sanitario de salmonicultura en centros marinos[END_REF]. These sanitary reports indicate that 20% of active farms in the Puyuhuapi fjord received pesticide treatments during 2016 and 67% in 2017, while in the Jacaf fjord, 71% of active farms were treated with pesticides in 2016 and 40% in 2017 (Figure 1).

According to government information, the pesticides azamethiphos, emamectin benzoate and deltamethrin have been used as treatments in the Puyuhuapi fjord during 2015 and 2016 (Sernapesca, 2016b). Similar compounds were reported for treatments in the Jacaf fjord during 2015, however, during 2016, cypermethrin was added to the other treatments used so far [START_REF] Sernapesca | Servicio Nacional de Pesca y Acuicultura: en Oficio Servicio Nacional de Pescay acuicultura N° 138511[END_REF].

A total of 0.3 kg of the active ingredient in deltamethrin was applied (bath treatments) in April and May 2016 at the Puyuhuapi fjord, while 0.16 kg were applied during September and October 2017, after our samples were collected (March 2017). The dissolved phase of this compound has a half-life time of 48 d (Table 1) and dispersion of 39 km 2 (Parson et al., 2020), but this compound (as well as cypermethrin) has a high affinity for particles and tends to be deposited into marine sediments. Cypermethrin was not used at the Puyuhuapi fjord, according to official reports from Sernapesca, but was reported that a total of 1.5 kg of its active ingredient was applied in the adjacent fjord during April and May 2016. However, the amount of cypermethrin applied in the adjacent fjord, by itself, is not sufficient to explain the presence of this compound in our study area.

Residence time of pyrethroids in the marine environment

The persistence of these pesticides after being released in the water column should correspond to at least 22 days for cypermethrin and 48 days for deltamethrin (Table 1) and having ). These characteristics of our study area can promote the persistence of cypermethrin and deltamethrin, considering for example that the last deltamethrin treatment was applied at least a year before. While the presence of cypermethrin can be associated with a major persistence in sediments and a major bioavailability to the benthic filter-feeding organisms.

The trophic transference of contaminants has been a major concern, especially when marine organisms were used for human consumption (e.g., [START_REF] Burridge | Chemical use in salmon aquaculture:a review of current practices and possible environmental effects[END_REF]. Mussels, oysters, and sponges can bioconcentrate contaminants, due to their high filtering capacity and, by depredation, they can transfer these contaminants to high trophic levels (e.g., [START_REF] Wulff | Ecological interactions of marine sponges: Review[END_REF] 

Conclusion

The pyrethroids cypermethrin and deltamethrin (applied by bath treatments) tend to be deposited into the marine sediments and bioconcentrated into non-target benthic organisms due to a high affinity with organic particles and lipid content, respectively. Very low deltamethrin concentration values (0.01 to 0.05 ng L -1 ) suggested that this compound does not have an effect on non-target organisms (NOEC, LC50 and EC50; Table 1) and neither at the ecological level according to the value of the concentration of no-observed ecosystem adverse-effect concentration value (NOEAEC; 3200 ng L -1 ) at the Puyuhuapi fjord. The last deltamethrin bath treatment in the Puyuhuapi fjord was applied in April and May 2016, therefore the presence of deltamethrin in the water column can be associated with the incorporation in the water column from marine sediment by resuspension processes or a possible external input from the adjacent fjord.

Cypermethrin was not used as sea lice treatment in our study area, however, low concentrations of it were observed in sponges and bivalves collected in March 2017. Our results suggest an indirect exposition of cypermethrin considering that; i) this compound was not used in Puyuhuapi fjord according to official reports of the Undersecretariat of Fisheries and Aquaculture (SERNAPESCA); ii) a possible input of organic particles derived from adjacent localities connected to our study area (Figure 1) that applied cypermethrin in December 2016, considering the high affinity with organic particles; iii) and, eventuality, that cypermethrin was applied without informing the authorities in charge. Our results were the first reports of pyrethroids in marine sponges, suggesting that this group was an appropriate bioindicator of compounds used in aquaculture activities.
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Chapter IV: The impact of antibiotics and pyrethroids used in aquaculture activities on marine community respiration

In this chapter, we show preliminary results of respiration experiments in the water column and marine sediments conducted at LECOB laboratory. This study aimed to establish the effects of antibiotics (Florfenicol, Flumequine, and Oxytetracycline) and pesticides (Cypermethrin and Deltamethrin) on community respiration in the water column and marine sediments. Sediments from regions where there is some aquaculture activity may recede microorganisms with resistance genes against antibiotics. As our target was the response of benthic ecosystems in a more general way, we targeted the response of ecosystems with no previous aquaculture activity. This is why samples were collected in Banyuls bay (France), an area without aquaculture activity.

Our preliminary results suggest some impact on carbon cycling in both water column and sediments experiments because significant differences in dissolved oxygen concentration were observed between treatments. Along with this, we also observed differences in parameters such as dissolved organic carbon, nutrients, and ammonium, both in the water column and in the sediment supernatant. These differences may be associated mainly with the microbial component, since there are no significant differences in the meiofauna (ANOSIM, p= 0.055), which will be corroborated once the results of the DNA studies in both experiments are obtained.

Respiration experiments in marine sediment microcosms

Fifteen sediment cores were collected in the MESO sampling station to conduct respiration experiments, according to section 2.2. Three cores were processed to retrieve baseline information.

Three cores were used for each treatment, adding a final concentration of 500 ng L -1 of each compound as described in Figure 8 (section 2.2). Dissolved oxygen concentration was measured during the experiment with a microelectrode. Overlying water was collected for nutrients and dissolved organic carbon (DOC) measurements. The top 3 cm of sediments were collected for analysis of abundance and diversity of meiofauna and microbial communities, and elemental analysis (CHN).

Dissolved oxygen in sediment cores

The depletion of dissolved oxygen in the microcosm was observed in the first 24 h after adding the compounds (antibiotics and pesticides) with values ranging from 157 to 139 M for Pesticides and Antibiotics + Pesticides, respectively (Figure 1). Anova test (p= 0.0001) results suggest significant differences in oxygen concentration values, while the Tukey test showed significant differences between treatments at 24 h, 120 h and 144 h. During the first 24 h, highly significant differences were observed between control (solvent only) and the treatments, while a minor significant difference was observed between pesticide and antibiotics + pesticides treatments. As the experiment progresses, and after supplying oxygen during 72 h, oxygen concentration decreased after 5 and 6 days (120 and 144 h) with no significant differences between treatments. However, on days 7 (168 h) and 8 (192 h) of the experiment, significant differences could be observed between treatments. On day 7 (168 h), a highly significant difference was observed between control solvent and antibiotics + pesticides treatments, while less significant differences were observed between control solvent and pesticides treatments, and between antibiotics and antibiotics + pesticides. On day 8 (192 h), highly significant differences were observed between control solvents and antibiotic + pesticides treatments, and between antibiotics and antibiotics + pesticides treatments. A less significant difference was observed between pesticides and antibiotics + pesticides. (1 cm over the sediment surface) and the sediment (every 0.5 cm) at the beginning (baseline) and the end of the respiration experiment in sediment microcosms.

Nutrients and DOC in bottom water

Overlying water was collected at the beginning and the end of the experiments (Figure 2).

Dissolved organic carbon shows that the values of pesticide treatment (217 ± 55 M) were near baseline values (170 ± 9), while the concentration in control solvents (1573 ± 208 M), antibiotics (1213 ± 337 M), and antibiotics + pesticides (1323 ± 310 M) treatments were 825, 614 and 678% higher than baseline values. Anova tests with a p= < 0.0001 suggest very high significant differences in our experiments. Turkey tests results showed highly significant differences have been observed between pesticides and the control solvents, and between pesticides and antibiotics + pesticides treatments. Minor but significant differences were observed between antibiotics and pesticides' treatments. In contrast, no significant difference was observed between baseline and pesticide treatment.

Phosphate concentration decreased from 81 to 88 % between baseline (0.35 ± 0.04 M) and treatment values (range of 0.04 ± 0.002 M to 0.07 ± 0.01 M). Similar concentrations of phosphate were observed between control (0.04 ± 0.002 M) and pesticide treatments (0.04 ± 0.02 M), followed by antibiotic treatments with a value of 0.06 ± 0.004 M, while the highest concentrations were observed in the antibiotics + pesticides treatment (0.07 ± 0.01 M). Very high significant difference in our experiment according to Anova test (p= <0.0001), where we can assume were produced by differences between baseline and the treatments. However, Turkey test suggests no significant differences between treatments (Figure 2, Phosphate).

Nitrogen components (nitrate, nitrite, and ammonium) showed a major variation in concentration between treatments and baseline. Ammonium was almost depleted in the control solvents and antibiotic treatments (near the detection limit of 9 M), decreasing by ~99% compared with baseline values (762 ± 261 M), while in the pesticides (4227 ± 3061 M) and in the antibiotics + pesticides (4012 ± 3818 M) treatments ammonium concentration increased by 400%.

Despite of depletion and increase of ammonium concentration, Anova test suggests no significant differences in our experiment with p= 0.081 (Figure 2).

Nitrate concentration decreased by 77% in the pesticide treatments with a value of 0.8 ± 0.4 where the values decreased on 20, 54, and 65% for antibiotics + pesticides, antibiotics, and control treatments (0.113 ± 0.016, 0.077 ± 0.014, 0.059 ± 0.026, M, respectively) compared to baseline (0.167 ± 0.006). While pesticide treatments were increased by 4% with a value of 0.174 ± 0.06 M. Statistical analysis suggests significant differences in our experiment (Anova p= 0.003). A low significant difference was observed between pesticides and antibiotics treatments, while a middle significant difference has been observed between antibiotics and pesticides treatments (Figure 2). 

Organic carbon and total nitrogen in sediments cores

Carbon and nitrogen were analyzed in sediment cores by elemental analysis (CHN) at baseline and the end of the respiration experiments in the sediment microcosms (Appendix 2, Figure 1). No significant differences were observed in the experiments according to Anova test, although it is possible to observe some differences in the percentage of nitrogen and carbon.

Organic carbon showed a small decrease when total carbon is considered, while organic carbon shows an increase in the antibiotic and pesticide treatments compared to the control treatment. A similar condition is observed with organic nitrogen, while total nitrogen shows an increase in the control and antibiotic + pesticide treatments compared to baseline.

Meiofauna abundance and diversity in sediment cores

The abundance and diversity of meiofauna were obtained from the top 3 cm of sediment cores at the beginning (baseline) and the final respiration experiment. Abundance (Appendix 2,

Figure 2) showed no significant differences according to Anosim test (R= 0.2193; p= 0.055).

However, antibiotic treatments (390 ± 45 indv. 10cm -2 ) were less abundant than the control and the pesticide treatments (508 ± 182 indiv. 10cm -2 , 511 ± 205 indiv. 10cm -2 ). Antibiotics + pesticides treatments (617 ± 77 indiv. 10cm -2 ) had a similar abundance value at baseline (604 ± 88 indiv.

10cm -2 ).

Nematodes, copepods, and polychaetes were the most abundant groups while kinorhynkes and ostracodes were less abundant (Appendix 2, Figure 3). More than 60% of meiofauna corresponded to the nematode group, followed by copepods (range 12 to 23%) and polychaetes (range 13 to 20%). A similar presence of groups was observed between baseline and pesticide treatments, as it was between control and antibiotics + pesticides treatments, while in antibiotic treatments were observed a minor presence of copepods, an increase of polychaetes group, and an absence of the kinorhynkes.

Respiration experiments in water column microcosms

Dissolved oxygen concentration was measured during the experiment with a microelectrode.

Water subsamples were collected for nutrients, dissolved organic carbon (DOC), flow cytometry analyses (phytoplankton and microorganisms), and microbial diversity by DNA analysis. Samples were collected at the beginning (baseline) and final respiration experiments. The lowest oxygen value was observed in the pesticide treatment (124 ± 6 M), followed by the antibiotic + pesticide treatment (140 ± 13.1 M) and finally the antibiotic treatment (148 ± 7.4 M), while the highest concentration was observed in the control treatment with a value of 169 ± 7.4 M. If we consider the respiration rate of the microcosms, estimated from the slope of the linear regression curve, it is possible to point out that the highest respiration rate was observed in the pesticide treatment with a value of 0.69 M h -1 (R2 = 0.81), followed by the antibiotic and antibiotic + pesticide treatments (0.59 M h -1 , R2 = 0.97, and 0.57 M h -1 , R2 = 0.81, respectively).

