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Introduction

In Europe, the production and use of persistent organic pollutants (POPs) are prohibited or severely restricted since 2004 through the Stockholm Convention (http://www.pops.int/), but POPs still cause environmental concerns.

Polychlorinated biphenyls (PCBs) and organochlorine pesticides (OCPs) remain in the environment for decades because of their slow biodegradation and improper handling of contaminated wastes. Levels of POPs in animals increase with age [START_REF] Vives | Age dependence of the accumulation of organochlorine pollutants in brown trout (Salmo trutta) from a remote high mountain lake Red , Pyrenees)[END_REF][START_REF] Binnington | Clarifying relationships between persistent organic pollutant concentrations and age in wildlife biomonitoring: individuals, cross-sections, and the roles of lifespan and sex: Clarifying POP concentration-age trends in biomonitoring[END_REF] and trophic level [START_REF] Goutte | Trophic transfer of micropollutants and their metabolites in an urban riverine food web[END_REF].

Exposure to POPs causes a wide range of adverse effects, including neurotoxicity, endocrine disruption, immune dysfunction, reproductive impairment, and developmental abnormalities, which may ultimately compromise survival and reproductive output and lead to population declines of wild vertebrates [START_REF] Goutte | Demographic consequences of heavy metals and persistent organic pollutants in a vulnerable long-lived bird, the wandering albatross[END_REF][START_REF] Goutte | Survival rate and breeding outputs in a high Arctic seabird exposed to legacy persistent organic pollutants and mercury[END_REF][START_REF] Salice | Integrative demographic modeling reveals population level impacts of PCB toxicity to juvenile snapping turtles[END_REF].

Pollution, and especially industrial and agricultural discharge, is one of the major threats to freshwater ecosystems [START_REF] Holt | Sources of chemical contaminants and routes into the freshwater environment[END_REF][START_REF] Dudgeon | Freshwater biodiversity: importance, threats, status and conservation challenges[END_REF]. Wetlands support an extremely rich biodiversity, but are among the most transformed and threatened ecosystems of the world [START_REF] Revenga | Prospects for monitoring freshwater ecosystems towards the 2010 targets[END_REF], experiencing rates of population declines and species extinctions far higher than those in forests, grasslands, and coastal ecosystems [START_REF] Dudgeon | Freshwater biodiversity: importance, threats, status and conservation challenges[END_REF]. Deltas are often exposed to high water pollution from intensive agriculture [START_REF] Kuenzer | Climate and Environmental Change in River Deltas Globally: Expected Impacts, Resilience, and Adaptation[END_REF] and from discharge of contaminants in upstream waters. The Camargue, in the Rhône River delta, is the largest wetland in France and is of international importance under the Ramsar Convention (https://www.ramsar.org/), but it is heavily impacted by human activities [START_REF] Cheiron | Rapport d'activité 2017 de la Réserve Naturelle Nationale de Camargue[END_REF]. The contamination of water bodies by agricultural, industrial, and urban discharges has been well studied over the past decades [START_REF] Comoretto | Pesticides in the Rhône river delta (France): Basic data for a field-based exposure assessment[END_REF]. In particular, levels of PCBs in sediments of the Rhône River increase from upstream to downstream, reaching 417 μg/kg dw for the sum of 7 PCB congeners (28, 52, 101, 118, 138, 153, and 180, Mourier et al. 2014).

Mean flux over the 2011-2016 period averaged 14 kg/year for PCB 180 in suspended particulate matter at the outlet of the Rhône River basin [START_REF] Poulier | Combining flux monitoring and data reconstruction to establish annual budgets of suspended particulate matter, mercury and PCB in the Rhône River from Lake Geneva to the Mediterranean Sea[END_REF].

Previous studies conducted in the Camargue confirmed that birds [START_REF] Berny | Impact of local agricultural and industrial practices on organic contamination of little egret (Egretta garzetta) eggs in the rhône Delta, Southern France[END_REF] and fish [START_REF] Roche | Relationships between persistent organic chemicals residues and biochemical constituents in fish from a protected area: the French National Nature Reserve of Camargue[END_REF][START_REF] Roche | Mise en évidence et validation de biomarqueurs écotoxicologiques dans la population d'anguilles d'un étang de la réserve naturelle nationale de Camargue, le Vaccarès, exposée à des polluants organiques persistants[END_REF](Roche et al., , 2009a) ) are exposed to OCPs and PCBs.

