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Produits phytosanitaires. Processus de transfert et modélisation dans les bassins versants



René Bélamie
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Avant-propos

La contamination des eaux par les produits phytosanitaires, récemment mise en évidence dans de nombreuses régions de France, met en cause, à côté des pollutions accidentelles, le rôle non négligeable des pollutions diffuses d’origine agricole.

L’importance du traitement au niveau national qui place la France au premier rang des pays consommateurs en Europe, ainsi que le renforcement de la réglementation de l’Union Européenne, rendent nécessaire une connaissance plus approfondie du devenir des produits et de l’appréciation des risques pour l’homme et l’environnement pour conduire à une meilleure maîtrise de la contamination.

Face à cette situation, des recherches ont été initiées ces dernières années afin de mieux comprendre les processus de transfert vers les eaux superficielles et souterraines et de développer des modèles de compréhension et de gestion. Par ailleurs, l’Union Européenne à travers ses groupes de travail entreprend une réflexion de fond sur l’utilisation des modèles pour l’homologation des substances. La nouveauté de la démarche, la complexité du sujet et les intérêts en jeu rendent nécessaires une « harmonisation de la position française » qui devrait s’appuyer sur la communauté scientifique.

C’est dans ce contexte que s’inscrit le présent séminaire avec pour objectif principal de faire le point sur les acquis scientifiques et techniques en matière d’analyse, de connaissance des processus et de modélisation. Cette étape paraît en effet nécessaire pour permettre finalement de dégager de nouvelles orientations dans la maîtrise des transferts de produits phytosanitaires dans les bassins versants. Enfin, une réflexion sur l’utilisation possible des modèles à des fins réglementaires semblait tout aussi nécessaire et urgente.

Rappelons que ce séminaire a été organisé conjointement par le GIP Hydrosystèmes et le Groupe Français des Pesticides, à l’occasion de son XXVI° congrès et s’est déroulé les 22 et 23 mai 1996 dans les locaux de l’INPL-ENSAIA à Vandoeuvre-les-Nancy.

La restitution des différentes interventions est réalisée à travers deux recueils: celui-ci et les actes du XXVI° congrès du GFP.

Enfin, nous tenons à souligner que ce séminaire n’aurait pu avoir lieu sans le soutien de nombreux organismes cités plus haut, le concours actif des membres du comité d’organisation et du comité scientifique, ni la participation de tous les intervenants. Que soient donc ici remerciés tous ceux qui ont contribué à sa réussite et tout particulièrement l’équipe du Professeur Michel Schiavon pour son accueil chaleureux et son aide efficace.



 Les coordinateurs scientifiques
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Sample storage and preservation of polar pesticides in water samples

Stockage et stabilisation des produits phytosanitaires polaires contenus dans des échantillons d’eau

D. Barceló

CID-CSIC, Department of Environmental Chemistry 
Jordi Girona, 18-26, 08034 Barcelona, Spain 
Tel. 34-3-4006118- Fax 34-3-204-59-04


 Abstract - The stability and preservation of samples of trace pesticides in water is presented. Stabilization and storage of samples are discussed together with methods of extraction and preconcentration.

Key words - Stabilization, trace pesticides, preservation, extraction, preconcentration.

Résumé - La stabilité des produits phytosanitaires à l’état de traces dans des échantillons d’eau est présentée. Leur stabilisation et leur stockage sont discutés ainsi que les méthodes d’extraction et de préconcentration associées.

Mots clés - Stabilisation, pesticides traces, conservation, extraction, préconcentration.

Introduction

In the past much effort has been wasted on the analysis of a variety of samples of doubtful integrity and it has been frequently observed that valid analysis depends upon reliable sampling and storage.

Methods for collection and preservation are particularly important in the analysis of traces of pesticides in environmental samples. Maskareinec et. al. showed that acidification with HC1 effectively prevented degradation of volatile compounds and allowed sample storage for 112 days ( Maskareinec that all monitored pesticides included in their programs should be stable in water for at least 14 days, after being inhibited biologically at pH<3 and stored at 4oC (Barceló, 1993). Organophosphorus (OP) pesticides have exhibited many stability problems and many of them have been eliminated from the NPS list because of this. The US EPA has withdrawn parathion-ethyl and methyl, azinphos-methyl, fenitrothion, demeton, fenthion and malathion et al., 1990). The National Pesticide Survey (NPS) and the US EPA state from their list because of instability (Barceló et al., 1994).

