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Introduction

The intensive use of pesticides for crop protection against diseases led to the widespread presence of these compounds in all the compartments of the environment (soil, water, air).

The contamination of surface waters by these biologically active chemicals is an important unwanted side effect of their use. Such contaminations represent a potential risk to aquatic life particularly in rivers draining agricultural areas. Numerous authors have evaluated the transport of pesticides from agricultural lands to rivers (e.g., [START_REF] Clark | Occurrence and load of selected herbicides and metabolites in the lower Mississippi River[END_REF][START_REF] Du Preez | Seasonal exposures to triazine and other pesticides in surface waters in the western Highveld corn-production region in South Africa[END_REF][START_REF] Claver | Study of the presence of pesticides in surface waters in the Ebro river basin (Spain)[END_REF][START_REF] Blanchoud | Contribution by urban and agricultural pesticide uses to water contamination at the scale of the Marne watershed[END_REF]. Large-scale studies on pesticide losses to surface waters showed that the transfer of pesticides is largely influenced by the intrinsic properties of each compound, but also by the weather conditions, the soil types and land use [START_REF] Kreuger | Pesticides in stream water within an agricultural catchment in southern Sweden, 1990-1996[END_REF][START_REF] Capel | The behaviour of 39 pesticides in surface waters as a function of scale[END_REF][START_REF] Riise | Loss of pesticides from agricultural fields in SE Norway-runoff through surface and drainage water[END_REF]. The role of hydrology in non point diffuse pesticide pollution is documented, but hardly quantified.

Several authors emphasized the significance of rainfall-induced surface runoff as a major source of pesticides in streams [START_REF] Richards | Pesticide concentration patterns in agricultural drainage networks in the Lake Erie basin[END_REF][START_REF] Kuivila | Concentration, transport and biological effects of dormant spray pesticides in the San Francisco Estuary, California[END_REF][START_REF] Ng | Atrazine and metolachlor losses in runoff events from an agricultural watershed the importance of runoff components[END_REF][START_REF] Kreuger | Pesticides in stream water within an agricultural catchment in southern Sweden, 1990-1996[END_REF][START_REF] Capel | The behaviour of 39 pesticides in surface waters as a function of scale[END_REF][START_REF] Bach | Input pathways and river load of pesticides in Germany -a national scale modeling assessment[END_REF]Schulz, 2001a;Schulz, 2001b;[START_REF] Holvoet | Monitoring and modeling pesticide fate in surface waters at the catchment scale[END_REF][START_REF] Vryzas | Spatial and temporal distribution of pesticide residues in surface waters in northeastern Greece[END_REF]. Rapid flow processes drastically reduce the time available for reactions, such as sorption or degradation, and can lead to a direct transfer of pesticides towards surface waters [START_REF] Müller | Hydrological characterisation of pesticide loads using hydrograph separation at different scales in a Gerlan catchment[END_REF]. It is widely recognised that during floods, fluxes of many pollutants (e.g., nutrients, metals, pesticides) can vary over several orders of magnitude and may account for the majority of the annual load of pollutants in large river systems [START_REF] Meybeck | Looking for water quality[END_REF][START_REF] Zonta | The effect of floods on the transport of suspended sediments and contaminants: A case study from the estuary of the Dese River (Venice Lagoon, Italy)[END_REF][START_REF] Eyre | Intra-and inter-annual variability in the different forms of diffuse nitrogen and phosphorus delivered to seven sub-tropical east Australian estuaries[END_REF][START_REF] House | Intensive measurements of nutrient dynamics in the River Swale[END_REF]. Much less is known about pesticide transfer dynamics and loads in small stream systems, where hydrological conditions are subject to fast and considerable variation with time [START_REF] Gargouma | Seasonal transport of herbicides (triazines and phenylureas) in a small stream draining an agricultural basin : Melarchez (France)[END_REF][START_REF] Ng | Atrazine and metolachlor losses in runoff events from an agricultural watershed the importance of runoff components[END_REF][START_REF] Kreuger | Pesticides in stream water within an agricultural catchment in southern Sweden, 1990-1996[END_REF][START_REF] Louchart | Oryzalin fate and transport in runoff water in Mediterranean vineyards[END_REF][START_REF] Leu | Silmutaneous assessment of sources, processes and factors influencing herbicides losses to surface waters in a small agricultural catchment[END_REF][START_REF] Domange | Etude des transferts de produits phytosanitaires à l'échelle de la parcelle et du bassin versant viticole (Rouffach, Haut-Rhin)[END_REF]. Surface waters draining vineyard areas are of specific concern due to the large quantities and diversity of pesticides applied and the vulnerability of cultivated land (i.e., shallow soil depth, steep slopes). Indeed, several studies reported the presence of pesticide residues in surface waters in vineyard areas [START_REF] Lennartz | Diuron and simazine losses to runoff water in Mediterranean vineyards[END_REF][START_REF] Louchart | Herbicide transport to surface waters at field and watershed scales in a Mediterranean vineyard area[END_REF][START_REF] Ribolzi | Speciation and origin of particulate copper in runoff water from a Mediterranean vineyard catchment[END_REF][START_REF] Louchart | Oryzalin fate and transport in runoff water in Mediterranean vineyards[END_REF]Rabiet et al., 2008, Hildebrandt andal., 2008). In spite of this highlighted vulnerability of vineyard areas, very few studies reported on the spatio-temporal variability of pesticide concentrations nor on the evaluation of corresponding fluxes. The assessment of pesticide fluxes is essential to evaluate the environmental performance of agricultural practices and to improve water quality at a basin scale. In small stream, [START_REF] Preston | Impact of flow variability on error in estimation of tributary mass loads[END_REF] and [START_REF] Cohn | Recent advances in statistical methods for the estimation of sediment and nutrient transport in rivers[END_REF] showed that flux estimates of nutrients or metals were often strongly biaised when water discharge varied greatly with time.