Freshwater turtles remain poorly studied in ecotoxicology although they can provide useful information on local contamination because of their longevity [START_REF] Campbell | A logical starting point for developing priorities for lizard and snake ecotoxicology: A review of available data[END_REF][START_REF] El Hassani | Morphological and physiological assessments reveal that freshwater turtle (Mauremys leprosa) can flourish under extremely degraded-polluted conditions[END_REF][START_REF] Gaus | Evaluating internal exposure of sea turtles as model species for identifying regional chemical threats in nearshore habitats of the Great Barrier Reef[END_REF], high trophiclevel, and low dispersal capacity (Ming-ch'eng [START_REF] Adams | Toxicological effects of polychlorinated biphenyls (PCBs) on freshwater turtles in the United States[END_REF]. Moreover, as ectothermic vertebrates, they have a lower ability to metabolize pollutants than endothermic mammals and birds [START_REF] De Solla | Exposure, Bioaccumulation, Metabolism and Monitoring of Persistent Organic Pollutants in Terrestrial Wildlife[END_REF]. The European pond turtle, Emys orbicularis, a long-lived (> 40-80 years) opportunistic predator (fish, amphibian, crayfish) and scavenger [START_REF] Ottonello | Feeding habits of the European pond terrapin Emys orbicularis in Camargue (Rhône delta, Southern France)[END_REF][START_REF] Ficetola | Is the European « pond » turtle Emys orbicularis strictly aquatic and carnivorous? Amphibia-Reptilia[END_REF], is facing significant population declines due to multiple environmental alterations, including water pollution [START_REF] Cheylan | Evolution of the distribution of the European pond turtle in the French Mediterranean area since the post-glacial[END_REF]). This species is listed as "near threatened" (NT) on the UICN Red List of threatened species in France (REF). Pollution by trace metal elements has been studied in E. orbicularis [START_REF] Namroodi | European pond turtle (Emys orbicularis persica) as a biomarker of environmental pollution in Golestan and Mazandaran provinces, Iran[END_REF][START_REF] Guillot | Trace Element Concentrations in European Pond Turtles (Emys orbicularis) from Brenne Natural Park, France[END_REF][START_REF] Beau | Environmental causes and reproductive correlates of mercury contamination in European pond turtles (Emys orbicularis)[END_REF], but data are lacking on burdens of POPs.

We studied contamination levels in two populations of E. orbicularis at the Natural Reserve of the Tour du Valat, in the Camargue, France. Several individuals were of known-age due to capture-mark-recapture (CMR) program, starting more than 20 years ago [START_REF] Olivier | Assessing spatial and temporal population dynamics of cryptic species: an example with the European pond turtle[END_REF][START_REF] Ficheux | Rapid response of a long-lived species to improved water and grazing management: The case of the European pond turtle (Emys orbicularis) in the Camargue, France[END_REF][START_REF] Arsovski | Covariates streamline age-specific early life survival estimates of two chelonian species[END_REF]. The hydraulic system combines irrigation canals originating from the Rhône river and drainage canals, which are exposed to various environmental contaminants from the Rhône river and agricultural plots, especially rice fields [START_REF] Chauvelon | Hydrologie quantitative d'une zone humide méditerranéenne aménagée : le bassin de Fumemorte en Grande Camargue, delta du Rhône[END_REF]. In the present study, we assessed recent (2018) levels of OCPs and PCBs in plasma of the European pond turtle (n = 174). We tested the effects of individual traits (mass, sex, and age) on POP burdens. We expected that older and larger individuals should have higher levels of POPs because of bioaccumulation and length of exposure.

Moreover, we compared POP burdens of turtles from two populations in different locations in the agricultural hydraulic system (irrigation vs drainage). We expected high levels of OCPs in turtles from the drainage site, as a possible consequence of the remobilization of pesticides from agricultural soils, and high levels of PCBs in turtles from the irrigation channel, as a possible consequence of the historical contamination.