Dissolved oxygen measurements

The lowest respiration rate was observed in the control treatment with a value of 0.41 M (R2 = 0.96).

Nutrients and dissolved organic carbon (DOC) measurements

Dissolved organic carbon and nutrient concentrations were measured at the beginning (Baseline) and the final respiration experiment (Figure 4), according to section 2.2. The DOC concentration in treatments increased by 362 to 900% compared to the baseline concentration. The highest concentrations of DOC were observed in the control and antibiotic + pesticide treatments with values between 2729 ± 67 M and 2771 ± 37 M (respectively), followed by the pesticide treatment with a value of 1666 ± 106 M, and the antibiotic treatment with a concentration of 1278 ± 47 M. Very high significant difference was observed in our experiments according to Anova test (p=< 0.0001). A comparison between treatments shows a very high significant difference between control solvents and Antibiotics treatments; control solvents and pesticides treatments;

Antibiotics and Antibiotics + Pesticides treatments; Pesticides and Antibiotics + Pesticides treatments. Less significant differences were observed between Antibiotics and Pesticides treatments.

Phosphate concentration was very low and similar between treatments; however, we observed a decrease of 86 and 89 % between baseline (0.074 ± 0.014 M), and treatments ranged from 0.08 ± 0.003 M to 0.01 ± 0.005 M. According to Anova test (p=< 0.0001) very high significant differences were observed in our experiments, but no significant differences were observed between treatment, only between baseline and the treatments. While in the nitrogen components (nitrate, nitrite, and ammonium) was possible to observe a major variation in 

Phytoplankton and bacterial abundance measurements

The abundance of phytoplankton and bacteria (cells mL -1 ) was measured by flow cytometry at the beginning (baseline) and the final respiration experiment. Anosim test suggest no significarive differences (R= 0.1156, p= 0.217).

Phytoplankton abundance decreased between 93 to 95 % when we compared the baseline and treatments, which were conducted under dark conditions (Appendix 2, Figure 4). The highest abundance, without considering the baseline, was observed in the control treatment with a value of 839 ± 90 cells mL -1 , while a lower value was observed in antibiotic treatments with a value of 605 ± 86 cells mL -1 . The largest abundance decrease was observed in Synechococcus and Nanoplankton with ≥ 94%, followed by Picoplankton with a range of 84 to 91%, and finally, Cryptophyceas with a range of 52 to 72%.

Synechococcus showed a lower abundance in antibiotic treatments (417 ± 70 cells mL -1 ), while the higher abundance was observed in the control and pesticides treatments (567 ± 70 cells mL -1 and 579 ± 33 cells mL -1 , respectively). Nanoplankton abundance was highest in control treatments with a value of 109 ± 7.5 cells mL -1 , while similar but lower values were observed in the other treatments with a range of 77 ± 2.2 to 82 ± 5.6 cells mL -1 . A similar tendency has been observed in Picoplankton abundance where control treatment showed the highest value (159 ± 15.6 cells mL -1 ), while the lower abundance was observed in antibiotics + pesticides treatment with a value of 95 ± 2.4 cells mL -1 . Cryptophyceas abundance showed the highest abundance in the control treatment with a value of 8.2 ± 3.9 cells mL -1 , while the lower value was observed 2.3 ± 2.1 cells mL -1 .

The major contribution to total phytoplankton abundance in baseline and treatments was Synechococcus, Nanoplankton, and Picoplankton, while the presence of Cryptophyceas was negligible (Appendix 2, Figure 5).

Total bacterial abundance decreased between ~24 to 54% compared with baseline abundance with a value of 350 ± 92 10 3 cells mL -1 (Appendix 2, Figure 6). Control, antibiotic, and pesticide treatments showed similar values with a range of 219 ± 24 to 223 ± 34 10 3 cells mL -1 , while a lower value was observed in antibiotics + pesticides treatments with a value of 161 ± 29 10 3 cells mL -1 . The abundance of high acid nucleoid content (HNA), with a major contribution to 96 total bacterial abundance, decreased between 37 to 56 % compared with baseline (253 ± 28 10 3 cells mL -1 ). The lower value was observed in antibiotics + pesticides treatments (155 ± 27 cells mL -1 ), while the control, antibiotics, and pesticides treatments were similar with a range of ± 25 to 222 ± 14 10 3 cells mL -1 . Despite the minor contribution (~33%) to the total bacterial abundance of the low acid nucleoid content (LNA), they decreased ~98% compared to baseline with the treatments. The LNA abundance was similar between treatments and not superior to 7 ± 2 10 3 cells mL -1 .

the occurrence, fate, and persistence of antibiotics in coastal areas, derived from aquaculture activities, are a growing concern due to their possible impacts, especially on bacterial populations, because of their capacity to develop antibiotic resistance and, eventually, to be transferred to humans (Burridge et ). In consideration of the above, several questions arose that are described and answered below.

First, the rest period aims at the recovery of background fjord conditions. Is it possible to detect antibiotics in the fjord after several months without treatments, even far away from culture centers? Our results showed that florfenicol was detected only in the particulate phase (trace to suggesting that a significant portion of flumequine was complex. Under saline conditions, the sorption seemed lower than in freshwater treatments suggesting that some cations prone to complex formation, were not present in seawater, and were released by sediments. This hypothesis in line with observations in soils, where flumequine is sorbed to copper ions (II) and the proportion of sorbed flumequine was up to 70% (Gaita et al., 2011).

In this work, the occurrence of pesticides used in aquaculture in the Puyuhuapi fjord after the rest period was assessed in benthic filter feeder organisms, and in particles, sampled along the fjord, and not in the vicinity of aquaculture cages, as previously assessed. Along with the use of antibiotics in the salmon farming industry, the use of pesticides is also necessary to control suggesting no effect on non-target organisms. They were also below the ecological level according to NOEAEC concentration value (3200 ng L -1 ). The presence of deltamethrin concentrations in our study area, after more than 12 months since the last medication, suggested possible incorporation from resuspension of marine sediment where deltamethrin would be stored, or from allochthonous particles, coming from the adjacent fjord. The adjacent fjord has not the same periodicity of culture and rest periods.

Despite the non-use of cypermethrin in our study area, very low concentrations were observed in almost all of our benthic filter-feeding organisms, with a maximum value of 1.8 ng g lipid dw -1 for sponges and 1.0 ng g lipid dw -1 for bivalves ( with scientific knowledge and official information.

An important impact to take into account in the salmon industry is the possible impact of antibiotics and pesticides on biogeochemical cycles, due to their possible effect on microorganisms and non-target organisms that play a key role in these cycles. We know that organic matter degradation processes are key steps in marine biogeochemical cycles, where meiofauna and microbial populations play fundamental roles in both the water column and marine sediments (e.g. [START_REF] Coull | Role of meiofauna in estuarine soft-bottom habitats[END_REF], could also be affected by pesticides which in turn, would affect both the degradation process and the trophic structure of the sediment. Based on these antecedents we wonder if is it possible that antibiotics and pesticides at a concentration well below NOEC have an impact on the carbon cycle?

To answer this question, we seek to establish the effects of antibiotics and pesticides on community respiration, through community experiments with the exposition of antibiotics and pesticides in seawater and sediments microcosms. The exposure concentrations were 500 ng L -1 , which corresponds to the treatment situation, close to aquaculture centers during acitive medication periods (section 2.4).

Chapter 3.4 were described our preliminary results suggesting that exposure to pesticides (cypermethrin and deltamethrin) and antibiotics (oxytetracycline, florfenicol, and flumequine) produce changes in mineralization processes in both sediments and the water column, in an area without aquaculture activity (Banyuls Bay, France). Significant differences in dissolved oxygen values were observed during community respiration experiments 24 h after to inoculate antibiotics and pesticides and after 168 h and 192 h of the respiration to and times on sediments (Figure 1, section 3.4.1) and at the end of water column experiments (Figure 3, section 3.4.2).

Significant differences in DOC concentration (+ 900% in the water column experiments +antibiotics + pesticides, whilst it was +600% in the control) suggested that aquaculture related treatments may have an impact on mineralization close to culture centers, and during the treatment period. Ammonium, nitrate, and nitrite concentrations suggested that this effect also concerned the nitrogen cycle in sediments (~ + 450% in the pesticide and antibiotic + pesticide treatments, while ammonium almost disappeared in the control and antibiotic treatments). Nitrate

The concentrations of nitrate were not detected in the control and antibiotic treatments and have a very low concentration in the antibiotic + pesticide treatment, while in the pesticide treatment it shows the highest concentration among the treatments. While the nitrite concentration does not show changes in the pesticide treatment, with a value similar to starting time, it shows its lowest concentration in the control and the antibiotic treatments. In addition, impacts observed in the seawater differed from the impacts observed in the sediment mesocosms.

The impact on nitrogen compounds and DOC in the sediment experiments, coupled to the small difference between meiofaunal abundance, suggests that exposure to antibiotics and pesticides during salmon treatments may affect the mineralization by the microbial community.

This will be further evaluated by microbial diversity analyses in the sediments, once pandemic conditions allow it. The same conclusion can be drawn for the water column experiments. A significant difference in total bacterial abundance and HNA bacteria (103 cells mL -1 ) was observed in the antibiotic + pesticide treatment. Bacterial diversity will help relate it to the changes in nitrogenous species' concentrations. The abundance of phytoplankton decreases by at least 93%

where Synechococcus, with the highest contribution to the total abundance, seems to be more sensitive to antibiotics than to pesticides (Figure 4, Appendix 2).

Perspectives for future research.

Future research would gain in including the study of the fjords and canals adjacents to our study area, with and without aquaculture activity. This will allow the authorities to better evaluate the sanitary rests considering the interconnection of farming neighborhoods. It is also suggested to use both sponges and bivalves to evaluate the environmental conditions of an area, with or adjacent to aquaculture activity. On the other hand, it is necessary to make modifications to the fugacity model used in our study, incorporating the presence of at least two layers in the water column.

CONCLUSION

This thesis work concludes that the Puyuhuapi fjord shows the occurrence of antibiotics (florfenicol and flumequine) and pesticides (deltamethrin and cypermethrin) derived from aquaculture activities in particulate phases and benthic filter-feeding organisms during the sanitary rest period. Experimental studies mimicking the treatment period evidenced no toxicological impacts, however supporting changes in the mineralization functions of the ecosystem. Specific evidence and conclusions were:

1. Low florfenicol and flumequine levels were detected about 180 days and 360 days after concerted medication, respectively, at sampling locations between 2 and 23 km from the nearest farm. The results of the fugacity model predicted that high flumequine contents may remain in sediments for up to 2 months before being completely degraded to a sub-Minimum Inhibitory Concentration (sub-MIC), which may promote the selection of bacteria with antibiotic resistance and eventually become a risk to human health through the consumption of seafood products.

2. Flumequine has a higher sorption tendency than florfenicol, and therefore flumequine fate will be more associated with processes like particle transport and deposition to the seafloor.

In contrast, a smaller portion of florfenicol bounds to particles, and the fate of this antibiotic is to a higher extend related to hydrodynamic processes like dilution and transport by currents. The discrepancy between KOC and KOW shows that absorption into the organic carbon phase is not the dominant process driving sorption of florfenicol and that other surface-driven processes, like ion exchange, cation and hydrogen binding, and complex formation also mitigate its partition [START_REF] Tolls | Sorption of Veterinary Pharmaceuticals in Soils: A Review[END_REF]). The present study provides experimental partition constants of flumequine showing that absorption by diffusive processes to hydrophobic organic carbon is an important driver of this compound association to sediment.

3. Low deltamethrin concentration values (0.01 to 0.05 ng L -1 ) in total suspended solids, found in our study, did not affect non-target organisms and or had any effects on an ecological level (NOEC, LC50, EC50, NOEAEC; Table 1). In addition, considering that the last treatments were applied more than a year ago, the presence of deltamethrin in the water column could be associated with sediment resuspension processes or a possible external input from the adjacent fjord with active aquaculture.