In some instances the degradation products of pesticides are more stable than the parent compounds so analysis should be aimed at the breakdown products (Lacorte et al., 1995). In general the half-lives of pesticides at low concentrations are, as one might expect, very much dependent on storage conditions (pH, exposure to light, and temperature). Biological degradation and adsorption on particulate matter are also important factors. For some compounds, degradation can be rapid; studies on the degradation of carbamate pesticides in water have shown that loss can take about 20 days for methiocarb sulfone, methiocarb sulfoxide and 3-ketocarbofuran (Chiron et al., 1993) whereas for carbaryl losses can approach 90 % in one day (de Bertrand and Barceló, 1991). In general, samples should be analyzed as soon as possible after collection.

In summary, losses of pesticides in water can be due mainly to hydrolysis, biodegradation, photolysis and evaporation. Each one of these mechanisms will depend upon the physicochemical properties of the pesticide and the water matrix. Volatilization from the water is also important, and this is related to the water solubility (WS) and vapor pressure (VP) of the pesticide. When this mechanism is predominant, storage in the original water matrix using tightly stoppered bottles in the dark at 4 °C might be the preferred method.

In this presentation various methods of sample storage and preservation are discussed. These include : standard methods such as the addition of acids, the use of SPE disks and cartridges and disposable SPE precolumns.


Standard Methods of Storage

The main factors affecting the stability of analytes in water were discussed in a recent review article (Jeannot, 1994). These factors include the character of the sample, the nature of the sample-container, and the conditions of storage (temperature, darkness, use of preservatives, time interval between sampling and analysis). A summary of the recommended standard preservation techniques is presented in Table I . Amber glass containers are generally preferred for collection when dealing with pesticides and organic compounds in general. The composition of the container caps in contact with the sample or with the extraction solvent can be a problem, and for this reason aluminum foil is used frequently to prevent contamination. Compounds such as phthalates or polydimethylsiloxanes usually cause problems because they are found in rubber inserts or septa used in preservation methods.

Suggestions were reported in a recent article (Barceló, 1996, in preparation) on the storage of water samples that : (i) after routine sampling, sample containers should be exposed to negligible illumination; (ii) the time between sampling and analysis can be divided in two periods, the first immediately after sampling when the temperatures of samples are not controlled. The second period is when samples are placed in a refrigerator and the storage conditions are controlled; (iii) it should be assumed that instability of samples increases with increasing temperature (iv) the type of agitation envisaged can have some significance in the results and stability tests should try to reproduce the stability of samples after collection.

Table I. Container, preservation techniques and holding time for pesticides in water given by different agencies such as EPA and ISO. Storage temperature is usually at 4° C.








	Pesticides
	Container
	Preservation
	Maximum holding time


	Organochlorine
	Glass
	1 ml of 10 mg mL-1
	7 days


	Hg Cl2 or 1 g L-1 ascorbic acid or adding extracting solvent
	40 days after extraction


	Organophosphorus
	Glass
	1 ml of 10 mg mL-1
	14 days


	Hg Cl2 or adding extracting solvent
	28 days after extraction


	Chorinated herbicides
	
	Réfrigération, sealed,
	


	Glass
	HCl to pH<2
	14 days


	Sodium thiosulfate,
	7 days


	
	28-40 days after extraction


	1 ml of 10 mg mL-1
	


	HgCl2
	7 days


	Phenolic compounds
	
	
	


	Glass
	Re frigerate, H2S04
	


	
	pH< 2
	28 days


	Polar pesticides (method 4 NPS)
	Glass
	1 ml of 10 mg mL-1
	


	HgCl2
	28 days


	ETU (ethylene thiourea)
	
	1 ml of 10 mg mL-1
	


	
	HgCl2
	14 days


	General rules: Sampling of 1 L of water, do not prerinse bottles with sample before collection. Seal bottles and shake vigorously during 1 min. Refrigerate samples until extracted. Protect from light.