Material and methods

Sampling sites and capture

We conducted the study in the Natural Reserve of the Tour du Valat (43°30' N, 4°40' E, Fig. 1) in France. We captured European pond turtles (n = 174) in canals and marshes from 24 April to 26 July 2018 by hand or with funnel traps [START_REF] Olivier | Assessing spatial and temporal population dynamics of cryptic species: an example with the European pond turtle[END_REF][START_REF] Ficheux | Rapid response of a long-lived species to improved water and grazing management: The case of the European pond turtle (Emys orbicularis) in the Camargue, France[END_REF]. We captured turtles at two sites: (1) irrigation canals and their associated marshland (site of Esquineau, n = 126) and ( 2) drainage canals of the Fumemorte basin and marshes filled with water by these canals (site of Faïsses, n = 48). The sex ratio was the same between the two sites (58.3% females at Faïsses and 60.3% females at Esquineau, Pearson's Chi-squared test, p = 0.95).

Individual turtles were identified as part of a long-term CMR program with shallow notches on the marginal and nuchal scales in unique combinations [START_REF] Olivier | Ecologie, traits d'histoire de vie et conservation d'une population de Cistude d'Europe Emys orbicularis en Camargue[END_REF][START_REF] Olivier | Assessing spatial and temporal population dynamics of cryptic species: an example with the European pond turtle[END_REF]. Individuals were weighed and sexed by visual observation of the secondary sexual characters. The year of birth can be determined if the first capture occurred within the first 5 years of life by counting the number of growth streaks [START_REF] Castanet | Les méthodes d'estimation de l'âge chez les chéloniens[END_REF]. This long-term survey starts in 1997, although a few tens of individuals were also marked as adults from 1976. In our data set, 66 of the 174 individuals were of known-aged (5 to 26 year-old, corresponding to a first capture between 1997 and 2018) and some were first captured as adults in 1976, thus being considered as more than 44 year-old. When turtles were captured after their first 5 years of life (N = 108 in the present study), we determined a stage of growth according to growth streaks located on the plastron [START_REF] Olivier | Ecologie, traits d'histoire de vie et conservation d'une population de Cistude d'Europe Emys orbicularis en Camargue[END_REF]. By combining estimated age and stage of growth, we then attributed an age class to each turtle: 4 to 8 year-old (N = 20), 9 to 13 year-old (N = 46), 14 to 22 year-old (N = 54), and 23 to 44+ year-old (N = 54). Turtles were released on the same day at their capture site.

Blood sampling

Plasma is a good matrix to determine individual burdens of POPs because blood sampling is minimally invasive and because circulating levels of POPs in blood are significantly correlated to concentrations of POPs stored in fat [START_REF] Keller | Organochlorine contaminants in sea turtles: Correlations between whole blood and fat[END_REF][START_REF] Dabrowska | Polychlorinated Biphenyl Concentrations, Congener Profiles, and Ratios in the Fat Tissue, Eggs, and Plasma of Snapping Turtles (Chelydra s. serpentina) from the Ohio Basin of Lake Erie, USA[END_REF], liver, kidney, and muscle tissues (Van de [START_REF] Van De Merwe | Using blood samples to estimate persistent organic pollutants and metals in green sea turtles (Chelonia mydas)[END_REF].

We collected blood samples (2 ml, always less than 1% of the turtle body mass) from the dorsal coccygeal vein [START_REF] Innis | Tortoises and Freshwater Turtles[END_REF][START_REF] Keller | Organochlorine contaminants in sea turtles: Correlations between whole blood and fat[END_REF] with a Terumo Company® syringe (Somerset, USA) pre-impregnated with heparin to prevent blood clotting during collection and equipped with a 25G needle (Franklin Lakes, USA).

We then centrifuged the samples to separate the plasma from the red blood cells. We collected blood samples from 174 individuals (126 from Esquineau and 48 from Faïsses), 66 individuals were of known age ranging from 5 to 31 years old (32 females and 19 males from Esquineau; 9 females and 6 males from Faïsses). Samples were stored at -18 °C until analysis in the UMR 7619 METIS of Sorbonne Université, France.

Chemical analyses

We determined the levels of 17 IUPAC numbers # 77,81,105,114,118,123,126,156,157,167,169 and 189) in the 174 plasma samples.