4. Despite cypermethrin not being used as sea lice treatment in our study area, low concentrations were observed in sponges and bivalves (1.8 and 1.0 ng g lipid dw -1 for sponges and bivalves, respectively). Our results, as total average values (0.04 and 0.05 ng g -1 ), were similar to those reported in wild salmon without direct exposure to cypermethrin (Figure 5; section 3.3.2), suggesting a possible external input to our study area and/or by resuspension of cypermethrin accumulated in the sediments from non-reported treatments applied, considering that the Puiyuhuapi fjord may promote its persistence. Besides, our study is the first to report the presence of pyrethroids in marine sponges, suggesting that this group is an appropriate bioindicator to evaluate compounds used in aquaculture activities.

5. Despite that preliminary result not showing clear differences in dissolved oxygen concentrations during community respiration experiments, we can observe some differences between treatments in DOC and nitrogen components (ammonium, nitrate, and nitrite) concentrations, suggesting some changes in biological components, however, we must wait for DNA analysis to determine variations in bacterial diversity.

7.2 Appendix 2. 
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  2013: Diploma University Teaching, University of Magallanes. 2017: Candidate of Ph.D. in Oceanography and Ph.D. in Sciences d l´Environment D´Ile de France (ED129). Thesis project: Fate and impact of antibiotics and pesticides used in marine aquaculture: An emergent threat to the coastal ocean. Thesis in cotutelle, supervised by Ph.D. Silvio Pantoja, Universidad of Concepción, Chile and PhD. Camila Fernández, Sorbonne Université, France. and after the development of the respiration experiments. In addition, special thanks to Gilles Vétion, Erwas Péru and Béatrice Rivière for their guidance and help during the laboratory work To Dr. Mario Aranda for all his patience and support in the development and improvement of the antibiotic analysis and adsorption experiments. To Dr. Felipe Tucca for his collaboration and support in the use of the fugacity model in this study. To my colleagues and friends from the Marine Organic Geochemistry Laboratory (UDEC), Lilian Nuñez, Benjamin Srain and Victor Acuña for their help and support through the development of this research. To my patient colleagues and friends who gave me their support and encouragement during my stays in Banyuls-sur-Mer, especially Vanda and Enrique, Fernanda and Ángel with their beloved fluffy Mario Hugo. To my family and friends for their unconditional support during the development of this thesis. Finally, I would like to acknowledge the Universidad de Magallanes for their invaluable assistance during the period of improvement involved in this study. I would like to thank the ANID scholarship grant 2015 (N° 21150103) who financed my Ph.D. studies at the University of Concepción. In addition, I thank LIA-MORFUN and LIA-MAST for granting me travel fellowship during my stays at the Observatoire Océanologique at Banyulssur Mer, France. I also thank the support from ANID Fondequip grant 130209 and ANID Fondecyt grant 1200252 (SPG). This research was funded by the Center for Oceanographic Research COPAS Sur-Austral (ANID PIA APOYO CCTE AFB170006).xx ABSTRACT Chile, as the second largest salmon farming country in the world, reports the highest use of antibiotics and pesticides, which can be harmful to both the environment and humans. These compounds tend to be sequestered by suspended particles, transported by currents and finally deposited in sediments, where they are later consumed by the benthic community. Changes in the bacterial community, emergence of resistance genes and impacts at the ecological level have been described for antibiotics and pesticides, although most focus on the local impact of salmon farming.This study sought to understand the dynamics and fate of antibiotics throughout the Puyuhaupi Fjord and to understand the partitioning behavior of the antibiotics florfenicol and flumequine through adsorption experiments that simulate the average temperature of the fjord. In addition, the occurrence of deltamethrin and cypermethrin in total suspended solids and filtering benthic organisms (bivalves and sponges) in the Puyuhuapi Fjord was evaluated. Finally, an experiment of respiration in the water column and marine sediments obtained in an area without aquaculture activity (Banyuls Bay, France) was developed to evaluate if the presence of antibiotics and pesticides can affect the degradation process of organic material, through changes in community respiration and remineralized components. Our results show low concentrations of florfenicol (from trace to 23.1 ng L -1 ) and flumequine (trace level) detected after 180 and 360 days (respectively) since their last medication at a distance between 2 and 23 km from the culture sites. The fugacity model used in our study area, together with the decay model, predicts that flumequine can remain in sediments for more than two months at sub-minimum inhibition concentrations (sub-MIC). This condition may promote bacterial selection for antibiotic resistance and eventually pose a risk to human health from the consumption of seafood products. The values of the partition constants Kd and KOC, obtained by bacth experiments, suggest that the adsorption capacity of flumequine is twice that of florfenicol (Table

  se sugiere utilizar tanto esponjas como bivalvos para evaluar el estado de una zona con actividad acuícola o adyacente a ella. Por otro lado, es necesario realizar modificaciones al modelo de fugacidad utilizado en nuestro estudio, incorporando la presencia de al menos dos capas en la columna de agua.xxivRésumé Le Chili, deuxième pays d'élevage de saumons au monde, est celui qui utilise le plus d'antibiotiques et de pesticides, qui peuvent être nocifs pour l'environnement et l'homme. Ces composés ont tendance à être séquestrés par les particules en suspension, transportés par les courants et finalement déposés dans les sédiments, où ils sont finalement consommés par la communauté benthique. Des changements dans les communautés bactériennes, l'émergence de gènes de résistance et les impacts écologiques ont été décrits pour les antibiotiques et les pesticides, bien que la plupart se concentrent sur l'impact local de la salmoniculture. Le present travail vise à comprendre la dynamique et le devenir des antibiotiques dans le fjord de Puyuhaupi, à caractériser la partition des antibiotiques florfénicol et fluméquine par une approche expérimentale simulant les températures moyennes du fjord en hver et été. En outre, la présence des pesticides deltaméthrine et cyperméthrine dans les particules en suspension et les organismes benthiques filtrants (bivalves et éponges) dans le fjord de Puyuhuapi a été évaluée. Enfin, une expérience d'exposition des organismes vivants dans la colonne d'eau et dans les sédiments marins d'une zone sans activité aquacole (baie de Banyuls, France) a été réalisée pour évaluer si la présence d'antibiotiques et de pesticides affecte le processus de minéralisation de la matière organique, à travers des changements dans la respiration de la communauté et les composants reminéralisés. Nos résultats montrent de faibles concentrations de florfénicol (de trace à 23,1 ng L -1 ) et de fluméquine (niveau de trace) détectées après 180 et 360 jours (respectivement) depuis leur dernière médication à une distance comprise entre 2 et 23 km des sites d'aquaculture. Le modèle de fugacité utilisé dans notre zone d'étude, associé au modèle de décomposition, prévoit que la fluméquine peut rester dans les sédiments pendant plus de deux mois à des concentrations d'inhibition subminimales (sub-MIC). Cette situation peut favoriser la sélection bactérienne pour la résistance aux antibiotiques et, à terme, constituer un risque pour la santé humaine lié à la consommation de fruits de mer. Les valeurs des constantes de partage Kd et KOC, obtenues par des expériences en lots dans notre étude, suggèrent que la capacité d'adsorption de la fluméquine est deux fois supérieure à celle du florfénicol (Tableau 2, section 3.2), ce qui implique que la fluméquine a une plus grande tendance à être adsorbée et absorbée par les sédiments. D'un point de vue environnemental, le devenir de la fluméquine sera plus associé aux processus affectant les particules, comme leur transport et leur déposition sur le fond marin, alors que la concentration de xxv florfénicol sera contrôlé par des processus hydrodynaques, comme la dilution et le transport par les courants. En conséquence, une fraction plus élevée de fluméquine pourrait être stockée dans les sédiments des zones côtières d'élevage de saumons. Les pesticides deltaméthrine et cyperméthrine ont été utilisés dans des bains de saumon pour contrôler les foyers d'infection de Caligus (Caligus rogercresseyi). De très faibles concentrations de deltaméthrine ont été détectées dans les particules en suspension (0,01 à 0,05 ng L -1
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  mg L -1 x 30 min for 14 days Reference: a: Bravo et al. (2005); b: Macorni et al. (1990); c: Barnard and Maxwell (2001); d: Singh and Agarwal (1991), e: Chalmers et al. (1987).
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 3 Pesticides fate and occurrence in non-target organisms.Pesticides are used, in Chile, as a treatment against infection in salmon cultures by Caligus rogercresseyi, which can generate severe skin damage and a major salmon susceptibility to suffering a bacterial and viral infection[START_REF] Bravo | Sea lice in Chilean salmon farms[END_REF][START_REF] Johnson | A review of the impact copepods on marine aquaculture[END_REF][START_REF] Lhorente | Disease Resistance in Atlantic Salmon (Salmo salar): Coinfection of the Intracellular Bacterial Pathogen Piscirickettsia salmonis and the Sea Louse Caligus rogercresseyi[END_REF][START_REF] Dresdner | Impact of Caligus treatments on unit costs of heterogeneous salmon farms in Chile[END_REF], which results in a decreasing to production and also in an increment in production costs[START_REF] González | Life cycle of Caligus rogercresseyi, (Copepoda: Caligidae) parasite of Chilean reared salmonids[END_REF][START_REF] Rozas | Evaluación de la situación epidemiológica de la caligiasis en chile: hacia una estrategia de control efectiva[END_REF][START_REF] Revie | Salmon Aquaculture Dialogue Working Group Report on Sea Lice, commissioned by the Salmon Aquaculture Dialogue[END_REF][START_REF] González | Effects of Caligus rogercresseyi (Boxshall and Bravo, 2000) infestation on physiological response of host Salmo salar (Linnaeus 1758): establishing physiological thresholds[END_REF]. Some pesticides, like emamectin benzoate, have been used to target organisms like C. rogercresseyi, which has been proven to have developed some resistance. As a consequence, the industry has started to use new pesticides, like pyrethroids, using deltamethrin since 2007 and cypermethrin since 2009[START_REF] Bravo | Sensitivity assessment of Caligus rogercresseyi to emamectin benzoate in Chile[END_REF][START_REF] Bravo | Sensitivity assessment in the progeny of Caligus rogercresseyi to emamectin benzoate[END_REF]. Others have also been used, such as diflumenzuron (chitin synthesis inhibitor) in 2010 and azamethiphos in 2013[START_REF] Helgesen | Deltamethrin resistance in the sea louse Caligus rogercresseyi (Boxhall & Bravo) in Chile: bioassay results and usage data for antiparasitic agents with reference to Norwegian conditions[END_REF][START_REF] Quiñones | Environmental issues in Chilean salmon farming: a review[END_REF].Pyrethroids, as shown in Figure2, are applied to salmons by bathing. The treated water is later released into the seawater, and their plume can be followed in the dissolved phase 1 km away from the locus of release and remain above detection limits for 48 hours (e.g. Willis et al., 2005; Burridge et al., 2014).
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 2 Figure 2. Conceptual model of fate and organism impact of pesticides used in aquaculture treatments (autoelaboration).

Figure 3

 3 Figure 3. Strategy approach used in this study to response the scientific problems.

2. 1 . 1

 11 Puyuhuapi fjord Two field trips were conducted during August 2016 and March 2017 in the Puyuhuapi Fjord (44°57'S; 73°21'W), located in the Aysén Region of the Chilean Patagonia (Figure 4). The location has a total area of ca. 700 km 2 , currently harboring 500 salmon cages (~ 9 % of fjord surface area). Since 2001, salmon aquaculture has been a prominent activity in this area, currently with 25 active culture centers and a salmon production of 26,670 tons during 2016 (Sernapesca, 2016a, b).

Figure 4

 4 Figure 4. Study area and sampling locations. Black numbers and red circles were stations sampling during august 2016. Blue numbers and blue circles were sampling stations during march 2017.
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 5 Figure 5. NW Mediterranean Sea study area. For experiments, the sediment samples were collected at the MESO station and water column samples were collected at the SOLA station. (modified from Guizien et al., 2007).

