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Traçage des matières organiques dissoutes par fluorescence dans les bassins versants agricoles

Résumé :

La concentration en carbone organique dissout augmente depuis environ vingt ans dans les rivières de nombreux bassins versants en Bretagne et en Europe. Dans les petits bassins versants agricoles, les principales sources sont les sols et les effluents d'élevage. Afin de proposer des actions pour restaurer la qualité de l'eau, la fluorescence tridimensionnelle EEM (Excitation Emission Matrix) est utilisée pour tracer dans les sols et les cours d'eau la matière organique issue des effluents d'élevage. Les traceurs de fluorescence sont mesurés sur les MOD issues de lisiers de porc, fumier de bovin et effluents compostés couramment recyclés sur les sols. Ces traceurs sont ensuite recherchés dans les eaux de ruissellement lors d'une simulation de pluie sur parcelle amendée par du fumier de bovin et du lisier de porc. La persistance des traceurs est évaluée dans une incubation de sol (deux mois) et sur deux dispositifs expérimentaux (Champ Noël, 0.9% de carbone total et Kerguehennec, 2.5% de carbone total) comparant des fertilisations minérale et organique (lisier, fumier) respectivement depuis 14 et 7 ans. Enfin, la relation entre les pratiques agricoles dans les zones humides de fond de vallée et la présence de ces traceurs dans les eaux de quinze bassins versants (BV) agricoles est explorée lors de trois crues. Ces zones sont reconnues comme étant les principales zones contributrices en MOD dans les BV bretons. Les pratiques agricoles (rotation, qualité et quantité de fertilisants, paturâge) dans les zones humides potentielles de fonds de vallée sont identifiées par enquête. La fluorescence est intégrée dans deux régions du spectre (biochimique/géochimique, bio/géo), cinq régions détaillant les composés du type protéine, fulvique ou humique (I à V), et trois zones (Tryptophane (TRY), composés fulviques (FL) et humiques (HL)). La MOD issue des lisiers et fumiers possède une empreinte fluorescente biochimique qui les discrimine des effluents compostés présentant une empreinte plus géochimique similaire aux MOD issues des sols. Les traceurs bio :geo, TRY :FL, TRY :HL, et TRY:(HL:FL), TRY permettent de tracer les MOD issues d'effluents d'élevage dans les eaux de ruissellement quelques heures après l'épandage. Les MOD issues d'effluents bovins ne sont pas discriminées des effluents porcins. Un an après le dernier épandage, plusieurs traceurs des effluents sont retrouvés dans le sol à 0.9% de C, alors que sur le sol à 2.5% de C, seul le TRY persiste. Les résultats ne permettent de conclure sur l'effet cumulatif ou sur l'influence du dernier épandage. Les traceurs sont identifiés dans les BV les plus impactés par le recyclage d'effluents d'élevage. Certains BV ne sont impactés que par des MOD fortement humifiées issues des sols sans recyclage. La fluorescence tridimensionnelle permet donc de tracer des MOD issues des effluents d'élevage.

Mots-clés: matière organique dissoute, effluents d'élevage, pratiques agricoles, qualité des eaux, fluorescence, bassins versant.

Fluorescence tracers of Dissolved Organic Matter in headwater agricultural catchments

Abstract

Dissolved organic matter (DOM) concentrations are increasing in the streams at agricultural headwater catchments in French Brittany, an intensive agricultural region, and Europe during last twenty years. These increasing DOM concentrations are threat to water quality degradation. At small agricultural catchment scale, soil and farm wastes effluents are principle sources of DOM. To propose management actions and to restore stream water quality, three dimensional EEM (Excitation Emission Matrix) was applied to trace DOM issued from farm wastes in the soil and agricultural catchment stream. Fluorescence tracers were measured on DOM produced from pig slurry, cow manure and composted manures which recycled commonly in cultivated soils. Afterwards, these tracers were analysed in rainfall simulation experiment in the cultivated plots amended with pig slurry and cow manures. The persistence of these fluorescence tracers was evaluated in soil incubation (two months) and in two different experimental dispositives (Champ Noël, 0.9% total carbon and Kerguehennec, 2.5% total carbon) as well as these tracers were compared in mineral vs organic (pig slurry and cow manure) fertilized plots with different recycling time of 14 and 7 years respectively. Finally, the relation between agricultural practices in Valley Bottom Wetlands (VBW) and the presence of these fluorescence tracers in 15 agricultural streams were explored during three storm events. VBW were identified as principle source of DOM in French Brittany catchments. The agricultural practices (crop rotation, quality and quantity of fertilizers, grazing meadows) in the VBW were identified by farm survey. The fluorescence intensities were integrated in the two regions of EEM spectra (biochemical/geochemical, bio:geo), five regions composed of proteins like, fulvic and humic (I to V), and three zones (tryptophan (TRY), fulvic like (FL) and humic like (HL)). DOM produced from pig and cow demonstrated biochemical fluorescence signatures and discriminated from composted manures which showed geochemical signatures similar to soil DOM. The tracers bio:geo, TRY:FL, TRY:HL, TRY:(HL:FL), TRY trace the DOM issued from farming wastes in simulated runoff two hours after soil spreading. Cow manure DOM was not differentiated from pig wastes DOM with these fluorescence tracers. One year after last recycling, several tracers were found in soil 0.9% C while at the soil with 2.5% C, only TRY persisted. With these results, we are not clear whether the effect is cumulative or it's the influence of last farm wastes spreading. The fluorescence tracers were identified in the headwater catchments impacted by farm wastes recycling. Some catchments demonstrated highly humified DOM which resembled to soil DOM without recycling. Therefore, fluorescence spectroscopy permits to trace the DOM issued from farming wastes. Fluorescence spectroscopy is found a valuable tool for monitoring farming wastes DOM contamination and understanding the biogeochemistry of DOM in soil and water environment.

General introduction

The increasing Dissolved Organic Carbon (DOC) concentrations in streams modify the physical, biological and chemical quality of natural waters, particularly via the transport of mineral or organic pollutants in agricultural catchment (Muller et al., 2007;Pedrot et al., 2008). High quality drinking water demands the control of source water pollution as source protection is often more reliable than treatment and reduces the cost of drinking water supplies. Incomplete removal of DOC in potable waters reduces the aesthetic quality and complete removal rises the cost during treatment. Besides this, during treatment process, formation of trihalomethane (THM) is enhanced which is a potential carcinogenic by-product (Galapate et al., 1999). In France, the legislation authorities required a DOC concentrations lower than 10mg L -1 in 95% of the water samples collected per year for potable drinking water supplies. In 2006, in French Brittany, an intensive agricultural region, 43% of the superficial resources for drinkable water supplies were not conforming to regulation. Dissolved organic carbon (DOC) is operationally defined as organic carbon passing through filters of 0.45µm or 0.22µm. It includes chemically defined compounds such as carbohydrates and proteins, humic substances which include fulvic and humic acids which are operationally defined based on their solubility [START_REF] Thurman | Organic geochemistry of natural waters[END_REF]. However, studies also reflect that humic substances are a complex mixture of both microbial and plant biopolymers, with their various breakdown products, and cannot be classed as a distinct chemical structure [START_REF] Kelleher | Humic Substances in Soils: Are They Really Chemically Distinct[END_REF]. In general, dissolved organic matter (DOM) consists of a rapidly degradable fraction (labile DOM). The slowly degradable or relatively stable DOM fraction consists of structures not easily cleaved by enzymes, such as lignin or the compounds strongly altered in the preceding degradation steps [START_REF] Joergensen | Role of microorganisms in formation and degradation of RSOM[END_REF].

Majority of the dissolved organic matter contents in streams are derived from allochthonous sources [START_REF] Palmer | Sources of organic and inorganic carbon in a headwater stream: Evidence from carbon isotope studies[END_REF][START_REF] Gordon | Sources and distribution of terrigenous organic matter delivered by the Atchafalaya River to sediments in the northern Gulf of Mexico[END_REF]: in general, litter leachates, root exudates and microbial degradation products (Zsolnay, 1996). It can comprise both young and old organic matter with varying biological recalcitrance [START_REF] Raymond | Riverine export of aged terrestrial organic matter to the North Atlantic Ocean[END_REF].

However, the age and DOM composition in stream can be changed depending upon discharge [START_REF] Neff | Seasonal changes in the age and structure of dissolved organic carbon in Siberian rivers and streams[END_REF]. The chemistry of DOM itself depicts the diverse classes of compounds with heterogeneity in molecular weight, reactivity and bioavailability [START_REF] Seitzinger | Molecular-level chemical characterization and bioavailability of dissolved organic matter in stream water using electrospray-ionization mass spectrometry[END_REF].

The diversity in DOM composition makes it a potentials tracer of source water and runoff generation pathways [START_REF] Hood | Changes in the character of stream water dissolved organic carbon during flushing in three small watersheds, Oregon[END_REF].

The knowledge of the factors controlling the variation of DOC in headwater streams is of particular interest for at least two reasons: i) the quantification of the overall carbon budgets draining into fresh water streams , ii) DOC as a vector of pollutant mobilization and transport in fresh water streams [START_REF] Temminghoff | Copper Mobility in a Copper-Contaminated Sandy Soil as Affected by pH and Solid and Dissolved Organic Matter[END_REF].

Higher DOM concentrations have been observed during storm events (high water flows) in various aquatic ecosystems including hardwood forests [START_REF] Inamdar | Differences in Dissolved Organic Carbon and Nitrogen Responses to Storm-Event and Ground-Water Conditions in a Forested, Glaciated Watershed in Western New York[END_REF], peatland [START_REF] Worrall | Release of dissolved organic carbon from upland peat[END_REF] and riparian wetland soils in headwater agricultural catchment (Morel et al., 2009). As the increasing DOM concentrations are associated with increasing discharge rate, so the storm events account considerable amount of DOM export from catchments (Hinton et al., 1997). Hydrological flowpaths can have a control on DOM export from surface water during high flows [START_REF] Zhang | Nutrient runoff from forested watersheds in central Japan during typhoon storms: implications for understanding runoff mechanisms during storm events[END_REF].

Moreover, wetting and drying cycles [START_REF] Lundquist | Wet-dry cycles affect dissolved organic carbon in two California agricultural soils[END_REF] and climatic change (rising temperature and change in rainfall pattern) can also explain rising DOM concentrations [START_REF] Freeman | Export of organic carbon from peat soils[END_REF]Worrall et al., 2003).

In Brittany, a region of intensive agriculture, Valley Bottom Wetlands (VBW) are the main contributors of dissolved organic matter (DOM) in agricultural catchments (Morel et al., 2009). During storms, 64 to 86% of the DOC in the stream originated from the upper layers of the riparian wetland soils. Overall, VBW soils can be under intensive maize and wheat crop cultivation. During spring season, soils may be fertilized with farm wastes, and moreover, these VBW also serve as intensively grazing pastures. Thus, these agricultural intensive areas in VBW, with excess load of farm manure application, can take part in stream DOM contamination by two ways; firstly, by direct transfer of farming waste DOM during storm event from the intensively grazing areas or in the days after the farming waste supply on soil; secondly, these wastes can increase the water-extractable organic carbon of soil (Gregorich et al., 1998;Chantigny et al., 2002b) which can be flushed to the rivers when the groundwater level reached the surface horizon. The role of increased manure spreading on cultivated soils has been already highlighted in Brittany [START_REF] Gruau | Export of DOM by rivers: assessing the relative effects of climate change and human activities using long-term records[END_REF]. These authors explained that a long-term DOM decrease was observed in an agricultural catchment marked by intensive spreading of pig manure and proposed the hypothesis that spreading of manure can acidify watershed soils, thereby promoting DOM adsorption on minerals which could ultimately limit the export to the river.

It is quite difficult to assess the role of farming waste recycling on the export of DOC in agricultural catchments, since some processes may increase the DOM production in soil, and other may favour its adsorption. Transfer of DOM from soils receiving pig slurry to the stream was verified [START_REF] Gruau | Export of DOM by rivers: assessing the relative effects of climate change and human activities using long-term records[END_REF]. This study provides evidence that manure spreading on catchment soils influences the water quality in rivers draining these catchments.

Changes in the DOM chemical characteristics were related to agricultural land use, nitrogen loading and wetland loss (Wilson and Xenopoulos, 2009). However, in agriculture headwater catchments, the links of agricultural practices with DOM concentration and composition as well as biogeochemical cycling remain poorly characterized. Hence, to restore water quality, it is essential to understand DOM sources in agricultural catchments and to investigate the impact of intensive farming practices in the Valley Bottom Wetlands. DOC concentration alone is of limited interest as environmental tracer and more information on the nature of DOM is required. It is important to develop tools which enable to trace the fate of farming waste organic matter in the environment and to assess whether manure disposal on the catchment soils could affect the organic quality of rivers.

Fluorescence spectroscopy

In this aspect, 3-dimensional excitation emission matrix (3DEEM) fluorescence spectroscopy seems to be a good candidate due to its high sensitivity to physicochemical changes in DOM materials (Thacker et al., 2005). DOM concentration, composition, distribution and its dynamics has been studied by fluorescence in a range of aquatic environments. Principally, depending on the nature of the excited state, luminescence spectroscopy (the emission of light from any substance which occurs from electrons in excited states) is divided into fluorescence and phosphorescence. Phosphorescence is emission of light from triplet excited states, in which the electron in the excited orbital has the same spin orientation as the ground state electron [START_REF] Lakowicz | Introduction to Fluorescence[END_REF]. However, in fluorescence, measurements are performed in the UV-visible range (200 -750 nm) in which first step involves molecular absorption of light (photons). The absorbing molecule is promoted from the ground state to an excited singlet state as shown in Figure 1.

Part of the absorbed energy is then released during vibrational relaxation or internal conversion and the molecule reached the excited state of lowest energy (S 1 ). The rest of the absorbed energy is released in the form of light emission and occur generally 10 -9 second after excitation, when electron decays back to ground state (S 0 ). The quantum yield is a measure of the efficiency with which absorbed light produces some effect. The emitted light always has lower energetic levels than the excitation and is thus detected at higher wavelengths. The shift between excitation and emission wavelength is known as Stoke's shift. Fluorescence spectroscopy provides information about the presence of fluorescent molecules and their environment in analyzed samples [START_REF] Lakowicz | Introduction to Fluorescence[END_REF]. [START_REF] Lakowicz | Introduction to Fluorescence[END_REF] The natural fluorescence can be used to elucidate the complex chemical composition and diverse sources of dissolved organic matter in natural waters [START_REF] Coble | Characterization of dissolved organic matter in the Black Sea by fluorescence spectroscopy[END_REF].

In the study of organic matter, fluorescence typically occurs from aromatic molecules which provide good subject for study by fluorescence due to energy sharing, unpaired electron structure of the carbon ring. In the study of organic matter fluorescence, the compounds which absorb light are called chromophores and those which absorb and re-emit light are called fluorophores [START_REF] Mopper | Effects of cross-flow filtration on the absorption and fluorescence properties of seawater[END_REF]. The commonly studied fluorophores in organic matter fluorescence are humic substance (breakdown products of plant material by biological and chemical process in terrestrial and aquatic environments) [START_REF] Parlanti | Combined 3D-spectrofluorometry, high performance liquid chromatography and capillary electrophoresis for the characterization of dissolved organic matter in natural waters[END_REF][START_REF] Stedmon | Tracing dissolved organic matter in aquatic environments using a new approach to fluorescence spectroscopy[END_REF][START_REF] Sierra | 3D-fluorescence spectroscopic analysis of HPLC fractionated estuarine fulvic and humic acids[END_REF] and amino acids in proteins and peptides.

Tryptophan and tyrosine are the fluorescent amino acids which indicate the presence of proteins. In these amino acids, fluorescence arises from indole group (a fused ring heterocycle containing both a benzene ring and heterocyclic nitrogen containing aromatic ring). These groups of fluorophores are commonly named as humic-like, fulvic-like and protein-like because standard materials of these substances demonstrate the fluorescence in the same area of optical space Tryptophan fluorescence has also been related to the activity of bacterial community [START_REF] Elliott | Characterisation of the fluorescence from freshwater, planktonic bacteria[END_REF].

Excitation emission (EEM) fluorescence captures many spectral features by scanning over a wide range of excitation and emission wavelengths and generating a landscape surface defined by the fluorescence intensity over excitation emission wavelength pairs (Wu et al., 2003;[START_REF] Sierra | Fluorescence fingerprint of fulvic and humic acids from varied origins as viewed by single-scan and excitation/emission matrix techniques[END_REF]Xie et al., 2008). In sea waters, since the work of Coble (1996) in tracing riverine DOC in sea water, application fluorescence spectroscopy increased in esturine and marine waters. Fluorescence properties of DOM serve as a tool for determining biological activity and associated protein fluorescence [START_REF] Determann | Ultraviolet fluorescence excitation and emission spectroscopy of marine algae and bacteria[END_REF]Parlanti et al., 2000) and mixing of water bodies.

In fresh waters, the advances in fluorescence spectroscopy have been applied in tracking of dissolved organic matter [START_REF] Thoss | The development of a chemical 'fingerprint' to characterise dissolved organic matter in natural waters[END_REF][START_REF] Newson | The potential role of freshwater luminescence measurements in exploring runoff pathways in upland catchments[END_REF]. Different fluorescence peaks are reported from EEM and ascribed to protein like (tryptohan, tyrosine), fulvic like and humic like fluorophores in DOM in the aquatic and soil environment (Baker, 2002;[START_REF] Parlanti | Combined 3D-spectrofluorometry, high performance liquid chromatography and capillary electrophoresis for the characterization of dissolved organic matter in natural waters[END_REF]Henderson et al., 2009).

Figure 2 : Typical Excitation Emission Matrix (EEM) in a water sample (Hudson et al., 2007) Relative strength of protein like and humic like fluorophores as well as their ratios has been used to differentiate various sources of DOM (Baker and Inverarity, 2004;Cumberland and Baker, 2007). Baker (2002) has indicated higher protein like fluorescence in animal wastes and demonstrated higher peak intensity ratio of tryptophan:fulvic like for animal wastes than stream water. However, unlike marine studies, application of fluorescence spectroscopy in fresh water environment is not yet widespread. A change of humic-like fluorescence has been identified from upland region to downstream with increasing anthropogenic input [START_REF] Baker | Characterization of dissolved organic matter from source to sea using fluorescence and absorbance spectroscopy[END_REF]. Lapworth et al., (2009) have used maximum peak fluorescence intensities of tryptophan like and fulvic like and observed more attenuation in tryptophan like compared to fulvic like fluorescence in hyporheic zone (0.5 meter below river bed) with changing surface waters inputs from upstream processes in riparian areas. Fellman et al. (2009a) have shown changes in chemical quality of DOM in spring and fall wet season in bog, forested wetland and upland forests. They further showed the contribution of DOM from upland watersheds and the contribution of humic like fluorescence increased and protein like fluorescence decreased during stormflows (Fellman et al., 2009b). Furthermore, in waste water (Baker, 2002) and treated sewage effluents or sewer discharge, tryptophan peak has been measured [START_REF] Galapate | Detection of domestic wastes in kurose river using synchronous fluorescence spectroscopy[END_REF]Baker et al., 2004). Sewagederived material is rich in tryptophan-like fluorescence, and is observably different from rivers, where fulvic/humic like peaks predominate (Hudson et al., 2007). This is because DOM originating from clean river water is dominated by natural organic matter derived from plant material, whereas sewage-derived DOM is dominated by organic matter originating from microbial activity [START_REF] Hur | Using Synchronous Fluorescence Technique as a Water Quality Monitoring Tool for an Urban River[END_REF]. Such differences in spectral signatures have facilitated the tracking of sewage contamination in river waters [START_REF] Galapate | Detection of domestic wastes in kurose river using synchronous fluorescence spectroscopy[END_REF]Baker, 2001;[START_REF] Baker | Detecting river pollution using fluorescence spectrophotometry: case studies from the Ouseburn, NE England[END_REF]Chen et al., 2003a;[START_REF] Holbrook | Impact of Reclaimed Water on Select Organic Matter Properties of a Receiving StreamFluorescence and Perylene Sorption Behaviorâ€[END_REF][START_REF] Hudson | Can fluorescence spectrometry be used as a surrogate for the Biochemical Oxygen Demand (BOD) test in water quality assessment? An example from South West England[END_REF]. To trace DOM issued from recycling of farming waste on soils, we have to study purely agricultural headwater catchments.

Instead of using fluorophores peak fluorescence intensities, a chemometric approach of fluorescence regional integral integration proposed by Chen et al., (2003b) However, in the literature, there is lack of some knowledge about the characterization of pure farm wastes, impact of farm waste supply on the production dissolved organic matter and its characterization by fluorescence spectroscopy. Besides this, literature also lacks the application of fluorescence spectroscopy to study the long term impacts of farm wastes supply on the soil DOM and there are no indications of fluorescence fingerprints in long term farm wastes soil supplies on gradient of dissolved organic matter concentrations.

Objectives of the thesis

The general aim of the thesis is to assess fluorescence as a tracer of Dissolved Organic Matter (DOM) issued from farming waste, in soils and stream water of agricultural headwater catchments.

The following questions will be considered keeping in view the gaps in the literature:

• What are the fluorescence tracers of different pure farm wastes?

• This thesis is organized in five chapters and has been written in publication format. In chapter 1, fluorescence characterization of various farm wastes was carried out and analysis of fluorescent tracers of pig slurry and cow manure composts was investigated in two different natural streams with known amounts of farming waste. Fluorescent parameters are proposed to trace DOM issued from farming wastes. In chapter 2, fluorescent tracers were analysed in runoff water collected in a simulation event (during spring) after pig slurry and cow manure supply on soil. In chapter 3, a biodegradation study is carried out to follow the persistence of these tracers during two months. A statistical approach is proposed to discriminate between types of farming wastes (cow manure, pig slurry and wheat straw). In 

Abstract

In this work excitation emission matrix (EEM) spectroscopy coupled with fluorescence regional integration and chemometrics were used to observe the dissolved organic matter (DOM) quality differences among various farm manures extracts and the changes in cumulative regional intensity in EEM of natural water sample subsequent to farm manure contamination. Farm manures used in the study were pig slurries, cow faeces, fresh cow manures, cow manure composts and wheat crop residues. Fluorescence similarities in pig slurry and cow faeces depicted the similar DOM quality in two breeding animals although former is monogastric and the later is ruminant. Pig slurry and cow faeces were strong in biochemical fluorescence intensities (region II, IV), TRY zone and both were discriminated by ratios bio:geo, region IV:V, TRY:(HL:FL), TRY:FL, TRY:HL. Cow manure composts were discriminated with higher fluorescence intensities geochemical regions (region III, V) as well as fulvic like and humic like zones.

In the mixing up natural water sample and farm wastes (pig slurry and cow manure composts), pig slurry and cow manure composts have shown higher bio:geo, region IV:V, TRY:(HL:FL), TRY:FL, TRY:HL compared to natural water samples. All the ratios showed higher values for pig slurry than cow manure composts except TRY:(HL:FL) which had shown higher values for cow manure composts compared to pig slurry. Mixed water samples showed the impact of farm manures with increasing ratios in comparison with natural water.

Introduction

Anthropogenic and natural sources of dissolved organic matter (DOM) have major impact on the stream chemistry in the catchments. Farm manure applications on agricultural soil allow the disposal of organic waste produced at cattle farms, which serves as valuable nutrient source for crops but its storage and application rate needs some management to prevent the DOM water pollution. Farming waste recycling on soil, intensively grazed pastures located near the river, piled stocks along the water course or incidental pollution can induce microbial and dissolved organic carbon contamination in stream water. Human and animal fecal contamination of coastal environment cause the economic losses from the closure of shellfish in addition to affecting the quality of shellfish and recreational water and finally bathing restrictions (Mieszkin et al., 2009).

The assessment of direct DOM pollution of natural water by farm manures is the main question which is addressed in this study. Although some tracing studies have been attempted at catchment scale to detect pig slurry DOM in natural river water via coprostanol signature (Jardé et al., 2007a), yet the question remains to trace the allochthonous sources of DOM in agricultural catchment.