Samples were processed through Solid Phase Extraction (SPE), using hexane: dichloromethane, 9:1, using a validated protocol [START_REF] Tapie | PBDE and PCB contamination of eels from the Gironde estuary: from glass eelsto silver eels[END_REF]) that was adapted for plasma samples (see Supplementary Material for a detailed description of the procedure and method validations). PCBs and OCPs were analyzed using an Agilent 7890 A gas chromatograph (GC) coupled to a 7000 B triple quadrupole mass spectrometer system (MS/MS) (Agilent Technologies, Les Ulis, France). Recovery rates (% RR) of compounds were assessed on replicate plasma samples of European pond turtles (n = 4) with spiked solutions (100 ng of each compound). The repeatability of the method was assessed in terms of relative standard deviation (% RSD) of the recovery. RR and RSD are provided in Table S2 (Supplementary Material). Recovery rates were not satisfactory (< 75% or > 125%) for isodrin, endrin, heptachlor epoxid, heptachlor-endo-epoxide, p,p'-DDD, PCB-77, PCB-189 (Table S2) and they were not further considered.

Statistical analyses

We performed statistical analyses with R software version 3.3.2 (R Core Team, 2016).

Only POPs detected (i.e. > LOQ) in at least 10% of the samples were included in the statistical analyses. Since age and weight were positively correlated (t = 3.65, df = 64, p = 0.0005) and females were significantly heavier than males (W = 474, p < 0.0001), body mass, sex and age were tested separately..

We used generalized linear models (GLM) with a binomial distribution and a logit link function to test for the effects of sex, site, the interaction sex * site, sampling date, and age (or body mass) on contaminant occurrence. For each model, we used a backward elimination to progressively remove non-significant terms (p > 0.05). For all analyses, model specification and validation were based on residual analysis.

The effects of sex, sampling site, date, and age (or body mass) on pollutant concentrations were tested by considering left-censored data, i.e. pollutant levels below the LOQ. To do so, group comparisons and linear regressions were performed using Peto-Prentice tests and tobit models respectively, with the function cendiff of the NADA package and the function tobit of the AER R-package.

Results

POP levels and occurrences

In 37 of the 174 samples, all contaminant levels were below the limit of quantification, which represented 10.4% of turtles sampled in Faïsses and 24.4% of turtles sampled in Esquineau. Eleven compounds were never detected in the plasma samples: PeCB, Lindane, Quintozene, Heptachlor, and the dioxin-like PCBs: PCB-118, -105, -114, -126, -156, -157 and -167. The following seven compounds were detected at least in one sample from Esquineau, but not in samples from Faïsses: alpha-HCH, 44'-DDT and PCBs 28, 101, 123, 169 (Table 1). Overall, the contaminant concentrations in the plasma samples were very low (Table 1).

Influence of individual traits, sampling site, and date on POP occurrences and levels

Only three POPs (HCB, PCB-52 and -153) had substantial occurrence, being detected in more than 10% of individuals (Table 1). Plasma occurrences of PCB-52 and HCB were significantly higher in turtles captured at Faïsses compared to Esquineau, while the occurrence of PCB-153 was higher in turtles captured at Esquineau (Tables 1 and2). HCB occurrence slightly increased with sampling date (Table 2). Sex, mass, and age class did not explain POP occurrence in turtles, except for PCB-153 whose detection frequency was higher in older individuals (Table 2).

Levels of HCB and PCB-52 were significantly higher in turtles from Faïsses, while PCB-153 levels tended to be higher in turtles from Esquineau (Tables 1 and3).

Moreover, levels of PCB-153 were lower in the youngest turtles (Table 3, Fig. 2). Sex, mass, and date did not explain variation in levels of POPs among turtles (Table 3).

Discussion

The aim of this study was to characterize legacy levels of POPs (OCPs and PCBs) in the plasma of European pond turtles in the Camargue, France, and to determine whether these levels were a function of individual traits and habitat types. Plasma levels of POPs were low and often below limits of quantification (from 0.2 to 3.1 ng/mL). We found significant differences in burdens of POPs between turtles from the two sampling sites and these differences could be attributed to the hydraulic system (drainage/irrigation). The occurrence and levels of PCB-153 were higher in older turtles.