  LCMS-2020 with an electrospray ionization (ESI) interface. Separation was carried out on a Phenomenex (Torrance, CA, USA) Kinetex EVO C18 core-shell column (150 mm x 2.1 mm, 2.6 µm) connected to a Kinetex C18 guard column, both operating at 40° C. Mobile phase A was 0.1% formic acid in Milli-Q water, and phase B was formic acid 0.1% in acetonitrile. The gradient used was 10% B for 1 min, increased to 70% B over 3 min, and then maintained for 10 min at a flow rate of 0.2 mL min -1 . The ESI interface was used simultaneously in positive and negative mode to measure flumequine (positive) and florfenicol (negative). Mass spectrometry analysis was implemented in selected ion monitoring (SIM) acquisition mode to monitor molecular ions at m/z 262 [M+H] + for flumequine and 356 [M-H] -for florfenicol. Samples in which florfenicol and flumequine were detected were further analyzed by UHPLC-MS-MS for confirmation, under the same chromatographic conditions as for UHPLC-MS. Chromatography was performed in a Shimadzu Nexera X2 UHPLC LC-30 AD system coupled to a LCMS8030 mass spectrometer with ESI. Detection was carried out by tandem MS in multiple reaction monitoring (MRM) mode using the following parent and product ions m/z values for flumequine (m/z 262→202) and florfenicol (m/z 356→185). MS operating conditions were set as follows: ESI voltage 4.5 kV, collision energy 30.0 V, nebulizer gas (N2) flow: 3.0 L min -1 , drying gas (N2) flow: 15 L min -1 , desolvation line (DL) temperature: 250 °C and heat block temperature: 400 °C. Data were acquired, recorded and analyzed using Shimadzu LabSolution 5.8 software. Quantification was carried out using a calibration curve with serial dilutions of florfenicol (CAS N° 73231-34-2) and flumequine (CAS N° 42835-25-6

  II: Batch experiment study of water-sediment partition of flumequine and florfenicol, two antibiotics used in salmon aquaculture in Chile Seawater was collected from the surface, and marine sediment was collected at ca 90m depth on the 8th October, 2018 at the Oceanographic Time Series Station 18 (36° 29.94′ S, 73° 07.8′ W) of the COPAS Center for Oceanographic Research in the eastern South Pacific (FONDAP ANID Chile). Experimental procedures were conducted in the Laboratory of Marine Organic Geochemistry at the University of Concepción. Experiments were conducted under sterile and dark conditions, under constant orbital agitation (200 rpm), at 8°C and 15°C, in both pure water (milliQ water, salinity = 0‰) and marine water (salinity =35.34‰)2.3.1 Sediment-water batch experimentsGlassware was cleaned by calcination to 450°C for 4 h and exposed to UV radiation for 30 minutes before use. Natural seawater was filtered through a PVDF membrane filter of 0.22 μm pore size and then autoclaved. Natural marine sediments were autoclaved and exposed to UV radiation for 30 minutes before use. Ultrapure water was obtained from a Milli-Q device (18Ω).Incubations were carried out on a Thermo Scientific Chamber MaxQ 6000. A mix of flumequine (Sigma-Aldrich CAS 42835-25-6) and florfenicol (Sigma-Aldrich CAS 73231-34-2) was prepared as a primary standard stock solution of 40 mg L -1 of each antibiotic.

Figure 6 .

 6 Figure 6. Experimental design used in batch experiments carried out in the Geochemistry

  Florfenicol and flumequine were separated on a Phenomenex (Torrance, CA, USA) Kinetex EVO C18 core-shell column (150 mm x 2.1 mm, 2.6 µm) connected to a Kinetex C18 guard column, operating at 40° C. Ionization ESI in positive and negative mode was used simultaneously to measure florfenicol (negative) and flumequine (positive). Mass spectrometry analysis was implemented in selected ion monitoring acquisition mode to monitor molecular ions at m/z 262 [M+H] + for flumequine and 356 [M-H] -for florfenicol. Reproducibility was 3 to 5 % (coefficient of variation), routinely determined from three to five replicate analyses (Jara et al., 2021).

Figure 7

 7 Figure 7. Study area and stations where were collected seawater and organisms' samples during March 2017.

(

  oxytetracycline, florfenicol, and flumequine) and pyrethroids (cypermethrin and deltamethrin) in carbon cycle processes. Seawater and marine sediment were performed in the Benthic Ecogeochemistry Laboratory (LECOB) at the Oceanographic Observatory of Banyuls, Sorbonne Université (France). Analysis for nutrients, ammonium, and dissolved organic carbon (DOC) were conducted by Microbial Oceanography Laboratory (LOMIC) and flux cytometry was conducted in BioPIC laboratory, both laboratories at the Oceanographic Observatory of Banyuls, Sorbonne Université (France). Diversity and abundance of meiofauna were measured and bacterial abundance and diversity will be determined by DNA analysis.2.5.1 Field SamplingFifteen sediment cores were obtained in the MESO station (42°29′ N, 03°09′ E, 35 m depth) by scuba-diving on June 19 th , 2018. Whereas, on July 2 nd , 20 L of seawater samples were collected at 3 m depth with a Niskin bottle (10 L) in the SOLA station (42°30′ N, 03°08′ E, 27 m depth).

Figure 8 .

 8 Figure 8. Design of experiments conducted in sediments and seawater microcosms. Oxytetracycline, florfenicol and flumequine (antibiotics), and cypermethrin and deltamethrin (pyrethroids) were added at a final concentration of 500 ng L -1 for each compound. Samples were obtained for initial conditions (baseline) and for the final time of the experiments.
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 2931 Chapter I: Antibiotics florfenicol and flumequine in the water column and sediments of Puyuhuapi Fjord, Chilean Patagonia Manuscript published in Chemosphere 275 (2021), 130029 https://doi.org/10.1016/j.chemosphere.2021.130029 Bibiana Andrea Jara Vergara PhD in Oceanography Universidad de ConcepciónAbstractChile is a major global producer of farmed salmon in the fjords of Patagonia, and also a major consumer of antibiotics. We tested whether the antibiotics florfenicol and flumequine persisted in the large Puyuhuapi Fjord after the six months that followed mandatory concerted treatment by all salmon farms present in the fjord; we then estimated residence times of antibiotics in the system. Antibiotics were detected in 26% of analyzed samples, only within the particulate phase, with concentrations of florfenicol up to 23.1 ng L -1 where quantified. Flumequine was present in one sample at trace concentration; neither were detected in the dissolved phase nor in surface sediments. A fugacity-based model predicted that flumequine remains in surface sediments at sub-Minimal Inhibiting Concentrations (sub-MIC) shown to promote selection for antibiotic resistance in bacteria. Our observations pose new questions such as whether surface sediments might act a reservoir of antibiotic resistomes of bacteria, and whether bacteria bearing antibiotic resistance genes could eventually become a risk for human health through consumption of marine products. Introduction Chile is the second most important salmon producer in the world, after Norway (FAO, 2018), and is a major consumer of antibiotics per biomass of salmon produced (antibiotic consumption index of 0.05%, or wight antibiotics/harvested salmon, Miranda et al., 2018). Our understanding of the impact of these emerging pollutants used by aquaculture in coastal waters is limited to a few studies addressing their presence (Buschmann et al., 2012; Jara et al., 2021) and the development of bacterial resistance genes (Miranda and Zemelman, 2002; Miranda and Rojas 2007; Cabello et al., 2016). Two of the major antibiotics used are florfenicol and flumequine whose treatments are administrated to salmon through incorporation into food pellets. However, approximately 5% of unconsumed pellets can be deposited from aquaculture activities into sediments (Cabello et al. 2013; Miranda et al. 2018).

Figure 1 .

 1 Figure 1. Florfenicol and flumequine dissolved concentrations (average ± SD) in batch experiments with (orange square) and without (blue diamond) added marine sediments: A) and E) pure water at 8°C; B) and F) pure water at 15°C; C) and G) Seawater at 8°C and D) and H) Seawater 15°C.

Figure 2 .

 2 Figure 2. Box plot showing the means, standard errors, and standard deviations for dissolved concentration of flumequine and florfenicol in each treatment. A) 8°C (winter conditions) and B) 15°C (summer). FLU: Flumequine, FLO: Florfenicol, PW: pure water (pure water), SW: Seawater, and SED: with wet sediment added to the tube.

  the last 20 years synthetic pyrethroids have gradually replaced other pesticides. These pyrethroids has been widely used in agriculture and aquaculture (Aznar-Alemany and Eljarrat, 2020a) and also extensively used in urban and industrial areas and livestock farms to control pests such as mosquitoes, lice, and wood-destroying dwellers. The major advantage of pyrethroids are low cost, low mammalian toxicity, and shorter persistence in the environment than other classes of pesticides(Wolfram et al., 2018).Pyrethroids treatments has been applied against insects and crustaceans. The distribution of bifenthrin and three other pyrethroids was only a few percents in the freely-dissolved portion of several samples while the major fraction was associated to DOM and solid phases(Bondarenko et al., 2006). Once released into the environment pyrethroids tend to sorb on organic particles and sediments (log KOW from 4.8 to 7.0). When these compound are sorbed on particles, the carrier particles may be consumed by filter feeders and transfer pyrethroids to higher trophic levels, or alternatively, particles may consist in a reservoir for these pollutants, probably reducing their biodegradability in natural waters. As a result of biomagnification at high trophic levels, negative impact of pyrethroids has been suggested to cause immunity and estrogenic disruption to mammalians (Aznar-Alemany and Eljarrat, 2020b).Distribution and fate of pyrethroids depend of their properties such as air-water or watersediment partition behavior, degradation processes (biological, hydrolytic and photolythic), transport processes (diffusive and advective), organic content and transference to sediments, fluxes and biota interactions[START_REF] Ernst | Dispersion and toxicity to non-target crustaceans of azamethiphos and deltamethrin after sea lice treatments on farmed salmon, Salmo salar[END_REF]. Bioavailability of pesticides have a direct relationship first with diffusive processes such as water-particle partitioning, like air-water exchange, watersediment partition, gas-aerosol partition, while advective transport consists in the movement or flux of the phase itself, transporting the pesticides which it contains(Tucca et al., 2017; Urbina et al., 2019). The major impacts of pyrethroids are the effects on non-target organism (Mazzola and Sarà, 2001; Mugni et al., 2013; Norambuena-Subibabre et al., 2016; Gebauer et al., 2017; Parsons et al., 2020), which can have severe consequence at the ecological level (Friberg-Jensen et al., 2003; Van Geest et al., 2014a). The high persistence of pyrethroids (Hamaotene et al., 2018; Hamoutene and Salvo, 2020) can increase the exposure of non-target organisms increasing the likelihood of being bioconcentrated and bioaccumulated and eventually biomagnified (Mazzola and Sarà, 2001; Xue et al., 2005; Alonso et al., 2012; Van Geest et al., 2014a, b) and eventually be transferred to humans through food consumption. (e.g., Burridge et al., 2010).

Figure 1 .

 1 Figure 1. Scheme of the geochemical cycle of pyrethroids in the environment. Boxes represent the environmental phases. The soil box represents both the solid phase of soils (plants and soil particles) and the soil porous water. Arrows represent the fluxes between phases, thin black arrows stand for fluxes of key transport (advective) processes and large gray arrow show key partition (diffusive) fluxes. Gray stars symbolize pyrethroid direct emissions to the environment; A is the emission that remains as aerosol during spray application, mostly to cropland; B is the emission that is deposited on soils and plant during spray application.

Figure 1

 1 Figure 1. Total lipids concentration (mg chol. gdw -1 ) in benthic filterfeeder's samples obtained in Puyuhuapi fjord in March 2017.

Figure 2 .

 2 Figure 2. Cypermethrin concentration (ng g lipid dw -1 ) in benthic organisms collected in the Puyuhuapi fjord.

Figure 3 .

 3 Figure 3. Deltamethrin concentration (ng L -1 ) in particulate matter collected near localities where organisms were collected.

Figure 4 .

 4 Figure 4. Comparison of cypermethrin concentration (ng g -1 ) of invertebrates (sponges' and bivalves'), River fish (from Spain), and salmon for human consumption (several countries). The values correspond to the average of all data reported by the authors.

a dispersion rate of almost 39 km 2 (

 2 Parson et al., 2020), having an important impact on non-target organisms around the treated salmon farms (Urbina et al., 2019). Besides, these compounds have a high affinity with organic particles which increases the protection against degradation processes (Urbina et al., 2019; Méjanelle et al., 2019), and therefore it increases their residence time especially in sediments (Hamaotene et al., 2018; Hamoutene and Salvo, 2020). Degradation processes depend on factors such as light, temperature, pH, organic matter content, and oxygen concentrations (Farghaly et al., 2013; Meyer et al., 2013; Benskin et al., 2016). Under conditions of high organic carbon content and low dissolved oxygen concentrations, the residence time in sediments can be extended at least by 9 months for deltamethrin (Benskin et al., 2014) and more than two years for cypermethrin (Hamaotene et al., 2018). The Puyuhuipi fjord has a high primary production with an average value of 1.4 gC m -2 d -1 (Daneri et al., 2012) and limitation on ventilation due to the presence of the Jacaf and Puyuhuapi sills (Figure 1), which yielded hypoxia conditions below 120 m (Schneider et al., 2014; Silva and Vargas 2014

Figure 1 .