One of the objectives of the European Water Framework Directive (WFD, European Commission, 2000) is to reach a "good status" for European rivers by 2015. The implementation of the WFD implies the intensification of the monitoring of contaminants, the identification of the causes of degradation and the implementation of corrective actions to obtain a good chemical and biological status. For this purpose, Member States have to establish a comprehensive monitoring strategy to establishcontaminant exposure levels in surface waters and to evaluate the water quality improvement linked to various management programmes at the catchment scale. Within the WFD, operational monitoring is required for the 33 priority substances; it should be performed via grab sampling 12 times per year.

Pesticide transfer during flood events are not specifically considered whereas many studies showed their major role by mobilising great quantity of contaminants. Moreover, several authors (e.g., [START_REF] Schleppi | Errors of flux integration methods for solutes in grab samples of runoff water, as compared to flow-proportional sampling[END_REF][START_REF] Johnes | Uncertainties in annual riverine phosphorus load estimation: impact of load estimation methodology, sampling frequency, baseflow index and catchment population density[END_REF][START_REF] Horowitz | Determining annual suspended sediment and sediment-associated trace element and nutrient fluxes[END_REF] have shown for river systems and also small streams that an infrequent monitoring programme, with sampling performed only for a representative range of flow conditions may yield better estimates of solute loads (nutrients, sediment-associated trace elements or major elements) than a routine water quality monitoring programme with sampling at fixed time intervals, regardless of flow conditions The objectives of this work was on the one hand to evaluate the spatiotemporal variability of pesticides concentrations and fluxes in an small-sized vineyard catchment (inferior to 10 km²) and on the other hand to assess the outcome of different sampling strategies on the estimation of pesticide fluxes. In particular, the effect of sampling frequency on the evaluation of pesticide loads and concentrations using several sampling strategies was estimated and discussed.

The Morcille catchment was selected for this study as it is a vineyard's area and its small size (8 km²) corresponds to the scale where novel agricultural practices are implemented and evaluated for their environmental performance towards the protection of water quality. One site of the Morcille stream was instrumented in order to monitor both flood and betweenflood (base flow) events during one hydrological year. We used various set of monitored data (weekly or monthly grab, weekly automatic fractionated sampling) to compare concentrations and fluxes obtained using these different sampling strategies..

Material and methods

Study area

The investigation site is the Morcille catchment, which has been studied for a long-time by the Cemagref, french agricultural and environmental engineering research institute. It is a representative catchment of the Beaujolais area for the study of the transport of pesticides from agricultural parcels to surface water [START_REF] Gouy | Caractérisation et suivi de la qualité des eaux sur le bassin versant de la Morcille sur la période 2001-2006[END_REF][START_REF] Rabiet | Transfert des pesticides et métaux dans un petit bassin versant viticole -Étude préliminaire de l'influence des conditions hydrologiques sur le transport de ces contaminants, Ingénierie EAT, Special issue[END_REF]. The Morcille catchment is located about 70 km north of the city of Lyon in France (Fig. 1). Its small size (8 km²) allows to define a study area where transfers are more easily comprehensible. The head of the basin is essentially covered by forest, whereas downstream it is mainly dedicated to vineyard with the presence of about 70 wine-growers [START_REF] Gouy | Caractérisation et suivi de la qualité des eaux sur le bassin versant de la Morcille sur la période 2001-2006[END_REF]. The vine covers about 70% of the catchment's total area (Fig. 2). No industrial activities are present on the site. The hydrology regim of the Morcille stream varies considerably over the year, with instantaneous water flow ranging from 0.005 m 3 /s (low-water mark) to more than 0.5 m 3 /s (during storms). It is characterised by significant hydrological events (strong and fast floods). The substratum of the catchment is an altered crystalline basement of mainly granite, with some rather homogeneous soils varying from sandy loam on the upper slopes to more clayey soils in the bottom of the valley [START_REF] Gouy | Caractérisation et suivi de la qualité des eaux sur le bassin versant de la Morcille sur la période 2001-2006[END_REF].