The Rhône River has been historically contaminated, leading to an accumulation of POPs in sediments downstream [START_REF] Mourier | Historical records, sources, and spatial trends of PCBs along the Rhône River (France)[END_REF]. Previous studies conducted on several animal taxa in the Camargue confirmed high exposure during the last decades, with high concentrations of PCBs in muscles of eels (Anguilla anguilla) fished between 1997 and 2000 [START_REF] Roche | Recherches écotoxicologiques sur la contamination des peuplements de poissons de la réserve naturelle nationale de Camargue par les polluants organiques persistants[END_REF], but also in eggs of little egrets (Egretta garzetta) collected in 1996 [START_REF] Berny | Impact of local agricultural and industrial practices on organic contamination of little egret (Egretta garzetta) eggs in the rhône Delta, Southern France[END_REF]. We detected low levels of POPs in the pond turtle in Camargue, which could indicate a decline in legacy POP exposure for wild species in the Camargue. Although a longitudinal study of the same species at the same locations would be required to test this hypothesis, decreasing PCB concentrations have been observed in the Rhône River sediments over the last decades [START_REF] Liber | Past and recent state of sediment contamination by persistent organic pollutants (POPs) in the Rhône River: Overview of ecotoxicological implications[END_REF] and water analyses conducted by the Nature Protection National Society (SNPN) have not detected PCBs and OCPs in the Fumemorte canal since 2011 [START_REF] Cheiron | Rapport d'activité 2018[END_REF]. Moreover, organochlorine contamination across food webs tended to diminish in the Vaccarès lagoon (Roche et al., 2009a), the largest water body of the Camargue Biosphere Reserve. Exotic red swamp crayfish (Procambarus clarkii), the main prey of European pond turtles in the Camargue [START_REF] Ottonello | Feeding habits of the European pond terrapin Emys orbicularis in Camargue (Rhône delta, Southern France)[END_REF], were not contaminated by POPs in 2019 (i.e. < LOQ, with LOQ ranging from 0.9. to 1.98 ng/g dw, unpublished data).

One of the first studies looking at the plasma concentration of POPs in turtles documented high PCBs and OCPs levels in snapping turtles (Chelydra serpentina), in Ontario, Canada and sampled in 2001-2004[START_REF] Letcher | Snapping Turtles (Chelydra serpentina) from Canadian Areas of Concern across the southern Laurentian Great Lakes: Chlorinated and brominated hydrocarbon contaminants and metabolites in relation to circulating concentrations of thyroxine and vitamin A[END_REF]: plasma concentrations of OCPs (sum of 17 contaminants) ranged from 0.2 to 236 ng/g w.w.

and the most abundant pesticide was p,p'-DDE (mean ± SE: 27 ± 6 ng/g w.w.). In our study, plasma concentrations of POPs (sum of 16 contaminants) were much lower, ranging from 0 to 2 ng/g w.w and p,p'-DDE levels didn't exceed 2.3 ng/g ww.

Snapping turtles are freshwater turtles with similar feeding habits than European pond turtle: they also consume plant and animal matter, including aquatic invertebrates, fish, frogs, reptiles [START_REF] Ernst | Turtles of the United States and Canada[END_REF].Other studies of turtles documented plasma concentrations of POPs comparable to those in our study; for instance, for PCB 153 and HCB in another freshwater species, the Western pond turtle (Actinemys marmorata) in Sequoia National Park, USA, in 2012 [START_REF] Meyer | Organic contaminants in western pond turtles in remote habitat in California[END_REF], as well as in marine turtle, such as Loggerhead sea turtles (Caretta caretta) in the Eastern Atlantic Ocean in 2011-2012 [START_REF] Bucchia | Plasma levels of pollutants are much higher in loggerhead turtle populations from the Adriatic Sea than in those from open waters (Eastern Atlantic Ocean)[END_REF], and in Green turtles (Chelonia mydas) and Hawksbill turtles (Eretmochelys imbricata) in Cape Verde between 2009 and 2011 [START_REF] Camacho | Monitoring organic and inorganic pollutants in juvenile live sea turtles: Results from a study of Chelonia mydas and Eretmochelys imbricata in Cape Verde[END_REF].