 1 Figure 1. Dissolved oxygen concentration (average ± standard deviation;M) in overlying water

M

  compared to baseline (3.4 ± 0.2 M), while in the control and the antibiotic and Antibiotics + pesticides treatment showed a very low concentration (~ 0.04 ± 0.03 M). According to Anova test (p= <0.0001) our experiment present a very high significant difference. A comparison between treatments (Turley test) suggest low significant differences between pesticides and the other treatments (Figure2) Similar tendencies were observed in nitrite concentration between treatments and baseline

Figure 2 .

 2 Figure 2. Dissolved organic carbon and nutrient concentration (average ± standard deviation;M) in the overlying water at the beginning (baseline) and the final respiration experiment in the sediment microcosm.

Figure 3

 3 Figure3shows the dissolved oxygen concentration in the water column microcosms during six days of experiments. During the first 24 h, the values of dissolved oxygen showed a slight increase in all the treatments (range of 219 ± 0. 6 to 222 ± 0.9 M) compared to baseline (212 M).Dissolved oxygen concentration decreases slowly between 24 and 120 h with a range of ~ 220 to ~118 M. According to Anova test (p= <0.0001) very high significant differences were observed, but only the last measurement at 144 h shows significant differences between treatments (Turkey test).

Figure 3 .

 3 Figure 3. Dissolved oxygen concentration (average ± standard deviation,M) in the water column at the beginning (baseline) and the final respiration experiments in the water column microcosm.

Figure 4 .

 4 Figure 4. Nutrients and DOC concentration (average ± standard deviation,M) at the beginning (Baseline) and the end of respiration experiments in the water column microcosms.

23. 1

 1 ng L-1) , while flumequine was present in one sample at trace concentration. These very low concentrations were detected ca. 180 days after concerted medication with florfenicol, and ca. 360 days after treatment with flumequine at sampling sites located between 2 and 23 km from the nearest farm. Despite being detected in a relatively small proportion of samples, they are in general agreement with previously published studies in a range of marine environments under human influence around the world (Table2,section 3.1). Second, what concentration would you expect six months after the last treatments? In what compartment would we find it? and what concentration would you expect six months after the last treatments? For to respond to these questions we use the fugacity model (Level III) developed to determine the fate and concentration of antibiotics after one day of medication. Thus, our results suggested that >90% of the antibiotics (florfenicol and flumequine) may be lost in the water column by advective flow, and antibiotics deposited in the surface sediments below the cages may undergo near-total degradation. (Fig. 2, section 3.1). Third, how long are the antibiotics florfenicol and flumequine in sub-Minimal Inhibiting Concentrations (sub-MIC)? Our result, using this model, also predicted that flumequine should theoretically remain in surface sediments at sub-minimal inhibitory concentrations (sub-MIC) that have previously been shown to promote the selection of antibiotic resistance in bacteria, which can become a risk for human health through the consumption of marine products, such as described for florfenicol, oxalic acid, oxytetracycline, and quinolones in the Chiloé archipelago in northern Patagonia (Miranda and Zemelman, 2002; Miranda and Rojas, 2007; Buschmann et al., 2012; Tomova et al., 2015).The partitioning behavior of antibiotics can help understand their fate because sorption processes are driven by physicochemical characteristics and particle composition(Lang et al., 2018;[START_REF] Vasudevan | pH-dependent ciprofloxacin sorption to soils: interaction mechanisms and soil factors influencing sorption[END_REF][START_REF] Feng | Impacts of soil organic matter, ironaluminum oxides and pH on adsorption-desorption behaviors of oxytetracycline[END_REF]. These parameters, partition constants coefficient (Kd and KOC), have a key role in fugacity models but their published values suffer large differences(Kołodziejska et al., 2013). Establishing its value in the environmental conditions of the Puyuhuapi Fjord would be useful to better predict the fate of antibiotics. The partitioning behavior of antibiotics was estimated through bath experiments under temperature conditions similar to those reported in the Puyuhuapi Fjord (chapter II; section 3.2). Partition constants Kd and KOC derived from batch experiments point to a sorption capacity of flumequine twice higher than that of florfenicol (Table2, section 3.2), suggesting that flumequine has a greater tendency to sorb to sediments than florfenicol. Besides being mostly associated with the dissolved phase, dissolved florfenicol may in part be complexed to cations, as shown by concentration differences between seawater and pure water treatments, and similarly to what was observed for sulfamethazine (Wegst-Uhrich et al., 2014). In contrast, dissolved flumequine showed no tendency to form a complex (similar concentrations in seawater and pure water). Under the experimental conditions, the protonated form of flumequine tends to dominate, which may not favor complex formation. When sediments were added, flumequine concentrations were significantly different in pure and seawater,
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 6 Figure 6. Bacterial abundance (average ± standard deviation, 10 3 cells mL -1 ) at the beginning (baseline) and the final respiration experiment in water column microcosm. HNA: High acid nucleoid content, and LNA: Low acid nucleoid content.

  

  

Table 1 .

 1 INTRODUCTION Antibiotics and pesticides more used in Chilean aquaculture industries ........................... 2

Table 2 .

 2 Physicochemical properties and biological effects of antibiotics and pesticides used in Chilean aquaculture industries .................................................................................................. 3

Table 3 .

 3 Location of sampling sites in the Puyuhuapi Fjord during March 2017. Three specimens for each sponge species and six specimens for each bivalve species were collected by scubadiving....................................................................................................................................... 23

Table 4 .

 4 Quantification transition and Detection and Quantification of limit (LOD and LOQ,

respectively) of pyrethroids in organisms (ng g lipid dw -1 ) and particles (ng L -1 ). ................ 24

CHAPTER I: ANTIBIOTICS FLORFENICOL AND FLUMEQUINE IN THE WATER COLUMN AND SEDIMENTS OF PUYUHUAPI FJORD, CHILEAN PATAGONIA

Table

Table 2 .

 2 Concentrations of florfenicol and flumequine in water and sediments measured in the present study compared with several other environments. NA: Not analyzed, ND: Not detected………………………………………………………………………………………..….36

Table S1 .

 S1 Location and characterization of sampling sites in Puyuhuapi Fjord during August 2016…………………………………………………….……………………………………..….41

Table S2 .

 S2 Physical and chemical properties of the antibiotics florfenicol and flumequine used in our modelling.…………………………….…………….……………………………………..….42

Table S3 .

 S3 Environmental and salmon culture parameters for Puyuhuapi Fjord..………………...43 

	Table S4. Model description (Z)………………………………………………..………………...45
	CHAPTER II: BATCH EXPERIMENT STUDY OF WATER-SEDIMENT PARTITION
	OF FLUMEQUINE AND FLORFENICOL, TWO ANTIBIOTICS USED IN SALMON
	AQUACULTURE IN CHILE.

Table 1. Wilcoxon test results of florfenicol (FLO) and flumequine (FLU), significant "p level" p < 0.05. PW: Pure water; SW: Seawater; SED: Sediments; *: significant differences. ........... 56 xii

Table 2 .

 2 Empiric values of the particle partition coefficient (Kd, L of water/ kg of dry sediment) and organic carbon (KOC, L of water/ kg of organic carbon) for florfenicol and flumequine, in the different temperature and ionic conditions of batch experiments. .................................... 57

	CHAPTER III: PESTICIDES FATE AND OCCURRENCE IN NON-TARGET
	ORGANISMS.
	B: OCCURRENCE OF PYRETHROIDS IN MARINE BENTHIC FILTER-FEEDERS IN
	THE PUYUHUAPI FJORD (44°57'S; 73°21'W), CHILEAN PATAGONIA

Table 1 .

 1 Physicochemical properties and biological effects of antibiotics and pesticides used in Chilean aquaculture industries. ............................................................................................... 68

Table 2 .

 2 Comparison of cypermethrin and deltamethrin concentration in total suspended solids and organisms in freshwater and seawater environments. The range values consider all stations and samples measure. LOQ= Quantify limit, nd= not detected, na= not analyzed. ...................... 71 Marine Biology. Thesis: "Environmental availability of copper in waters of Coliumo bay". 2006: Master of Science in Oceanography. University of Concepción, Concepción, Chile. Thesis: "Effect of the quality of dissolved organic matter bio-reactivity, based on degradation experiments by natural assemblages of microorganisms".

	xiii

Table 1 .

 1 Chile have different application forms and dosage, where antibiotics are mainly included in food pellets while pyrethroids are applied in baths, as shown in TableN°1. Antibiotics and pesticides more used in Chilean

	3 million tons in 2018, where Chile is

aquaculture industries Compounds Chemical Structure Group Action Mechanism Application and Dose a

  

Table 2 .

 2 Physicochemical properties and biological effects of antibiotics and pesticides used in Chilean aquaculture industries.

	Compounds	Florfenicol	Flumequine	Cypermethrin	Deltamethrin
	(Chemical Formule) a	(C12H14Cl2FNO4S) (C13H11NO5) (C22H19Cl2NO3) (C22H19Br2NO3)
	Molecular weight a (g mol -1 )	358.21	261.25	416.3	505.19
	Octanol/ water partition (Log Kow; L kg -1 )	-0.12 b to 0.19 c	1.38 to 2.70 c	6.6 e	6.2 e
	Organic carbon partition (Log Koc; L kg -1 )	-0.19 to -0.51 d	0.99 to 2.99 d	5.5 f	5.8 d
	Water solubility (mg L -1 )	1307 a	Insoluble a	0.004 e	>0.002 e
	No Observed				
	Effect				
	Concentration				
	(NOEC;				

mg L -1 ) a

  

	Algae	nd/	nd	1.3	nd
	Invertebrate	nd/	10	0.00004	0.0000041
	Fish	nd/	10	0.00003	>0.000032
	Lethal				
	Concentration				
	(LC50,				

mg L -1 ) a

  

	Algae	nd/	Nd	nd	nd/
	Invertebrate	nd/	Nd	0.0128	nd
	Fish	> 780	Nd	0.0028	0.0015
	Half maximal				
	Effective				
	Concentration				
	(EC50,				

mg L -1 ) a

  

	Algae	>2.9	5.0	>0.1	9.1
	Invertebrate	>330	Nd	0.0003	0.00056
	Fish	nd	Nd	nd	0.00026

No-Observed Ecosystem Adverse-Effect Concentration (NOEAEC, mg L -1 ) &, a

  

	nd	nd	0.00005	0.0032

Bioconcentratio Factor (BCF, L kg -1 ) a nd nd 1204 1400 Half-life (days)

  

	Water	~ 74 g	121 h	22.1 (pH 8) a	17 to 48 a
	Sediment	7.3 i	150 j	30 k to > 730 l	65 to 285 m
	Biota	0.6 n	1.25 to 0.6 ñ	0.8 to 10 o	nd
	&: Mesocosmos study data; nd: No data. References: a: http://sitem.herts.ac.uk/aeru/vsdb/index.htm; b: Kołodziejska et al. (2013);
	c: Predicted ranges from USEPA (https://comptox.epa.gov/dashboard); d: KOC = 0.41 KOW (Karickhoff, 1981); e: Oros and Werner
	(2005); f: Maund et al. (2002); g: Kreider et al. (1996); h: Pouliquen et al. (2007); i: Hektoen et al. (1995); j: Halling-Sorenson et
	al. (1998); k: Mackay et al., (2006); l: flocculated marine sediments (Hamaotene et al., 2018); m: Benskin et al. (2016); n: Horsberg
	et al. (1994); ñ: Rogstad et al. (1993); o: USEPA (1989).			