Studies comparing various standard preservation methods were performed and a few examples are reported below. Sixteen organophosphorus pesticides were preserved in distilled and creek water by using four preservation methods: chloroform, refrigeration and pH 4 or 7 (Bourne, 1978). Chloroform was the most effective preservation agent by extracting the compounds and killing the organisms in the water. Chloroacetanilide herbicides such as alachlor, metolachlor and propanil and two phenoxy acid herbicides, 2,4-D and dichlorprop showed stability when spiked in natural groundwater at 15 and 22 °C. Losses were important for propanil only after eight months whereas the remaining four herbicides exhibited little or no degradation at 1 mg L-1 even after twelve months. Since the addition of preservatives into the water may damage some of the compounds during storage, an interesting comparison was made between the use of HgCl2 (as recommended by US EPA) and keeping the bottles of water in the refrigerator during 21 days as opposed to the same bottles without any preservative. The use of HgCl2 had negative effects on compounds like methyl azinphos, chlorpyrifos, dimethoate, disulfoton, fenitrothion, fenthion, malathion, metamitron, parathion, phoxim, pirimiphos, propyzamide and vamidothion (Crescenzi et al., 1995). Some of these controversial results can be compared to those of the US EPA (see also Table I) and it can be concluded that HgCl2 should be limited as a preservation agent to those cases where previous investigation showed that there was no damage to real samples.

Finally, we should also consider, as a standard method of storage, the storage of analytes as sample extracts (Jones, 1992) . If immediate analysis is not possible, it appears that addition of the extraction solvent and storage at 4 °C may be a solution (Jeannot, 1994). In this line a study was conducted by US EPA (Jones, 1992) about the long-term chemical stability of organophosphorus compounds (OP). Fifteen OP were stored in four commonly used organic sol-vents : methanol, acetonitrile, dichloromethane and acetone-dichloromethane and at two concentration levels 10 and 100 mg mL-1. These solutions were stored in the dark between -15 and - 20 °C in screw-capped vials specially designed to minimize solvent evaporation. During this study various analytical problems were detected e.g., on-column degradation of trichlorfon and Naled to dichlorvos and no conclusion could be drawn about their stability. As a general approach it was observed that extracts are much more stable that water samples,.e., for organochlorine pesticides extracts can be stored up to 40 days whereas water samples can only be stored for 7 days (see Table I). In general, stability problems in water were detected for organophosphorus and carbamate pesticides, whereas chloroanilides, triazines and phenoxy acids are quite stable.


SPE Disks

The use of solid-phase-extraction (SPE) is an alternative to storage of the original matrix. Early studies showed that fenitrothion was preconcentrated on an XAD-2 column and the samples remained stable for 5 weeks at room temperature (Berkane et al., 1977). Recent stability studies have been carried out using Empore disks (Martinez and Barceló, 1996; Senseman et al., 1995). Results indicate that pesticides have equivalent or greater stability on SPE disks compared to their storage in water at 4°C. The stability of several pesticide groups was studied using this method as for instance the stability of DDE, DDT, dieldrin, endrin, aldrin, isodrin, a-chlordane and g-chlordane in the disks over four weeks. Johnson et. al.( 1994) obtained good stability data for pesticides like 2,4-D, triclopyr, molinate, carbofuran and thiobencarb for 180 days at -20°C. After 180 days of storage, alachlor, methyl parathion, metolachlor, pendimethalin, norfluorazon and profenofos showed recoveries of 79-93 %, whereas trifluralin exhibited 60 % recovery after preconcentring waters containing 20 mg L-1 each. Captan and carbofuran was the least stable of the pesticides evaluated with losses ranging from 13 to 100 % depending on the lenght of storage. One of the reasons reported for such degradation was attributed to hydrolysis in the disk due to the remaining water not removed by vacuum filtration.

From the examples reported above, it seems clear that the use of Empore disk material is more suitable than storing water samples under conventional conditions. In order to improve the stability of pesticides on Enpore disks a comparative study was undertaken on different desiccation methods applied to pesticide enriched on SPE disks prior to storage (Senseman et al., 1995). After enrichment, the disks were treated by freeze-drying, vacuum desiccation with Ca SO4, storage in direct contact with CaSO4 or not desiccated. Disks were stored for 3, 10 or 30 days at either ambient or frozen temperatures. Desiccation methods were equally effective at removing water from the disks, however it was postulated that freeze-drying removed water faster than the other methods - due to the vacuum conditions and gave higher recoveries of analytes susceptible of hydrolysis, such as propanil and methyl parathion. It was reported that simazine, atrazine, alachlor and metolachlor were not affected by desiccation, duration of storage or storage temperature.

In general, it can concluded that stabilization in Empore disks is feasible and recommended. Various treatments can be performed, such as e.g, freeze-drying, to remove water faster and stabilize analytes like propanil and methyl parathion that can easily hydrolyze. Trifluralin could not be stabilized probably because of its relatively high vapor pressure (VP) compared to other analytes. For other compounds like carbofuran and captan, hydrolysis was the main reason of degradation observed on the disk surface.