Considering the soil texture, the rather steep slopes (varying from 2% to more than 20%) and the presence of a shallow crystalline basement, it is likely that infiltration and sub-surface lateral flow are major processes. Surface runoff only appears during high intensity rainstorms exceeding the soil infiltration capacity. In this area, climatic, geological, topographical and agricultural conditions concur to potentially create very dynamic hydrological conditions and a high erosion rate. Thus, pesticide transfer to surface waters may be favoured. In vineyards, herbicides are applied from the end of March to April, whereas fungicides and insecticides are used from May to August. Considering both hydrologic conditions and pesticide application dates, the more critical period as regards to surface water contamination extends from April to the end of August.

Water sampling

A monitoring survey was performed from March 2007 to March 2008 during a complete vine growing season. Three sampling sites along the Morcille stream from upstream (1-St-Joseph), intermediate (2-Les Versauds) to downstream (3-St-Ennemond) were monitored in order to approach the spatial variability (Fig. 1 and2). As for the temporal variability, a sampling strategy was defined so as to investigate the three sites during one year, focusing on the pesticide application periods and the following months. Hence, a more intensive monitoring, with weekly grab samples, was performed from March to September 2007, which included the pesticide application period; a monthly grab monitoring was done thereafter (from October 2007 to March 2008).

In order to better identify pesticide concentration amplitude and fluxes during storm events, a specific monitoring was performed at the intermediate site (2-Les Versauds) during spring and summer 2007. Sampling was performed using two refrigerated automated samplers (Bühler, model 4010) with a capacity of 24 polyethylene (PE) bottles. The high capacity of each samplers as well as the use of two samplers allowed to minimize the risk of missing a portion of the flood event. It permitted a fractionated flood sampling at a rate proportional to the flow, allowing to better estimate fluxes than a time dependant sampling. Automatic sampling parameterization was designed using knowledge and experience from the previous two years of flow measurements (2005 and 2006).

In addition, in order to compare various sampling strategies to assess pesticide fluxes and mean concentrations in this stream, a weekly composite sampling was performed in July and August 2007 with an additional refrigerated automatic sampler (Bamo, model Aquacell) equipped with a single PE bottle of 10 L. This sampler was also programmed to be proportional to the flow. Thus five sampling methods were compared at site 2: grab sampling (weekly, bi-monthly or monthly), automatic fractionated sampling during storms and automatic weekly composite sampling.

In parallel, the water depth was continuously recorded at site 2 with a pressure sensor and converted into water flow values using a sampling-site specific calibration function. Rainfall was measured using two raingauges (i.e. tipping bucket system) located upstream and in the middle of the Morcille catchment (Fig. 2). Data obtained with each gauge were similar and didn't show any significative spatial variability of rainfall. In this study, we reported only the data obtained with the closest raingauge to site 2.

Pesticides analysis

Pesticides selection

It was not intended to analyse all the pesticides present in surface water of the Morcille stream, but rather to select a range of compounds widely used in vineyard catchment and with various physico-chemical properties. Pesticides were selected among a list resulting from previous screening analysis in surface water at the same site (Gouy andNivon, 2007, Rabiet et al., 2008). Six pesticides and a main metabolite were chosen from different families of herbicides and fungicides currently used for vineyard treatments: azoxystrobin (AZS), carbendazim (CBZ), dimetomorph (DMM), procymidone (PCM), tebuconazole (TBZ), diuron (DIU) and one of its metabolites: 3-(3,4-dichlorophenyl)-1-methyl urea (DCPMU).

Their main physico-chemical properties are presented in Table 1. Diuron, an herbicide largely used on vineyard, is included in the list of the priority substances of the WFD (European Commission, 2000, 2008). Insecticides, although widely used in vineyard to protect crop again pest, were not monitored in this study since occurence as well as concentrations were found to be negligible in the water bodies of the Morcille watershed [START_REF] Gouy | Caractérisation et suivi de la qualité des eaux sur le bassin versant de la Morcille sur la période 2001-2006[END_REF].

Chemicals

Pure pesticides used for standard solutions or quality controls were of analytical grade and supplied by Cluzeau Info Labo (Sainte Foy la Grande, France) or Sigma Aldrich (Saint Quentin Fallavier, France). Organic solvents used were pesticide or HPLC grade (SDS, Peypin, France).

The individual stock solutions were prepared in acetone at a concentration of 100 mg/L and stored at 4°C. These stock solutions were stable for 2 months. Standard working solutions at various concentrations were prepared weekly by appropriate dilutions of the stock solutions in ultrapure water/ acetonitrile (80/20, V/V).

Sample pre-treatment

Except for weekly composite sampling, samples were collected within a maximum of 24 h after sampling and returned to the laboratory for immediate filtration. Water samples were filtered on glass fiber filters (0.7 µm, ∅=47 mm, GF-F Whatman, Sodipro, Echirolles, France). Extraction was carried out on solid phase extraction (SPE) cartridges (Oasis HLB, 60 mg, 3 mL, Waters, France) after spiking with linuron used as analytical control standard. Ten µL of internal standard control (deutered diuron) were added to the final extract of 240 µL water/acetonitrile (80/20, V/V). The concentration factor was about 1000. The organic extracts and corresponding calibration standards were kept at -20°C prior to analysis.