Fluorescence spectroscopy has been proven to be an useful optical technique to observe the changes and transformations in fluorescent components of dissolved organic matter in the natural environments (Baker, 2001;Hudson et al., 2007). This optical technique is rapid, selective, sensitive and account low cost. DOM includes organic molecules with chromophoric (light absorbing) and fluorophoric (light emitting) molecules (Her et al., 2003).

Generally two types of fluorophores are ascribed to the DOM spectra: the humic like and the protein like (Coble, 1996). This technique enables not only the qualitative differentiation of natural organic matter from various origins but also explains subcomponents of natural organic matter with varying composition and functional properties (Chen et al., 2003a).

Structural similarities of humic solutes are closely associated with the fluorescence properties and differentiated untreated waste from fresh water samples according to the fluorescent materials (Peuravuori et al., 2002). Numerous analytical methods exist to depict the fluorescence signatures of DOM which include humification index (cumulative emission fluorescence intensities in the region ∑(300-345) divide by the sum of ∑(300-345) and ∑(435-480) (Ohno, 2002), the fluorescence intensities and their ratios (Baker, 2001;[START_REF] Yamashita | Chemical characterization of protein-like fluorophores in DOM in relation to aromatic amino acids[END_REF]. Animal wastes (silage liquor, pig, cow and sheep) have been characterized with not only high protein-like (tryptophan and tyrosine intensity peaks) fluorescence but also very high ratios of tryptophan to fulvic like fluorescence peaks farm wastes compared to stream waters (Baker, 2002). Ratio of tryptophan to fulvic like is higher in silage liquor (>20) followed by pig and cow (2)(3)(4)(5) and lowest in sheep barn wastes (0.5-4.0). However, this ratio has been more stable in sheep barn waste compared to silage liquor and more variables in pig as well cow slurries and the decrease in ratio has been associated with decrease in tryptophan fluorescence. But these studies include one (peak locations) or few data points. However, a new approach of fluorescence regional integration is capable for the quantification of whole EEM spectra of DOM (Chen et al., 2003b). Natural fluorescence was recently proposed to trace diffuse agricultural pollution from cow slurry spreading on intensively-farmed grasslands (Naden et al., 2009). The ratio of indices of tryptophan-like and fulvic/humic-like fluorescence was proposed as an indicator of cow slurry in drainage waters.

Fluorescence regional integration is an optical data learning technique in which a normalised region-specific volume reflects the abundance of molecular structures specific to that region.

In this technique, five regions in the EEM are defined by aromatic proteins (regions I and II, tyrosine like), humic like substance (region III), tryptophan like (region IV) as well as fulvic like materials (region V). EEM regions have been accounted for humic, tryptophan, tyrosine peaks [START_REF] Coble | Characterization of dissolved organic matter in the Black Sea by fluorescence spectroscopy[END_REF]Chen et al., 2003b). Peptides with aromatic residues such as tyrosine showed their fluorescence at shorter excitation and emission wavelengths (region I and II) (Determann et al., 1994;Ahmad and Reynolds, 1999). Regional transformations of fluorescence in EEM coupled with chlorine consumption have been used to predict trihalomethane and haloacetic acid formation (Johnstone and Miller, 2009). These regional fluorescence similarities and dissimilarities among the heterogeneous sources can be ascribed as tracers of the specific source.

There is scarcity of knowledge in the literature about fluorescence properties of farm manures and also how they impact fluorescence signals of dissolved organic matter in natural water streams. Besides this, to best of our knowledge, integrating EEM fluorescence by regions and zones have been hardly found in literature to point out pollution source in natural water by farm manures. Therefore, the objective of this study are threefold: (i) to characterize fluorescence properties of dissolved organic matter extracts from pig slurry, cow manure composts, fresh cow manures, wheat crop residues by using fluorescence spectroscopy coupled with fluorescence regional integration and chemometrics (ii) to identify the fluorescence tracers of cow manure and pig slurry (iii) finally to identify fluorescent parameters suitable for tracing diffuse source pollution of natural waters streams by pig slurry and cow manure composts.

Material and Methods

Farm manures characteristics and sample preparation

Two pig slurries (PS1 and PS2), two cow manures (CM1 and CM2), three cow faeces (CF) and three cow manures composts (CMC) with various composting times were analysed. One compost sample (CMC1) with one month and another cow manure compost with 4 (CMC2) and six months (CMC3) of composting were sampled. Cow manures and compost manures included the incorporated wheat crop residues. The preparation of all the studied farm wastes is indicated in Table 1.1. One cow faeces (CFd), one wheat straw (WS), two pig slurries, two cow manures, three cow manure composts samples were air dried in the shade at room temperature and then grounded and passed through a sieve of 1mm mesh size. However, one fresh cow manure (CMf) and two cow faeces (CF1 and CF2) were analysed without drying.

Most of the farm manures, used in this study, were obtained from livestock breeding unit at Kerguehennec station in Brittany, France. 

Aqueous extracts of farm manures

DOC was extracted with 40:1 (V:W) ultra pure water to farm manure ratio. Each farm manure water suspensions (either dried or fresh phase) were kept in refrigerator at 4°C for 16 hours with periodic manual shaking. Then the farm manure water suspensions were centrifuged at 3000 rpm for 30 minutes and subsequently filtered through 0.7 and 0.22 µm nitrocellulose filters. To avoid any contamination, all the filters were rinsed with ultra pure water and dried overnight before vacuum filtration.

Aqueous extracts of soil DOM

One soil sample with three replicates was taken at 0-20cm soil depth from the cultivated experimental plot under chemical fertilization at Kerguehennec research station. Soil DOM extracts were obtained with 2:1 ultra pure water to soil ratio. Soil water suspensions were shaken mechanically on orbital shaker for 2h and then centrifuged at 3000 rpm for 30 minutes and filtered through 0.7 and 0.22 µm nitrocellulose filters.

Mixing experiment of farm manures and natural water

A pig slurry and natural water (NW) (Stream 1) mixing experiment was conducted in January was conducted in January 2009. For this experiment, water was sampled in a stream draining a natural wetland on 26 January 2009 at Haut Couesnon site, North-West France. Both stream water samples were taken during winter storm events. After sampling, stream water samples were kept at 4°C and filtered through 0.22 µm. The filtered samples were maintained in the refrigerator at 4°C prior to fluorescence analysis.

In each mixing experiment, NW samples and farm manures (PS and CMC3) samples were analysed for fluorescence properties at 5mgL -1 DOC separately. A mixed sample of equal volume (50/50) of farm manure solution/natural water (each containing 5mgL -1 DOC) was generated which results final DOC concentrations of 5mgL -1 in the mixture, was analysed.

Two other mixed water samples containing 25/75 and 75/25 (DOC contribution from cow manure compost/natural water) were also tested.

Chemical Analysis

DOC concentrations were measured using Shimadzu TOC 5050 A total carbon analyzer.

Accuracy on DOC measurements was ±5%, based on repeated measurements of standard solutions (K-phtalate). UV-Visible absorbance was measured on a Perkin Elmer Lambda 20

UV-Visible spectrophotometer with excitation wavelengths range of 200-600 nm 0.5nm data interval, slit width at 2 nm and scan speed was set at 120 nm/min. Specific Ultra Violet Absorbance (SUVA) was measured by multiplication of absorbance at 254nm with 100 and dividing by the DOC concentration in the solution (5mgL -1 DOC).

Fluorescence spectroscopic measurements of DOC were performed using a Perkin-Elmer LS-55B luminescence spectrometer. The spectrophotometer uses a xenon excitation source and slits were set to 5 nm for both excitation and emission. To obtain excitation-emission matrix spectra, excitation wavelengths were incremented from 200 to 425 nm at steps of 5 nm and emission was detected from 250 to 600 nm with a 0.5-nm step. Scan speed was set at 1500 nm/min, yielding an EEM in 22 minutes with 45 total scans. To minimise the temperature effect, samples were allowed to equilibrate with room temperature (20±2°C) prior to fluorescence analysis. The spectra were obtained by subtracting distilled water blank spectra to eliminate the water Raman scatter peak. Resonance peak (Fig. 1) on the lower side of three dimensional plots was also removed. Linearity was carried out between DOC concentration and fluorescence intensity with dilution of high DOC concentration samples. Inner filter effects were removed with the formula developed by (Ohno, 2002). The whole fluorescence dataset presented in this study was normalised at 5 mg L -1 DOC. To maintain the consistency of measurements and standardise the whole fluorescence data set, the corrected fluorescence intensities were normalised with daily determined Raman emission intensity units [START_REF] Breiman | Classification and Regression Trees[END_REF] of ultra pure water samples at 350 nm and 397 nm of excitation and emission wavelengths respectively.

Regional integration of excitation emission matrix (EEM)

An internal program was developed in the laboratory using the R ® software (http://www.rproject.org) for the integration of fluorescence intensities across the whole EEM landscape (Annexes, at thesis page 206). Here peaks at shorter wavelengths (<250 nm) and shorter emission wavelengths (<380 nm) are related to simple aromatic proteins such as tyrosine and tryptophan (Regions I and II) Peaks at intermediate excitation wavelengths (250-340 nm) and shorter emission wavelengths (<380 nm) are related to soluble microbial by-product-like material (Region IV) while peaks located at the excitation wavelengths (230-300 nm) and the emission wavelengths (380-575 nm) represent humic acid-like substances (Region III). Peaks at longer excitation wavelengths (>300 nm) and longer emission wavelengths (>380 nm) are related to fulvic acid-like organics (Region V). With this technique, EEM is divided into biochemical (bio) (I, II, IV) and geochemical (geo) (III, V) fluorescent regions (Figure 1.1a), (Table 1.2) and three peak intensity zones of tryptophan (TRY), fulvic like (FL) and humic like (HL) fluorescence (Figure 1.1b) (Table 1.2). Humification index (HIX) was determined according to Ohno (2002). 45 spectral loadings were used to reproduce three-dimensional plots of fluorescence intensity as a function of excitation and emission wavelengths. 

Statistical analysis

To observe the spectroscopic similarities and dissimilarities of farm manures studied, principal component analysis (PCA) was applied to the DOC normalised integrated fluorescence intensities of the studied farm manures with R ® software (package ade4).

Significant differences among the three groups of farm manures were tested by one way ANOVA (p<0.05) with STATISTICA (version 7.1).

Numerous replicates of fluorescent measurement on soil extraction in previous studies conducted with the same apparatus showed 5% coefficient of variation (unpublished data). 

Results

Spectroscopic characterization of farm effluents

Spectral differences and similarities among different types of farm manures were analysed by principal component analysis (PCA) on the fluorescence data set (Figure 1.2). PCA was performed on the integrated fluorescence intensities in five regions and three peak intensity zones along with their ratios of dissolved organic matter (DOM) in 12 farm effluents and one soil sample which was treated as illustrative individual (Figure 1.2). Both axes 1 and 2 of PCA explained the variability in the data set by 49% and 38% respectively (total variability of 87 %) as shown in Figure 1.2b. Data revealed clear differences and similarities among the studied farm effluents. Three groups were observed (Figure 1.2b): G1 containing all the pig slurry (PS) and cow faeces (CF) samples. In G1, Pig slurry along with one dry cow faeces (CFd) samples showed positive scores on axe1 and negative on axe2 and two fresh cow faeces reflected positive scores on axe1 and axe2. G2 consisted of two dry cow manures (CM1, CM32) and cow manure compost (CMC1; one month time duration) which showed positive scores on axe2 and negative scores on axe1. In G2, fresh cow manure (CFf) as well as wheat straw (WS) were positioned in the upper right quadrants with positive scores on both axes.

Third group (G3) was the cow manures composts (CMC2 and CMC3 with 4 and 6 months composting time) located in the lower left quadrants with negative scores on both axes. Likely we observed a significant shift of fluorescence properties in cow manure composts towards geochemical fluorescence properties and we hypothesize that cow manures after decomposition and biotransformation show their fluorescence properties close the humified soil DOM. Therefore, we put fluorescence properties of soil sample taken from cultivated soil under mineral fertilization as an illustrative individual in the PCA analysis and had observed the soil was projected with G3 effluents and showed almost similar DOM fluorescence properties to cow manure composts (CMC2 and CMC3).

Characterization of pig slurry contamination in natural river water

Regional fluorescence intensities

Pig slurry was discriminated by significant (p<0.05) higher fluorescence intensities in region IV (2742 RU) compared to higher natural water (2457 RU) (Figure 1. 3). But in 50% mixed water sample, 50% DOC (5mgL -1 each from PS and NW sources), increase in region IV fluorescence was non significant. 

Biochemical to geochemical fluorescence intensity ratios

Ratios of regional integrated fluorescence discriminated well the PS from NW sample as shown in Figure 1.4a, b. PS sample showed significantly (p<0.05) higher bio:geo, IV:V ratios (0.32, 0.48 respectively) compared to NW sample with 0.12, 0.15 respectively. In mixed water sample, ratio bio:geo, IV:V (0.18, 0.24) were significantly (p<0.05) higher compared to NW sample showing the impact of pig slurry. 

Peak zones fluorescence intensities

Pig slurry effluent showed significant higher TRY:FL, TRY:HL ratios (0.08 and 0.11) compared to natural river waters (0.01 and 0.02) (Figure 1.5). From the 50/50 PS and NW sample mixture, PS showed its impact by increasing TRY:HL as well as TRY:FL ratios by 0.03 and 0.05 respectively compared to NW source. Over all TRY:HL ratios were higher than TRY:FL ratios among all the sources.

Pig slurry showed significant higher ratio TRY:(HL:FL) compared to NW sample with values of 311 and 145 respectively. This ratio discriminated also the pig slurry contamination in 50% mixture of PS and NW with significant higher value of 258 compared to natural water. 

Aromatic character of pig slurry and natural water samples

PS was characterized with significant lower SUVA (index of aromaticity) value (0.27) and HIX (0.73) compared to NW which showed higher humification (0.87) and aromaticity (1.65). 50% mixture of PS and NW showed almost 50% decrease in SUVA value (0.78) compared to NW. However, PS did not affect the HIX value in the 50% mix sample, as the HIX value was closer to NW source (Figure 1.6a). 

Biochemical to geochemical fluorescence intensity ratios

Cow manure compost (CMC3) was discriminated with significant higher bio:geo and IV:V (0.14 and 0.21 respectively) compared to NW sample with ratios 0.08 and 0.12 respectively (Figure 1.8). Natural water used in this experiment was sampled from the stream draining a wetland and forest area, showing a lower bio:geo ratio (0.08) than the NW (0.12) draining the cultivated hillslope. It indicates the spatial variability of fluorescent DOM substances draining the heterogeneous soils. 50% CMC water mixture showed significant increase in bio:geo and IV:V ratios (0.10, 0.15 respectively) than NW sample. 

Fluorescence ratios across zones

TRY:FL and TRY:HL ratios were significant higher in CMC3 (0.03 and 0.04 respectively) compared to NW sample (0.01 and 0.01) (Figure 1.9a,b). 50% water mixture was characterized with intermediate values of 0.02 and 0.03 respectively. Overall, CM, NW as well as 50% water mixture showed higher TRY:HL ratios compared to TRY:FL ratios.

Ratio TRY:(HL:FL) also showed significant higher values (730) in CMC3 than NW (414), while 50% mixture showed the impact of CMC3 source with significant higher TRY:(HL:FL) value ( 581) compared to natural water sample (Figure 1.9c). When the CF is mixed with wheat residues, it referred as cow manure (CM). Fresh and dried extracted cow manures and one month CMC and WS samples are grouped in G2 (Figure 1.2)

Aromatic character of cow manure and natural water samples

which suggested the homogeneity of their DOM quality. It was also demonstrated that fluorescence properties of DOM extracted from cow faeces were changed after contact with wheat crop residues. When CF interacts with crop residues, regional transformation results in higher HIX in CM.

Cow manure composts (CMC2 and CMC3 for 4 and 6 months time duration) are observed in the same group (G3, Figure 1.2) and exhibit similar spectral composition. The differentiation between cow manure and composted cow manure reflected different chemical composition with some condensed, aromatic and/or heterocyclic ring systems, a high degree of electronic conjugation and bearing suitable hydroxyl, alkoxyl and carbonyl groups which is consistant with the humification during the composting process (Senesi et al., 1991). Geochemical regions (region III and region V), peak intensity zones of FL and HL as well as HIX and SUVA are the most effective fluorescence discriminators of cow manure composts. As composting process proceeds, molecular complexity in the fresh organic materials (CMC1) is increased (CMC2, CMC3). This increasing molecular complexity could also be related to increase in volumic intensities in humic acid like and fulvic acid like regions (region III and region V) (Marhuenda-Egea et al., 2007). Geochemical fluorescence intensities as well as SUVA and HIX in CMC2 and CMC3 can be related to increased carboxylic, phenolic carbon groups and polymerization and cross-linking that lead to the formation of larger molecules (Liang et al., 1996).

The decreased fluorescence intensities in region I, II and IV in cow manure composts could be due to the degradation of the fresh materials as a result of microbial activity. Fluorescence properties of composted cow manure DOM are not different from soil DOM.

Pig slurry was not discriminated from fresh cow faeces. So a diffuse pollution by direct transfer of DOM from pig or cow slurry after spreading on soil or in intensively grazing pasture area not be discriminated with fluorescence characterization. On the contrary, a direct transfer of DOM from cow manure or composted cow manures should be discriminated from cow faeces or pig slurry pollution with lower fluorescence intensities in region II, IV, bio, TRY zone, ratio TRY:(HL:FL) in fresh cow manures or intense fluorescence in geochemical regions, FL and HL zones.

Discrimination of point source pollution of pig and cow manure compost

A mixing experiment was carried out in the laboratory to trace the general impact of pig slurry contamination on the natural river water DOM fluorescence and to find out some pertinent fluorescence indicators of pig slurry contamination. Simulated level of contamination was low because the DOC concentration of the mixing between slurry or compost and natural water was 5mgL -1 . After slurry spreading, DOC concentration in runoff ranged between 100 to 250 mg L -1 (Royer et al., 2007b). The mixing sample was composed of a solution with 50% from stream and 50% of DOC from pig slurry wastes (50/50 DOC; 5 mgL -1 DOC from each source), but it does not represent a mixing of 50% of pure slurry in stream water.

PS effluent is characterized by significant higher ratios of bio:geo, IV:V, TRY:FL, TRY:HL, TRY:(HL:FL) and lower fluorescence intensities in regions III and V as well as significant lower values of SUVA and HIX and an opposite trend for these indices is observed in natural river waters.

In the pig slurry/natural water sample, all the ratios are tended towards PS source. This is because region II and IV are connected to tyrosine, tryptophan and protein like components (Chen et al., 2003b). Total hydrolysable amino acids correlate with peak fluorescence intensities of tyrosine and tryptophan [START_REF] Yamashita | Chemical characterization of protein-like fluorophores in DOM in relation to aromatic amino acids[END_REF] which are located in biochemical regions (I and IV). Therefore, upon the addition of 50% DOM from PS source, these nitrogen containing components increase in the mixture and result in stronger ratios.

Lower ratios bio:geo, IV:V, TRY:FL, TRY:HL, TRY:(HL:FL) in NW sample suggest the microbial transformation of biochemical fluorescent components (region I, II, IV, as well as TRY zone). Direct pollution source can be of two types: (i) either from the stockpiled manures (at various stages of humification and aromaticity) along the water courses or from animal faeces in the intensively grazed pastures near the stream channels. In case of stockpiled manures, composts are suitable for studying their point source contamination.

Stream fluorescence shows a great variability depending not only of allochtonous source of pollution but also of soil type, vegetation, and landuse (Cumberland and Baker, 2007;Hudson et al., 2007). Therefore, to explore the mixing of two highly aromatic and humified DOM substances, the natural water was sampled in a stream draining a peat wetland and the composts (CMC3) at six month of time duration was taken.

Initial higher ratios of bio:geo, IV:V, TRY:FL, TRY:HL, TRY:(HL:FL) were observed in CMC3 samples compared to NW samples. Although DOM from CMC3 is highly aromatic yet it influences the DOM fluorescence properties in river water by increasing ratios and decreasing the aromaticity of NW.

In the peat wetland catchment, DOM is enriched with polyphenolic rich fractions and fluorescence in the geochemical regions (region III and V, in our case) is more important compared to the stream 1 (NW sample from stream draining Ducey catchment). Intense fluorescence in the geo region was measured compared to carbohydrate and protein rich (Chen et al., 2003a) biochemical regions of EEM and consequently lower ratios in the peat wetland catchment.

SUVA is a good indicator of aromatic carbon contents of the organic matter (Weishaar et al., 2003).The SUVA decrease in the water mixture (PS and NW) as well as (CMC3 and NW) which confirms the lower aromaticity and humification (Huber et al., 1994) after mixing with farming wastes. Humification index reflect that CMC3 and wetland catchment NW are at the similar stage of humification.

Implication for water quality monitoring in agricultural headwater catchment

Non significant difference in ratio bio:geo between stream 1 and pure composted cow manure reflected the higher background ratio in stream 1 and it also indicated that the ratio will not differentiate the impact of composted cow manures on stream 1 (Figure 1. [START_REF] Shand | Temporal changes in C, P and N concentrations in soil solution following application of synthetic sheep urine to a soil under grass[END_REF]. A contamination of water with pig slurry would be clearly detected in all streams, however spatial variability of the fluorescence properties of stream should be explored.

These results also show the necessity of monitoring the stream fluorescence properties over a long time to initiate stream water quality database for each catchment and to analyse temporal variation of the fluorescence properties. Increasing impact of composted cow manures showed significant increase in bio:geo ratio (50% to 75% compared to stream2) and the ratio IV:V (25% to 75% compared to stream2) (Figure 1.12). Ratio IV:V is found more sensitive in detecting a pollution of natural water even the cow manure compost impact is 25 % (5 mgL -1 ) on the stream water.

Discrimination of the type of farming waste contamination

The fluorescence indicators proposed in this study allow to identify a farming waste contamination of DOM in agricultural headwater streams (ratios bio:geo, IV:V, TRY:FL, TRY:HL) but the type of farming waste suspected in the pollution can't be discriminated. The PCA analysis conducted on the farming waste extract enable to discriminate pig slurry and cow faeces from cow manure and composted cow manure. A mixing of one stream sample with different farming waste extracts and a PCA analysis should be conducted to conclude the nature of the farming waste contamination since one value of ratio is not sufficient to conclude. An increase in the bio:geo ratio for example is observed after addition of pig slurry or cow compost in the stream water. The variation of the ratio is dependant upon the nature but also upon the quantity of farming waste DOM supply to stream.

Conclusion

Fluorescence spectroscopy coupled with PCA showed the DOM quality differences among the various farm manures applied to cultivated soils. Important outcomes from this study are following:

• Fluorescence similarities in pig slurry (PS) and cow faeces (CF) depicted the similar fluorescence DOM quality although pig is monogastric and cow is ruminant with different digestive process. • PS and CF were strong in biochemical fluorescence intensities (bio), (region II, IV) and TRY zone and differentiated from fresh and composted cow manures with higher ratios of bio:geo, regional ratio IV:V, TRY:(HL:FL), TRY:FL, TRY:HL.

• Cow manure composts were discriminated by higher fluorescence intensities geochemical regions (region III, V), fulvic like and humic like zones as well as humification index.

• Composted cow manures depict DOM fluorescence properties similar to soil DOM.

Discrimination of farming wastes in natural stream water

• Ratios bio:geo, IV:V, TRY:FL, TRY:HL and TRY:(HL:FL) are found as pertinent tracers of farming wastes (pig slurry and cow manure composts) in the mixed water samples. • Direct transfer of pig slurry waste in stream can be differentiated with higher bio:geo ratios.