SPE Cartridges

Very few papers have been published in the literature as regards the use of SPE cartridges for storage of organic pollutants preconcentrated from water samples. Fenitrothion was stabilized on XAD-2 column for 5 weeks at room temperature (Berkane ewt al., 1977). Other papers (Molina et al., 1996; Di Corcia and Marchetti, 1991) showed a variety of results on the stability of priority pesticides on different kinds of cartridges such as polymers, C18 and carbon.

Pesticides such as fenamiphos, phenmediphan and ethofumesate were stable on polymeric sytrene-divinylbenze cartridges, after preconcentration and storage at -20 °C, 4°C and RT (Room Temperature) for 80 days (Molina et al., 1996). Figure 1 shows the percentage of recovery for the three priority pesticides stored on the SPE cartridge at 4 ° and -20 °C. Firstly , it is apparent that phenmedipham and ethofumesate are stable during the whole storage period, which might be expected from their physicochemical properties. The results were a notable improvement on the losses of phenmediphan in water at pH 8 during one week at 4 °C . The compound fenamiphos suffered from hydrolysis and photochemical degradation. Even at -20°C it is unstable (after 80 days only 50 % of the compound is recovered), whereas at 4 °C only 30 % of the parent compound remains after the same storage period. The formation of the metabolite, fenamiphos sulfoxide, was confirmed by using liquid chromatography-high flow pneumatically assisted electrospray mass spectrometry.
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Figure 1. Mean recovery (three replicates) of phemediphan, ethoufesmate and fenamiphos from SPE columns stored at 4° C and - 20° C up to a period of 80 days.



Two papers on the use of graphitised carbon black (GCB) for stabilizing phenylurea herbicides and 34 selected pesticides (Di Corcia and Marchetti, 1991; Crescenzi et al., 1995) have been published. The herbicides were stable upon storage on this adsorbent at room temperature . In the second study, it was shown that the best results were obtained by first minimizing the water content on the GCB extraction cartridges by a suitable methanol wash and then freezing the cartridges. Under these conditions and over a storage period of 3 weeks, the stability of pesticides extracted from four river water samples onto the GCB surface was assessed. Twelve pesticides (carbaryl, dimethoate, disulfoton, ethiofencarb, fenitrothion, fenthion, malathion, metamitron, metribuzin, phoxim, primimphos and propyzamide) of the 34 pesticides were to a lesser or larger extended degraded upon storage at RT on the GCB . Many of the twelve pesticides, basically organophosphorus and carbamate, were partly degraded by storing them in water and the rate of degradation increased by storing them on GCB cartridges. This increase might be due to some hydrolysis reactions that can be catalysed upon adsorption on the graphitised carbon black surface. For metamitron, metribuzin and dimethoate a considerable loss of the analyte was noticed. In this case it was postulated that particular adsorbates migrate slowly on the sorbent surface toward oxygenated sites contaminating the GCB surface, where chemisorption takes place. In summary, for the storage of pesticides on GCB it was concluded that three mechanisms of degradation occur: (i) non-catalyzed hydrolysis by residual water , (ii) hydrolysis catalyzed by the GCB surface as a whole or by its surface chemical heterogeneity, and (iii) chemisorption caused by the same surface active sites. In any case, storage at - 20 °C permitted to stabilize all the pesticides studied without any appreciable loss. Certainly more research is needed in this respect and the use of different cartridge materials and desiccation processes will be of help for carrying out such type of studies.


Disposable SPE Precolumns

Table II shows the percentage recovery of each compound after storing the precolumns at 4 °C for up to 6 weeks and for 8 months at -20 °C. The trend followed by the majority of the pesticides was to maintain a concentration around between 70 and 130% (with a deviation below 10%) over the whole time, indicating that degradation did not occur. Higher recoveries were found for temephos and chlorpyrifos, due to interferences in the chromatogram (Lacorte et al., 1995). The stable compounds have a water solubility below 145 mg L-1, a low vapor pressure and Koc above 236. At -20 °C out of 19 compounds analyzed, 3 compounds underwent degradation (mevinphos, dichlorvos, and phosmet) while two compounds, fenamiphos and fonofos totally degraded on the precolumns. The high solubility of mevinphos and dichlorvos accounts for possible hydrolytic processes on the C18 precolumns. Moreover, mevinphos has a Koc of 44, which indicates a higher partitioning into the water phase than onto the C18 material. The very high VP for dichlorvos and relativley high VP for mevinphos and phosmet are also important for the degradation observed. Figure 2 represents the mean recovery (3 replicates) of mevinphos, phosmet, chlorfenvinphos and fonofos from precolumns stored at -20 °C after 2, 2.5 and 8 months storage. The disappearance of fonofos was unexpected since it is a quite apolar compound with a half life of 40 days. However, it has a vapor pressure of 28 mPa, much higher than other pesticides, and it is lost by evaporation.