Analysis

Water sample extracts were quantified by ESI-LC-MSMS (LC 1100 Agilent, API 4000 Applied Biosystems, Courtaboeuf, France). The compounds were separated on a 250×2 mm Purospher Star RP-18 column (Merck). The mobile phase was water/acetonitrile gradient at 0.3 mL/min. The limit of quantification (LQ) ranged between 0.020 and 0.080 µg/L according to the pesticides, and recoveries varied from 80 to 107%, depending on the concentration level and the compound [START_REF] Margoum | Dissipation of pesticides in surface water and biofilms in a small agricultural catchment: development of a methodology for studying environmental impact of pesticides[END_REF]. All the concentration results presented in this study were then corrected with the corresponding recovery rate.
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Quality assurance

Possible losses of compounds by sorption or degradation during sample collection, storage and transport was evaluated in two separate laboratory studies. First, pesticide stability during storage in PE bottles was assessed. Mineral Evian water (3 replicates) was spiked with the studied pesticides (5 µg/L) and then stored in the same conditions as during monitoring (at 4°C in darkness). Pesticides analyses were performed at time 0, 1 h, 24 h, 48 h and 7 days in order to simulate different time of storage inside the automatic samplers. Results are presented in Figure 3. Diuron is the most stable compound in PE bottle with losses below 3%, even over a seven days period. For dimetomorph and DCPMU, losses are below 10% during storage. It is also the case for procymidone over a 2 days period. However, over a seven days period, procymidone showed a significant decrease of concentration, with about 40% of losses. This behaviour could be due to its relatively high Koc (Table 1). Despite their respectively low half life and high Koc, azoxystrobin and tebuconazol showed a good stability, with maximum losses reaching a maximum of 15% over 7 days. In conclusion, stability of all compounds is satisfying over 7 days, expect for procymidone; thus average weekly concentrations of procymidone might be somewhat underestimated.

In the second study, spiked and unspiked mineral water (Evian) were run through the automatic sampler (i.e., passing through the tubes and collected in the receiving bottles of the sampling equipment) in order to verify the potential loss of pesticides and the absence of contamination, respectively. No significant adsorption or release of pesticides was observed (i.e., the relative difference of pesticide concentrations before and after the sampler was below 5%).

Field and analytical blanks (using ultrapure water in PE bottles) were also performed for each monitoring campaign.

Flux calculation

Pesticide fluxes were estimated at site 2 over various periods and using different data and calculation methods.

The weekly load of pesticides (WL) was calculated for the March-September period, using the manual weekly sampling data, by multiplying the average weekly stream flow by the total pesticide concentration (i.e., sum of the concentrations of the 8 studied pesticides) measured on grab samples as follows:

WL (µg) = Q × C i × t i equation (1)
where Q is the average weekly stream flow during the considered period t i (L/s); C i is the concentration of total pesticides analysed in grab samples collected once a week (µg/L); and t i is the considered time period (s) (seven days surrounding the sampling day).

For the monthly monitoring, over the October-March period, monthly pesticide fluxes were estimated in the same way by multiplying the average monthly stream flow by the total pesticide concentration measured on the samples collected manually once a month.

Concentrations below the LQ were set to half of the LQ for these calculation. Compounds not detected were set to 0.

The total pesticide load during a flood (FL) was calculated using the following equation:

FL (µg) = Σq i × i C × t i equation (2)
with qi, the instant flow at the time i (L/s); i C , the concentration value linearly interpolated between both nearest measured pesticide concentrations (µg/L); and t i , the time interval between the flow measurements (s). This time varied from several seconds to minutes.

Results and discussion

Hydrological context

Daily rainfall (mm) and water flow (L/s) of the Morcille stream at site 2 for the study period (from 01/03/2007 to 31/03/2008) are presented in Figure 4. Total annual precipitation during year 2007 was about 909 mm. This value is not significantly different from the average annual precipitation during the past fifteen years (860 mm). However, summer was particularly wet in 2007, with a total precipitation of 426 mm from May to August (Fig. 4), compared to 290 mm in average (for the past fifteen years) (Meteo France). Especially, the months of June and August were particularly wet (125 and 101 mm respectively, versus an average of 67 and 78 mm, respectively). This specific context could contribute to increase surface water contamination by pesticide: on the one hand, a higher occurrence of storms in summer is favorable to surface runoff contributing to mobilise more pesticides, and, on the other hand, wet conditions often lead farmers to use more pesticides than a normal year, because of a higher risk of crop disease. Total fungicide concentrations were very low in March and April 2007 (below 0.3 µg/L). In May, fungicide concentrations increased slightly with values ranging between 0.3 and 0.9 µg/L at the downstream site. Starting in June, fungicide concentrations rose sharply. The maximum concentration was observed in July with 8.3 µg/L at site 3 (Fig. 5b).