• TRY:(HL:FL) which had shown higher values for cow manure composts compared to pig slurry • Increasing impact of farming wastes can be quantified with increasing bio:geo and region IV:V ratios

Implication for water quality monitoring

These results show the necessity of monitoring the stream fluorescence properties over a long time to initiate stream water quality database for each catchment and to analyse temporal variation of the fluorescence properties rather than interpreting absolute measure of fluorescence ratio. 

2.Chapter 2

Introduction

In modern agricultural systems, the widespread use of farm wastes fertilization serve as a valuable source of crops nutrients (Moral et al., 2005) and a mean of alternative source of chemical fertilizers which cause excess nitrates and phosphorous loads in the catchment streams (Granger et al., 2010) during intense rainfall events. Water contamination can be aggravated if rainfall event occur shortly after the supply of farm manures and transport the DOM towards the stream by modifying the water pathways via surface runoff or preferential flow via tile draining (Royer et al., 2007a;Hernes et al., 2008;Naden et al., 2009).

The excess DOM production pollutes the natural resource water quality. In the French legislation, [DOC] concentration in superficial water should be under 10 mgL -1 during 95% of sampling time for drinking water supplies. Moreover, DOM act as a vector in the transport of pesticides, metals and viruses etc towards streams (Williams et al., 2005;Song et al., 2008).

In the literature, there is scarcity of knowledge about the net impact of different farm manures supply on the DOM production in soil if rainfall coincides with the fertilization time. The new directive on Bathing water quality 2006/7/EC [START_REF] Anonymous | Council Directive 2006/7/EC of 15 February 2006 concerning the management of bathing water quality and repealing Directive 76/160/EEC[END_REF] strengthens the concept of bathing water management by introducing bathing water profiles designed to identify pollution sources in bathing waters and of other surface waters in the catchment area of bathing water concerned. One of the major sources of fecal pollution which may contaminate bathing waters is associated with the practice of land spreading of animal wastes, especially in intensive agricultural areas such as Brittany (France). It is well know that cattle and pig manures contain pathogenic microorganisms (Guan and Holley, 2003;Omisakin et al., 2003) and that land spreading of manure constitutes a human health risk (Thaddeus et al., 2008). It is thus important to use methods to identify livestock contamination in surface water and to discriminate cow manure from ping slurry contamination.

Identifying sources of contamination required the development of tracers of DOM. EEM Fluorescence spectroscopy appears as a interesting tool and has been applied to trace diffuse agricultural pollution from dairy slurry spreading on intensively-farmed grasslands (Naden et al., 2009). Excitation-emission matrix spectra (EEM fluorescence) are obtained by incrementation of excitation and registration of emission spectra. Four major peaks are generally observed in DOM samples. However, in this current study, instead of taking few data points in the form of peak picking, the whole 3D-EEM spectra is analysed quantitatively with fluorescence regional integration (Chen et al., 2003b). Peaks at shorter wavelengths (<250 nm) and shorter emission wavelengths (<380 nm) are related to simple aromatic proteins such as tyrosine and tryptophan (Regions I and II). Peaks at intermediate excitation wavelengths (250-340 nm) and shorter emission wavelengths (<380 nm) are related to soluble microbial by-product-like material (Region IV) while peaks located at the excitation wavelengths (230-300 nm) and the emission wavelengths (380-575 nm) represent humic acid-like substances (Region III). Peaks at longer excitation wavelengths (>300 nm) and longer emission wavelengths (>380 nm) are related to fulvic acid-like organics (Region V). Relative importance of these peaks or region had been used to trace DOM from diverse sources. Baker (2002) has demonstrated that intense ratio tryptophane-like to fulvic/humic like fluorescence are higher in farming wastes compared to stream water. Naden et al., (2009) also used the ratio of indices of tryptophane-like and fulvic/humic like fluorescence (TI:FI) to distinguish incindental losses of dairy slurry in drainage waters.

In the presented study, we (i) investigated the impact of pig slurry and cow manure wastes on the production of dissolved organic mater during spring storm events by analysing runoff water quality by simulation (ii) test the potential of fluorescence spectroscopy as tracer of farm manure DOM during three rainfall simulation events, and finally try to discriminate between pig and cow manure contamination in runoff water.

Materials and methods

Experimental dispositive

A rainfall simulation field experiment was conducted in April 2008 at the agricultural experimental research center of Kerguehennec Brittany, France. Three treatments were evaluated: control (C), pig slurry (PS), cow manure (CM) with three replicates (R1, R2, R3) which produced a 9 plots experimental design.

A fellow plot of 10m*30m was selected with average slope of 3% and tilled to a depth of 15 cm. Nine tilled plots (0.75m*1.5m) were arranged into rectangular shape. The soil was a cambisol (41% sand, 42% silt, 16% clay) with 2.5% organic matter contents in the Ap horizon. Before each rainfall simulation, each plot was hydrologically isolated with galvanized iron (15 cm above and below the soil surface). The runoff collector was composed of a 10 cm diameter polyvinyl chloride gutter (PVC) with 1 cm slit. This gutter was connected to a 2.5L distilled water washed plastic beaker via PVC pipe as indicated in Figure 2.1.

Rainfall simulation

The rainfall simulator was placed under a tent to prevent wind and natural rain perturbation.

Rainfall intensity was adjusted to 67 mm.h -1 to generate an extreme spring storm flow.

Rainfall intensity was determined by measuring the volume collected on a 2m² recipient after one minute. The duration of the simulation period varied from 40 min to 75 min to obtain the same cumulated runoff quantity required. The whole runoff was collected. Eight runoff samples (750 mL, 4L, 750 mL, 4L, 750 mL, 750mL, 750 mL) were collected for each plot and was analysed for current analysis (microbiological, pH, suspended matter, dissolved organic carbon). The two large volume samples of 4L were required by all the partners working with various molecular tracers techniques of DOM because specific analytical methods required large volumes. The time required to collect the samples was measured to compute runoff rate and volume. Runoff water was agitated well before sampling in sterile plastic bottles for microbial analysis. Samples were stored at 4°C until analysis.

Cow manure and pig slurry characteristics and application rates

Cow manure and pig slurry were collected from two farms located near the experimental research center. Cow manure was collected in plastic bags and pig slurry was collected in 15L plastic containers. Pig slurry was stirred before manual application. Pig slurry was applied with manually watering sprayer at 2.4 kg m -² (24 Mg ha -1 ) and the quantity of applied slurry corresponds to agronomic dose of Nitrogen requirement for maize crop. Cow manure was also manually spreaded at 3.2 kg m-² (32 Mg ha -1 ). Pig slurry and cow manure consisted of carbon contents 41.7 and 47.2 g.kg -1 DM (dry matter) respectively and nitrogen contents 2.2 and 1.6 g.kg -1 DM respectively. Both wastes were spreaded on the experimental plot two hours before the rainfall simulation.

Water used for rain simulation

The rain water used during the simulation experiment was taken from the drilled well at 5 meter depth. This water was free of microbial contamination of Enterococci and had low dissolved organic carbon (DOC) 1.39 ±0.12 mg L -1 with pH 6.59. DOM was extracted with 40:1 (V:W) ultra pure water to farm manure ratio. Pig slurry samples were separated into its liquid and solid parts through centrifugation at 3000 rpm for 30 minutes. Liquid pig slurry sample was filtered and referred as PS fresh slurry sample in the current study. Solid part of pig slurry and cow manures samples were air dried and grounded at 700 turns per minutes and sieved through 1 mm mesh size and referred as PS dry and CM dry DOM extracts in the current study. Moreover, DOM extractions were also undertaken for the fresh farm manures (cow manures (CM fresh) and cow faeces (CF fresh) and utra pure water suspensions. Extraction procedure for aqueous DOM extracts was similar for each of farm manures either fresh or dried. Each farm manure water suspensions were kept in refrigerator at 4°C for 16 hours with periodic manual shaking. Then the farm manure water suspensions were centrifuged at 3000 rpm for 30 minutes and subsequently filtered through 0.7 and 0.22 µm nitrocellulose filters.

For soil, DOM was extracted with 2:1 ultra pure water to soil ratio. Soil water suspensions were shaken mechanically on orbital shaker for 2h and then centrifuged at 3000 rpm for 30 minutes and filtered through 0.7 and 0.22 µm nitrocellulose filters. To avoid any contamination, all the filters were rinsed with ultra pure water and dried overnight before vacuum filtration. The values of fluorescence indices studied in the farm manures were enlisted in Table 2.2.

Physical and chemical water analysis

Suspended sediments were determined by weighing sediment after drying overnight at 105°C. Samples were filtered through 0.22 µm membranes (Millipore Millex-GV). pH was determined on 20 mL filtered water samples using a digital pH-meter (WTW) calibrated with buffers (WTW) of pH 4 and 7.

[DOC] was measured on a Shimadzu TOC 5050 A total carbon analyzer. Accuracy on DOC measurements was ±5%, based on repeated measurements of standard solutions (K-phtalate). DOC concentrations were highly elevated in cow faeces (3050 mgL -1 ) followed by the pig slurry (2167 mgL -1 ), cow manures (1580 mgL - 1 ). But we presented the data of farm wastes normalised at 5 mgL -1 and presented the DOC level of 100 mg L -1 in by diluting with a factor of 30, 20 and 15 times CF, PS and CM respectively (Figure 2.6 and 2.7, in the discussion section of the current study). UV-Visible absorbance was measured on a Perkin Elmer Lambda 20 UV-Visible spectrophotometer across 200-600 nm excitation wavelengths range with data interval 0.5nm, slit width 2 nm and scan speed 120 nm/min. Fluorescence measurements of DOM were performed using a Perkin-Elmer LS-55B luminescence spectrometer. The spectrophotometer uses a xenon excitation source and slits were set to 5 nm for both excitation and emission. To obtain excitation-emission matrix spectra, excitation wavelengths were incremented from 200 to 425 nm at steps of 5 nm and emission was detected from 250 to 600 nm with a 0.5 nm step. Scan speed was set at 1500 nm/min, yielding an EEM in 22 minutes with 45 total scans. To minimise the temperature effect, samples were allowed to equilibrate with room temperature (20±2°C) prior to fluorescence analysis. The whole fluorescence dataset presented in this study was normalised at 5 mg L -1 DOC. Linearity was carried out between DOM concentration and fluorescence intensity by dilution of high DOM concentration samples. To eliminate the second order Raleigh light scattering, excitation and emission cutoff filters were applied at 230-310 nm and 380-600 nm respectively on the lower side of three dimensional plots (Figure 2.2). Inner filter effects were removed with the formula (Ohno, 2002). To maintain the consistency of measurements and standardise the whole fluorescence dataset, all the integrated fluorescence intensities were normalized to average Raman emission intensity units of 31 for daily determined ultra pure water samples at excitation and emission wavelengths of 350 nm and 397 nm respectively. A Raman normalised integrated EEM spectrum of ultra pure water was subtracted from the data sample to eliminate the water Raman scatter peak. To minimise the effect of temperature, all samples were allowed to reach laboratory temperature prior to measurement and the analysis was performed at a laboratory temperature of 20 ± 2°C.

Regional integration of excitation emission matrix (EEM)

An internal program was developed in the laboratory using the R ® software (http://www.rproject.org) for the integration of fluorescence intensities across the whole EEM landscape (Annexes, at thesis page 206). Here peaks at shorter wavelengths (<250 nm) and shorter emission wavelengths (<380 nm) are related to simple aromatic proteins such as tyrosine and tryptophan (Regions I and II) Peaks at intermediate excitation wavelengths (250-340 nm) and shorter emission wavelengths (<380 nm) are related to soluble microbial by-product-like material (Region IV) while peaks located at the excitation wavelengths (230-300 nm) and the emission wavelengths (380-575 nm) represent humic acid-like substances (Region III). Peaks at longer excitation wavelengths (>300 nm) and longer emission wavelengths (>380 nm) are related to fulvic acid-like organics (Region V). With this technique, EEM is divided into biochemical (bio) (I, II, IV) and geochemical (geo) (III, V) fluorescent regions (Figure 2.2a) (Table 2.1) and three peak intensity zones of tryptophan (TRY), fulvic like (FL) and humic like (HL) fluorescence (Figure 2.2b) (Table 2.1).

The quantitative analysis included the integration of fluorescent volume beneath each region and zone. Moreover, ratios TRY:HL, TRY:FL, HL:FL, bio:geo, IV:V and III:V were also calculated. 45 spectral loadings were used to reproduce three-dimensional plots of fluorescence intensity as a function of excitation and emission wavelengths. Humification index (HIX) was determined according to Ohno, (2002). 

Results

Heterogeneous response of runoff water under the control of effluent type

During three simulation events, we considered average rainfall intensity of 67 mm h -1 which corresponded to a spring rainfall event in the context of Brittany France. Weaker rainfall intensities were measured in control (soil alone) R1 and R2 as well as pig slurry (PS) R1 and R2. Rainfall intensities were highly elevated in cow manure modality R3 as shown in Table 2.3. However, required volume in cow manure R3 was obtained after 120 min of simulation time and this modality was particularly different with respect to simulation time and higher rainfall intensity to attain required volume as compared to other modalities. In this modality, soil surface (either due to soil cultivation or cow manure land spread) favoured the infiltration of rainwater.

Overall, the runoff time and simulated runoff in all the simulation events of cow manure were comparable to control and pig slurry modalities. Besides this, cow manure surface application delayed the release of water streaming that required intense rainfall to generate the needed runoff volume. 

Dynamics of microbial parameters and dissolved organic carbon concentrations

In control (Soil alone), E. Coli and Enterococci were lower than the detection limits.

Escherichia Coli and Enterococci showed stable dynamics in both modalities of PS and CM soil amendments in the runoff water collected during three rainfall events (Figure 2.3).

Particulate matter (PM) contents were stable during three repetitions R1, R2, R3 and the PM values were ranged 3 to 5 g L -1 . Dissolved organic carbon (DOC) concentrations in control (soil alone) treatment were low; between 2 to 5 mgL -1 in the first three samples (6L runoff))

and 2 to 4 mgL -1 in the last four samples (14L runoff).during all the rainfall events R1, R2 and R3.

In pig slurry (PS) soil amendment, in rainfall events R1 and R2, DOC concentrations ranged between 33 to 71 mgL -1 and 20 to 65 mgL -1 respectively during the first three water samples (6L runoff). However, during simulation event R3, DOC concentrations in PS amendment were remained constantly higher from 65 to 87 mgL -1 in the first six liters runoff . In the next 14L runoff water, DOC concentrations ranged between 21 to 28 and 9 to 17 mgL -1 during R1 and R2 in PS soil amendment respectively. Moreover, during R3, PS showed higher DOC concentration 38 to 65 mgL -1 compared to R1 and R2.

In cow manure amendment, DOC ranged from 23 to 94 mgL -1 , 11 to 34 mgL -1 and 15 to 29 mgL -1 during R1, R2 and R3 respectively during first three water samples (6L runoff). In last four samples, DOC ranged from 51 to 71 mgL -1 , 24 to 38 mgL -1 and 13 to 15 mgL -1 during R1, R2 and R3 respectively. ), Escherichia coli ( ), Enterococci ( ) in runoff water collected during three rainfall events control (mineral soil), pig slurry (PS) and cow manure (CM).

Discrimination of farm wastes DOM in runoff water

Ratio of biochemical to geochemical fluorescence

Biochemical to geochemical fluorescence intensities ratios discriminated significantly (p<0.05) the soil alone (0.09-0.13) from PS (0.25-0.33) and CM (0.29-0.31) treatments during rainfall event R1, R2 and R3 except CM treatment in R3 showing no significant difference to control (Figure 2.4). In R1 and R2, ratio bio:geo differentiated significantly CM treatment with higher values compared to PS. However, CM modality demonstrated significant lower values compared to PS treatment in R3. In last four samples of simulated runoff, ratio bio:geo discriminated significantly PS from control in R1 and R3 as well as CM from control in R1 and R2. PS was not differentiated from control in R2. 

Integral fluorescent volume in region V

Fluorescence intensities in region V discriminated the control (mineral soil) from PS and CM soil treatments with significant higher values (p<0.05) during all the studied rainfall events R1, R2 and R3 in 6L simulated runoff and 14L runoff water as shown in Figure 2.5. In 6L 

Correlation between humification index (HIX) and geo fluorescence

Pearson product moment correlation (r) between HIX and geo fluorescence intensities was shown in Table 2.4. We observed significant positive correlation (r=0.98 p<0.0001) between HIX and geo fluorescence in mineral soil in the first samples of runoff and a lower correlation (0.76, p<0.001) in the last runoff samples. In cow manure amended treatment, the correlation is important in the beginning and in the end of the runoff event (r=0.94 and 0.95 respectively).

In PS treatment, there was no significant correlation between HIX and geo fluorescence in 6L simulated runoff but it was significant in 14L simulated runoff. The correlation was not significant for the first samples on pig slurry treatment (r=0.53, p<0.15), but better in the end of the runoff event (r=0.79).

In case of pig slurry, we hypothesize that just after pig slurry spreading, rainfall export the larger proportion of DOM from pig slurry source which is poor humified. After flushing of significant portion of pig slurry DOM in runoff, correlation between HIX and geo developed as more humified DOM is exported. Soil DOM dominates in the last runoff sample as DOC decreased in pig slurry treatment. Humified DOM seems a constant source release during CM simulation and keeps correlation strong in the runoff. 

Discussion

Direct impact of farm waste on DOM production in runoff water

Farm waste amendments had shown the net impact of farm wastes modalities on DOC concentrations and it was almost 18 times higher than control modality during first runoff samples in three rainfall simulation events R1, R2 and R3. In the PS modality, DOC highly elevated in first sample (R1, R2) or first three samples of R3 event and the values ranged between 60 and 87 mgL -1 DOC. Then the concentrations decreased rapidly as simulation proceeded. It reflected that larger part of DOC mobilised rapidly in first flush of runoff water of rainfall simulation. At the end of simulation experiment of pig slurry, DOC pool depleted, however, DOC concentration still remained higher than mineral soil with values 8 to 34 mgL - 1 . These values were four time higher than measured in control at the end of experiment.

However, in cow manure simulation, DOC concentrations were higher (about 50 mgL -1 ) in R1 compared to R2 and R3 that marked strong variability in first event of cow manure simulation However, in R2 and R3, DOC did not exceed to 40 to 30 mgL -1 DOC respectively. Moreover, at the end of simulation experiment, DOC concentrations in cow manure were globally higher compared to pig slurry treatment. This variability could be related to the presence of cow dung in cow manure wastes, wheat straw in cow manure get washed and only cow dung generated DOC. Globally microbiologic indicators were stable in farm wastes modalities and the concentration of particulate matter were constant in control (mineral soil), pig slurry and cow manure.

DOM quality after farm manures supply

Fluorescence spectroscopy has enabled us to quantify DOM export and to study chemical characteristics after pig slurry and cow manure supply on soil in a runoff simulation experiment conducted in small surface area (1.12 m²).

Fluorescent DOM characteristics of pig slurry changed with sample preparation. Air dried pig slurry showed higher bio:geo and III:V ratio than fresh pig slurry (Figure 2.6a). Runoff generated on mineral soil (control) during all the rainfall simulation events R1, R2 and R3 are characterized by lower bio:geo and III:V ratio and are identical to values obtained on soil extracts.

Thus, two sources of DOM are evident in these runoff simulations. Fresh PS waste extract showed bio:geo and III:V ratios close to majority of the values observed in PS simulated runoff which reflect similar DOM quality in simulated runoff and pure PS waste. A general trend of decreasing bio:geo and region III:V ratios was observed as simulation proceeded (shown with arrow in Figure 2.6a). These decreasing ratios approached to the simulated runoff in control soil, especially in PSR2, where last sampling point was positioned in the controlled soil DOM. It reflects the export of more indigenous soil DOM than the exogenous applied through PS waste as rainfall simulation event proceeds. However, ratio bio:geo and III:V can not discriminate a pig slurry contamination from a cow manure. DOM issued from soil is clearly discriminated from DOM issued from farming wastes with rapid fluorescence measurement and characterization of bio:geo and III:V ratio by regional integration.

Ratio bio:geo as a potential tracer of farming waste DOM

At the start of rainfall simulation events (R1, R2 and R3) conducted on pig slurry treatment, runoff water showed higher DOC and bio:geo ratios and approached values obtained on pig slurry effluents diluted 400 times (Figure 2.7a). As the rainfall simulation proceeded, the ratios gradually decreased and approached to bio:geo values in runoff collected from control plots. DOC export from PS amended soil plots also decreased as simulation proceeded.

In CM modalities (Figure 2.7b) during R1 and R2, DOC increased at the start of rainfall simulation and then decrease. In CMR1, highly DOC concentrated runoff samples showed bio:geo ratio close to cow faeces and cow manure DOM extracts. In CMR2, although, DOC was lowered than CMR1 yet it demonstrated strong bio:geo ratios which were in between the cow manure and cow faeces.

While CMR3 reflected strong control of indigenous (soil) DOM fluorescence with lower bio:geo ratio and approached to bio :geo ratios in simulated runoff in control plots. In modality R3, we hypothesize the major contribution from soil DOM in the labile organic carbon.

The correlation between HIX and geo fluorescence was proposed here to investigate the DOM sources in runoff water. The correlation is important in soil and cow manure runoff water and less important on runoff water generated on pig slurry treatment. The strength of this relation coupled with bio:geo and III:V ratio could be use to discriminate cow manure from pig slurry DOM contamination. However, it was not analysed in this study and should be explored in further studies. 

Conclusion

The main results obtained in this runoff simulation experiment in soil after receiving pig slurry or cow manure wastes demonstrated that:

• Under natural field soil conditions, net impact of farm wastes modalities on DOC concentrations was almost 18 times higher than mineral soil (control) in simulation during first runoff samples. At the end of experiment, DOM concentrations in runoff samples during pig slurry and cow manure treatment remained significant higher than mineral soil.

• The regional integration of the fluorescence signal and the characterization of bio:geo and III:V ratio are useful to distinguish slurry and cow manure DOM from soil DOM. • The first runoff samples fluorescence properties on farming waste amended soils are identical to those measured on raw farming waste. This indicated that a spring storm event which occurred a few hours after the spreading lead to transfer of DOM from farming waste. Thus transfer of associated contaminants such as viruses or antibiotics is also possible to occur.

• The ratios bio:geo and III:V are significantly higher than those measured in control in the first 6L runoff in pig slurry treatment and in all the runoff samples collected in two repetition on cow manure. However in the last cow manure simulation, DOM transfer was from soil source.

• Region V fluorescence discriminated the soil DOM from farm wastes.

• It is impossible to discriminate pig slurry from cow manure contamination since fluorescence properties measured on cow faeces are identical to pig slurry.

• Air drying treatment modifies the fluorescence properties of the farming waste. To detect farm waste contamination in stream, fresh effluent analysis dataset have to be investigated to explore the variability in the farming waste. 

Introduction

Elevated dissolved organic matter (DOM) concentrations have been reported in fresh water environments across Europe and North America (Worrall et al., 2003). This increase has significant impact on functioning of aquatic ecosystems (Kalbitz and Wennrich, 1998) and lead to formation of carcinogenic disinfection by-products such as trihalomethan (THM) (Sirivedhin and Gray, 2005) during the chlorination process of water treatment.

Agricultural land spreading of farm wastes for plant nutrient recycling and crop production improves soil quality (organic matter contents, physical properties such as aggregate structural stability, texture, porosity, infiltration, water holding capacity and biological activity (Barzegar et al., 2002)).However, it also increases the potential for negatively impacting the environmental quality through significant higher dissolved organic matter level in soils (Kalbitz et al., 2000) which ultimately reaches rivers draining these cultivated amended soils (Jardé et al., 2007a). Plant biomass, litter leachates, root exudates, soil humus and microbial degradation products are also considered as the main sources of DOM in soil (Kalbitz et al., 2000). Agricultural intensification has a major impact on the increasing DOM concentration through land use change and soil disturbance, farm waste soil amendments (Chantigny, 2003;Royer et al., 2007b;Molinero and Burke, 2009a) as well as higher mobilization of native soil carbon due to animal waste (Bol et al., 1999;Shand et al., 2000). It is thus essential to gain insight into how DOM issued from these farm wastes changes upon decomposition when it comes in contact with soil after amendments.