1.2 Fate and persistence of antibiotics

  

	target crustacean communities could produce changes in diversity (Van Geest et al., 2014a) and half-life) just under the cages with a poor quality of the sediments and evidence of anoxic
	affected the succession at an ecological level (Friberg-Jensen et al., 2003; Van Geest et al., 2014b), conditions (black color and odor of H2S), due to organic matter accumulation (Björklund et al.
	according to NOEC and LC50 values in different trophic levels (Table 2). These pesticides can 1990; Samuelsen et al., 1992). Flumequine, florfenicol, and others like oxytetracycline have a
	bioaccumulate through trophic webs even after hours of exposition (Willis et al., 2005; Alonso et larger half-life under anoxic conditions (Björklund et al. 1990; Hektoen et al., 1995; Coyne et al.,
	al., 2012; Burridge et al., 2014; Ernst et al., 2014). 2001; Burridge et al., 2008).
	Despite quantities of antibiotics and pesticides incorporated into marine systems, and due to Degradation of antibiotics and metabolite products have been poorly studied under natural
	partition, dispersion, and degradation processes summated to typical sampling effort and analytical environmental conditions, with a few studies in marine sediments under laboratory conditions (e.g.,
	difficulties, obtaining pesticide concentrations for each compartment (water, suspended, sediments, Gaw et al., 2014). One of them was florfenicol-amine (florfenicol metabolite) which has a
	and non-target organism) is a real challenge. This can explain the few environmental values persistence of months in the sediments in contrast to one week for florfenicol (e.g., Hektoen et al.,
	reported in the literature. In several cases, these values could be associated with fugacity-based 1995). Flumequine, in another hand, shows a major tendency to be associated with the particulate
	models level III which was used to describe the dynamic and fate of different compounds in coastal phase, sinking in sediments and, eventually, being more persistent (Björklund et al., 1990; Coyne
	marine environments after one day of medication. The model was tailored to a salmon processing et al., 2001; Burridge et al., 2008). Intense degradation of florfenicol due to high hydrolysis rate
	environment with considerations for compound partition, treatment dosage, degradation, advective has been reported to occur at pH above 8 (Mitchell et al., 2015), while ionic metals compounds
	transport, rates of sedimentation and resuspension, and salmon density (Mackay and Paterson, (e.g., Ca 2+ , Fe 2+ ) or organic colloids or humic and fulvic material act in the retention of antibiotics
	1991; Gouin and Harner, 2003; Hughes et al., 2012; Zhang et al., 2015; Kim et al 2017; Chen et by sequestration (e.g., Wang et al., 2010; Leal et al., 2015; Liu et al., 2015; Mitchell et al., 2015).
	al., 2019; Wang et al., 2020). Understanding the partitional behavior of antibiotics, like florfenicol and flumequine, under
	controlled temperature conditions similar to the Patagonia fjord can help to understand their fate
	in those environments.
	Excessive and unrestricted use of antibiotics is a general problem in aquaculture (Ottinger et
	Antibiotics are administrated to salmon as a component of food pellets, and following each al., 2016), especially in Chile, a country recognized for its high use of antibiotics (Burridge et al.,
	treatment, between 70% and 90% of non-metabolized compounds are released into the water 2010). The annual use of antibiotics in the Patagonian regions of Los Lagos, Aysén, and
	column through urinal, branchial and fecal excretion (Pouliquen et al., 2007, Grigorakis and Rigos, Magallanes hold an average of ~373 tons, and has varied from 180 tons in 2009 to ~550 tons in
	2011; Miranda et al., 2018). Between 5% and 20% of uneaten pellets were observed to sink to 2014 and 2015, and gradually decreasing to ~323 tons in 2018
	sediments (e.g., Gowen et al., 1994). Once released into the water column, and according to their
	physicochemical properties, these antibiotics can be partitioned between dissolved and particulate
	phases, suffer degradation processes, sedimentation processes, and also horizontal transportation
	(Sirtori et al., 2012; Leal et al., 2015; Liu et al., 2015a, Mitchell et al., 2015). During all dispersal
	processes (by horizontal transport), antibiotics can be affected by chemical, biological and abiotic
	hydrolytic degradations (e.g., Wen et al., 2009; Sirtori et al., 2012; Zhao et al., 2013; Mitchell et
	al., 2015).
	All these processes, summated to environmental conditions, determine the fate and
	. Conversely, deltamethrin and cypermethrin exposure in non-persistence of antibiotics. Some studies have reported major preservation of antibiotics (longer

  Since part of the microbial community is affected by antibiotics, we would expect the activity of the affected population to be altered, and to be reflected in the overall degradation of organic matter by the microbial community (e.g.,[START_REF] Pantoja | Degradation capability of the coastal environment adjacent to the Itata River in central Chile (36.5 S)[END_REF][START_REF] Arnosti | Patterns of Microbially Driven Carbon Cycling in the Ocean: Links between Extracellular Enzymes and Microbial Communities[END_REF], the first step of organic carbon decay.

organisms

(Leung et al., 2012;[START_REF] Kim | Aqueous and dietary bioaccumulation of antibiotic tetracycline in D. magna and its multigenerational transfer[END_REF] Chen et al., 2015)

. A continue exposure of antibiotics can induce changes in the sedimentary bacterial community (e.g.,

Samuelsen et al., 1992) 

and favor bacterial groups with resistant genes (e.g.,

[START_REF] Chelossi | Antibiotic resistance of benthic bacteria in fish-farm and control sediments of the Western Mediterranean[END_REF]

. Such perturbation has been reported close to aquaculture farms, especially by tetracycline

(Miranda and Zeleman, 2002;[START_REF] Cabello | Aquaculture as yet another environmental gateway to the development and globalization of antimicrobial resistance[END_REF]

.

The impact of dissolved pyrethroids is less clearly understood but the exposure of pelagic food web lasts at least hours

(Willis et 

al., 2005; Burridge et al., 2014; Ernst et al., 2014), and changes in non-target crustacean communities have been reported (Van Geest et al., 2014). They

can affect even crustacean benthic organisms, due to their high affinity for organic matter and lipids (Log Kow 5 to 6). In benthic communities, meiofauna (<1000 to > 42 m mesh) has a key role in carbon sequestration in sediments

[START_REF] Van Cappellen | Biomineralization and global biogeochemical cycles[END_REF] 

and nutrient release due to remineralization

[START_REF] Webb | Initial Burial and Subsequent Degradation of Sedimented Phytoplankton -Relative Impact of Macrobenthos and Meiobenthos[END_REF]

. The interaction with bacterial activity in sediments can stimulate organic matter degradation

[START_REF] Nascimiento | Meiofauna enhances organic matter mineralization in soft sediment ecosystems[END_REF][START_REF] Bonaglia | Meiofauna increases bacterial denitrification in marine sediments[END_REF] 

and also compete to consume organic matter (e.g. Nascimiento, 2010). Copepods (arthropods) are second in abundance in sediment compared to nematodes (e.g.,

[START_REF] Coull | Role of meiofauna in estuarine soft-bottom habitats[END_REF][START_REF] Sajan | Meiofauna of the western continental shelf of India, Arabian Sea[END_REF][START_REF] El-Serehy | Population fluctuation and vertical distribution of meiofauna in the Red Sea interstitial environment[END_REF] 

and preferred preys of invertebrates and fishes

  fugacity-based model level III(Mackay and Paterson, 1991; Gouin and Harner, 2003; 

Hughes et al., 2012; Zhang et al., 2015) 

was designed to predict the dynamic and fate of antibiotics in farmed fish, and in the water column and sediment after one day of medication. The model was tailored to a salmon processing environment with considerations for antibiotic partition, dosage, degradation, advective transport, rates of sedimentation and resuspension, and salmon density.

Table 3 .

 3 Location of sampling sites in the Puyuhuapi Fjord during March 2017. Three specimens for each sponge species and six specimens for each bivalve species were collected by scuba-diving.

	Sampling site	Sampling Day	Latitude (S)	Longitude (W)	Total suspended (m) particles depth	Organisms
	1	23	44° 44.699'	72° 44.356'	6	Sponges a,b,c and bivalves h
	2	24	44° 41.481'	72° 42.237'	6	Sponges a,b,f and bivalves h
	3	25	44° 38.570'	72° 47.829'	15	Sponges a,b,d and bivalves h,i
	4	28	44° 36.412'	72° 40.629'	15	Sponges a,b,d and bivalves h,i
	5	29	44° 33.024'	72° 39.386'	15	Sponges b,d
	6	29	44° 44.838'	72° 44.758'	6	Sponges a,b,e
	7	30	44°44.702'	72°44.420'	15	Sponges a,b,g

Sponge's: a) Cliona chilensis; b) Axintella crinita; c) Amphilectus rugosus; d) Tedania spinata; e) Biemna sp; f) Unidentified D; g) Unidentified S.

Bivalves: h) Mytilus chilensis ; i) Chlamys patagonica.

  Quantification is performed against deuterated internal standards (d6-Cypermethrin, m/z: 213 → 35) and correcting responses for each pyrethroid (Table 4). Pesticide calibration curves were established by analyzing certified solutions. Analytical quality control is based on reproducibility, recovery and blank levels (Feo et al., 2010, Dallegrave et al., 2016, Aznar-Alemany et al., 2017).

	Compounds	Quantification	LOD	LOQ	LOD	LOQ
		transition				
	Unit	(m/z)	(ng g lipid dw -1 )	(ng g lipid dw -1 )	(ng L -1 )	(ng L -1 )
	Allethrin	301 → 168	0.00856	0.01199	0.00008	0.00012
	Bifenthrin	205 → 121	0.01741	0.03483	0.00017	0.00033
	Cyhalomethrin	205 → 141	0.01741	0.34829	0.00017	0.00334
	Cyfluthrin	207 → 35	0.03173	0.31729	0.00030	0.00305
	Cypermetrhin	207 → 35	0.06181	0.47897	0.00059	0.00460
	Fenvalerate	211 → 167	0.06181	3.09066	0.00059	0.02967
	Deltamethrin	217 → 81	0.06181	0.09272	0.00059	0.00089
	Fractions containing pesticides were analyzed by gas chromatography coupled to a triple

quadrupole mass spectrometer (GC/ MS-MS) operated in negative ionization mode with ammonium as the ionizing agent (NCI)

[START_REF] Dallegrave | Methodology for trace analysis of 17 pyrethroids and chlorpyrifos in foodstuff by gas chromatographytandem mass spectrometry[END_REF]

. Briefly, the Multiple Reaction Monitoring mode records consecutive fragmentations of parent ions to daughter ions, ultra-specific pairs of compounds.

Table 2 .

 2 Empiric values of the particle partition coefficient (Kd, L of water/ kg of dry sediment) and organic carbon (KOC, L of water/ kg of organic carbon) for florfenicol and flumequine, in the different temperature and ionic conditions of batch experiments. bridges between oxolinic acid and calcium and magnesium explained the adsorption of oxolinic acid to intertidal sediments, but failed to explain the adsorption of other quinolones(Lang et al., 2018) which were also not explained by sediment types, pH, or organic

		Temperature	Florfenicol 8° C 15° C	Flumequine 8° C 15° C
	Log Kd	Pure Water Seawater	-0.71 ± 0.91 0.69 ± 0.69 1.08 ± 0.53 -0.85 ± 0.08	1.38 ± 0.66 0.94 ± 0.55
	Log KOC	Pure Water Seawater	-2.23 ± 2.44 2.21 ± 0.21 2.60 ± 2.85 -2.33 ± 1.44	1.66 ± 1.33 1.50± 1.25

Discussion

The half-life of florfenicol and flumequine is one week and ~ 150 days, respectively

[START_REF] Hektoen | Persistence of antibacterial agents in marine sediments[END_REF] Halling-Sorenson et al., 1998)

, suggesting that the initial decreases in concentration observed in the present experiments were not related to degradation. The initial concentration decreases cannot be attributed to complexation because they occur in all conditions, even in pure water devoid of ions, and instead likely reflect adsorption of a proportion of the antibiotics to the walls of experimental vessels. Equilibrium times in our experiments (ca 4 h) are in good agreement with previous observations (>2 h, Guaita et al., 2011; within 6 h, Cao et al.,

[START_REF] Guaita | Copper (II) influence on flumequine retention in soils: Macroscopic and molecular invetigators[END_REF][START_REF] Jia | Effects of pH and metal ions on oxytetracycline sorption to maize-straw-derived biochar[END_REF][START_REF] Na | Occurrence, distribution, and bioaccumulation of antibiotics in coastal environment of Dalian, China[END_REF]

. Various studies addressing the sorption of veterinary antibiotics to soils have shown that surface processes play a more important role than organic carbon absorption driven by hydrophobicity

[START_REF] Tolls | Sorption of Veterinary Pharmaceuticals in Soils: A Review[END_REF]

). However, some data from the marine environment contrast with this conclusion. In the Bohai and Yellow Seas, for example, the formation of cation