Grab monitoring of pesticide concentrations along the

Herbicide as well as fungicide concentrations decreased in August, but remained at a detectable level during all year round: this was especially the case for diuron, mainly applied in late winter but also locally until early summer due to the wet conditions. Thus, surface water contamination by pesticides largely overstepped the application period, as shown by the high pesticide concentrations still present in January (up to 2.0 µg/L at site 3).

Besides seasonal variations, we observed a large variability of pesticide concentrations with time, over very short periods. For instance, between the 30 May 2007 and the 05 June 2007, diuron and metabolite concentrations at site 3 increase from 0.3 to 13.3 µg/L. This high reactivity may be related to the rapid pesticide transfer via runoff due to storm events, which can mobilise a large and variable quantity of pesticides. Indeed, this period of the year was marked by large rainfall, with about 55 mm during one week (cf. Fig. 4); this led to a shorter delay between pesticide application and precipitation and favouring the direct transfer to surface water.

We present in Figure 6 the relationship observed between total dissolved pesticide concentrations and water flow during grab monitoring at site 2. The positive linear regression is statistically significant (r²= 0.78; P<0.0001). The low pesticide concentration for high flux corresponds to a sample collected during a storm event at the end of summer, thus at the end of the application period.
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We noted that pesticide concentrations generally increased with water flow during the application period and the following months as well, when it is likely that pesticide input to soil and their availability in soil is still significant. This underlined the major role of hydrological conditions on the mobilisation of pollutant. As for pesticide occurrence during base flow, it is assumed that it can be related to the slow processes of water movement through the soil matrix such as subsurface runoff, drainage and exchanges with shallow water table [START_REF] Müller | Hydrological characterisation of pesticide loads using hydrograph separation at different scales in a Gerlan catchment[END_REF].

On a spatial point of view, we measured a large increase of pesticide concentrations from upstream to downstream, which is coherent with the increasing proportion of vineyard surface downstream (Fig. 2). Indeed, at the upstream reference site (site 1), only diuron and its metabolite, as well as dimetomorph and procymidone were quantified and only twice at low levels (from the LQ up to 2 µg/L). This reflects the small impact of vineyard treatment at the upstream site, whereas at the outlet, pesticides were systematically quantified with a mean concentration of total pesticides of 3.2 ± 4.0 µg/L at site 3.

The distribution between the different compounds/molecules at site 2 is reported in Figure 7.

Diuron predominated, with concentrations ranging from 0.01 µg/L to 7.5 µg/L. Thus, the average concentration of diuron (1.2 ± 2.0 µg/L) largely exceeded the European environmental quality standard (EQS) of 0.2 µg/L expressed as annual average value (European Commission, 2008). Moreover, at site 3, the downstream site, more than one third of the samples exhibited diuron concentrations higher than the maximum allowable concentration (MAC) of 1.8 µg/L (European Commission, 2008). These results reflect the strong impact of diuron used in vineyard on the surface water quality all along the year.

Moreover, DCPMU, a main metabolite of diuron, was systematically quantified with concentrations ranging between 0.01 and 0.5 µg/L at site 2. At site 3, DCPMU concentration ranged between 0.2 and 1.4 µg/L, with a mean concentration of 0.3 ± 0.3 µg/L. Dimetomorph and procymidone, two fungicids commonly utilized on vines, were mostly quantified during the month of July, with concentrations reaching up to 3.4 and 1.3 µg/L respectively at the intermediate site, reflecting their application period on the basin. Tebuconazol was detected all along the application period at site 2 with concentration ranging between 0.02 and 1.9 µg/L, corresponding to an average concentration of 0.2 ± 0.3 µg/L. Carbendazim and azoxystrobin were less often quantified in the stream, with mean concentrations of 0.1 ± 0.2 µg/L and 0.08 ± 0.09 µg/L, respectively at the downstream site (site 3).

The weekly load of total dissolved pesticides at site 2, estimated from equation (1), ranged between 3.3 g and 337 g over the study period. This lead to an annual load of pesticides of 2200 g then 12.5 g/Ha taking into account the vine surface drained at site 2 (175 Ha). More than 50% of this amount (1088 g) was transferred during June and July only, with 623 and 465 g, respectively. Noteworthy, diuron and its metabolite represented 68% (1502 g) of the annual total load. It represented about 8.6 g of diuron and metabolite per hectare. Considering the recommended amount of diuron to be applied per hectare and per year on this type of culture (i.e., 1500g/Ha, [START_REF] Couteux | Index phytosanitaire Acta[END_REF], about 0.57% of the total amount of applied diuron reached the Morcille stream. Noteworthy, the load of exported diuron should probably decrease in the future, as its use is no longer authorized. This value is in agreement with measured pesticide losses to surface water reported by other authors (for cereal cultures), ranging from 0.01 to 0.5% of application amounts [START_REF] Brown | Movement of pesticides to surface waters from a heavy clay soil[END_REF][START_REF] Kreuger | Pesticides in stream water within an agricultural catchment in southern Sweden, 1990-1996[END_REF]. In fact, our calculation was based on pesticide concentrations measured in weekly grab samples, which mainly corresponded to base-flow conditions; thus it did not take into account the majority of high-flow events, likely to contribute to annual pesticide load transiting through the Morcille stream. We might consider that the estimation of 0.57% of diuron losses probably largely underestimates the actual quantity of diuron exported from vine parcels to the stream. However, in a Mediterranean vineyard catchment, [START_REF] Louchart | Herbicide transport to surface waters at field and watershed scales in a Mediterranean vineyard area[END_REF] estimated to 0.52% the total seasonal losses for diuron, including losses by storm flow and baseflow. This lower value compared to our result is probably due to different caracteristics of the watershed studied, in particular the slope; alternatively it might result from differences in the monitoring and calculation methods. In this study, base flow only contributed to 4% of total losses.