Biodegradation kinetics of soluble organic matter highlight two fractions: a rapidly decomposable fraction with a turnover time of less than one day (containing 29-36% of the total carbon) and a slowly decomposable fraction with a turnover time of about 80 days (Gregorich et al., 2003). However much less research has been done to acknowledge the biodegradation potential of farm wastes dissolved organic matter (DOM) after soil amendment. Animal faecal contamination in rivers has been investigated with biomarkers of sterol and bile acids (Tyagi et al., 2009), sterol/stenol in pig slurry (Jardé et al., 2007b). The characterization of these tracers requires solvent extraction and chromatographic detection.

There is a need to develop cheap and non-destructive tools for tracing these heterogeneous sources of DOM as a prerequisite to management actions for river water quality restoration at catchment scale.

In various environmental applications, 3-dimensional fluorescence excitation-emission matrix (3D-EEM) spectroscopy has been used for monitoring and discrimination of organic matter in soil and lakes considering fluorescence intensity peaks and their ratios with peak picking method (McKnight et al., 2001). Humic like peak C and tryptophan and tyrosine like peaks T and B have been used for monitoring of DOM in treated effluents, farm wastes, treated sewage wastes and sewer discharge (Baker, 2002;Baker and Inverarity, 2004;Lee and Ahn, 2004;Saadi et al., 2006) and in coastal environments subjected to anthropogenic inputs (Parlanti et al., 2000). However, in the current study, instead of taking few data points in the form of peak picking, the whole 3D-EEM spectra is analysed quantitatively with fluorescence regional integration (Chen et al., 2003b).

Besides this, machine learning multivariate analysis is an ideal tool for the exercise when large datasets are involved. Recent literature highlights the performance of multivariate techniques (principal component analysis, PCA) in fluorescence fingerprinting of DOM for water treatment EEM (Tartakovsky et al., 1996;Peiris et al., 2010) and hierarchical clustering method for DOM sourcing of marine water samples (Jiang et al., 2008). Parallel factor analysis (PARAFAC) also helped to characterise fluorescent landscape of DOM from aqueous extracts of soils and soil amendments by decomposing the fluorescent EEM into different independent fluorescent components (Ohno and Bro, 2006).These methods have advantage of time saving and more accurate analysis over the traditional peak picking technique. In the current study, we introduced classification and regression tree (CART) analysis, a nonparametric data mining approach, for the class membership of categorical dependent variable without getting any assumption about the distributions of the variables (Breiman et al., 1984).

The aims of this study are twofold: (i) to investigate the potential of 3-dimensional fluorescence spectroscopy coupled with CART analysis to identify the optical tracers of DOM released from soil alone and from farm wastes amended soil (pig manure, cow manure and wheat straw); (ii) to analyse the short-term to mid-term persistence of fluorescence indices of farm waste contamination during a biodegradation experiment.

Material and Methods

The topsoil horizon from an agricultural field was sampled after wheat crop harvest from the experimental station of Kerguéhennec in Morbihan, East Brittany, France. The soil, derived from mica schist, is a Humic Cambisol (FAO) with a loamy texture (17% clay, 42% silt, 41% sand), an organic matter content of 37 g kg -1 and a pH (H20) of 6.0.

Organic products characterization and experimental design

A crop residue (wheat straw (WS)) and two farm manures i.e. pig slurry (PS), cow manure (CM) were used as organic amendments. Pig slurry samples were separated into its liquid and solid parts through centrifugation at 3000 rpm for 30 minutes. Solid pig slurry was used and referred as pig manure (PM) in this study. Total organic C and N contents of these materials were determined by elemental analyser (Flash EA 1112, Thermofinningan, Milan, Italy). The C:N ratio of PM, CM and WS were 10, 33 and 110 respectively. C:N ratios of PM and CM were comparable to farm wastes studied by Morvan (Morvan et al., 2006) in which C:N ratios for pig manure and cow manures were <15 and >25 respectively.

Experimental conditions of biodegradation

In the laboratory, soil samples were air dried and crumbled manually by removing the unrefined residues of organic matter. Soil aggregates were chosen after sieving through 3.15 to 5 mm mesh size and then stored in the darkness at 4°C. The aggregates were moistened by capillary action then subjected to 2.5 pF to attain a water holding capacity of 21.2 %. Soil samples were pre-incubated at 25°C during 6 days before the experiment to minimize microbial activity variation due to temperature change. The organic materials were air dried and crushed to 1-mm particle size and then incorporated homogenously into the moist, sieved and pre-incubated soil at a rate of 4 g C.kg -1 dry soil. The soil mineral-N content was adjusted to 75mg N / kg dry soil by adding potash fertilizer (KNO 3 ) solution to ensure mineral nitrogen availability for the microorganisms during biodegradation and a follow-up for mineral nitrogen content was done during the whole study time. Samples were incubated at 25°C in hermetically closed jars in the darkness. A tube containing 40 ml deionised water was introduced in each jar to minimise sample desiccation. The atmosphere in jars was regularly renewed to maintain aerobic environment for microbial degradation. All the treatments were sampled after 0, 3, 7, 15, 30 and 56 days after incubation along with three replicates. We divided the whole data for fluorescent DOM characterisation into period P1 (0 -7 days after incubation) and period P2 (08-56 days after incubation). We marked periods P1 as short-term and P2 as mid-term farm wastes pollution.

Extraction of dissolved organic matter (DOM)

DOM was extracted with 2:1 ultra pure water to soil ratio. Soil water suspensions were shaken mechanically on orbital shaker for 2h and then centrifuged at 3000 rpm for 30 minutes and filtered through 0.7 and 0.22 µm nitrocellulose filters. To avoid any contamination, all the filters were rinsed with ultra pure water and dried overnight before vacuum filtration.

Chemical Analysis

Dissolved organic carbon (DOC) in each solution was measured on a Shimadzu TOC 5050 A total carbon analyzer. Accuracy on DOC measurements was ±5%, based on repeated measurements of standard solutions (K-phtalate). UV-Visible absorbance was measured on a Perkin Elmer Lambda 20 UV-Visible spectrophotometer across 200-600 nm excitation wavelengths range with data interval 0.5nm, slit width 2 nm and scan speed 120 nm/min. Fluorescence measurements of DOM were performed using a Perkin-Elmer LS-55B luminescence spectrometer. The spectrophotometer uses a xenon excitation source and slits were set to 5 nm for both excitation and emission. To obtain excitation-emission matrix spectra, excitation wavelengths were incremented from 200 to 425 nm at steps of 5 nm and emission was detected from 250 to 600 nm with a 0.5-nm step. Scan speed was set at 1500 nm/min, yielding an EEM in 22 minutes with 45 total scans. To minimise the temperature effect, samples were allowed to equilibrate with room temperature (20±2°C) prior to fluorescence analysis. The whole fluorescence dataset presented in this study was normalised at 5 mg L -1 DOC. Linearity was carried out between DOM concentration and fluorescence intensity with dilution of high DOM concentration samples. To eliminate the second order Raleigh light scattering, excitation and emission cutoff filters were applied at 230-310 nm and 380-600 nm respectively on the lower side of three dimensional plots (Figure 3.1).

Inner filter effects were removed with the formula (Ohno, 2002). To maintain the consistency of measurements and standardise the whole fluorescence dataset, all the integrated fluorescence intensities were normalized to average Raman emission intensity units of 19 for ultra pure water samples (n=25) at excitation and emission wavelengths of 350 nm and 397 nm respectively. A Raman normalised integrated EEM spectrum of ultra pure water was subtracted from the data sample to eliminate the water Raman scatter peak.

Regional integration of excitation emission matrix (EEM)

An internal program was developed in the laboratory using the R ® software (http://www.rproject.org) for the integration of fluorescence intensities across the whole EEM landscape.

Here peaks at shorter wavelengths (<250 nm) and shorter emission wavelengths (<380 nm) are related to simple aromatic proteins such as tyrosine and tryptophan (Regions I and II)

Peaks at intermediate excitation wavelengths (250-340 nm) and shorter emission wavelengths (<380 nm) are related to soluble microbial by-product-like material (Region IV) while peaks located at the excitation wavelengths (230-300 nm) and the emission wavelengths (380-575 nm) represent humic acid-like substances (Region III). Peaks at longer excitation wavelengths (>300 nm) and longer emission wavelengths (>380 nm) are related to fulvic acid-like organics (Region V). With this technique, EEM is divided into biochemical (bio) (I, II, IV) and geochemical (geo) (III, V) fluorescent regions (Figure 3.1a) and three peak intensity zones of tryptophan (TRY), fulvic like (FL) and humic like (HL) fluorescence (Figure 3.1b).

The quantitative analysis included the integration of fluorescent volume beneath each region and zone. Moreover, ratios TRY:HL, TRY:FL, HL:FL, bio:geo, IV:V and III:V were also calculated. 45 spectral loadings were used to reproduce three-dimensional plots of fluorescence intensity as a function of excitation and emission wavelengths. Humification index (HIX) was determined according to Ohno, (2002). 

Statistical analysis

Principal component analysis (PCA) was applied to the spectroscopic data of DOM issued from farm wastes and SA during biodegradation study periods P1 and P2 with R ® software (package ade4). Significant differences among the temporal shift of treatments were tested by one way ANOVA (p<0.05).

Unlike traditional statistical techniques, we applied CART tree approach (Breiman et al., 1984) as they were adopted to predict a qualitative property by selecting the most discriminant quantitative predictors. It can also handle numerical data that are highly skewed or multi-model with categorical predictors having either ordinal or non ordinal structures.

CART used an optimal univariate splits by carrying out an exhaustive search for all possible splits for each predictor variable and find the best split having higher improvement in the prediction accuracy. The tree structure started with the root node which contains all the observations of SA, WS, PM and CM treatments in the form of histogram plots. The splitting of root node results the child nodes which again becomes parent node if division continues and the nodes where division finishes or homogeneity occurs called terminal nodes. CART analysis was performed with STATISTICA (version 7.1).

Results

Temporal dynamics of dissolved organic carbon (DOC)

Period P1was marked by strong variations of DOC concentration in the farm wastes amended soil. After three hours, DOC in PM, CM and WS treatments were 73.8±5.7 mg L -1 , 42.5±3.6 mg L -1 and 28.6±2.9 mg L -1 respectively compared to soil alone 11.6±0.2 mg L -1 (Figure 3.2).

Within 24 hours, DOC decrease was more important in PM and CM treatment (31.1 and 10.9 mg L -1 ) than in WS treatment (2.9 mg L -1 ). respectively. During the whole study period, farm wastes showed higher DOC compared to soil alone. DOC concentration in SA treatment varied between 11.6 to 16.9 mg L -1 during period P1 but during P2, DOC dynamics was stable except a peak of 22.8 mg L -1 on 15 th day after incubation.

Spectral differences among the farm wastes treatments and soil alone

Principal component analysis (PCA) was applied to the integrated fluorescence properties of farm wastes and soil alone treatments, to investigate the spectral differences as well as to retrieve the additional information on temporal shift of the observed indices during period P2.

A preliminary comparison of average was conducted to select the pertinent spectroscopic indices which discriminate the modalities

The axe 1 and axe 2 of the PCA explained 47.5% and 28.6%, respectively, of variability in 14 spectroscopic indices of SA, PM, CM and WS treatments distribution during both degradation periods P1 and P2 (Figure 3.3). SA treatment was clearly separated from the farm wastes treatments in opposite quadrants with negative scores on axe 1 during period P1 and positive scores on axe 2 in period P2 as shown in Figure 3.3. The average axe 2 score for SA treatments (2.59) was significantly higher in period P2 than during period P1 (0.63) (p<0.05).

Geochemical integrated fluorescence intensities across the regions geo (III+V) and the zones HL and FL, ratio HL:FL and HIX had strong negative weightings on axe1 (Table 3.1) which separated SA treatment from the farm wastes during period P1. However, during biodegradation period P2, only HIX separated the SA treatment with its positive weightings on axe2. SA treatment during P2 showed negative Pearson correlation (r) to TRY (-0.68) and to ratios TRY:HL (-0.92), TRY:FL (-0.88), bio:geo (-0.93) and IV:V (-0.96).

Among the farm wastes, ratios bio:geo, IV:V, TRY:HL, TRY:FL had strong positive weightings on axe1 (Table 3.1) where CM and WS treatments grouped together and separated from PM treatment in both periods (Figure 3.3). Axe 2 of PCA discriminated the PM treatment from the WS and CM treatments during both periods. There were significant higher (p<0.05) average score for PM during P2 (-0.64) compared to P1 (-2.66). Biochemical integrated fluorescence intensities across the region IV and TRY zone had strong negative weightings on axe 2 (Table 3. 

Classification and regression tree (CART) analysis

Farm wastes tracer during period P1

Different tree structures for P1 dataset are shown in Table 3.2 and tree number 2 was chosen as an optimal tree (marked "*") with the minimal cost-complexity measures (Cross validation (CV) cost-misclassification costs of test samples, resubstitution cost-misclassification cost of learning sample dataset) and node complexity (a penalty for additional terminal nodes). Predictor variables abbreviation are integrated fluorescence intensities of across zones of fulvic like (FL), humic like (HL) and tryptophan (TRY), ratio TRY:HL and regional ratio III:V of integral intensities across regions III and V, spectral absorbance A (365) .

Terminal nodes numbers described the complexity measurement. Tree structure complexity decreased from tree 1 to 8. Tree structure with one terminal node showed equal misclassification costs (CV cost and resubstitution cost). The optimum tree structure obtained at the end of pruning is drawn in Figure 3.4.

In this optimal tree constructed, there were 5 child nodes (dotted line squares 

Farm wastes tracer during period P2

All possible trees for period P2 are shown in Table 3.4 with tree# 3 marked ("*") as an optimal tree after pruning. Optimal tree structure obtained at the end of pruning is shown in Prediction accuracy assessment of optimum tree for the biodegradation period P2 was 66.7%.

This tree had a high accuracy (100%) for predicting SA and WS treatments and fair accuracy (57.1%) for PM prediction but prediction accuracy for CM treatment was 0% as it misclassified with WS treatment (Table 3.5). During the biodegradation period P2, discrimination of PM treatment from cow manure was 100 % but 28.6% misclassified with WS treatment. The CM treatment was 100% misclassified with WS treatment while WS treatment is 100% correctly classified from the rest of the farm wastes treatments. 

Discussion

Impact of farm wastes on DOM production during biodegradation

Significant higher DOM concentrations in the farm waste treatments throughout the incubation experiment confirm the impact of farm waste manuring on soil DOM concentrations. Previous studies had recognized similar trends of DOM in cultivated soil (Kalbitz et al., 2000;Shand and Coutts, 2006) as well as in the rivers draining farm waste fertilised catchments (Jardé et al., 2007a). In soil alone treatment, DOM peak on 15 days after incubation indicated the possible DOM release from dead microbial biomass that starved from the depletion of substrate.

Strong decrease in DOM concentrations in PM and CM treatments within 24 hours suggested the presence of a rapidly biodegradable fraction of DOM (23% to 41% decomposable soluble carbon in CM and PM respectively in our study) and this decrease could also be related to the preferential consumption of simple carbohydrate monomers, organic acids and protein fractions of DOM during initial phase of decomposition (Marschner and Kalbitz, 2003). DOM dynamics during both P1 and P2 periods suggested a more biodegradable DOM fraction in farm waste treatments compared to soil alone (Gregorich et al., 2003). DOM pool demonstrated stability against biodegradation up to 30 days in CM treatment and subsequent decline reflected its higher susceptibility to biodegradation compared to PM amended soil treatment after 30 days. In the end of experiment, significantly higher DOM in PM treatment compared to CM treatment (p<0.05) indicated higher DOM production potential of pig manures whereas others (Hunt and Ohno, 2007) found an opposite trend of increasing DOM concentration in the cow manure and decreasing in pig manure after decomposition. This reflects the variability of diet fiber contents that can have a great effect on wastes composition for a given type of animal (Shriver et al., 2003). Using only the DOM parameter, farm wastes were discriminated from soil alone with higher DOM concentrations and also PM discriminated from CM and WS in the start and only from CM in the end of biodegradation period.

Persistence of spectral indices of soil and farm waste using PCA analysis Temporal variability of fluorescence properties of DOM released from PM and soil alone was detected using PCA analysis (Figure 3. environment and can be related to high organic matter degradation. For SA treatment during P2, strong negative correlation between HIX and ratios TRY, TRY:HL, TRY:FL, bio:geo, IV:V suggests that it can be discriminated with higher HIX and lower ratios of TRY:HL, TRY:FL, bio:geo, IV:V during mid term biodegradation from farm wastes. Strong structural changes of DOM must have occurred during degradation process, leading to higher increase in carboxylic groups in soil and preferential consumption of protein contents that result in higher humification and as a consequence, HIX discriminates soil from the farm wastes.

Zsolnay (Zsolnay et al., 1999) also calculated humification index to differentiate the microbial cell lysis products and more humified DOM. Biodegradation effects on DOM are not coherent among farm wastes studied as we observe an evolutionary trend in fluorescence indices of PM but lack of significant evolution of DOM fluorescence properties in CM. This reflects the variation in the chemical properties of feed materials as well as different digestive process of the animals (Hunt and Ohno, 2007).

Potential of CART analysis for discriminating the farm wastes during biodegradation

CART tree approach (Breiman et al., 1984) enabled to find the best predictor/tracer of various farm waste treatments during two biodegradation study periods P1 and P2. We hypothesize that farm wastes contamination can be short term (recent contact of farm wastes with water, 0-7 days) or mid term (through runoff from farm waste spreading on cultivated hillslopes after one or two months). Our results suggest that short term farm wastes pollution can be traced with higher ratio TRY:HL values (split value ≥0.013 RU) and average farm wastes pollution with higher TRY zone values (split value ≥144.8 RU) and qualify as potential tracers of farm wastes. Among the farm wastes treatments, FL zone is ranked as the most discriminant predictors of PM during period P1 and FL zone shows its positive correlation with biochemical region IV (r, 0.77) which suggest that FL zone and region IV can trace fluorescent fraction of PM during P1. Region III during period P2 is the best predictor of PM and its weaker correlation (r, 0.17) with TRY confirm the degradation of biochemical fluorescent fraction of PM. It also suggests that fluorescent fraction of PM treatment get more humified as we observe that region III discriminate the PM treatment during period P2.

Spectral absorbance A 365 qualifies as a potential tracer of wheat straw during period P2 which identify the increasing chromomorphic fraction of DOM during wheat straw biodegradation.

The ratio III:V is suggested as the only discriminator of WS which separates from CM treatment with 60% classification success. Misclassification rate of cow manure with wheat straw during both periods of biodegradation indicate the presence of common substrate quality i.e. residues of WS in CM treatment. The potential of CART analysis success for predicting the farm wastes treatments as well as soil alone was estimated by cross validation to be globally of 63% and 66% for both periods P1 and P2 respectively. We also tested the performance of CART analysis by using the same fluorescence properties of DOM from three incubated soil samples (test sample) (similar type of soil as used in current study) along with the dataset of period P1. CART tree correctly classified the test samples with soil with the same variable of TRY:HL. During period P2, we obtained globally the same tree structure but tree was less complex, easier to interpret as compared to the tree in period P1. Classification success for SA treatment (91% and 100% for P1 and P2 respectively) suggests the compositional differences in soil DOM compared to farm wastes. Farm wastes were discriminated from soil alone with ratio TRY:HL and TRY zone during short and mid term pollution with prediction success of 90% and 100% respectively. Pig manure waste discriminated from cow manure and wheat straw by FL zone and region III with prediction accuracy of 72.7% and 57.1% respectively. Wheat straw classified from cow manure by A 365 with 100% accuracy rate during P2. However, cow manure was generally found misclassified with wheat straw due to common substrate quality. This investigation underlines the potential of 3 dimensional excitation emission fluorescence spectroscopy in combination with CART analysis as a non-destructive innovative method for monitoring farm waste dissolved organic matter contamination.

This method was tested as an alternative method to PARAFAC with simple fluorescence index based on regional integration procedure. PARAFAC is a robust method which is very efficient in obtaining spectral images of DOM components and accounts for physical phenomena i.e. the lack of distinctly separated spectral areas and often-observed overlapping of emission peaks components isolated via PARAFAC."

CART analysis is found useful as it extracts the most salient information from the large dataset and also gives misclassification probability for the classifier. CART tree procedure also gives easily interpreted information regarding the predictive structure of the data.

However, potential of CART approach for discrimination of DOM has to be tested by another dataset with different type of soils and animal wastes. To be submitted in Biogeochemistry

Introduction

Background level of stable organic matter in cultivated soils poses difficulty to assess the changes induced in soil organic matter by short term land management practices (Gregorich et al., 1994). But dissolved fractions of organic matter respond rapidly to changes in carbon supply [START_REF] Bol | Short-term effects of dairy slurry amendment on carbon sequestration and enzyme activities in a temperate grassland[END_REF] and therefore, can enable us to study the impact of management practices (organic or mineral fertilization) and cropping systems on dissolved organic matter (DOM) composition in cultivated soils. However, changes in DOM upon management practices are generally of short duration (Rochette et al., 2000) and the long term effects are more related to vegetation type and to the amount of plant residues returned to the soil (Chantigny, 2003).

In soils, crop residues undergo the aerobic degradation via enzymatic oxidation and depolymerisation of tissue components, resulting in initial formation of progressively smaller and more soluble molecules (Wershaw et al., 1999). A fraction of this carbon pool subsequently undergoes enzymatic mediated polymerization such that total soluble C pool represents a continuum of substances ranging from little modified plant oligosaccharides through recalcitrant lignin derived materials to fulvic like microbial resynthesis products.

Aliphatic, aromatic and amino acids in soluble pool of carbon are receiving attention as they are probably the building blocks of fulvic and humic like materials and play an important role in plant nutrient uptake, mineral weathering (Raulund-Rasmussen et al., 1998) and soil genesis. Distribution of these organic acids in the soil is largely influenced by vegetation, soil moisture level, clay contents, microbial activity (Flessa et al., 2000) and in agricultural systems, by the management practices like organic fertilization [START_REF] Bolan | Influence of low-molecularweight organic acids on the solubilization of phosphates[END_REF]. A great proportion of smaller molecules like fulvic acid, hydrophilic acids, carbohydrates and amino acids are present in agricultural soils (Delprat et al., 1997;Leinweber et al., 2001). Recent research on dissolved organic matter has focussed on its role as an immediately available carbon resource from decaying plant litter, its leaching through soils as a result of pedogenic process and its subsequent impact on the ground and stream water quality (Qualls and Haines, 1992;Christ and David, 1996;Qualls et al., 2000).

At the watershed level, Cronan et al. (1999) have shown the decreasing high molecular weight DOM molecules in streams with increasing proportion of agricultural land. In cultivated soils, increasing management intensity has been linked to the decreasing DOM concentrations and increased humification value of DOM (Kalbitz, 2001). Phenols, lignin polymers as well as nitrogen containing aromatic compounds are suggested as the ecological indicators to link the topsoil effects on adjacent surface and ground waters (Leinweber et al., 2001) Crop species can influence the amount and the nature of C input to the soil (Xu and Juma, 1993;Zsolnay, 1996) and crop rotations in agricultural soils may influence DOM concentration from year to year depending upon the changes in soil moisture, temperature, precipitation as well as in situ rhizodeposition (Campbell et al., 1999a;Campbell et al., 1999b). During two consecutive seasons, higher water extractable organic matter concentration in the top 20 cm of silty clay loam and clay loam type of soils were observed under legume than under gramineae species which also reflected different root exudation pattern among crop species (Chantigny et al., 1997). Overall, the existing literature suggests that in agricultural soils, plant species influences DOM production. But the question remains to be answered how plant species influences DOM concentration and composition.