III: Pesticide fate and occurrence in non-target organisms 3.3.1 Fate of pyrethroids in freshwater and marine environments
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  [START_REF] Bravo | Sea lice in Chilean salmon farms[END_REF][START_REF] Johnson | A review of the impact copepods on marine aquaculture[END_REF][START_REF] Burridge | Chemical use in salmon aquaculture:a review of current practices and possible environmental effects[END_REF][START_REF] Lhorente | Disease Resistance in Atlantic Salmon (Salmo salar): Coinfection of the Intracellular Bacterial Pathogen Piscirickettsia salmonis and the Sea Louse Caligus rogercresseyi[END_REF][START_REF] Dresdner | Impact of Caligus treatments on unit costs of heterogeneous salmon farms in Chile[END_REF]. Regardless of pesticide treatment, food (e.g., emamectin benzoate), or baths (pyrethroids), these compounds and their secondary metabolites can be deposited in the marine sediments and, eventually, bioconcentrated in organisms (e.g.,Xue et al., 2005; Alonso et al., 2012; Van Geest et al., 2014a, b). Deltamethrin and cypermethrin (secondgeneration of pyrethroids) represent more than 25% of the world's market pesticides (Cycoń et al., 2016), which have been introduced in Chile for the salmon industry since 2007 and 2009,

respectively

[START_REF] Bravo | Sensitivity assessment of Caligus rogercresseyi to emamectin benzoate in Chile[END_REF][START_REF] Bravo | Sensitivity assessment in the progeny of Caligus rogercresseyi to emamectin benzoate[END_REF]

. After bath treatments, these compounds are released into the environment where, according to their physicochemical properties (Table

1

), they can be absorbed by organic particles

[START_REF] Méjanelle | Fate of pyrethroids in freshwater and marine environments[END_REF]

. Once these compounds are absorbed, they undergo horizontal transport, degradation processes and are deposited in the marine sediments (Erst et al., 2014; Méjanelle et al., 2020). However, their high affinity with organic particles can result in major protection of biological degradation and, as a consequence, an increase in bioavailability for benthic filter-feeding organisms (Tucca et al., 2017; Urbina et al., 2019; Méjanelle et al., 2020). Several studies have reported noxious effects of pyrethroids in non-target organisms during the dissolved phase in the water column (Mugni et al., 2013; Gebauer et al.2017; Parsons et al., 2020) and particulate phase in marine sediment (e.g., Mazzola and Sarà, 2001; Norambuena-Subibabre et al., 2016). The effect of lethal or sublethal concentrations in non-target crustaceans in the water column and marine sediments could have severe ecological implications (Friberg-Jensen et al., 2003; Van Geest et al., 2014a). Due to their high affinity with lipids (Log Kow 5 or 6), these compounds can be bioaccumulated into the non-target invertebrates (bivalves, sponges, coral, etc.) and biomagnification for the vertebrate organisms can occur (e.g., Mazzola and Sarà, 2001; Alonso et al., 2012; Azmar-Alemany et al., 2017a).

Table 1 .

 1 Physicochemical properties and biological effects of antibiotics and pesticides used inChilean aquaculture industries.

	Compounds		Cypermethrin	Deltamethrin
	Chemical formule a		(C22H19Cl2NO3)	(C22H19Br2NO3)
	Molecular weight (g mol -1 ) a		416.3	505.2
	Octanol/ water partition (Log Kow; L kg -1 ) c	6.6	6.2
	Organic carbon partition (Log Koc; L kg -1 )	5.5 g	5.8 h
	Water solubility (mg L -1 ) c		0.004	>0.002
	No Observed Effect	Algae	1.3	nd
	Concentration	Invertebrate	0.00004	0.0000041
	(NOEC; mg L -1 ) e	Fish	0.00003	>0.000032
	Lethal Concentration (LC50, mg L -1 ) e	Algae Invertebrate Fish	nd 0.0128 0.0028	nd/ nd nd
	Half maximal Effective	Algae	>0.1	9,1
	Concentration	Invertebrate	0.0003	0.00056
	(EC50, mg L -1 ) e	Fish	nd	0.00026
	No-Observed Ecosystem Adverse-Effect Concentration (NOEAEC, mg L -1 ) &, e	0.00005	0.0032
	Bioconcentratio Factor (BCF, L kg -1 ) e	1204	1400
		Water	22.1 (pH 8)	17 to 48
	Half-life (days) e	Sediment	30 d to > 730 i	65 to 285 b
		Biota	0,8 to 10 f	nd

&: Mesocosmos study data; nd: No data. References: a: https://sitem.herts.ac.uk/aeru/ppdb/en/index.htm; b: Benskin et al.(2016); c: Oros and Werner (2005); d: Mackay et al., (2006); e: http://sitem.herts.ac.uk/aeru/vsdb/index.htm; f: USEPA (1989); g: Maund et al.(2002); h: KOC = 0.41 KOW (Karickhoff, 1981); i: flocculated marine sediments (Hamaotene et al., 2018)

Table 4

 4 

	compares concentrations of deltamethrin and cypermethrin from suspended solids
	and in organisms reported in different studies. Concentrations of deltamethrin in total suspended
	particles were very low with a range of 0.01 to 0.05 ng L -1 , and located at less than 1 km (0.74 km)
	south of the salmon farming center (stations 1 and 7, Figure 1). The last medication was applied
	almost one year before (Sernapesca, 2016b) but we do not know which center applied the
	medication. Several studies have reported the highest toxicity of deltamethrin in non-target

crustacean groups in the water column and sediments (Van Geest et al., 2014a, b; Urbina et al., 2019; Frantzen et al., 2020) and additionally, this pesticide has a high tendency to be accumulated in bivalves, but also they have a high depuration rate (Brooks et al., 2019). Our values were two orders of magnitude lower than values reported in Monterrey Bay, during a storm event, with a concentration of 1.8 ng L -1 (Ng et al., 2012). Seawater samples collected in South Africa estuary with a concentration of 253 ng L -1 (Wolfand et al., 2019), were four orders of magnitude higher than our values. A similar situation was observed for samples collected near aquaculture centers in New Brunswick (Canada) with a deltamethrin concentration of 400 ng L -1 (Ernst et al., 2014).

Table 2 .

 2 Comparison of cypermethrin and deltamethrin concentration in total suspended solids and organisms in freshwater and seawater environments. The range values consider all stations and samples measure. LOQ= Quantify limit, nd= not detected, na= not analyzed.

	Localities	Conditions	Cypermethrin Deltamethrin Reference
	Total suspended solids (ng L -1 )			
	Salinas river and Monterey Bay	Storm event	nd-23.4	nd-1.8	Ng et al., 2012
	San Diego River	During storm events	nd-492	nd-253	Wolfand et al., 2019
	South African estuary	Seawater samples collected seasonally during 2002 and autumn 2003	0.33-2.78	na	Bollmohr et al., 2007
	New Brunswick, Canada	Near aquaculture centers	na	nd-400	Ernst et al.,

  ;[START_REF] Brooks | Bioaccumulation of selected veterinarymedicinal products (VMPs) in the blue mussel (Mytilus edulis)[END_REF] Rosado and Otero, 2020;[START_REF] Almeida | Occurrence of the antiepileptic carbamazepine in water and bivalves from marine environments: A review[END_REF]. Despite that sponges have not a direct human concern (i.e., to be consumed), we can not deny the ecological level importance in different PCBs' 38.2 ng L -1 ), polycyclic aromatic hydrocarbons(Perez et al., 2003;[START_REF] Batista | Marine sponges as bioindicators of oil and combustion derived PAH in coastal waters[END_REF], but have no reported bioconcentration of pyrethroids. The effect of these contaminants in sponges was not clear, but some studies suggested an eventual impact on the endosymbiotic microorganisms and fungi sponges (e.g.,[START_REF] Yarden | Fungal association with sessile marine invertebrates: Mini Review[END_REF][START_REF] Thomas | Diversity, structure and convergent evolution of the global sponge microbiome[END_REF][START_REF] Rosado | Assessment of heavy metal contamination at Tallaboa Bay (Puerto Rico) by marine sponges' bioaccumulation and fungal community composition[END_REF][START_REF] Konstantinou | Revealing new spongeassociated cyanobacterial diversity: Novel genera and species[END_REF] and finally to the sponge itself.

ecosystems (e.g, tropical, temperate, and polar;

[START_REF] Wolfand | Occurrence of urban-use pesticides and management with enhanced stormwater control measures at the watershed scale[END_REF]

. Several studies on sponges have described the capacity of accumulation of trace metals (e.g., Rosado and Otero, 2020) and organic contaminants like polychlorobiphenyl (

  al., 2010; Yang et al., 2013; Miranda et al., 2018). Second, several studies clearly showed local impacts of antibiotics mainly through their occurrence and the presence of resistant genes in marine sediments (Björklund et al., 1991; Herwing et al., 1997; Schmidt et al., 2000; Miranda and Zemelman, 2002; Miranda and Rojas, 2007; Buschmann et al., 2012; Tomova et al., 2015). Finally, few studies have focused on understanding the dynamic and fate of antibiotics along the coastal area with high aquaculture pressure (e.g., Kim et al., 2017). The Puyuhaupi fjord is an area under aquaculture pressure since 2001 (Sernapesca, 2016a), where the use of ca. 20 tons of florfenicol was reported during 2015, and ca. 4 tons during 2016 (Sernapesca, 2016c), as a treatment for an outbreak of Piscirickettsiosis in 2016 (Rozas and Enríquez, 2014, Sernapesca, 2017a

  outbreaks of ectoparasitic infections caused by C. rogercresseyi, which can generate severe skin damage and increase salmon susceptibility to suffering a bacterial and viral infection[START_REF] Bravo | Sea lice in Chilean salmon farms[END_REF][START_REF] Johnson | A review of the impact copepods on marine aquaculture[END_REF][START_REF] Lhorente | Disease Resistance in Atlantic Salmon (Salmo salar): Coinfection of the Intracellular Bacterial Pathogen Piscirickettsia salmonis and the Sea Louse Caligus rogercresseyi[END_REF][START_REF] Dresdner | Impact of Caligus treatments on unit costs of heterogeneous salmon farms in Chile[END_REF] and, as a consequence, severely reduced salmon production (FAO, 2020). Once pesticides have been released in the water column, and because of their high affinity for particles and their lipids, they can be deposited in marine sediments and eventually incorporated by non-target benthic organisms (Tucca et al., 2017; Urbina et al., 2019; Méjanelle et al., 2020). Bivalves and sponges have been reported to be suitable pollution bioindicators for organic and inorganic compounds (e.g., Khazri et al., 2015; Brooks et al., 2019; Rosado and Otero, 2020; Girard et al., 2021), due to their high filtration capacity and, in turn, an eventual transfer of these contaminants to high trophic levels (e.g., Wulff, 2006; Brooks et al., 2019; Rosado and Otero, 2020; Almeida et al., 2021). When we considered these evidence,we wonder if pyrethroids, used in aquaculture, could be detected in the sessile filter-feeding organism in the Puyuhuapi Fjord? As an answer, we evaluate the occurrence of cypermethrin and deltamethrin in suspended particles and benthic filter-feeding organisms in the Puyuhuapi Fjord (see chapter 3.3.2).