Table II. % Mean recovery and relative standard deviation (n=3) of pesticides in ground water using on-line SPE-LC-DAD and mean % recovery (n=3) of pesticides stored at 4°C for 1.5 months and during 8 months at -20°C. Volume of water preconcentrated = 26 ml, spiked at 10 ngmL-1
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It can be concluded, similar to freeze-drying or using other SPE materials, that storage at -20oC provides the highest recoveries since hydrolysis or evaporation are diminished.
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Figure 2. Mean recovery (3 replicates) of mevinphos cis and trans, phosmet, chlorfenvinphos and fonofos precolumns stored for 2, 2.5 and 8 months at -20°C.




Conclusions

The use of SPE materials seems to be a good alternative for storage of pesticides preconcentrated from water samples and it will be further developed in the near future, with many more applications. As a rule, storage should be accomplished at -20 °C, immediately after preconcentration of the pesticides from water. A great advantage of using SPE for stabilizing pesticides in water samples is the reduction in the storage space required compared to 1L bottles of water. The easy shipping of the SPE materials containing pesticides to the central laboratory for the final analysis is another advantage, since it is not necessary to perform the analysis immediately after sampling.

Problems may occur for certain pesticides stored at 4°C and for many of them at room temperature, especially for some organophosphorus and carbamate pesticides. The losses observed during the storage period are related to the physicochemical properties of the pesticides, e.g., high vapor pressure or high water solubility , which will favor either losses by volatilization or hydrolysis. The type of SPE material is another factor to take into consideration. Problems arise from either the silanol groups present in the C 18 material- (favoring hydrolysis due to the water left after uncomplete drying)- or the chemical composition of the surface- as on GCB (catalyzing reactions or chemisorption).

Storage of pesticides on disposable SPE precolumns followed by on-line SPE and LC-DAD for trace enrichment and stability of pesticides in water is a good alternative. Disposable SPE precolumns are very handy for carrying out monitoring studies since they save time as compared to off-line SPE procedures, either using cartridges or disks. On-line SPE systems, e.g, SAMOS are being used currently for monitoring pesticides in the Rhine basin program. Pesticides which were withdrawn from the NPS-EPA list, e..g, fenitrothion, fenthion, parathion-methyl among others , were recovered when stored upon C18 precolumns. For these reasons, the SPE techniques are very useful to stabilize pesticides and can be used for monitoring “hot spots” or accidental spills. That will be the case with organophosphorus pesticides that are often sprayed in estuarine areas and many times there is a need to know the concentration of the analytes immediately after manual or aerial spraying. The immediate preconcentration of the analytes in SPE cartridges or disks is a good approach for rapid assessment of a spill.

From all the considerations indicated in this overview, it is clear that research is still needed in this field and that the approaches reported in this paper can be used for other pesticide families and other groups of pollutants that are usually preconcentrated with SPE materials from water matrices. Several points need to be considered: (i) more research is needed in the use of other sorbent materials, such as Lichrolut from Merck in order to avoid the problems encountered with the more unstable pesticides (fonofos, dichlorvos,...), (ii) comparative studies with and without pretreatment of the water samples, e.g. acidification to improve stability, are required (iii) water that remains in the cartridge material, even after drying, is still a problem. This is even more a problem in the case of disposable SPE materials, since even the use of a freeze-drying step cannot ensure complete water removal (iv) stability studies for environmental work should be undertaken with the same water matrix currently being used in the on-going monitoring program, (ground, drinking and/or river water,etc) (v) there is no guideline to follow for the stability of the analytes. Some analytes are known to be stable on SPE materials, e.g, triazines, and for many other analytes a stability study should be undertaken. As a rule of thumb , scientists working in this field would be happy to observe a stability at -20 °C for three months, at 4 °C for 1 month and at RT for one week. Knowing these basic time periods allows analysis of samples during a certain period to be accomplished. The one week period at room temperature usually permits shipping of samples by mail wihtout any special requirement.