Inorganic nitrogen fertilization has not been found to significantly influence the DOM production in agricultural soil (Zsolnay and Görlitz, 1994). In a long term study (16 yr), DOM production remained unchanged in chronic nitrogen fertilized plots (McDowell et al., 2004).

In other studies, nitrogen fertilizers favour the production of DOM from biodegradation of solid organic matter (Guggenberger et al., 1994;Kalbitz et al., 2000). While comparing various cropping systems with or without nitrogen fertilization, increase in water extractable organic matter has been attributed to a greater crop residue input in fertilized soils than in unfertilized soils (Campbell et al., 1999a;Campbell et al., 1999b).

Among the organic fertilization practices, pig slurry cause a rapid increase in dissolved organic matter during first weeks of its amendment but its effect on soil microbial biomass for 19 consecutive years not remain long lasting (Rochette et al., 2000) . Pig slurry amendment cause rapid increase of soil microbial biomass that last for at least 4 months which can coincides with the extractable carbon concentrations. The dairy slurry derived carbon (labile) has been observed from the liquid phase during 0-48 hours of slurry application to grassland soil while in the second phase (beyond 48 hours), the slurry derived carbon is from less mobile particulate carbon [START_REF] Bol | Short-term effects of dairy slurry amendment on carbon sequestration and enzyme activities in a temperate grassland[END_REF]. But in five consecutive years of pig slurry amended soil, increase in total organic carbon and water soluble organic carbon was non significant (Hernández et al., 2007) However, DOM production remains significant in pig slurry, cow manure and wheat crop residues soil treatments in an incubation study conducted in the laboratory for two months duration (Bilal et al., accepted). [START_REF] Angers | Dynamics of soil waterextractable organic C following application of dairy cattle manures[END_REF] have shown that there is little impact of dairy slurry and solid manures on the water extractable carbon of the soil in two consecutive years of application in silage corn field. However, moderate impact on total organic carbon (6.5% increase) and microbial biomass (>25%) has been observed in long term (9 years) application of pig slurry (Dambreville et al., 2006). Chantigny (2002a) has observed that pig slurry and alfalfa accelerate the soil microbial activities more than cattle manure and maize crop as well as related these differences to the ratio of lignin to nitrogen contents of the various amendments.

Studies have demonstrated that organic amendments can increase the production of dissolved organic carbon over two years (Zsolnay and Görlitz, 1994). In an incubation study (70 days), Kirchmann and Lundvall (1999) has observed an evolution of pig slurry carbon by 65 % in comparison to anaerobically fermented pig slurry (48%) and cattle slurry (42%).

Type of organic amendments can have impact on soil DOM composition. DOM from pig slurry rapidly decompose during first week of its application and the second linear phase of decomposition, probably involved more recalcitrant materials and it also cause rapid increase in microbial biomass (Rochette et al., 2000). Still, developments of analytical approaches are needed to provide the insights on the DOM composition in long-term soil amendments and land use change.

Recent developments in fluorescence spectroscopy have enabled to collect the fluorescence intensity data across a wide range of excitation and emission wavelengths. In the river systems, different fluorophores like tryptophan, tyrosine and humic like and fulvic like have been detected. Baker (2002) has identified animal wastes with higher protein like intensities and found higher tryptophan:fulvic/humic like ratios for animal wastes compared to stream waters. Naden et al. (2009) have demonstrated the relevance of fluorescence as an indicator of cow slurry in diffuse agricultural pollution by way of higher tryptophan:fulvic/humic like ratios. Hernandez et al. (2007) have also observed partial incorporation of fulvic acids fractions from pig slurry into native soil fulvic acids. In an incubation study, we have observed a temporal evolution of fluorescence intensities from biochemical (proteins like) to geochemical (fulvic and humic like) fluorescence (Bilal et al., accepted). Farm wastes could be discriminated from soil alone through higher tryptophan: humic like fluorescence ratios after one week and tryptophan zone after two months.

In the presented study, fluorescent tracers of farming wastes in DOM are measured in soils receiving inorganic or organic fertilisation since more than seven years in two different pedoclimatic situations. Fluorescent tracers were analysed in two soil types with different crop rotation because, these factors strongly influence the DOM production and composition.

Fluorescent tracers of farming waste recycling on soils are researched one year after last farming waste supply in soils which have been submitted to long term (more than 7 years)

supply. However, it will be difficult to assess the impact of 7 years compared to one year effect.

The study aims at identifying the long term (minimum one year) impact of farming wastes amendments on the properties of fluorescent dissolved organic matter (DOM) in two types of soils (i) one soil with less than 1% of C under corn monoculture (ii) the second one with 2.5% of C under polyculture cropping system.

Material and methods

Experimental fields and sampling

The experimental fields of Champ-Noël and Kerguehennec used in the study were located in Brittany (in western France).

Kerguehennec site

This experimental field was established in 2000 and was located close to Bignan, France (47° 52΄ N; 2° 46΄ W). Soil texture was loamy soils (clay = 17%, silt = 46%, sand = 37%) developed on alterite micaschist. Soil depth varied between 60cm to 80cm with total organic carbon content in the Ap horizon of 2.5%. Different crops were grown in rotation: canola seeds-corn-wheat. Pig slurry and cow manure have been in practice once a year in spring since 2000. Three plots were sampled i) reference (labelled KM) which receive only agronomic dose of a mineral fertilizer (ammonium nitrate), ii) a pig slurry amended specifically with pig slurry labelled (KPS) and a specific dairy manure amended (KCM). The agronomic doses of organic manures were calculated according to the nitrogen requirement of crop. Pig slurry represents a mean load of 1.3 t of OC ha -1 year -1 and 2.8 t of OC ha -1 year -1 for dairy manure. Soil samples for this study were collected in March 2007, one year after the last fertilization.

Champ-Noël site

This experimental field was established in 1993 and was located near to Rennes, France (48° 7΄ N; 1° 40΄ E). Soil texture was silt loam soils (clay = 16%, silt = 70%, sand = 14%) developed on alterite micaschist. Soil depth varied between 75cm to 1m with 0.9% of total organic carbon content in the Ap horizon. The plot sampled remained under continuous cultivation of corn crop since 1993. Agronomic doses of pig slurry have been in practice once a year in spring since 1993 on the experimental plot. Pig slurry dose on plot X (labelled Fluorescence measurements of DOM were performed using a Perkin-Elmer LS-55B luminescence spectrometer. The spectrophotometer uses a xenon excitation source and slits were set to 5 nm for both excitation and emission. To obtain excitation-emission matrix spectra, excitation wavelengths were incremented from 200 to 425 nm at steps of 5 nm and emission was detected from 250 to 600 nm with a 0.5 nm step. Scan speed was set at 1500 nm/min, yielding an EEM in 22 minutes with 45 total scans. To minimise the temperature effect, samples were allowed to equilibrate with room temperature (20±2°C) prior to fluorescence analysis. A Raman normalised integrated EEM spectrum of ultra pure water was subtracted from the data sample to eliminate the water Raman scatter peak. To eliminate the second order Raleigh light scattering, excitation and emission cutoff filters were applied at 230-310 nm and 380-600 nm respectively on the lower side of three dimensional plots (Figure 4.1). Inner filter effects were removed with the formula of (Ohno, 2002). To maintain the consistency of measurements and standardise the whole fluorescence dataset, all the integrated fluorescence intensities were normalized to average Raman emission intensity units of 30 for ultra pure water samples at excitation and emission wavelengths of 350 nm and 397 nm respectively. The fluorescence dataset presented in this study was normalised at 5 mg L -1 DOC.

Regional integration of excitation emission matrix (EEM)

An internal program was developed in the laboratory using the R ® software (http://www.rproject.org) for the integration of fluorescence intensities across the whole EEM landscape 

Results

The study aims at identifying the impact of farming wastes amendments on the properties of fluorescent dissolved organic matter (DOM) in two types of soils (i) one having low soil carbon level under corn monoculture (ii) the second with high carbon level under polyculture cropping system.

Dissolved organic carbon differences between treatments at the two sites

At Kerguehennec site, there was no significant difference of Dissolved Organic Carbon 

Ratios in regions of EEM

At Kerguehennec site, ratios bio:geo did not discriminated pig slurry and cow manure amended plots from mineral fertilized plot. At Champ Noël site, pig slurry modality showed significant higher bio:geo (0.19) ratio compared to mineral fertilized plots with 0.14 (Figure 4.3). Ratios bio:geo was significantly higher at Champ Noël (0.14 to 0.19 in CNM and CNPS respectively) compared to Kerguehennec site in all the modalities of soil amendments (0.12 in KM, KCM, KPS treatments) ( 

Ratios in the zones of EEM

At Kerguehennec site, TRY:HL ratio is not significantly higher in the three modalities. At Champ Noël site, ratio TRY:HL discriminated the pig slurry treatment (0.054) from mineral fertilized plot (0.028) (Figure 46a).

At Kerguehennec site, ratio TRY:(HL:FL) discriminated the pig slurry amendment (221) from mineral and cow manure fertilized fields with values 180 and 186 respectively. However ratio TRY:(HL:FL) was unable to discriminate the cow manure and mineral fertilizer amended Microbial biomass and organic carbon contents in two soils Dambreville et al.,(2006) had observed significant impact of pig slurry amendment on the microbial biomass compared to control in top surface horizon at Champ Noël site (Table 4.2).

The microbial biomass in mineral cultivated soil at Champ Noël site was significantly higher compared to mineral soil at Kerguehennec site.

Organic carbon contents were significantly lower at Champ Noël site than Kerguehennec site.

At Champ Noel site, pig slurry amendment differentiated significantly from mineral soil. But Kerguehennec site, there was no significant difference in organic carbon contents among the mineral, pig slurry and cow manure amended treatments. 

Discussion

Impact of farm wastes on DOM production

In the current study, the impact of farm wastes on DOM production in long term (14 years at CN and 7 years at Kerguehennec sites) field experiments under pig slurry and cow manure soil fertilization was investigated. The effects are observed one year after the last organic fertilization supply. No significant difference was measured in the soil water extractable DOC concentrations of the organic and mineral fertilized soils at Kerguehennec and Champ Noël sites. Results are in agreement with (Hernández et al., 2007) who show no increase in water soluble organic carbon in pig slurry amended soil for five consecutive years. While Rochette et al. (2000) observed rapid increase in dissolved organic matter during first week of pig slurry amendment. The dairy slurry derived carbon has been observed from the liquid phase during 0-48 hours of slurry application to grassland soil while in the second phase (beyond 48 hours), the slurry derived carbon is from less mobile particulate carbon [START_REF] Bol | Short-term effects of dairy slurry amendment on carbon sequestration and enzyme activities in a temperate grassland[END_REF].

Moreover, [START_REF] Angers | Dynamics of soil waterextractable organic C following application of dairy cattle manures[END_REF] have shown little impact of dairy slurry and solid manures on the water extractable carbon in the soil in two consecutive years of application in silage corn field. In the present study, as sampling was done one year later after farm wastes amendments, it was not possible to see the immediate impact of organic amendments on DOM production at each site. However, DOM production differences were significant between two sites of Kerguehennec and Champ Noël. The values of pH were not significantly different between the two sites (data not shown).

Inspite of higher background level of soil carbon (2.5%) at Kerguehennec site, lower DOM production is observed. Perhaps at Kerguehennec site, DOM released from the farm wastes amendments serves as readily available source for microbial biodegradation of higher return of crop residues. So the concentrations of DOC were expected to be lower at Kerguehennec site. Furthermore, microbial biodegradation reduce the DOM concentrations and the presence of aromatic rings in organic molecules can be adsorbed on the soil (McKnight et al., 1992) and leading to the compositional changes. The expected increase in DOM production is possible with climate change and higher return of litter input in forest soils (Kalbitz et al., 2007) and higher level of DOM can be aggravated in the farm wastes amendments in agricultural soils.

We hypothesize that continuous pig slurry and dairy manure amendments can impact the DOM composition and we applied fluorescence spectroscopy to search possible explanations for the change of fluorescent DOM composition that can be resulted from farm applications under different cropping systems.

Impact of farm manures amendments on the fluorescent DOM properties

Absence of DOM concentration differences among the organic and mineral fertilized soils at both sites raises a question. Is there any change in fluorescent DOM composition by pig slurry and cow manure after 7 (Kerguehennec) to 14 (Champ Noël) years of specific cow manures or pig manure fertilization?

Research have demonstrated that livestock faeces typically comprises 15-25% proteins in wet manure (poultry, cattle and pigs and within this 3g/16g true protein N is tryptophan and tyrosine) (Day, 1977). Hence protein fluorescence is also expected. High values of TRY intensities were measured in extract of pig or cattle slurry (Baker, 2002). The fluorescence properties of farming wastes are characterized by strong bio and TRY intensity (results in chapter one of this thesis).

Biochemical (proteinacious) fluorescence was higher in pig slurry modality than in mineral at Champ Noël and from mineral or cow manure at Kerguehennec. TRY as well as TRY:(HL:FL) are ranked as pertinent indicators of pig slurry supply for both sites.

However, at Kerguehennec site, cow manure soil amendment was not discriminated from mineral amendments which reflect the biodegradation of fluorophores present in the cow manures. It can suggest that DOM materials in cow manures serve as readily available energy sources for microbial community in the soil and with the passage of time, degraded and becomes part of native soil carbon. Increase of the geochemical fluorescence intensities after addition of pig slurry was only observed in Kerguehennec site and not in Champ Noël. Even after 14 years of supply of organic matter in low OM content soil, the DOM fraction was not more humified than in a soil which received only mineral fertilization. But in a soil with higher OM content, the supply of pig slurry modifies the fluorescence properties of the DOM fraction and revealed a more humified DOM. So the quality of the DOM and perhaps its functions of pollutant transport or biodegradability are modified. The supply of cow manure has no impact on the DOM fluorescence properties, which is quite surprising since cow manure is supposed to modify the organic matter properties like with pig slurry. Studies on the modification of DOM properties of soil with different amendments are scarce. Many references have focused on soil organic matter composition (Plaza et al., 2003). Humic acid of soil organic matter after pig slurry amendment, or generally farming waste amendments, compared to control soil are characterized by higher contents of S-and N-containing groups and polysaccharide components, lower organic free radical contents, a prevalent aliphatic character, and lower degrees or aromatic polycondensation, polymerization and humification [START_REF] Brunetti | Compositional and functional features of humic acids from organic amendments and amended soils in Minnesota, USA[END_REF].. On the other hand, during the maturation and stabilization of any organic amendment, organic matter mineralization and humification occur. In particular, the chemical, physico-chemical and spectroscopic characteristics tend to approach those typical of native soil humic substances which indicates the occurred partial decomposition of aliphatic, polypeptidic and polysaccharide-like components and increase of the degrees of aromatic ring polycondensation and polymerization. (Senesi et al., 1996).

However, the fact that the biochemical signature was maintained unexpectedly in both soils (elevated TRY) under pig slurry application since these labile products should be rapidly decomposed. This biochemical signature can result from the microbial activity which can be favoured in soil under organic amendment. Results of microbial biomass in mineral modality compare to pig slurry modality at CN site (Table 4.2) reflect that micro-fauna is more active under pig slurry amendment at Champ Noël site. But at Champ Noël site, Jarde et al;(2009) observed the significant impact of pig slurry on steroids persistence steroid after nine years of application which also suggest the persistence of biomarkers of pig origin.

Impact of soil type and cropping system on the fluorescent DOM composition

Now, we consider only the mineral modality of the two sites. Significantly higher fluorescence in bio and region IV compared to Champ Noël (CNM) site can be related to the rapid turn over of fresh crop residues of canola seed, corn and wheat in rotation at Kerguehennec soil as compared to monoculture corn crop. But in contrast, higher microbial biomass in CN than KM site reflects that microbial by products is more aromatic that released during the microbial degradation process of crop residues. Furthermore, due to higher return of crop residues at Kerguehennec site, additional proteinacious material can accumulate in the Ap horizon which is susceptible to contribute to higher biochemical fluorescence. Distribution of these organic acids in the soil is largely influenced by vegetation, soil moisture level, clay contents, microbial activity (Flessa et al., 2000) and in agricultural systems, by the management practices like organic fertilization [START_REF] Bolan | Influence of low-molecularweight organic acids on the solubilization of phosphates[END_REF].

At Kerguehennec site, geochemical (geo) fluorescence is significantly higher compared to Champ Noël mineral soil. It reflects that higher biomass generated at Kerguehennec soil from crops can release higher refractory compounds like lignin and carboxylic groups at different stages of degradation in the natural soil environment compared to CN mineral soil. It also reflects a difference in native organic matter composition. Humification is an ongoing process in which the polymerization of originally monomeric plant breakdown products and plant material decomposition leads to structural complexity of soluble carbon pool (Merritt and Erich, 2003) that can increase the geochemical fluorescence at Kerguehennec site.

At Kerguehennec site, native total organic carbon (2.5%) in loamy soils is higher compared to 0.9% at Champ Noël silt loam soils. This difference in organic content between sites can result in different DOM composition.

At CN site, although the quantity of pig slurry carbon at CN site was one half of that applied onto Kerguehennec site (0.6 t vs 1.3 t ha -1 year -1 ) yet fluorescence properties of DOM substance are capable to discriminate the pig slurry amended soil compared to mineral fertilized fields. Moreover, integrated fluorescence intensities in the geochemical (geo) region and in the zones of FL, HL discriminated the two soil types with higher fluorescence intensities at Kerguehennec site than Champ Noël site.

Persistence of fluorescence tracers of pig slurry waste after soil amendments Even one year after last farming waste application, our results demonstrate an obvious modification of the fluorescence properties of DOM on pig slurry treatment compared to mineral treatment with higher TRY, TRY:HL and bio:geo ratio in Champ Noël. In Kerguehenec, the difference between pig slurry treatment and mineral treatment is less important than CN site. This shift has been measured in soil receiving pig slurry since 7 years in Kerguehennec site and since 14 years in Champ Noel. The better discrimination between pig slurry and mineral modality observed in CN can be due to the cumulative effect rather than a soil type effect. Measurements on experimental devices with same period of supply should be carrying out to test this effect.

The results reflect that integrated fluorescence intensities in the biochemical (bio) region, TRY zone and the ratio TRY:(HL:FL) can be used as tracers of pig slurries in every type of soil under monoculture or polyculture cropping systems. The impact of cow manure soil amendment on the fluorescence properties of DOM does not persist and no longer remains in the soil environment and seems to be biodegraded.

Conclusion

Our results reflect the following conclusions:

In the low organic matter soil (0.9 % of C):

Fourteen years of pig slurry recycling on soils increase the soil organic matter compared to mineral fertilization but no effect on Dissolved Organic Carbon concentration is observed one year after the last spreading.

The DOM humic/fulvic-like fluorescence of pig slurry treatment is not significantly different from mineral fertilization.

However, biochemical fraction of fluorescent DOM is significantly increased and appears as a tracer of DOM produced in soil receiving pig slurry. TRY, biochemical region, ratio TRY:HL are the proposed fluorescent indices. These important biochemical fluorescence characteristics could be due to higher microbial biomass or to preservation of proteinacious fluorescent markers in DOM.

In the highest organic matter soil (2.5% of C):

Seven years of pig slurry and cow manure recycling on soil do not modify the organic matter content of the soil and has no effect on Dissolved Organic Carbon concentration one year after the last spreading.

The biochemical fraction of fluorescent DOM is slightly modified after pig slurry recycling on soil but is not modified after cow manure recycling. TRY and ratio TRY(HL:FL) are higher on the pig slurry treatment.

The evidence of change in biochemical DOM remained unclear whether this modification of biochemical fluorescent DOM was due to the cumulative effect of long term recycling of pig slurry on soils or its the persistence of organic compounds after one year of spreading. 
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Introduction

Higher concentrations of Dissolved Organic Carbon [DOC] in streams modify the physical, biological and chemical quality of natural waters, particularly via the transport of mineral or organic pollutants in agricultural catchment (Muller et al., 2007;Pedrot et al., 2008). Water treatment is becoming increasingly complex, and the formation of trihalomethane is enhanced (Galapate et al., 1999). In Brittany, 80% of the water resources come from superficial resources (river), so the transfer of DOM (dissolved Organic Matter) is an important water quality concern.

A high proportion of the [DOC] is exported during storm events in small catchments (Grieve, 1984;Hinton et al., 1997;Dalzell et al., 2005;2007). High [DOC] exports are typically associated with near-surface hydrological flow paths that intercept DOC-rich organic horizons (Boyer et al., 1997). Thus, wetland and riparian areas in the catchment represent the main sources of DOC (Hinton et al., 1998;Inamdar et al., 2006).

In Brittany, Valley Bottom Wetlands (VBW) are the main contributors of dissolved organic matter (DOM) in agricultural catchment (Morel et al., 2009). These areas can be under intensively maize or wheat crop with farming waste spreading in spring season or serve as intensively grazing pastures.. These areas, located near the stream, can contribute to the DOM stream contamination by two ways either direct transfer of DOM issued from farming waste sources in intensively grazing areas or from recent farming waste supply on soils during a storm event. Excess load of farm manure application to cultivated hillslopes can contaminate the stream waters through excess nitrate and phosphorous as well as soluble phase of organic matter fluxes (Plaza et al., 2002;Chantigny, 2003;Vadas et al., 2007). These wastes an increase indirectly the water-extractable organic carbon of soil (Gregorich et al., 1998;Chantigny et al., 2002b) which can be flushed to the rivers when the groundwater level reached the surface horizon.

Agricultural practices can also modify the water pathways by creating surface runoff on compacted soils or preferential flow via tile draining, thus facilitating DOM transport (Royer et al., 2007a;Hernes et al., 2008). Changes in the DOM chemical characteristics are related to agricultural land use, nitrogen loading and wetland loss (Wilson and Xenopoulos, 2009). Furthermore, Sanderman et al., (2009) has demonstrated a shift old and recalcitrant DOM in deeper horizon with young and fresh DOM in the surface horizon and the hydrological connectivity of DOM rich riparian source influence on stream DOM composition and it reflects the influence of soil biogeochemical cycling of organic matter and hydrological routing of water through landscape. Many authors have pointed out that DOM can enhance the transport of many pollutants (trace elements, pesticides, viruses, etc.) applied on cultivated soils towards natural water resources (Williams et al., 2005;Foppen et al., 2006;Chen et al., 2008;Song et al., 2008). Hence, to restore water quality, it is essential to understand DOM sources in agricultural catchments and to investigate intensive farming practices in the Valley Bottom Wetlands.

DOC is of limited use as environmental tracer and more information on the nature of DOM is required. Techniques used in the field of DOM sources tracking studies include gas chromatic analysis for the separation and identification of sterols in faecal detection (Saim et al., 2009), capillary electrophoresis to identify two or more electropherogram peaks of DOM decomposition (He et al., 2008), 13 C Nuclear Magnetic Resonance and Pyrolysis Field Ionization Mass Spectrometry for functional group investigation of fulvic acids and their molecular subunits (Leinweber et al., 2001). While spectroscopic techniques, UV-Visible spectroscopic ratios for DOM distribution in lake water (Regina et al., 2003), Fourier Transform Infrared (FTIR) spectroscopy applied in polysaccharides and carboxyl groups identification during biodegradation by (Kalbitz et al., 2003).

There are growing needs to control chemical quality of water in short time of analysis and online water quality monitoring in water treatment industry, which lead to replace the existing more expensive and time consuming techniques with some reliable, less expensive techniques. In this aspect, 3-dimensional excitation emission matrix (3DEEM) fluorescence spectroscopy seems to be a good candidate due to its high sensitivity to physicochemical changes in DOM materials (Thacker et al., 2005). Excitation emission (EEM) fluorescence captures many spectral features by scanning over a wide range of excitation and emission wavelengths and generating a landscape surface defined by the fluorescence intensity over excitation emission wavelength pairs (Wu et al., 2003;[START_REF] Sierra | Fluorescence fingerprint of fulvic and humic acids from varied origins as viewed by single-scan and excitation/emission matrix techniques[END_REF]Xie et al., 2008).