	Deltamethrin was detected in total suspended solids with a concentration ranging from 0.01
	to 0.05 ng L -1 . These values were lower than NOEC, LC50, and EC50 (Table 1, section 3.2.2)

Table 2

 2 Puyuhuapi have indirect exposure to cypermethrin, probably from external input from adjacent locations with active salmon cultures or resuspension of sediments with cypermethrin accumulated by treatments applied and not reported officially. The Puyuhuapi fjord, with hypoxia characteristics and high primary production, has the favorable conditions to allow long residence time of deltamethrin in marine sediments at least for 9 months(Benskin et al., 2014) and more than two years for cypermethrin(Hamaotene et al., 2018).Perez et al., 2003;[START_REF] Batista | Marine sponges as bioindicators of oil and combustion derived PAH in coastal waters[END_REF] was well known, but our study was the first to report pyrethroids' accumulation. Our study suggests that sponge groups can be an appropriate bioindicator of pesticides used in aquaculture activities. In terms of aquaculture impacts, it shows that the exposure expected by current knowledge (pyrethroid residence time, rest period set-up) fails to explain the occurrence of deltamethrin and of cypermethrin. Even though the levels are of no environmental concern, more research is needed to reconcile in-situ observations

	, section 3.3.2). Average values

  [START_REF] Azam | The Ecological Role of Water-Column Microbes in the Sea[END_REF][START_REF] Azam | Microbial structuring of marine ecosystems[END_REF][START_REF] Nascimiento | Meiofauna enhances organic matter mineralization in soft sediment ecosystems[END_REF][START_REF] Bonaglia | Meiofauna increases bacterial denitrification in marine sediments[END_REF].Aquaculture not only increases the organic matter content in the water column and sediments near the salmon cage[START_REF] Fodelianakis | Community structure changes in sediment bacterial communities along an organic enrichment gradient associated with fish farming[END_REF][START_REF] Kamjunke | Land-based salmon aquacultures change the quality and bacterial degradation of riverine dissolved organic matter[END_REF], but may also affect their degradation processes, due to the impact on biological communities when antibiotics and pesticides have been applied (e.g., Friberg-Jensen et al., 2003; Van Geest et al., 2014a, Valdés-Castro and Fernández, 2021). Those effects are observed at a concentration of antibiotics and pesticides much lower than concentrations causing toxicological responses, and the impacts targetted here are different. Several studies have reported changes in the taxonomic diversity, composition, and function of bacterial communities in sediments in different areas with active aquaculture. (e.g.Antibiotics released into the environment can affect the degradation of organic matter, inhibiting some bacterial biochemical processes (e.g., Chellosi et al., 2003; Marti et al., 2014) or causing changes in microbial communities, which promotes the presence of genetic resistance (e.g., Dang et al., 2007; Nogales et al., 2011; Tomova et al., 2015). The impact of pesticides in the water column and marine sediments has been poorly understood because not only does it have noxious effects in non-target crustaceous communities (Mazzola and Sara, 2001; Van Geest et al., 2014a, b; Norambuena-Subibabre et al., 2016) but rather in bacterial activities as photo and chemoautotrophic carbon fixation (Rain-Franco et al., 2018) and as chemo and photoautotrophic ammonium uptake (Valdes-Castro and Fernández, 2021). The close relationship between meiofauna and the microbial community has significant relevance in biogeochemical cycles because their interaction can stimulate the degradation of organic matter (Bonaglia et al., 2014) and also compete for the consumption of organic matter (e.g., Nascimento, 2010). Copepods (arthropods), which are the second most abundant group in the meiofauna (e.g., Coull, 1999; Sajan et al., 2010; El-Serehy et al., 2015) and the preferred prey of invertebrates and fish

, Christensen et al., 2000; Holmer et al., 2003; Bissett et al., 2007, 2009; Castine et al., 2009; Hornick and Buchmann, 2018).

Acknowledgments

First of all, I would like to thank my supervisors, Dr. Silvio Pantoja and Dra. Camila Fernández; and, Dra. Laurence Méjanelle, for their guidance and support in the development of this thesis and PhD. study.

To my thesis committee, whose comments and suggestions allowed me to improve this work by helping to expand the ideas considered for this research.

To the researchers at the Benthic Ecogeochemistry Laboratory (LECOB, Sorbonne Université), especially Dr. Nadine Le Bris and Dr. Jadwira Orignac, for their support both during Acknowledgments BJ PhD work at the University of Concepción was supported by a 2015 ANID scholarship grant (N° 21150103). The authors acknowledge the support of the LIA-MAST to BJ and LM. The authors also acknowledge support from ANID Fondequip grant 130209 (MA) and ANID Fondecyt grant 1200252 (SPG). This research was funded by the Center for Oceanographic Research COPAS Sur-Austral (ANID APOYO CCTE AFB170006). Credit Author statement Bibiana Jara: Investigation, Visualization, Writing -Original Draft, Writing -Review & Editing Benjamín M. Srain: Formal analysis, Writing -Review & Editing Mario Aranda: Supervision, Validation, Writing -Review & Editing Camila Fernández: Funding acquisition, Writing -Review & Editing Silvio Pantoja-Gutiérrez: Project administration, Writing -Review & Editing Laurence Méjanelle: Visualization, Writing -Original Draft, Writing -Review & Editing.

Teacher Assistant in Austral Summer Institute V "Topics in Marine Geology and Geophisics". Teacher Assistant in Austral Summer Institute VIII. Cooperation program University of Concepcion-Woods Hole Oceanographic Institution-Fundacion Andes. Sediment Biogeochemistry: From the coast to the abyss". Department of Science and Natural Resource. Punta Arenas. The

Florfenicol did not deccrease in concentration in pure water + sed compared to pure water alone (Figure 1) thus partition constants were not calculated for these conditions. In contrast, florfenicol showed significant sorption to the sediments in seawater treatments. In addition, whether sediment was present or not, florfenicol concentration decreased significantly by 20 to 40% at 8°C and by 4 to 15% at 15°C (Table 1). For all experimental treatments, flumequine concentrations were significantly lower in the presence of sediment (Table 1). Flumequine showed greater decreases in concentration than florfenicol, suggesting a higher sorption tendency. After stable conditions were reached, 49 ± 10% of flumequine was sorbed to sediments in pure water, and 19 ± 6% in saline water, whilst the percentage of adsorbed florfenicol in saline water was less than 10 ± 2% (Figure 1). The influence of temperature on sorption was complex, with non-significant effects on dissolved florfenicol and flumequine in pure water without sediment. In contrast, flumequine concentrations decreased significantly at 15°C compared to 8°C in seawater treatments (Table 1). For florfenicol, the initial drop in concentration appeared to be more pronounced at 8°C and similar both with and without sediment. These observations are suggestive of enhanced adsorption onto vial walls at 8°C compared to 15°C. The proportion of flumequine adsorbed onto sediments was lower at the summer temperature, and in seawater compared to pure water (Table 1).

The sorption coefficient Kd describes the reversible tendency of compounds to adsorb onto particles. In seawater, Log Kd for florfenicol varied between 0.71 ± 0.91 and 0.69 ± 0.69 (Table 2), while previous Kd from freshwater environments are reported from -1.15 to 0.37 [START_REF] Endris | Aquaflor 50% type A medicated for catfish[END_REF] 2013) and 2.9 for seawater [START_REF] Na | Occurrence, distribution, and bioaccumulation of antibiotics in coastal environment of Dalian, China[END_REF]. KOC is the organic carbon-normalized sorption coefficient and indicates the tendency of the compounds to sorb on the organic fraction of the particles. The range of Log KOC measured for florfenicol in this study was 2.21 ± 0.21 to 2.23 ± 2.44.

Occurrence of pyrethroids in marine benthic filter-feeders in the Puyuhuapi fjord (44°57'S; 73°21'W), Chilean Patagonia

Abstract

Pesticides deltamethrin and cypermethrin, introduced in Chile in 2007 and 2009, respectively, have been used to control the outbreaks of ectoparasitic infection in marine salmon farming. Once these pyrethroids are released to the water column, and due to the high affinity of organic particles and lipid content, they are deposited into the marine sediment and bioconcentrated in benthic organisms. Sponges and bivalves have been described as good bioindicators due to with high filter capacity and bioconcentrate organic and inorganic pollutants. This study aimed to evaluate the occurrence of deltamethrin and cypermethrin, in suspended particles and benthic filterfeeding organisms collected in the Puyuhuapi fjord, an area with active aquaculture. Deltamethrin was applied in Puyuhuapi fjord in January and April 2016, while cypermethrin was never used.

Deltamethrin was detected in suspended particles at very low concentrations with values of 0.01 and 0.05 ng L -1 (stations 1 and 7), suggesting possible resuspension from surface sediments.

Cypermethrin concentrations were detected in most analyzed benthic filter-feeding organisms with maximum values of 1.76 ng lipid dw -1 for sponges and 1.04 ng g lipid dw -1 for bivalves. Our cypermethrin concentration values (0.04 to 0.05 ng g -1 , average all stations) were comparable to those reported in wild salmon (0.04 ng g -1 ), which suggests a possible indirect exposure to cypermehrin that should be investigated. concentration between treatments and baseline, with an increment in ammonium and a decrease in nitrite and nitrate. No significant differences have been observed according to Anova test for ammonium (p= 0.48), Nitrate (p= 0.56), while, nitrite show a significant difference with p= 0.042, however, no significant differences were observed between treatments.

The ammonium concentration shows an increase of ~905 to ~1550 % compared with baseline (58 ± 84 M). However, the difference between treatments is not clear, according to standard deviation, where the highest value was observed in pesticide treatments (956 ± 713 M), followed by antibiotics + pesticides treatment (749 ± 84 M), and finally by antibiotic treatments (582 ± 220 M).

Nitrate concentration decreased between 26 to 65% compared with the baseline which reaches a concentration value of 0.34 ± 0. 021 M. Similar concentrations were observed in control and pesticide treatments with values of 0.12 ± 0.13 M and 0.13 ± 0.16 M (respectively), and antibiotics and antibiotics + pesticides treatments with values of 0.22 ± 0.17 M and 0.24 ± 0.20 M, respectively. Nitrite concentration decrease from ~22 to 48% compared with a baseline which concentration value was 0.052 ± 0.007 M. Control and antibiotic treatments were similar with values of 0.040 ± 0.003 M and 0.041 ± 0.015 M (respectively), followed by pesticide treatment (0.032 ± 0.008 M) and finally, antibiotics + pesticides treatments with a lower value (0.027 ± 0.006 M).

DISCUSSION

In the last decades, aquaculture activities have supported high food fish demands, because natural fishing has reached a limit at ca. 90 million tons since the early '90s [START_REF] Ottinger | Aquaculture: Relevance, distribution, impacts and spatial assessments e A review[END_REF]FAO, 2020). The extensive and massive salmon and trout production have long been known to generate local impacts on the water column and marine sediments (e.g. [START_REF] Cromey | DEPOMOD-modelling the deposition and biological effects of waste solids from marine cage farms[END_REF][START_REF] Buschmann | A review of the impacts of salmonid farming on marine coastal ecosystems in the southeast Pacific[END_REF], where occurrence, fate, and impact of antibiotics and pesticides (released into the environment), have been poorly studied and understood in areas such as the Patagonia fjords. Some studies on antibiotics and pesticides used in marine aquaculture suggest that they may provoke local negative consequences on the environment [START_REF] Neori | Integrated aquaculture: Rationale, evolution and state of the art emphasizing seaweed biofiltration in modern mariculture[END_REF][START_REF] Nash | Guidelines for ecological risk assessment of marine fish aquaculture[END_REF][START_REF] Willis | Sea lice treatments on salmon farms have no adverse effects on zooplankton communities: a case study[END_REF][START_REF] Gaw | Sources, impacts and trends of pharmaceuticals in the marine and coastal environment[END_REF][START_REF] Price | Marine cage culture and the environment: effects on water quality and primary production[END_REF], however, few studies attempt to understand the consequences along to areas with high pressure from aquaculture activities (e.g., Kim et al., 2017;Chen et al., 2019).

Understanding the impact of aquaculture at the scale of the fjord is not trivial because besides toxicological effects, other impacts may exist, at low levels. (Rain et al., Valentina). The way to estimate such impacts does not exist at date. Therefore, we set up an approach on the basis (mixing) three strategies (Figure 3, chapter I). The first one is to assess the occurrence of antibiotics and pesticides in the environment, during the rest period and at the onset of aquaculture activity (when treatments have not started yet). Second, a model was developed to predict the fate of antibiotics. Third, experiments were carried out to assess specific missing understanding, like the partition of antibiotics on one hand, and the change in mineralization on the other.

In this work, we have focused on the occurrence and fate of antibiotics in the Puyuhuapi fjord (chapter I, section 3.1), and their partitional behavior through an experimental approach (chapter II, section 3.2). Besides, we evaluated pesticide occurrence in the water column and sessile filterfeeding organisms, which results were discussed in chapter III-B (section 3.3.2). Finally, we showed preliminary results from community respiration experiments, in which we sought to evaluate the impact of antibiotics and pesticides on the sediment biota and the remineralization function of this ecosystem (chapter IV, section 3.3.4).

In chapters 3.1 and 3.2 we showed the results of a study of the occurrence and fate of antibiotics in the Puyuhupi fjord and their coefficient partitional constant (Kd and KOC) under laboratory conditions simulating fjord conditions of temperature and salinity. First, we know that