Storm events monitoring during spring and summer 2007

We monitored 8 floods from April to September 2007. Among them, 5 floods were fully monitored and 3 floods could only be sampled in the region of the water flow peak. Sampled flood events were characterised by a maximum water flow ranging between 0.03 and 0.78 m 3 /s and a duration lasting between 2 and 11 hours. These characteristics are typical of most events taking place in the Morcille catchment [START_REF] Taillandier | Data treatment and study of the hydrological mechanism of the Morcille's catchment area (In French). Rapport de stage[END_REF].

The maximum pesticide concentration recorded during each flood event, as well as the total flux are presented in Table 3 for each monitored compound. Figure 8 presents the distribution of diuron concentrations during the 8 monitored floods, as it is the main pesticide quantified during the study period.

As expected, we observe a large mobilisation of diuron in the stream during the high flow events. Concentrations rose rapidly, then usually hit the highest point almost at the same time as water flow peak (Fig. 8). However, a lag time (ranging between few minutes and more than 1 hour according to the event) was sometimes observed before or after the maximal pesticide concentration, in comparison with the water flow peak. Concentrations declined thereafter. characterized by very high concentrations of all monitored pesticides (about 10 times higher than for other flood events). Thus, we considered this event as exceptional, probably due to the occurrence of the flood just after pesticides application.. Some authors [START_REF] Louchart | Herbicide transport to surface waters at field and watershed scales in a Mediterranean vineyard area[END_REF][START_REF] Leu | Silmutaneous assessment of sources, processes and factors influencing herbicides losses to surface waters in a small agricultural catchment[END_REF][START_REF] Phillips | Pesticides in surface water runoff on souh-eastern New York State, USA: seasonal and stormflow effects on concentrations[END_REF] have indeed shown that the major pesticide losses occurred during the first rain event after application. Excluding this exceptional event, as well as the event taking place out of spreading period (end of September), maximum concentrations during floods were between 7.3 and 21.1 µg/L, with an average value of 12.7 ± 4.3 µg/L. Among all the monitored pesticides, diuron was the most mobilised compound during flood. Its contribution reached up to 76% of the total pesticide load transiting during flood. Maximum diuron concentrations observed during the flood events were always higher than the MAC (European Commission, 2008).

Depending on the flood (and excluding the extreme event of 01-02 July 2007), pesticide maximum pesticide concentrations varied by a factor of 3 only, whereas peak water flows varied by a factor of up to 30. Thus, maximum pesticide concentrations did not seem to be a simple function of water flow and it is likely that other processes interfered, such as pesticide availability via runoff.

During floods, the total dissolved pesticide fluxes ranged from 1.0 to 60 g. When occurring immediately after application, even a flood of moderate intensity could in fact deliver to the stream a significant load of pesticides in a very short period.

Significance of the sampling strategy on the estimation of diuron fluxes and average concentration

Flux estimation

In order to assess the effect of the sampling strategy on the estimation of diuron fluxes and average concentration, we used different methods and various set of data monitored at site 2 in August 2007. This specific month was chosen for this exercise since a majority of the storm events during this period could be collected (Fig. 9). Besides, pesticide concentrations during this period were still very significant.

The monthly diuron flux was estimated using weekly, bimonthly or monthly simulated grab monitoring by choosing either the first, second, third or fourth weekly sample as the reference concentration for the calculation; or alternatively, by using only 1, 2 or 4 weekly data. In Although only 7 data points were available to derive this relationship (cf. Fig. 10), it allowed to estimate with less than 30% of bias diuron load during a flood event taking place during the considered period (Table 4). Due to pesticide decay with time and to the limited range of water flow values used to build this equation, the validity of this equation is clearly limited to the study period and it would be incorrect to use it in another context and purpose.