In river waters, different fluorescence peaks are reported from EEM and ascribed to protein like (tryptohan, tyrosine), fulvic like and humic like fluorophores in DOM in the aquatic and soil environment (Baker, 2002;Henderson et al., 2009;Naden et al., 2009;Bilal et al., sumitted). Relative strength of protein like and humic like fluorophores as well as their ratios has been used to differentiate various sources of DOM (Baker and Inverarity, 2004;Cumberland and Baker, 2007). Baker (2002) has indicated higher protein like fluorescence in animal wastes and demonstrate higher peak intensity ratio of tryptophan:fulvic like for animal wastes than stream water. Lapworth et al., (2009) have used maximum peak fluorescence

Catchment characteristics and agricultural practices in the Valley Bottom

Wetland

The minicatchment surface areas ranged from 272 ha (7b) to 2598 ha (11a) (Table 5.1). 20 to 40 % of the surface area of the catchment was composed of hydromorphic soils and is temporarily or permanently saturated with water. The VBW were dominated by meadows (Table 5.2). The catchment 7b showed the lowest meadows superficies but the highest maize occupation percentage. Forest was important (between 15% and 17% of the VBW) in 11d and 11b respectively. In other catchments, the percentage was lower than 7%. The VBH in the catchments 7 and 15 showed the lowest forest occupation and are essentially occupied by maize and wheat. The maize occupied between 7

and 53 % of the wetland for 7c and 7b respectively. Organic fertilization in the Valley Bottom

Valley is important in the catchment 11a, 15c, 7b and 11c (Figure 5.2). 

Stream water sampling

Two winter storms (S1, S2) and one spring storm (S3) events were studied to analyse the DOM fluorescence properties differences among the 15 mini-watersheds. Principal agricultural catchment of Haut Couesnon was equipped a stream gauge station at the stream outlet. 30ml water samples were filtered with syringe driven mounted hydrophilic filter (0.22µm) (Millipore Millex-GV) at sampling place. To avoid any microbial transformation, filtered water samples were kept at 4°C in pre-acid washed polypropylene 30ml plastic bottles and returned to the laboratory for chemical analysis.

Chemical analysis

Dissolved organic carbon (DOC) was measured on a Shimadzu TOC 5050 A total carbon analyzer. Accuracy on DOC measurements is ±5%, based on repeated measurements of standard solution (K-phtalate). The stream water samples having higher DOC concentrations were diluted with ultra pure water and brought in the range of 5mgL -1. Absorbance was measured in the diluted sample at 254nm and specific ultraviolet absorbance (SUVA) was calculated by multiplying the absorbance at 254nm with a factor of 100 and divided by the DOC concentration. Orthophosphate were analysed by colorimetry after reaction of the sample with Molybdate acid solution and Antinomy Potassium Tartrate. After reduction with ascorbic acid, the blue colour is detected at 660 nm.

Fluorescence spectroscopic measurements of DOC were performed using a Perkin-Elmer LS-55B luminescence spectrometer. Due to conditioning error, the water samples from mini catchments 7a, 7b and all the MCs of 15 and 19 during storm S1 could not be analysed in fluorescence. The spectrophotometer uses a xenon excitation source and slits were set to 5 nm for both excitation and emission. To obtain excitation-emission matrix spectra, excitation wavelengths were incremented from 200 to 425 nm at steps of 5 nm and emission was detected from 250 to 600 nm with a 0.5-nm step. Scan speed was set at 1500 nm/min, yielding an EEM in 22 minutes with 45 total scans. To minimise the temperature effect, samples were allowed to equilibrate with room temperature (20±2°C) prior to fluorescence analysis.

Excitation emission matrix (EEM) were reproduced by subtracting Raman normalized distilled water blank spectra and the water Raman scatter peak was eliminated. Resonance peak (Fig. 3) on the lower side of three dimensional plots was also removed. The whole fluorescence dataset presented in this study was normalised at 5 mg L -1 DOC. To maintain the consistency of measurements and standardise the whole fluorescence data set, water blank corrected fluorescence spectra were normalised with 29.31 Raman emission intensity units of ultra pure water sample at 350 nm and 397 nm of excitation and emission wavelengths respectively.

Regional integration of excitation emission matrix (EEM)

An internal program was developed in the laboratory using the R ® software (http://www.rproject.org) for the integration of fluorescence intensities across the whole EEM landscape.

Here peaks at shorter wavelengths (<250 nm) and shorter emission wavelengths (<380 nm) are related to simple aromatic proteins such as tyrosine and tryptophan (Regions I and II) Peaks at intermediate excitation wavelengths (250-340 nm) and shorter emission wavelengths (<380 nm) are related to soluble microbial by-product-like material (Region IV) while peaks located at the excitation wavelengths (230-300 nm) and the emission wavelengths (380-575 nm) represent humic acid-like substances (Region III). Peaks at longer excitation wavelengths (>300 nm) and longer emission wavelengths (>380 nm) are related to fulvic acid-like organics (Region V). With this technique, EEM is divided into biochemical (bio) (I, II, IV) and geochemical (geo) (III, V) fluorescent regions (Figure 5.3a) and three peak intensity zones of tryptophan (TRY), fulvic like (FL) and humic like (HL) fluorescence (Figure 5.3b(Table 5.3).

The quantitative analysis included the integration of fluorescent volume beneath each region and zone. Moreover, ratios TRY:HL, TRY:FL, HL:FL, bio:geo, IV:V and III:V were also calculated. Humification index (HIX) was determined according to Ohno (2002). 45 spectral loadings were used to reproduce three-dimensional plots of fluorescence intensity as a function of excitation and emission wavelengths. Table 5.3 : Definition of excitation (Ex) -emission (Em) wavelengths (nm) ranges for each region and zones

Statistical analysis

The DOM quality differences, among three storm events, were observed by applying principal component analysis (PCA) on the DOC normalised fluorescence dataset with R ® software (package ade4). Significant differences among the three storms and sub-watersheds were tested one way ANOVA (p<0.05) with STATISTICA (version 7.1). Among the fluorescence variables, Pearson's product moment correlation was calculated using R ® software (package Rcmdr). During S1, the lower [DOC] were measured in 7a, 7c (8.7 mg.L -1 ) and 15b (6.7 mg.L -1 ) (Figure 5.5a). In the other MC, the [DOC] ranged between 8 and 15 mg.L -1 . The [DOC] is important and stable in all the MC 11 (between 14,5 and 16 mg.L -1 ). The highest concentration was measured in 19d (19.6 mg.L -1 ). Most of the mini catchments exceeded the limits of 10mgL -1 DOC. In France, the legislation authorities required a [DOC] lower than 10mg L -1 in <95% of the water samples collected per year for potable drinking water supplies.

Results

Storms

Hence most of these MCs are important DOC contributors.

During storm S2, 15b and 15c showed lowest [DOC] (2.6 mg.L -1 and 2.7 mg.L -1 respectively).

In 15a and 7a, b, c, d, the [DOC] was more important and ranged between 5 and 6 mg.L -1 .

Whereas concentration in 11 (11a, 11b, 11c and 11d) were still stable and important (12 to 14 mg L -1 ). 19a, 19b, 19c ranged between 7 mg.L -1 and 13 mg.L -1 and the most important [DOC] was measured in 19d as in S1.

Higher [DOC] were measured in all the catchments during S3. In 7, its concentration ranged from 16 (7a) and 20 mg L -1 (7b and 7d). [START_REF] Shand | Temporal changes in C, P and N concentrations in soil solution following application of synthetic sheep urine to a soil under grass[END_REF][DOC] was between 13 and 18 mg L -1 . The maximum [DOC] for this event were measured in 19 b, c, d (22 to 27 mg.L -1 ).

In storm S1, DOC concentrations were always higher than storm S2 except in 19a. But difference of [DOC] between S1 and S2 was variable between mini catchments. In 7 b, d and 15c, [DOC] variations were important and greater than 6 mg L -1 whereas in others catchments, differences were less important (7a, 7c, 15b, 19c) Storm S2 showed lower values of ratio bio:geo in all the MCs of sub-watersheds [START_REF] Molinero | Effects of land use on dissolved organic matter biogeochemistry in piedmont headwater streams of the Southeastern United States[END_REF][START_REF] Shand | Temporal changes in C, P and N concentrations in soil solution following application of synthetic sheep urine to a soil under grass[END_REF][START_REF] Mcknight | Spectrofluorometric characterization of dissolved organic matter for indication of precursor organic material and aromaticity[END_REF] compared to storm S3 as increasing values of ratio bio:geo were observed in S3. However, response of 15c was discriminated all other MCs with higher values of ratio bio:geo (0.13 and 0.15) during S2 and S3 respectively. and 11 were significant (p<0.05) with average axe1 scores - showed highly positive scores on axe3 and discriminated this MC with forest occupied soils and hedges. Although minicatchments of 19 showed average occupation of wetlands, hedges, maize cultivation and mineral and cow manure amended fertilization practices (Table 5.2) but these minicatchments showed poor projection in PCA space along three axes. and S3 especially in 7, 15. This is not a dilution effect due to higher discharge rate as chloride concentrations are not diluted (data not shown) Discharge rates are mean daily data, It is possible that sampling occurred at the beginning of the storm event and not at the maximum peak discharge flows. Manual sampling in during storm S2 is not really satisfactory and an automatic sampling at the peak discharge would have been far better option.

Ratio of tryptophan to humic like (ratio TRY:HL) zones in EEM optical space
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Discussion

Although discharge was not higher in S3 yet DOM concentrations were the highest during the three events. It is contradictory to Clark et al (2007) who showed that magnitude of rainfall and discharge could be important in controlling DOM fluxes (Clark et al., 2007). It could be reason that as storm S3 occurred after a period of base flow and the period of farming waste supply to soil (April and May), we suspected that crop residues and farming wastes were at the early stage of decomposition and DOM released might flushed into the stream water channel. Also likely that during baseflow period, the lower precipitation prevents the transport of DOM to the stream channel. So that organic material remain in the upper soil surface and can be flushed into the streams with subsequent intense rainfall and cause sharp peaks of DOC concentrations. Worrall et al., (2008) showed that runoff from the catchments was associated with increasing DOC concentrations.

Many studies demonstrated that a high proportion of the DOC is exported during storm events in small catchments (Grieve, 1984;Hinton et al., 1997;Dalzell et al., 2005;2007;Fellman et al., 2009a). Our results are in agreement with these studies. But we observed a great variability in the DOC concentration for the three events in each catchment and between catchments for one event. The origin of this variability may depend on land use and agricultural practices in the Valley Bottom Wetland. Buffer land cover (in 90-m along all stream banks) were identified as best predictor of DOC concentration variations (Molinero and Burke, 2009b). Moreover, DOC concentrations increased even at short time scale (one to two months time intervals) during storm flows. We also suspect that biological activity coupled with geochemical control over the increased production of DOC (Lumsdon et al., 2005). However, DOC itself is of limited use as environmental tracer and more information on the nature of DOM (biological or geochemical origin as well as freshly produced vs highly humified) is required. Therefore, some molecular techniques are required to explore the DOM sources. PCA analysis of VBW agricultural practices showed that 7b and 15c were highly associated with cow manure land spreading and maize crop cultivation. During S2 and S3 storms, the values of ratios bio:geo and TRY:HL were ranged from 0.12 to 0.15 and 0.05 to 0.06 respectively in the 15c which reflected the impact of cow manure land spreading. Results are in agreement with Naden et al., (2009) who has found increasing values of T1:F1 in drain flow after cow slurry spreading. 7b was highly impacted by cow manure fertilization ad maize crop (Figure 5.9) but there was no marked increase in ratio bio:geo and TRY:HL although orthophosphate concentrations were very high in 7b during S3. Mini catchment 7c was associated with higher occupation of meadows and we suspect the contribution by cow faeces too probably by direct transfer in storm S1. Higher values of bio:geo (0.4 to 0.5) and ratio TRY:HL (0.18 to 0.22) were measured on pure cow faeces wastes but this source can contaminate the stream and increase the ratio of the stream. So there is possibility of diffuse contamination of stream water by cow faeces and impact of farming wastes are marked with increasing values of ratio bio:geo and TRY:HL in S1 and S3.

Fluorescence tracers of DOM in large network of agricultural catchments

During S1, 11b was associated with meadows and showed the ratio bio:geo (0.14) similar to composted manures with 4 to 6 months composting times. The similar values reflect the presence of dungs excreted by cows which undergo biotransformation and the values approaches to cow manure composts. But there is strong temporal variability in subcatchments 7 and 11 and ratio bio:geo, TRY:HL remains higher in S1 followed by S3.

While 15c did not show temporal variability between S2 and S3 and higher ratios of bio:geo, TRY:HL reflect the constant sources of cow manure wastes supply on the soil.

All the MCs of subcatchment 11 showed buffering impact on DOM production and export except in 11c. It is because of heterogeneous land occupation sources. Mini catchment 11b seems to be reactive to DOM export and probably the DOM contribution in the stream is from meadows and forest litter. MCs 11c was largely under the influence of potential wetlands and pig slurry fertilization and also showed increasing with increasing bio:geo ratio. As the soil occupation sources are very complex, definitely, impact on DOM is clear with increasing fluorescence bio:geo and TRY:HL ratios when we compared with sub-watershed 19.

Although we observed increasing bio:geo and TRY:HL ratios in 19d during S3 but it reflects contribution highly degraded proteins of microbial origin from peatland lake which is located alongside the stream bank.

So in S2, in most of the catchments, contribution of natural DOM was prominent and DOM was probably issued from soil origin. While during S1 and S3, impact of agricultural practices was marked. On the whole, the impact of agricultural practices such as grazing meadows or cow manure and pig slurry land spreads along with wheat and maize crop cultivation was more clear in MCs 15b,c, 7c and 11c in the Valley Bottom Wetlands.

Fluorescence tracers as a support to water quality monitoring and policy

To meet the growing needs of best quality of drinking water, strict policy measures have to be adopted. In this regards, fluorescence spectroscopy seems to be the best compromise for the detection of farm wastes impact on fresh water bodies. The fluorescence technique can benefit water industry as on line sensor of water quality monitoring of DOM pollution because of relatively low cost and these tools has to be included in the regular analysis of DOM quality in fresh water supplies. It can also be applied in fundamental research to observe DOM fluorescence response to various agricultural inputs.

This study also reflects the necessity of DOM quality monitoring during baseflow time and in this we may put in evidence the diffuse water pollution during storm flows. Moreover, soil sampling should be done in catchments in order to associate the DOM chemical properties measured stream storms. Morel et al., (2009) has pointed out the contribution of 80% DOM from riparian wetlands during storm events in Brittany. While Fellman et al., (2009b) have shown the possible DOM contribution from upland and wetland watersheds. To observe the possible sources and variability in DOM fluorescence properties during one storm, several samples should be taken along the ascending and descending limbs of hydrograph.

Conclusion

In this research study, the potential of EEM fluorescence spectroscopy for the determination of farming waste impact on the increasing DOM in the streams was studied. The agricultural practices and crop rotation were characterized in the Valley Bottom Wetland which is recognized as the main source of DOM in French Brittany during storm event. So agricultural indicators (organic fertilization, crop rotation) are detailed and their relation with fluorescence indicators is discussed. A heterogeneous optical response of DOM substance was observed in 15 mini-watersheds as well as among the storm events. Our results reflect the following conclusions:

• Mini catchment 15c was discriminated from rest of the catchments with higher ratios of bio:geo and TRY:HL and depicted the impact of cow manure land spreading. The intense grazed meadows (MC, 11b) by cows showed their impact of DOM export in stream during stormflows with higher bio:geo ratio (0.14). • Humification index (HIX) was found a good tracer of highly humified DOM exported from peatland during stormflows.

• Significant correlation between integral fluorescence in regions geo in the EEM and HIX reflected the use of geochemical fluorescence as tracers of highly aromatic and complex DOM structures.

• Storm S2 was differentiated from S1 and S3 with humified DOM material, probable contribution was of natural humified DOM of soil origin and reverse was the case in S1 and S2.

Results demonstrate that fluorescence spectroscopy, by coupling with regional integration approach, are capable to reveal chemical changes in the DOM quality and depict the farm wastes load on the increasing DOM in fresh water streams. Baker, A., 2002. Fluorescence properties of some farm wastes: implications for water quality monitoring. Water Research 36, 189-195. Baker, A., Inverarity, R., 2004. Protein-like fluorescence intensity as a possible tool for determining river water quality. Hydrological Processes 18, 2927-2945.
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6.General conclusion

Objectives and strategy

The general objective of the thesis was to assess excitation emission matrix fluorescence as a tracer of dissolved organic matter (DOM) issued from farm waste recycling in soils and transferred to stream water in agricultural headwater catchments.

We developed an approach at different scales:

• Characterization of the fluorescence tracers directly on a diversity of farm wastes recycled in cultivated soils (pig slurry, cow faeces, crop residues, cow manure and composted cow manure). • Detection of fluorescence tracers of DOM issued from farming wastes first researched in a laboratory simulation of natural water and farming waste mixing and then in a runoff experiment on 1m² plots receiving cow manure and pig slurry at agronomic rate.

• Short term incubation study (two months) to observe evolution of fluorescence parameters of pig slurry and cow manures in soils.

• Assessment of long term persistence of fluorescence tracers in soils under pig slurry and cow manure wastes recycling. First experiment was conducted on an experimental site with 14 years of application of mineral and pig slurry amendments on a loamy soil with low organic carbon content (0.9%) and under maize crop cultivation. Second experiment was characterized by 7 years of application of mineral, pig slurry and cow manure wastes on experimental site having higher soil organic carbon content (2.5%) and polyculture cropping system.

• Storm stream water sampling was carried out in fifteen headwater agricultural catchements of Haut Couesnon between February to June. A farming survey was conducted on agricultural practices (crop rotation, fertilization) in the Valley Bottom Wetland (VBW). These areas are the non limiting source of DOM during storm events in Brittany. The relation between farming waste management and presence of fluorescence tracers in stream water was explored during three storm events.

• Fluorescence dataset was obtained by integrating the whole excitation emission matrix (EEM) of aqueous extracts of dissolved organic matter (DOM) from pure agricultural One fluorescence tracer is not enough to detect the farm wastes DOM pollution; therefore, there is necessity to use multivariate analysis. Classification and Regression Tree (CART) approach was applied to track the DOM origin from pig slurry and cow manure amended soils than mineral fertilized soil DOM. CART approach showed almost 100% prediction accuracy in predicting the DOM of farm wastes origin than soil during two months of soil amendment.

Although CART analysis made the distinction between DOM origin in pig slurry and cow manure soil contamination but prediction accuracy was limited to 72% (one week) which reflect the 30% chance of poor prediction for pig slurry wastes. Color indicate the significant difference of farm wastes DOM from soil (p<0.05, one factor ANOVA) different letters represent significant difference between pig slurry and cow manure (one factor ANOVA; p<0.05, ± standard deviation)

Limitations and perspectives of this study

Long term monitoring of farm wastes soil amendments

A biodegradation experiment should be carried out in the laboratory for one year on pig slurry amended soil at agronomic dose. If TRY fluorescence maintained in the biodegradation environment for one year, then it means the persistence otherwise it will be cumulative effect of long term pig slurry waste recycling.

At Kerguehennec site, there is no differentiation between pig slurry and cow manure amended soils. But discrimination between pig slurry and cow manure soil amendment at loamy soil of Champ Noël site rest to be quantified.

Stream water sampling in agricultural headwater catchments

Long term monitoring of dissolved organic matter sources in stream have to be carried out in baseflow periods and highflow storms. Although dissolved organic matter concentrations remained low during baseflow periods but the chemical characterization of dissolved organic matter during baseflow and highflow will enable us to differentiate the functionality of fluorescence tracers in stream bed during baseflow and hillslope contribution during storms.

Temporal variability has to be studied through fluorescence characterization of baseflow period and highflow storms. Soil extractions have also to be started in small agricultural catchments of 15c and 19d to study spatial variability of DOM in Valley Bottom Wetlands.

Management actions

Fluorescence spectroscopy permits to identify the animals DOM origin from soil. To restore stream water quality, management actions have to be taken at small agricultural catchment scale in Valley Bottom Wetlands. To avoid possible direct transfer of DOM from animal faeces in the areas of intensive grazing pastures, buffered zones and embankments should be developed along the bank stream.

Besides this, possible human waste contribution should also be considered as domestic wastes also show the tryptophan fluorescence.

Need for statistical analysis

Classification and Regression Tree (CART) analysis, although, discriminated well the farm waste soil contamination from mineral fertilized soils but it was tested in dataset of two months soil amendments and same soil type. Therefore, we encourage to apply CART tree approach on a large dataset with different soil types and on long term monitoring devices.

However, the functionality of this approach limited to large number of observations (3:1; observation / predictors) per treatment.

Another statistical approach Parallel Factor Analysis (PARAFAC) also has to be included in the tracing studies as it is advance stage of principal components analysis and decomposes the excitation emission matrix (EEM) fluorescence landscape and identify well the chemical suit of dissolved organic matter via principal components.

GENERAL LITERATURE CITED Fluorescence tracers of Dissolved Organic Matter in headwater agricultural catchments

7.Annexes

Abstract

Dissolved organic matter (DOM) concentrations are increasing in the streams at agricultural headwater catchments in French Brittany, an intensive agricultural region, and Europe during last twenty years. These increasing DOM concentrations are threat to water quality degradation. At small agricultural catchment scale, soil and farm wastes effluents are principle sources of DOM. To propose management actions and to restore stream water quality, three dimensional EEM (Excitation Emission Matrix) was applied to trace DOM issued from farm wastes in the soil and agricultural catchment stream. Fluorescence tracers were measured on DOM produced from pig slurry, cow manure and composted manures which recycled commonly in cultivated soils. Afterwards, these tracers were analysed in rainfall simulation experiment in the cultivated plots amended with pig slurry and cow manures. The persistence of these fluorescence tracers was evaluated in soil incubation (two months) and in two different experimental dispositives (Champ Noël, 0.9% total carbon and Kerguehennec, 2.5% total carbon) as well as these tracers were compared in mineral vs organic (pig slurry and cow manure) fertilized plots with different recycling time of 14 and 7 years respectively. Finally, the relation between agricultural practices in Valley Bottom Wetlands (VBW) and the presence of these fluorescence tracers in 15 agricultural streams were explored during three storm events. VBW were identified as principle source of DOM in French Brittany catchments. The agricultural practices (crop rotation, quality and quantity of fertilizers, grazing meadows) in the VBW were identified by farm survey. The fluorescence intensities were integrated in the two regions of EEM spectra (biochemical/geochemical, bio:geo), five regions composed of proteins like, fulvic and humic (I to V), and three zones (tryptophan (TRY), fulvic like (FL) and humic like (HL)). DOM produced from pig and cow demonstrated biochemical fluorescence signatures and discriminated from composted manures which showed geochemical signatures similar to soil DOM. The tracers bio:geo, TRY:FL, TRY:HL, TRY:(HL:FL), TRY trace the DOM issued from farming wastes in simulated runoff two hours after soil spreading. Cow manure DOM was not differentiated from pig wastes DOM with these fluorescence tracers. One year after last recycling, several tracers were found in soil 0.9% C while at the soil with 2.5% C, only TRY persisted. With these results, we are not clear whether the effect is cumulative or it's the influence of last farm wastes spreading. The fluorescence tracers were identified in the headwater catchments impacted by farm wastes recycling. Some catchments demonstrated highly humified DOM which resembled to soil DOM without recycling. Therefore, fluorescence spectroscopy permits to trace the DOM issued from farming wastes. Fluorescence spectroscopy is found a valuable tool for monitoring farming wastes DOM contamination and understanding the biogeochemistry of DOM in soil and water environment.