In terms of occurrence of POPs, our results in European pond turtles were low compared to other studies [START_REF] Bucchia | Plasma levels of pollutants are much higher in loggerhead turtle populations from the Adriatic Sea than in those from open waters (Eastern Atlantic Ocean)[END_REF][START_REF] Meyer | Organic contaminants in western pond turtles in remote habitat in California[END_REF]. The occurrences of dioxin-like PCBs in 8% of European pond turtles, as well as p,p'-DDE in 2% of individuals were much lower than those found in plasma of Loggerhead sea turtles that ranged from 63% in the Atlantic Ocean to 100% in the Adriatic Sea for dioxinlike PCBs and 100 % for p,p'-DDE [START_REF] Bucchia | Plasma levels of pollutants are much higher in loggerhead turtle populations from the Adriatic Sea than in those from open waters (Eastern Atlantic Ocean)[END_REF].

Despite low detection frequencies and levels, we found differences in POP burdens between turtles from the two sampling sites. Turtles in Faïsses, a site receiving water from drainage canals, exhibited significantly higher occurrence and levels of HCB compared to turtles from Esquineau, likely because of the remobilisation of trapped OCPs in soils. On the other hand, the occurrence and levels of PCB 153 were higher in turtles from Esquineau, a site with irrigation channels. A previous study has documented higher concentrations of PCBs in the aquatic fauna in irrigation canals compared to the drainage canals downstream of rice fields (Roche et al., 2009b). We also found that concentrations of PCB-52 were higher in turtles at Faïsses, however, which may be due to a lower sedimentation rate of PCB-52 associated with its lower molecular weight and a greater solubility due to a lower level of chlorination compared to PCB-153 [START_REF] Gong | Desorption rates of two PCB congeners from suspended sediments---I. experimental results[END_REF][START_REF] Alkhatib | Parameters affecting partitioning of 6 PCB congeners in natural sediments[END_REF]. The processes of deposition and release of PCBs from the irrigation part to the drainage part of the canals need to be further studied. In addition, other populations of pond turtles in the two types of hydraulic systems should be studied to confirm this pattern.

The occurrence and levels of PCB-153 were lower in the youngest individuals (4 to 8 year old), which could be attributed to a shorter exposure period. PCB-153 is a recalcitrant chemical with a high hydrophobicity (high octanol-water partition coefficient), high resistance to metabolic transformation, and slow respiratory elimination through air-exhalation (high octanol-air partition coefficient). PCB-153 is also more prone to bioaccumulation than many other PCB congeners [START_REF] Kelly | Food web-specific biomagnification of persistent organic pollutants[END_REF], especially in long-lived air-breathing predatory species [START_REF] Rowe | The Calamity of So Long Life »: Life Histories, Contaminants, and Potential Emerging Threats to Long-lived Vertebrates[END_REF]. It is also possible that there is a dietary shift during growth in pond turtles leading to the consumption of higher trophic-level prey with age, and these higher trophic level prey would be more PCB contaminated due to biomagnification. This hypothesis, however, is not supported by dietary studies of E. orbicularis in Camargue), showing a shift to a more herbivorous diet with age, using prey items identification in faecal samples [START_REF] Ottonello | Feeding habits of the European pond terrapin Emys orbicularis in Camargue (Rhône delta, Southern France)[END_REF] or no difference in the proportion of plants, invertebrates and vertebrates, using metabarcoding analyses (Duccotterd et al.

2020).)

We did not detect differences in POP loads between male and female pond turtles, despite males often being more contaminated than females in other turtle species [START_REF] Guirlet | Maternal transfer of chlorinated contaminants in the leatherback turtles, Dermochelys coriacea, nesting in French Guiana[END_REF][START_REF] Bangma | Perfluoroalkyl substances in diamondback terrapins (Malaclemys terrapin) in coastal South Carolina[END_REF][START_REF] Lambiase | Polychlorinated organic pollutants (PCDD/Fs and DL-PCBs) in loggerhead (Caretta caretta) and green (Chelonia mydas) turtles from Central-Southern Tyrrhenian Sea[END_REF] due to a transfer of pollutants from the mother to the eggs through vitellogenesis [START_REF] Moss | Concentrations of persistent organic pollutants in plasma from two species of turtle from the Tennessee River Gorge[END_REF][START_REF] De Solla | Organic contaminants in reptiles[END_REF]. 
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 2 Figure 2: Increase in plasma PCB 153 (ng/mL) levels in European pond turtles with
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