Results are presented in Figure 11. According to the method used, diuron monthly fluxes ranged from 4.7 to 73.9 g. The highest value corresponded to the calculation using the weekly composite sampling results, which was considered as the most accurate evaluation. Hence, this value was used thereafter to estimate the bias due to grab sampling. Monthly diuron fluxes, estimated from grab monitoring (weekly, bimonthly or monthly) varied between 4.7 and 41.2 g, which is significantly lower than the "most realistic" flux value (73.9 g). Even the grab weekly surveys underestimated pesticide flux by a factor of about 5 at most. As a matter of fact, in August 2007 around 89% of the diuron load were transported during floods, which in total lasted for less than 5 days (i.e., 15% of the time). These results are similar to those of [START_REF] Chen | Pesticide-loss simulation and health risk assessment during the flood season in watershed systems[END_REF] and [START_REF] Louchart | Herbicide transport to surface waters at field and watershed scales in a Mediterranean vineyard area[END_REF] showing that floods contributed to 90% and 84%

(at the field scale) respectively, of the total load (for flood season and annual time scale respectively) of pesticides. This observation shows the major role of storm events in the mobilisation of pesticides. Pesticide losses during baseflow appeared to be of minor importance in comparison with losses during storm flow. A grab monitoring could take into account only partially at best the rapid pesticide transfers. Thus, it results in nonrepresentative average concentrations and loads, and in a higher probability of misinterpretation of the water quality status, as showed as well by [START_REF] Holvoet | Monitoring and modeling pesticide fate in surface waters at the catchment scale[END_REF]. A combined monitoring survey during base flow and storm flow allowed to evaluate the temporal variability in pesticide concentrations. Moreover, the total diuron flux could be derived with a good precision: indeed our estimation reached 53.6 g, that is 72.5% of the "reference" value (Fig. 11). However, it corresponded to a high technical, material and analytical cost investment.

Estimation of annual average and monthly average diuron concentration

The annual average diuron concentration ranged between 1.2 ± 2.0 µg/L using weekly monitoring (4 samples per month during the application period, then one sample per month, that is n=35 samples), and 1.4 to1.6 ± 2.5 µg/L with monthly monitoring (n=12) (Table 3).

Thus, both sampling methods lead to comparable average and standard deviation results, as previously showed for flux estimates. Moreover, monthly average diuron concentrations were calculated for August, using the data obtained through the different monitoring strategies (grab and automatic weekly composite samples). Results showed that average diuron concentration ranged from 0.4 ± 0.4 µg/L using weekly grab sampling data (n=4) to 1.6 ± 1.2 µg/L using average composite sampling (n=4). Combining monitoring during base flow and storm flow, (using the estimated diuron flux, 53.6 g, cf. Fig. 11, and total water volumes conveyed during the month,42300 m 3 ) lead to an average diuron concentration of 1.3 µg/L in August, in good agreement with the average concentration obtained using the composite weekly sampling. Obviously, grab monitoring, even at a weekly rate, underestimated the average concentration in the Morcille stream.

Conclusion

The present study reported the great spatial and temporal variability of some herbicide and fungicide concentrations monitored during one year in an agricultural catchment devoted to vineyard. Their occurrence was closely related to the application calendar and the hydrological conditions. Pesticide concentrations were higher during the application season, with maximum concentrations occurring during June and July. Concentrations largely exceeded water quality criteria for the protection of aquatic life. Pesticides were measured in surface water for several months after the application and in the case of diuron, throughout the year. It pointed out their potential to persist in soils and shallow groundwater. The loss of diuron in the catchment outflow was evaluated at 0.57% of the applied amount, which is in agreement with literature data. However, as shown by our study on the effect of sampling strategy, this value is certainly largely underestimated due to grab sampling. Our study of pesticide behaviour during floods showed the major role of hydrological conditions in the transport of pesticides. Indeed, floods contributed to more than 89% of the total load of diuron transiting through the stream during August 2007. These results provided further evidence that floods are the dominant pathways for the transport of pesticides in a small agricultural stream characterized by shallow soils and preponderant surface flow pathways. Using comprehensive data obtained in August, we showed that the estimated diuron fluxes and average concentrations were comparable using either weekly composite sampling (proportional to the flow), or with a combined grab sampling during base flow and automated sampling during floods.

A major conclusion of this study was that grab monitoring of surface water is not adapted for an accurate assessment of the contaminant exposure level, especially in dynamic hydrosystems such as the Morcille stream, where it largely underestimates the pesticides concentration and fluxes. These observations have important consequences for the monitoring requirements of pesticides, in the view of the implementation of the WFD. Y-axis is the ratio expressed in percent of the concentration of pesticide at time t (C) over the concentration at t0 (C0).
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  Figure 5.The presence of pesticides was demonstrated throughout the investigation period with a large seasonal variation, corresponding to the pesticide application calendar. Indeed, total pesticide concentrations range from below the LQ to 16.4 µg/L. Diuron and DCPMU concentrations ranged from below the limit of quantification (LQ) to 13.3 µg/L (Fig.5a). Concentrations were below 0.2 µg/L in March 2007 and 2008, corresponding to a residual background linked to previous vineyard treatments. DIU and DCPMU concentrations increased in the stream at