Key words: dissolved organic matter, farming wastes, agricultural practices, water quality, fluorescence spectroscopy, headwater catchments
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  is getting popularity among the fluorescence users community. In drain flows, Naden et al. (2009) has adopted regional overlap of the anticipated fluorophores and proposed the TI:FI ratio (Tryptophan-like and fulvic/humic-like fluorescence) as tracer of cow slurry incidental losses in drain flow after slurry spreading.

  How are the fluorescence properties in natural streams impacted by known direct transfer of pig slurry and cow manure composts? • Do fluorescence properties discriminate pig from cow manure contamination in runoff water? • How evolve the fluorescence parameters of DOM in soils receiving farming waste in the days following the spreading? What is the persistence of the fluorescent tracers two months after the spreading? • Does long term application (7-14 years) of pig slurry and cow manure wastes on cultivated soils significantly modify the fluorescence properties of DOM? • Can we detect influence of farming waste recycling on soil or impact of grazing pasture in stream water in a network of 15 agricultural headwater catchments? Is there any relation between farming waste management (intensive recycling on soil or grazing pasture) in Valley Bottom Wetland and presence of fluorescence tracers in stream waters?

chapter 4 ,

 4 impact of long term supply of pig slurry and cow manure was investigated in two soil types with different organic carbon contents. DOM production potential of pig slurry and cow manure supply was assessed and fluorescence discrimination of pig slurry and cow manure is discussed. In chapter 5, spatial and temporal variability of DOM fluorescence properties were investigated in 15 agricultural headwater catchments during three storm events and possible farm wastes contamination was explored. Correlation between presence of fluorescence tracers and intensive agricultural practices (crop rotation, farming waste recycling on soils) in Valley Bottom Wetland was analysed. We thus adopted an original approach ranging from raw farming waste characterization of DOM fluorescent tracers to catchment scale detection of these fluorescence tracers. a, b, c , A. Jaffrezic a,b,c* , C. Walter a,b,c a Agrocampus Ouest , UMR1069, Soil Agro and HydroSystem, F-35000 Rennes, France b INRA, UMR1069 Soil Agro and HydroSystem, F-35000 Rennes, France c Université européenne de Bretagne, France *Corresponding author. Dr. Anne Jaffrezic: anne.jaffrezic@agrocampus-ouest.fr Tel.: (33) (0)2 23 48 54 20 -Fax (33) (0)2 23 48 54 30 To be submitted in Waste Management

  2008 to test the fluorescence parameters determined on raw farming wastes. Stream water was sampled on 18 January 2008 in an agricultural headwater watershed of Ducey, located in North-West France. Mixing experiment of cow manure compost (CMC3) and NW (Stream 2)
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 11 Figure 1.1: Integration of fluorescence intensities across regions (a) and maximum peak intensity zones (b).
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 12 Figure 1.2 : PCA on the integrated fluorescence intensities of farm effluents: two pig slurries (PS), three cow faeces (CFd, CF1, CF2), one wheat straw (WS), three cow manures (CM1,2 & CMf) and three samples of cow manure compost (CMC) along axe1 and axe2 (b). (a) represents the factorial projection of variables along the both axes. G1, G2 G3 denote three groupings of the studied farm effluents.
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 13 Figure 1.3 : Discrimination of pig slurry (PS) from natural water (NW) and a 50/50 mixture by fluorescence intensities in region IV. Confidence intervals were estimated assuming a coefficient of variation of 5%.
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 14 Figure 1.4 : Ratios of biochemical to geochemical regions (ratio bio:geo), region IV to V (ratio IV:V) in pig slurry (PS), natural water (NW) and a mixed water sample containing 50/50 DOC from each source. Confidence intervals were estimated assuming 5% coefficient of variation.
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 15 Figure 1.5 : Ratios of integrated fluorescence intensities between peak intensity zones of tryptophan (TRY), humic like (HL) and fulvic like (FL) in pig slurry (PS), natural water (NW) and a mixture of water sample containing 50% DOC from each source. Confidence intervals were estimated assuming a coefficient of variation of 5%.
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 1617 Figure 1.6 : Humification index (HIX) (a) and Specific Ultra Violet Absorbance (SUVA) (b) in pig slurry (PS), natural water (NW) and mixture of water containing 50% DOC from PS source. Confidence intervals were estimated assuming coefficient of variation of 5%.
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 18 Figure 1.8 : Discrimination of cow manure compost (CMC3) from natural water (NW) by fluorescence intensities ratios of biochemical to geochemical regions (ratio bio:geo), region IV to V (ratio IV:V) and in a mixture of water sample containing 50% DOM from each source. Confidence intervals were estimated assuming a coefficient of variation of 5%.
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 19 Figure 1.9 : Ratios of integrated fluorescence intensities across peak intensity zones of humic like (HL), fulvic like (FL) and tryptophan (TRY) in natural water (NW), pig slurry (PS) and a mixture of water sample containing 50/50 DOC from cow manure source. Confidence intervals were estimated assuming a coefficient of variation of 5%.

Figure 1 . 10 :

 110 Figure 1.10 : Humification index (HIX) (a) and Specific Ultra Violet Absorbance (SUVA) (b) in cow manure compost (CMC3), natural water (NW) and mixture of water containing 50/50 DOM from each source. Confidence intervals were estimated assuming a coefficient of variation of 5%.

Figure 1 . 11 :Figure 1 . 12 :

 111112 Figure 1.11 : Ratio bio:geo in the stream 1 impacted by pig slurry and the stream 2 (peat wetland) impacted by composted cow manure. Confidence intervals were estimated assuming a coefficient of variation of 5%.
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Figure 2 . 1 :

 21 Figure 2.1 : Experimental dispositive of rainfall simulation

Figure 2 . 2 :

 22 Figure 2.2 : Integration of fluorescence intensities across regions (a) and maximum peak intensity zones (b).

Figure 2 . 3 :

 23 Figure 2.3 : Dynamics of dissolved organic carbon (DOC) (), particulate matter (PM)(), Escherichia coli ( ), Enterococci ( ) in runoff water collected during three rainfall events control (mineral soil), pig slurry (PS) and cow manure (CM).

Figure 2 . 4 :

 24 Figure 2.4 : Discrimination of control (mineral soil) from farm wastes (pig slurry (PS), cow manure (CM)) by biochemical to geochemical ratio (ratio bio:geo) in the 6 Litters and the 14 Litter next runoff water collected during three rainfall events (R1, R2, R3). Bars represent standard error and different letters indicate significant mean differences (p<0.05) ANOVA (one way).

Figure 2 . 5 :

 25 Figure 2.5 : Discrimination of control (mineral soil) from farm wastes (pig slurry (PS)), cow manure (CM)) by integral fluorescence intensities in region V (RU) in 6L and 14L runoff water collected during three rainfall events (R1, R2, R3). Bars represent standard error and different letters indicate significant differences (p<0.05).

Figure 2 .Figure 2 . 6 :

 226 Figure 2.6b demonstrated the cow manure rainfall simulation events (CMR1, CMR2 and CMR3) along with controlled treatments (CR1, CR2, CR3) as well as pure cow manure wastes either extracted after drying or fresh phase and fresh cow faeces. DOM extracted from Cow faeces (CF) is characterized by higher bio:geo and region III:V ratios. Fluorescence

Figure 2 . 7 :

 27 Figure 2.7 : Dynamics of ratio bio:geo with increasing DOC concentration in simulated runoff in three rainfall simulation events R1, R2 and R3 of pig slurry (PS) (a) and cow manure (CM) (b)
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Figure 3 . 1 :

 31 Figure 3.1 : Integration of fluorescence intensities across regions (a) and maximum peak intensity zones (b).

Figure 3 . 2 :

 32 Figure 3.2 : Time series of DOC concentrations of four treatments. Abbreviations are SA-soil alone, WS-wheat straw, PM-pig manure and CM-cow manure. bars indicate standard error (SE) and N =3. DOC concentrations were almost same in all the farm waste treatments (38 mg L -1 ) on 7 th day after incubation. During period P2, DOC concentrations were almost stable in farm wastes treatments. At the end of study period, PM treatment showed higher DOC values 47.2±7.5 mg L -1 compared to WS and CM treatments with 35.3±2.9 mg L -1 and 29.2±2.1 mg L -1

Figure 3 . 3 :

 33 Figure 3.3 : PCA of farm wastes biodegradation study for two periods P1 (0-7 days after incubation) and P2 (8-56 days after incubation). Abbreviations of farm wastes treatments: wheat straw (WSP1, WSP2), pig manure (PMP1, PMP2), cow manure (CMP1, CMP2) and a control treatment i.e. soil alone (SAP1, SAP2). PCA run include the distribution of 16 variables (Table3.1) of the integrated fluorescence properties of DOC and absorbance A (365) on axe 1 and axe 2.

Figure 3 . 4 :

 34 Figure 3.4 : Optimum tree for the fluorescence properties of DOC issued from the farm wastes during biodegradation for period P1 (0-7 days after incubation). Treatment abbreviations are Soil Alone (SA), Wheat Straw (WS), Pig Manure (PM), Cow Manure (CM).Predictor variables abbreviation are integrated fluorescence intensities of across zones of fulvic like (FL), humic like (HL) and tryptophan (TRY), ratio TRY:HL and regional ratio III:V of integral intensities across regions III and V, spectral absorbance A (365) .

  ) and 6 terminal nodes (solid black line squares). Integrated fluorescence intensities ratio Try:HL was the first splitter which divided the root node into a terminal node containing all the observation of SA treatment and a child node separating the farm wastes treatments. Among the farm waste treatments, integrated fluorescence intensities across FL zone classified PM treatment from CM and WS at node#3. Second discriminator of farm waste treatments was ratio III:V which separated the WS from the CM treatment. Finally TRY zone differentiated the CM from WS treatment and allocated it to terminal node#11. However confusion remained in the discrimination of CM treatment as often it misclassified with WS treatment.

Figure 3

 3 Figure 3.5.

Figure 3 . 5 :

 35 Figure 3.5 : Optimum tree for the fluorescence properties of DOC issued from the farm wastes during biodegradation for period P2 (8-56 days after incubation). Abbreviations are the integrated fluorescence intensities across tryptophan (TRY) zone and region III, spectral absorbance A (365).First discriminator splitting the root node was the integrated fluorescence intensities across tryptophan (Try) zone which classified SA treatment from the farm wastes. Among the farm

  3). Therefore spectral indices are not persistent in PM and soil alone treatments. From qualitative point of view, strong similarities were observed in DOM fluorescence indices from CM and WS soil extracts which reflects the same spectral composition of DOM. As a consequence, certain persistence of fluorescence signature is observed (Figure 3.3). After cancelling out the carbon rate differences among the farm waste input (4g C / kg dry soil) and DOM differences among all the treatments during fluorescence measurements (fluorescence intensities normalised at 5 mg L -1 ), the distinction between soil and farm wastes along the PCA axes during both study periods reflected the DOM quality differences. PM could be discriminated from WS and CM treatments by biochemical integrated fluorescence across region IV and TRY zone during P1. This suggests heterogeneity in DOM quality among the farm wastes. The data illustrate the wide variation and dissimilar effects of decomposition on TRY zone and region IV among the farm wastes during period P1. Temporal shift of PM treatment from biochemical (region IV and TRY zone) to geochemical fluorescence (HL, FL, and geochemical region) properties from period P1 to P2 confirm the biodegradation of biochemical fluorescence indices in P1. However, during period P2, presence of more condensed aromatic structures and humified fluorescent fraction of DOM in the PM treatment indicate the persistence in the biodegradation

Fluorescence

  spectroscopic characterisation in combination with PCA analysis reflected the degradation of biochemical fluorescence indices during short term contamination in PM and shifted towards geochemical integral intensities in mid term pollution with more condensed and humified geochemical structures of fulvic like, humic like substances which could persist in the degradation environment. CART analysis enabled us to trace farm waste contamination by considering stepwise the most discriminant variable selection and complexity reduction.
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Figure 4 . 1 .

 41 Figure 4.1. Here peaks at shorter wavelengths (<250 nm) and shorter emission wavelengths (<380 nm) are related to simple aromatic proteins such as tyrosine and tryptophan (Regions I and II). Peaks at intermediate excitation wavelengths (250-340 nm) and shorter emission wavelengths (<380 nm) are related to soluble microbial by-product-like material (Region IV) while peaks located at the excitation wavelengths (230-300 nm) and the emission wavelengths (380-575 nm) represent humic acid-like substances (Region III). Peaks at longer excitation wavelengths (>300 nm) and longer emission wavelengths (>380 nm) are related to fulvic acid-like organics (Region V). With this technique, EEM was divided into biochemical (bio) (I, II, IV) and geochemical (geo) (III, V) fluorescent regions (Figure 4.1a) (Table 4.1) and three peak intensity zones of tryptophan (TRY), fulvic like (FL) and humic like (HL) fluorescence (Figure 4.1b). 45 spectral loadings were used to reproduce three-dimensional plots of fluorescence intensity as a function of excitation and emission wavelengths.

  arising from sampling. Statistical analysis of the treatment means were run by one way ANOVA withSTATISTICA 7.1 (Statsoft).For the coefficient of variation (CV R ) of the ratio X/Y of two variables, we applied the approximation suggested byHolmes and Buher (2007): Erreur ! Des objets ne peuvent pas être créés à partir des codes de champs de mise en forme., where CV X and CV Y are CVs of X and Y variables respectively.

Figure 4 . 2 :Figure 4 . 3 :

 4243 Figure 4.2 : Dissolved organic carbon concentration at Kerguehennec (K) and Champ Noël (CN) under mineral (M), pig slurry (PS) and cow manure (CM) soil application. Confidence intervals were estimated assuming coefficient of variation of 5%. Bars with the same letter indicate non significant mean differences (one way ANOVA) (p<0.05).

Figure 4 .Figure 4 . 4 :Figure 4 . 5 :

 44445 Figure 4.4 : Ratio of biochemical (bio) to geochemical (geo) fluorescence (ratio bio:geo) (a), integral fluorescence intensities of region III vs V (b) at Kerguehennec (K) and Champ Noël (CN) sites with mineral (M), pig slurry (PS) and cow manure (CM) amendments. Confidence intervals were estimated assuming coefficient of variation of 5%. Bars with the same letter indicate non significant mean differences (one way ANOVA) (p<0.05).

Figure 4 . 6 :

 46 Figure 4.6 : Ratio of tryptophan (TRY) to fulvic like (FL) (a), humic like to fulvic like (HL:FL) (b) ratio at Kerguehennec (K) and Champ Noël (CN) sites with mineral (M), pig slurry (PS) and cow manure (CM) amendments. Confidence intervals are estimated assuming coefficient of variation of 5%. Bars with the same letter indicate non significant mean differences (one way ANOVA) (p<0.05).

Figure 4 . 7 :

 47 Figure 4.7 : Fluorescence intensities across in region IV (related to microbial activity) at Kerguehennec (K) and Champ Noël (CN) sites with mineral (M), pig slurry (PS) and cow manure (CM) amendments. Confidence intervals were estimated assuming coefficient of variation of 5%. Bars with the same letter indicate non significant mean differences (one way ANOVA) (p<0.05).
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Figure 5 . 2 :

 52 Figure 5.2 : Organic fertilization in Valley Bottom Wetlands (kgN.ha -1 ))

Figure 5 . 3 :

 53 Figure 5.3 : Integration of fluorescence intensities across regions (a) and maximum peak intensity zones (b).
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 5455 Figure 5.4 : Daily water discharge (Q) during between February and June 2007 and sampling date of the three storm events S1, S2 and S3 in Haut Couesnon catchment.Water discharge rate during the three storm events (S1, S2 and S3) was 12m 3 s -1 , 16 3 s -1 and 8m 3 s -1 respectively (Figure5.4). During S2, discharge rate was two fold higher than S3 and a little higher than storm S1. S1 and S2 occurred during winter with one month interval whereas S3 occurred during the spring after a dry period in the month of April. The sampling time for three storms S1, S2 and S3 was27 February, 20 March and 21 May 2007 respectively. 

  . All the MCs of 11 showed almost constant[DOC] during three storms except 11c where [DOC] fluctuation was observed with higher values (18 mg L -1 ) in S3 and lower values (12 mg L -1 ) in S2. Almost no variation was observed in(19a,d). The response to a climatic event was different from one sub-watershed to another. Some minicatchments appeared as constant high contributors of DOM during storm event(11 and 19d), others showed important[DOC] variations between storm events. During S1 event, the orthophosphate concentrations (PO4) concentration was detected only in 7b, d, 11 a,b,c,d and 15c as well as 19b,c (Figure 5.5b). During S2, phosphate concentrations were only detected in 7b and 11c. While during S3 event, orthophosphates were detected in 7a,b,d and 11 a,b,c,d. There was also a contribution from 15 a,b,c and 19 a,b,c during S3 event. 7b and 11c showed the phosphate transfer during all the three storms. Overall, we observed higher PO4 concentrations in S3 event compared to S1, S2. In S3, minicatchments 7b and 15c were the principal contributor of orthophosphates in the streams. The minicatchments 7b and 15c were thus more impacted by phosphorous transfer than the other catchments. During S3, 7a,d and 11 a,b,c,d showed almost similar values of PO4 transfer.During S3, hydrological processes seemed to be different from S1 and S2 with evidence of surface transfer which induced an increase of dissolved P in the streams.Pertinent fluorescent tracers of DOM at agricultural catchment scaleRatio of biochemical to geochemical (ratio bio:geo) regionsRatio bio:geo discriminated all the MCs of sub-watershed 19 with lower values (0.06 to 0.08) compared to rest of the MCs of sub-watersheds of 7, 11 and 15 with higher values during three storms S1, S2 and S3 as shown in Figure 5.6. During S1, MCs of sub-watersheds 7 (7c, 7d) and 11 (11a, b, c, d) discriminated with higher values of ratio bio:geo (0.16, 0.14) and (0.15, 0.14, 0.14, 0.15) respectively compared to the values during S2 and S3 storms.

Figure 5 . 6 :

 56 Figure 5.6 : Discrimination of DOM quality among 15 agricultural mini catchments (MCs) on the basis of ratio biochemical to geochemical regions (ratio bio:geo) during three storms S1, S2 and S3 at Haut Couesnon (HC) site.

  Ratio TRY:HL well discriminated the MCs of sub-watershed 19 with lower values (0.01) compared to all the MCs of sub-watersheds 7 (7a,b,c,d) with values 0.03-0.04, 0.02, 0.02-0.03 during S1, S2, S3 respectively and 15 (15a,b,c) with values 0.02-0.05, 0.03-0.06 during storms S2, S3 respectively and to all the MCs of sub-watershed 11 during S1 (0.02-0

Figure 5 . 7 :Figure 5 . 8 :

 5758 Figure 5.7 : Discrimination of DOM quality among 15 agricultural mini catchments (MCs) on the basis of ratio tryptophan to humic like (ratio TRY:HL) during three storms S1, S2 and S3 at Haut Couesnon (HC) site.

Fluorescence

  properties have enabled us to explore variation in quality of fluorescent DOM exported from a large network of headwater minicatchments in time and space at Haut Couesnon catchment. Ratio bio:geo, TRY:HL, geo and HIX were ranked (PCA results, Figure5.8) prominent discriminators of DOM chemical characteristics variations among the storms as well as in various studied minicatchments. We consider that ratio bio:geo and TRY:HL trace the recently originated DOM (Chapter 3). Moreover we also suppose that fluorescence intensities in region geo and HIX indicate the humified organic matter either part of native soil organic matter or highly humified organic materials. In the present study, all minicatchments of 19 showed positive Pearson product moment correlation between HIX and geochemical fluorescence intensities (geo) (0.71, p<0.04) while rest of the subcatchments did not show this correlation. The existence of this correlation marked the variability in DOM fluorescence and probably related to the contribution from soil or highly humified dissolved organic matter that originated as a result of degradation process. In chapter 3 of the present thesis, we found that HIX was the prominent discriminator of soil DOM. While in chapter 2, runoff simulation experiment, we marked that runoff DOM from control plots exhibited strong correlation (r) between HIX and geochemical signatures (0.98, p<0.0001) in 6L and 0.76 (p<0.001) in 14L runoff DOM material. Besides this, there was significant correlation between HIX and geo fluorescence in cow manure soil amendments (Chapter 3 and chapter 2 of the present thesis). It reflects that existence of this correlation contradict our hypothesis about only soil originated DOM. So significant correlation between HIX and geo fluorescence may give the proxy of DOM released either from cow manure amended soils or from native soil carbon. As in case of pig slurry, this correlation did not exist. So in subcatchment 19, DOM either originated from soil or from cow manure wastes and it reflects the use of geochemical fluorescence and HIX as tracers of geochemical signatures in fluorescent DOM with increasing ratios of TRY:HL which depicted different chemical quality of DOM materials. There is no significant difference between the subcatchments 7 and 11 during S3 that mark the presence of common DOM quality(Figure 5.8).In mini catchment 15c, during S2, DOM substance demonstrated impact of agricultural intensification as we observed increasing ratios of bio:geo and TRY:HL compared to MCs 15a, 15b that means there is always active source of farm waste DOM that contribute to the DOM flushing in this minicatchment.Evidence of DOM pollution by farming waste contributionDuring S1, a contribution of farming waste is suspected in catchment 7 and 11. The ratio bio:geo and TRY:HL are high. The P concentrations are also elevated in the catchment 7b, c, d and 11a and b. P was not detected in the other catchments. The presence of soluble phosphorus corroborate the hypothesis of a contamination either directly by transfer of faeces or pig slurry from the soil surface, or by export of DOM issued from farming waste freshly biodegraded.

Farming

  waste fluorescence tracers in agricultural headwater stream A general shift in fluorescence properties of DOM in stream was observed from biochemical (Storm1) to geochemical (Storm2) and then a slight shift towards to biochemical (Storm3). In Brittany, Valley Bottom Wetlands (VBW) are identified as main contributing areas to DOM fluxes during storms. With the help of farm survey data in VBW and fluorescence spectroscopy, we detected possible contamination of cow manure land spreading in the small catchment 15c. While in 19d, DOM contribution in stream was of soil origin. During storm 3, 15c shows increasing TRY fluorescence, bio:geo, TRY:HL, TRY:(HL:FL) ratios compared to 19d showing the impact of farming wastes spreaded at soils in Valley Bottom Wetlands (VBW). In contrast, 19d resemble to most of soil extracts. Region III and V fluorescence in 19d shows similarity to surface transfer runoff sample from control soil (Table1). However, baseflow characterization as well as soil sampling in small agricultural catchment in VBW should be explored to study the difference between baseflow and highflow streams as well as spatial variability of soil type.
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Table 1 .

 1 

Table 1 .1 : Farm wastes preparation Waste description Sample treatment Name

 1 

	Pig slurry	Air dried, grounded, sieve 1mm	PS1, PS2
		Air dried, grounded, sieve 1mm	CM1, CM2
	Cow manure		
		Fresh	CMf
	Cow Faeces	Air dried and grounded, sieve 1mm	CFd
		Fresh, not grounded	CF1, CF2
		CMC1 Air dried, grounded, sieve 1mm.	
	Composted cow manure	(one month) sampled after 4 and 6 months of CMC2 and CMC3, same compost	CMC1, CMC2, CMC3
		composting	
	Wheat straw	Air dried, grounded, sieve 1mm	WS

Table 1 .2 : Definition of excitation (Ex) -emission (Em) wavelengths (nm) ranges for each region and zones

 1 

		Ex (nm) Ex (nm)	Em (nm) Em (nm)	Ex (nm) Ex (nm)	Em (nm) Em (nm)
	Regions Regions			Zones Zones	
	region I region I	230-250 230-250	280-330 280-330	Tryptophan 270-280 Tryptophan 270-280	320-350 320-350
	region II region II	230-250 230-250	330-380 330-380	Fulvic like 300-350 Fulvic like 300-350	400-500 400-500
	region III 230-300 region III 230-300	380-575 380-575	Humic like 230-250 Humic like 230-250	360-420 360-420
	region IV 250-340 region IV 250-340	280-380 280-380		
	region V region V	300-400 300-400	380-600 380-600		
	region bio 230-340 region bio 230-340	280-380 280-380		
	region geo 230-400 region geo 230-400	380-600 380-600		

Erreur ! Des objets ne peuvent pas être créés à partir des codes de champs de mise en forme., where

  CV X and CV Y are CVs of X and Y variables respectively.