Certainly for any new pesticides this study is needed. With the physicochemical properties of each pesticides some guidelines for a stabilization protocol can be envisaged in advance.
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LES TECHNIQUES DE SÉPARATION DES COLLOÏDES PAR ULTRAFILTRATION ET LES INTERACTIONS MATIÈRE ORGANIQUE PESTICIDES : LIMITES ET DÉVELOPPEMENT.

Ultrafiltration and pesticide-colloid interactions
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Résumé - Les quantités d’atrazine, de simazine, de terbutylazine et de prométryne adsorbées par les fractions colloïdales d’eau de Seine sont corrélées positivement au logarithme du coefficient de partage octanol-eau (log Kow) de ces herbicides. En revanche, les phenylurées possédant un cycle benzénique chloré telles que le diuron, le linuron et le néburon présentent des coefficients d’enrichissement relatifs dans le rétentat enrichi en colloïdes 2 à 10 fois plus élevés que les triazines. L’analyse conjointe de la matière organique sur ces échantillons par pyrolyse-chromatographie en phase gazeuse-spectrométrie de masse montre un net enrichissement du rétentat en sucres et du perméat en matière protéinique. Ces premiers résultats suggèrent que plusieurs types d’interactions physiques et chimiques (liaisons p, liaisons “hydrogène”, etc....) sont susceptibles d’intervenir entre la matrice organique et certaines fonctions et structures chimiques des pesticides. Par ailleurs, pour des solutions dopées à 100 ppb, 50 % des pesticides restent adsorbés sur la membrane de polysulfone (10 KD) ce qui rend la technique de filtration tangentielle impropre à l’analyse des traces.

Mots clés : Triazines, phénylurées, matière organique, colloïdes, ultrafiltration

Abstract -The quantities of atrazine, simazine, terbutylazine and prométryne adsorbed on colloids from Seine river water are positively correlated to their octanolwater coefficient (log Kow). However, chlorophenylureas such as the linuron, diuron and chlortoluron show relative enrichment factor (retentat/permeat) 2-10 times higher than triazines. Pyrolysis-GC-MS analyses of permeat and retentat indicates a clear enrichment of the retentat with sugars and permeat with proteinaceous material. This preliminary data suggest several types of pesticide-organic matters interaction (p and hydrogen bonds). Nevertheless, systematic investigations have to be done to evaluate the influence of ultrafiltration membranes and/or the residual organic matter on pesticide sorption processes.

Mots-clés - Triazines, phenylureas, organic matter, colloids, ultrafiltration


Introduction

La contamination des eaux de surface par les pesticides présente un caractère spécifique dû dans leur grande majorité à une solubilité dans l’eau élevée ainsi qu’ à une vitesse de dégradation relativement rapide par rapport aux autres micropolluants organiques (hydrocarbures, HAP, PCB). En raison d’une faible adsorption sur les particules, les processus de transport de ces composés dans le chevelu fluvial sont liés essentiellement au régime hydrodynamique et leur concentration dans les eaux suit de larges variations en fonction de leur période d’épandage et de la pluviométrie (Peirera et Rostad 1990; Thurman et al 1991; Peirera et Hostettler F. 1993; Dupas et al. 1995).

C’est du moins ce que l’on sait de la dizaine d’herbicides détectés de façon régulière dans les eaux de surface alors que l’on dénombre jusqu’à une centaine de substances actives utilisées dans les régions de polycultures représentant environ 80% des utilisations des quelques cinq cents composés organiques disponibles commercialement en France (Dabene 1994).

Les processus physiques et chimiques qui interviennent au cours du transfert fluvial des pesticides sont nombreux et difficiles à prendre en compte dans les tentatives de modélisation, même limitées aux petits bassins versants du m2 au km2 (Gouy et Bélamie1993). Parmi les processus qui ne sont pas ou mal pris en compte par les modèles, on trouve selon la nature et les structures chimiques de ces composés de synthèse les phénomènes de sorption, d’ionisation, d’oxydo-réduction et de dégradation chimique, photochimique et micro-biologique sans doute dominante en milieu fluvial.

En d’autres termes, le devenir de ces composés dans les eaux fluviales est mal connu, en particulier, leur mode de transport et leur temps de résidence dans les eaux est difficile à évaluer.

Notre objectif est de préciser le rôle des colloïdes dans le transport des pesticides en milieu fluvial. Nous présentons dans le présent article la sélectivité d’adsorption des pesticides sur une fraction enrichie en colloïdes d’un échantillon d’eau de Seine prélevé à l’aval d’Achères et les limites de l’utilisation des membranes de polysulfone...
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