  Maximum pesticide concentration during the 8 monitored floods ranged from 4.8 µg/L (27 September 2007, outside the spreading period) to 140 µg/L (01-02 July 2007, considered as exceptional) with an average value of 26.7 ± 42.8 µg/L. The 01-02 July storm event was

  addition, diuron monthly flux was calculated using the weekly average composite sample concentrations. Finally, diuron monthly flux was estimated for either base flow only, using grab samples collected during base flow conditions; or storm flow conditions only, using automated sampling performed during floods. For the floods that could not be monitored during this period, we estimated the corresponding diuron fluxes using an empiric linear model derived from observed data. Indeed, excluding the extreme event of 01-02 July 2007, a linear regression (r²=0.91) was obtained between diuron fluxes during flood events and the total volume of water conveyed during the event. Thus, diuron flux during a flood could be estimated with the following equation: Diuron flux (g) = [Water volume (m 3 ) × 3.6.10 -3 ] -0.1 equation (3)
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 2 Figure 2. Land use at the three sampling sites on the Morcille watershed.

Figure 3 .

 3 Figure 3. Study of pesticide stability during storage in PE bottles over a seven days period. Yaxis is the ratio expressed in percent of the concentration of pesticide at time t (C) over the concentration at t0 (C0).
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 4 Figure 4. Daily rainfall (mm) and water flow (L/s) at site 2 in the Morcille catchment from March 2007 to March 2008.
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 5 Figure 5. Pesticides concentrations (in µg/L) along the Morcilles stream from March 2007 to March 2008; a: Diuron and DCPMU; b: Total fungicide (sum of the five fungicides monitored).

Figure 6 .

 6 Figure 6. Water flow (m 3 /s) versus total pesticide concentrations (µg/L) in the Morcille stream at site 2 during weekly monitoring (March 2007 to September 2007).
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 7 Figure 7. Dissolved pesticide concentrations (µg/L) at site 2 from March 2007 to March 2008.
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 8 Figure 8. Diuron concentrations (µg/L) and water flow (m 3 /s) at site 2 during flood events for the April-September 2007 period.
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 9 Figure 9. Water flow (m 3 /s) in the Morcille stream at site 2, with the sampling dates for the
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 10 Figure 10. Diuron flux (g) versus water volumes (m 3 ) during 7 floods (site 2).
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 11 Figure 11. Monthly diuron flux (g) at site 2 in August 2007, estimated using different methods and monitoring data.
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 13 Figure 1. Location of the Morcille watershed and the sampling sites.
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 11 Figure 11. Monthly diuron flux (g) at site 2 in August 2007, estimated using different methods and monitoring data.
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Table 1 . Properties of the studied pesticides (Tomlin, 2000; AFSSA, 2008).

 1 

	Compound (abbreviation)	Category	Water solubility (mg/L)	Koc (L/kg)	Log Kow	Half life (days)
	Azoxystrobin (AZS)	Fungicide	6.0	423	2.50	8.7-14
	Carbendazim (CBZ)	Fungicide	8.0	200	1.56	30-150
	Dimetomorph (DMM)	Fungicide	18.0	290-566	2.70	23-35
	Diuron (DIU)	Herbicide	36.4	480	2.85	90-180
	Procymidone (PCM)	Fungicide	4.5	1514	3.14	28-84
	Tebuconazole (TBZ)	Fungicide	32.0	803-1251	3.70	43-170
	Tableau 2.					

Annual pesticide fluxes in g and g/Ha and percentage of exportation in the Morcille stream

  

	Pesticides	Annual flux(g)	Annual specific flux (g/Ha)	Annual recommended amount (g/Ha) (Couteux and Lejeune, 2007)	Percentage of exportation (%)
	DIU DCPMU	1335 167.7	7.60 0.96	1500 -	0.57
	AZS	31.7	0.18	250	0.07
	TBZ	223.8	1.28	70	1.80
	DMM	164.0	0.94	250	0.38
	CBZ	52.0	0.30	105	0.28
	PCM	180.0	1.03	750	0.14
	Total	2154	12.30		
	Tableau 3.				

Maximal pesticide concentrations (µg/L) and fluxes (g) for each monitored flood at site 2.

  

			DIU	DCPMU	AZS	TBZ	DMM	CBZ	PCM
	29/04/2007	Cmax (µg/L) Flux (g)	11.9 0.477	1.09 0.023	0.13 0.0008	0.60 0.011	0.10 0.079	0.10 0.0005	0.27 0.027

Table 4 . Comparaison of calculated and estimated diuron flux (g) during floods at site 2.

 4 

	Flood eve	Calculated diuron flux (g)	Water volumes (m 3 )	Estimated diuron flux (g)	Bias (%)
	26 May 2007	0.68	348	0.80	13
	27-28 May 2007	6.91	2106	7.1	3
	02 August 2007	0.89	335	0.70	-19
	06-07 August 2007	7.21	2263	7.70	6
	21 August 2007	5.88	1970	6.60	12
	17 September 2007	7.33	1619	5.30	-27
	27 September 2007	1.01	621	1.70	73
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