	Therefore we imposed this dispersion parameter to simulate three replicates per treatment in
	order to integrate potential analytical errors in the treatment comparison. Statistical analysis of
	the treatment means were run by one way ANOVA with STATISTICA 7.1 (Statsoft).
	For the coefficient of variation (CV R ) of the ratio X/Y of two variables, we applied the
	approximation suggested by Holmes and Buher (2007):

Table 2 .

 2 

		Ex (nm) Ex (nm)	Em (nm) Em (nm)	Ex (nm) Ex (nm)	Em (nm) Em (nm)
	Regions Regions			Zones Zones	
	region I region I	230-250 230-250	280-330 280-330	Tryptophan 270-280 Tryptophan 270-280	320-350 320-350
	region II region II	230-250 230-250	330-380 330-380	Fulvic like 300-350 Fulvic like 300-350	400-500 400-500
	region III 230-300 region III 230-300	380-575 380-575	Humic like 230-250 Humic like 230-250	360-420 360-420
	region IV 250-340 region IV 250-340	280-380 280-380		
	region V region V	300-400 300-400	380-600 380-600		
	region bio 230-340 region bio 230-340	280-380 280-380		
	region geo 230-400 region geo 230-400	380-600 380-600		

1 : Definition of excitation (Ex) -emission (Em) wavelengths (nm) ranges for each region and zones

Table 2 .

 2 2 : Fluorescence indices in farm manures and soil

Table 2 . Fluorescence indices in farm manures and soil

 2 

	DOM extracts	region V	ratio III:V	ratio bio:geo
	CF fresh	11692	1.66	0.39
	CF fresh	12374	1.68	0.38
	CF fresh	11555	1.67	0.39
	CM dry	7924	1.04	0.24
	CM dry	7246	1.03	0.25
	CM dry	6516	1.02	0.24
	CM fresh	8612	1.29	0.30
	CM fresh	9291	1.34	0.31
	PS dry	6238	1.32	0.47
	PS dry	7525	1.34	0.47
	PS fresh	10874	1.27	0.29
	soil extracts	12994	1.11	0.11
	soil extracts	18104	1.12	0.09
	soil extracts	12934	1.12	0.11

Table 2 . Fluorescence indices in farm manures and soil

 2 

	DOM extracts	region V	ratio III:V	ratio bio:geo
	CF fresh	11692	1.66	0.39
	CF fresh	12374	1.68	0.38
	CF fresh	11555	1.67	0.39
	CM dry	7924	1.04	0.24
	CM dry	7246	1.03	0.25
	CM dry	6516	1.02	0.24
	CM fresh	8612	1.29	0.30
	CM fresh	9291	1.34	0.31
	PS dry	6238	1.32	0.47
	PS dry	7525	1.34	0.47
	PS fresh	10874	1.27	0.29
	soil extracts	12994	1.11	0.11
	soil extracts	18104	1.12	0.09
	soil extracts	12934	1.12	0.11

Table 2 .

 2 

	3 : Hydrological charateristics of rainfall simulation events RI (rainfall intensity), CR
	(cumulated rainfall), RT (runoff time)			
	RI (mm/h) CR (mm) Treatment RI (mm/h) CR (mm) Treatment	ST (min) ST (min)	(L / plot) (L / plot)
	CR1 CR1	60 60	43 43	43 43	13.02 13.02
	CR2 CR2	62 62	78 78	75 75	14.86 14.86
	CR3 CR3	68 68	69 69	61 61	16.85 16.85
	PSR1 PSR1	61 61	46 46	45 45	16.82 16.82
	PSR2 PSR2	60 60	62 62	62 62	16.37 16.37
	PSR3 PSR3	66 66	46 46	42 42	17.23 17.23
	CMR1 CMR1	62 62	76 76	74 74	15.81 15.81
	CMR2 CMR2	66 66	99 99	90 90	15.56 15.56
	CMR3 CMR3	79 79	157 157	119 119	15.2 15.2

Table 2 .

 2 4 : Correlation between humification index and geo fluorescence

		6L simualted runoff 14L simualted runoff 6L simualted runoff 14L simualted runoff
		r value r value	r value r value
	Control (soil alone) Control (soil alone)	0.98 (p<0.0001) 0.98 (p<0.0001)	0.76 (p<0.001) 0.76 (p<0.001)
	Pig slurry Pig slurry	0.53 (p<0.15) 0.53 (p<0.15)	0.79 (p<0.002) 0.79 (p<0.002)
	Cow manure Cow manure	0.94 (p<0.001) 0.94 (p<0.001)	0.95 (p<0.001) 0.95 (p<0.001)

Table 3 .

 3 

	1 : PCA weightings for the spectroscopic parameters (variables) during
	biodegradation study periods P1 and P2.		
	V a r i a b l e s V a r i a b l e s V a r i a b l e s V a r i a b l e s	a x e 1 a x e 1 a x e 1 a x e 1	a x e 2 a x e 2 a x e 2 a x e 2
	re g i o n I V re g i o n I V re g i o n I V re g i o n I V	-0 .3 4 -0 .3 4 -0 .3 4 -0 .3 4	-0 .9 2 -0 .9 2 -0 .9 2 -0 .9 2
	re g i o n I I I re g i o n I I I re g i o n I I I re g i o n I I I	-0 .8 9 -0 .8 9 -0 .8 9 -0 .8 9	-0 .4 4 -0 .4 4 -0 .4 4 -0 .4 4
	g e o g e o g e o g e o	-0 .8 8 -0 .8 8 -0 .8 8 -0 .8 8	-0 .4 4 -0 .4 4 -0 .4 4 -0 .4 4
	ra t io b i o : g e o ra t io b i o : g e o ra t io b i o : g e o ra t io b i o : g e o	0 .6 8 0 .6 8 0 .6 8 0 .6 8	-0 .6 0 -0 .6 0 -0 .6 0 -0 .6 0
	ra t io I I I: V ra t io I I I: V ra t io I I I: V ra t io I I I: V	-0 .4 5 -0 .4 5 -0 .4 5 -0 .4 5	-0 .1 6 -0 .1 6 -0 .1 6 -0 .1 6
	ra t io I V : V ra t io I V : V ra t io I V : V ra t io I V : V	0 .7 5 0 .7 5 0 .7 5 0 .7 5	-0 .6 2 -0 .6 2 -0 .6 2 -0 .6 2
	F L F L F L F L	-0 .8 8 -0 .8 8 -0 .8 8 -0 .8 8	-0 .4 3 -0 .4 3 -0 .4 3 -0 .4 3
	H L H L H L H L	-0 .9 1 -0 .9 1 -0 .9 1 -0 .9 1	-0 .2 7 -0 .2 7 -0 .2 7 -0 .2 7
	T R Y T R Y T R Y T R Y	0 .2 5 0 .2 5 0 .2 5 0 .2 5	-0 .9 3 -0 .9 3 -0 .9 3 -0 .9 3
	ra t io T R Y : H L ra t io T R Y : H L ra t io T R Y : H L ra t io T R Y : H L	0 .7 8 0 .7 8 0 .7 8 0 .7 8	-0 .5 9 -0 .5 9 -0 .5 9 -0 .5 9
	ra ti o T R Y : F L ra ti o T R Y : F L ra ti o T R Y : F L ra ti o T R Y : F L	0 .7 0 0 .7 0 0 .7 0 0 .7 0	-0 . 5 2 -0 . 5 2 -0 . 5 2 -0 . 5 2
	ra t io H L :F L ra t io H L :F L ra t io H L :F L ra t io H L :F L	-0 .7 3 -0 .7 3 -0 .7 3 -0 .7 3	0 .1 1 0 .1 1 0 .1 1 0 .1 1
	A ( 3 6 5 ) A ( 3 6 5 ) A ( 3 6 5 ) A ( 3 6 5 )	-0 .1 3 -0 .1 3 -0 .1 3 -0 .1 3	0 .0 5 0 .0 5 0 .0 5 0 .0 5
	H IX H IX H IX H IX	-0 .7 9 -0 .7 9 -0 .7 9 -0 .7 9	0 .5 4 0 .5 4 0 .5 4 0 .5 4

Table 3 .

 3 2 : Cost complexity measures of all possible trees for period P1 dataset.

	All possible trees Terminal nodes numbers	CV cost	CV std. Error	Resubsititution cost Node complexity
	1	8	0.325	0.067	0.000	0.000
	2*	6	0.302	0.067	0.045	0.023
	3	5	0.373	0.069	0.095	0.050
	4	3	0.395	0.068	0.295	0.100
	5	2	0.500	0.031	0.500	0.205
	6	1	0.750	0.000	0.750	0.250
	SA					
	WS					
	PM					
	CM					

Table 3 .

 3 

	Predicted Predicted		Observed Observed	
		SA SA	WS WS	PM PM	CM CM
		n=11 n=11	n=10 n=10	n=11 n=11	n=11 n=11
	SA SA	90.9% 90.9%	0% 0%	0% 0%	0% 0%
	n=10 n=10				
	WS WS	0% 0%	60% 60%	30% 30%	63.63% 63.63%
	n=16 n=16				
	PM PM	0% 0%	20% 20%	72.7% 72.7%	9.09% 9.09%
	n=11 n=11				
	CM CM	10% 10%	20% 20%	0% 0%	27.27% 27.27%
	n=6 n=6				
		Total accuracy rate (n=43) Total accuracy rate (n=43)	62.79% 62.79%
	Prediction accuracy was assessed by cross validation approach as shown in Table 3.3. Overall
	prediction accuracy of farm wastes treatments as well as soil alone was 62.7 % for the period
	P1 dataset. Optimum tree (Figure 3.4) demonstrated a high accuracy (90.9%) in predicting SA
	treatment, relatively high (72.7%) for PM treatment and fair prediction accuracy (60%) for
	WS treatment but CM treatment was poorly predicted (27.3%). Among the farm wastes, there

3 : Confusion matrix of predicted versus observed treatment resulting from crossvalidation procedure applied on optimum tree for period P1.

was almost complete discrimination between PM and CM treatments with only 9 % CM misclassification rate with PM treatment. However, misclassification rate of CM treatment was high (63.6%) with WS treatment.

Table 3 .

 3 4 : Cost complexity measures of all possible trees for period P2 dataset.

	All possible trees Terminal nodes numbers CV cost CV std. error Resubsititution cost Node complexity
	1	6	0.277	0.071	0.000	0.000
	2	5	0.277	0.071	0.035	0.035
	3*	4	0.305	0.074	0.107	0.071
	4	3	0.357	0.046	0.250	0.143
	5	1	0.750	0.000	0.750	0.250
	SA					
	WS					
	PM CM	1	SA			
	7				23	
		TRY<= 144.8			
	2	SA		3	WS	
			16		7	
				region III <=38853	
			4	WS	5	PM
		4		12		
			A (365) <=0.03		
		6	CM	7	WS	

Table 3 .

 3 5 : Confusion matrix of predicted versus observed treatment resulting from crossvalidation procedure applied on optimum tree for period P2.

	Predicted Predicted		Observed Observed	
		SA SA	WS WS	PM PM	CM CM
		n = 7 n = 7	n =9 n =9	n =7 n =7	n =7 n =7
	SA SA	100% 100%	0% 0%	14.28% 14.28%	0% 0%
	n =8 n =8				
	WS WS	0% 0%	100% 100%	28.57% 28.57%	100% 100%
	n=18 n=18				
	PM PM	0% 0%	0% 0%	57.10% 57.10%	0% 0%
	n=4 n=4				
	CM CM	0% 0%	0% 0%	0% 0%	0% 0%
	n=0 n=0				
		Total accuracy rate (n =30) Total accuracy rate (n =30)		66.67% 66.67%

Table 4 .

 4 2 : Microbial biomass and organic carbon contents

	Site	Treatment	Date	Microbial
				biomasse
				(mgC.

kg -1 soil) C total (g.kg -1 ) Reference

  

	Site	Treatment	Date	Microbial	
				biomasse	
				(mgC.	
	Champ-Noël Mineral	2002	144(4) a	9.2 a	Dambreville et
						al. 2006
	Pig slurry Kerguehennec Mineral	2002 2006	239 (4) b 117(10) c	9.8 b 20.3 c	Not published
		Pig Slurry Cow manure		N.D N.D	20.0 c 20.7 c
	Numbers in parentheses are standard errors (n=8)	
	Similar letters in the same column showed non significance difference (p<0.05)
	N.D (not determined)			

kg -1 soil) C total (g.kg -1 ) Reference

  

	Champ-Noël Mineral	2002	144(4) a	9.2 a	Dambreville et
					al. 2006
	Pig slurry Kerguehennec Mineral	2002 2006	239 (4) b 117(10) c	9.8 b 20.3 c	Not published
	Pig Slurry Cow manure		N.D N.D	20.0 c 20.7 c	
	Numbers in parentheses are standard errors (n=8)		
	Similar letters in the same column showed non significance difference (p<0.05)
	N.D (not determined)				

Table 5 .

 5 1 : Catchment area (ha) and Valley Botton Wetland of the 15 minicatchments

	Minicatchments Surface area Minicatchments Surface area	VBW (ha) % of VBW VBW (ha) % of VBW
		(ha) (ha)		catchment catchment
	7a 7a	1768 1768	384 384	22 22
	7b 7b	370 370	83 83	22 22
	7c 7c	272 272	57 57	21 21
	7d 7d	288 288	48 48	17 17
	11a 11a	2598 2598	1039 1039	40 40
	11b 11b	466 466	164 164	35 35
	11c 11c	655 655	278 278	42 42
	11d 11d	417 417	151 151	36 36
	15a 15a	700 700	140 140	20 20
	15b 15b	351 351	71 71	20 20
	15c 15c	129 129	39 39	31 31
	19a 19a	1447 1447	363 363	25 25
	19b 19b	507 507	114 114	23 23
	19c 19c	337 337	63 63	19 19
	19d 19d	172 172	59 59	34 34

Table 5 .

 5 2 : Wetland (% of catchment area), land occupation and fertilization practices of mineral fertilizer (MF) (KgN.ha -1 ), cow manure (CM) (KgN.ha -1 ) and pig slurry (PS) (KgN.ha -1 ) in the wetland area.

	Site Site	% wetland Hedge (m/ha) Meadows (%) Forest (%) % wetland Hedge (m/ha) Meadows (%) Forest (%)	Wheat (%) Wheat (%)	maize (%) maize (%)	MF MF	CM CM	PS PS
	7a 7a	22 22	159 159	59 59	3 3	5 5	27 27	61 61	32 32	17 17
	7b 7b	22 22	169 169	27 27	0 0	0 0	53 53	25 25	66 66	26 26
	7c 7c	21 21	137 137	81 81	2 2	2 2	7 7	54 54	16 16	9 9
	11a 11a	40 40	125 125	62 62	7 7	13 13	24 24	66 66	40 40	22 22
	11b 11b	35 35	202 202	83 83	17 17	0 0	17 17	47 47	37 37	0 0
	11c 11c	42 42	98 98	72 72	1 1	7 7	20 20	65 65	57 57	69 69
	11d 11d	36 36	104 104	57 57	15 15	10 10	30 30	60 60	39 39	11 11
	15a 15a	20 20	154 154	62 62	2 2	18 18	16 16	50 50	35 35	1 1
	15b 15b	20 20	164 164	55 55	1 1	26 26	11 11	58 58	28 28	1 1
	15c 15c	31 31	119 119	47 47	0 0	10 10	25 25	10 10	69 69	0 0
	19a 19a	25 25	154 154	53 53	6 6	12 12	29 29	63 63	29 29	16 16
	19c 19c	19 19	181 181	64 64	2 2	7 7	29 29	59 59	48 48	1 1
	19d 19d	34 34	172 172	61 61	4 4	10 10	29 29	33 33	40 40	2 2

Variability in land occupation and agricultural activities in catchments

  

	1.90 and -1.67 respectively heterogeneous land occupation by meadows, forests. With respect to axe3 of PCA, 11b
	compared				
	to S2 (0.54, 0.68 respectively) and S3 (0.24, 0.18 respectively). During S2, all the MCs of
	sub-watersheds 7 and 11 were projected 'in opposite quadrant to that in S1' in PCA space
	with positive scores on axe1 and negative scores on axe2. However, during S3, MCs of sub-
	watersheds 7 and 11 were located in opposite quadrants with positive scores on both axes 1 Variables axe1 axe2 axe3 Variables axe1 axe2 axe3
	and 2.	PWL PWL	-0.04 -0.04	0.85 0.85	0.24 0.24
	Hedges Hedges During S2, all the MCS of sub-watersheds 19 had positive scores on axe1 and negative scores -0.04 -0.72 0.49 -0.04 -0.72 0.49 Meadows -0.85 0.21 0.24 Meadows -0.85 0.21 0.24 on axe2. During S3, it had positive scores on both axes 1 and 2. HIX had strong positive Forest -0.40 0.24 0.72 Forest -0.40 0.24 0.72
	weighting on axe1 and it discriminated sub-watershed 19 from 7 and 11 during S3. Region III, Wheat -0.23 -0.21 -0.72 Wheat -0.23 -0.21 -0.72
	Maize Maize V, geo and FL, HL zones had strong negative weightings on axe2 and separated 7, 11, 19 0.84 0.05 0.24 0.84 0.05 0.24 Mineral fertlizer -0.71 0.27 -0.22 Mineral fertlizer -0.71 0.27 -0.22
	during storm S2 from S3 except 19S3 which showed resemblance of fluorescence properties Cow manure 0.85 0.30 0.05 Cow manure 0.85 0.30 0.05
	to 7, 11 during S2.	Pig slurry Pig slurry	0.15 0.15	0.81 0.81	-0.24 -0.24
	More dispersion was observed in sub-watershed 15 during S2 and S3 compared to other MCs
	of sub-watersheds 7, 11 and 19. During S2, MCs of sub-watershed 15 had negative scores -
	0.40 and -0.14 on axes 1 and 2 respectively while during S3, these minicatchments had
	negative scores on axe1 (-0.46) and positive scores on axe2 (1.85). Sub-watershed 15, during
	S3, differentiated with negative weightings of ratios TRY:HL and TRY:FL on both axes.
	Axis1 was incapable to discriminate 15 from sub-watershed 7 and 11 during S3 while axis 2
	showed similarities between MCs of sub-watersheds 15 and 11 during S3.
	PCA was applied on the dataset of land occupation, soil fertilization practices in all MCs of
	sub-watersheds 7, 11, 15 and 19 at Haut Couesnon site (Figure 5.9). Three principal axes
	(axi1, axis2, axis3) of PCA explained the variability in the dataset by 32% and 25%, 17% Figure 5.9 : Principal component analysis (PCA) (axe1, axe2 in (a) and axe3 (b) explaining
	the variability of land occupation (cultivated area under wheat, maize crops, meadows, forest, respectively. By considering the axis1 and axis2 of PCA, minicatchments of sub-watershed 11 hedges, potential wetland area (PWL)) and soil fertilization practices (pig slurry, cow manure,
	demonstrated positive scores on axis2 except 11b showing highly negative scores on axis1. mineral fertilizer) among the mini catchments of sub-watersheds of 7, 11, 15 and 19 during
	All the MCs of sub-watersheds 7, 15 and 19 showed dispersed position in PCA space. Mini three storm events S1, S2 and S3.
	catchment 15c had highly positive scores on axis1 and discriminated from rest of the MCs Mini catchment 11b was mainly differentiated from 11a, c, d with dominant influences
	with cow manure land spreading and largely influenced with maize crop cultivation. While meadows and mineral fertilizers. However, there was dominant influence of potential
	15a and 15b were projected in opposite quadrant to 15c in PCA with negative scores on both
	axes and discriminated with higher influence of hedges and the cultivated area of both MCs

wetlands (PWL) and pig slurry soil amendments on mini catchment 11c. Overall, all the MCs of sub-watershed 11 were characterized by the most important VHB area but under

Spatial and temporal variability of DOM export from the catchments during storms

  

	Storm S2 was marked with higher spatial variability between subcatchments 7, 11, 15 and 19
	than during S1 and S3. Overall, DOC concentrations remained lower in S2 compared to S1

Table 1 :

 1 Discrimination of fluorescence tracers of farm wastes DOM from soil DOM as well as between pig slurry and cow manure

								Kerguehennec site (2.5% C)			Champ Noël 1% C	Stream water during storm events
	Tracers	Treatment	Farm wastes/soil extraction	6L	Runoff water	14L	Biodegradation 7 days 2 months	7 years of recycling (1 year after spreading)	14 years of recycling (1 year after spreading)	Impacted pig slurry	Catchment 15c (16.3 mg.L -1 DOC)	Catchment 19d (24.2 mg.L -1 DOC)
		Cow faeces	0.471±0.071 b									
	Ratio bio:geo	Pig slurry Cow manure (soil / water) Control	0.470±0.002 b 0.267± 0.030 a 0.083±0.003	0.277±0.049 a 0.248±0.091 a 0.118±0.022	0.214±0.057 a 0.240±0.070 a 0.128±0.028	0.093±0.002 a 0.095±0.007 a 0.077±0.005	0.085±0.008 a 0.089±0.004 a 0.152±0.007 0.177±0.015 0.091±0.007 a 0.085±0.004 a 0.083±0.005 0.089±0.004 0.109±0.005 0.121±0.006	0.15	0.08
		Cow faeces	8167±2820 a									
	Region V	Pig slurry Cow manure	18568±1819 a 5314±870 b	11866±3075 a 10440±3220 a	13746±3362 a 10482±2959 a	39486±4287 b 32696±6197 a	38342±3245 b 21391±1069 a 12751±637 29988±3496 a 20117±1005 a	10873±545	15534	23094
		Control (soil / water)	53214±1748	25311±7581	23827±5502	43711±7719	30458±3455	18792±939	13672±683	16905±845
		Cow faeces	13883±4455 b									
		Pig slurry	22538±2180 c	16303±3834 a	17894±4033 b	44726±4648 b	44335±3803 b 22139±1106 a 11303±565	12370±618
	Region III	Cow manure	10606±1149 a	12807±2681 a	12838±2624 a	35955±7050 a	33901±4222a 20274±1013 a			15724	23431
		Control (soil / water)	62351±2381	30129±8576	28814±6199	50446±9996	35953±4785	19832±991	11424±571	18604±930
		Cow faeces	742±168 b									
		Pig slurry	1507±153 c	520±155 b	397±89 a	296±40 b	217±40a	133±6 b	161±8	168±8
	TRY	Cow manure	366±51 a	354±121 a	351±99 a	226±41 a	187±33a	109±5 a			237	99
		Control (soil / water)	210±37	230±52	269±92	162±51	126±17	110±5	87±5	92±5
		Cow faeces	0.201±0.014 b									
	Ratio TRY:HL	Pig slurry Cow manure (soil / water) Control	0.251±0.001 c 0.127±0.011 a 0.011±0.001	0.115±0.025 a 0.110±0.051 a 0.028±0.011	0.083±0.029 a 0.118±0.041 a 0.033±0.016	0.025±0.005 a 0.024±0.007 a 0.009±0.000	0.017±0.003 a 0.024±0.001 a 0.054±0.003 0.048±0.002 0.019±0.002 a 0.021±0.001 a 0.011±0.001 0.021±0.001 0.028±0.001 0.018±0.000	0.06	0.02
		Cow faeces	806±231 b									
	Ratio	Pig slurry	2073±191 c	673±203 b	526±114 a	458±68 b	314±50 a	221±11 b	283±14	258±12
	TRY :	Cow manure	563±76 a	491±130 a	502±117 a	351±56 a	279±44 a	186±9 a			427	186
	(HL:FL)	Control (soil / water)	267±44	315±66	358±109	205±43	162±18	180±9	158±8	145±7

plot(datacorrige,datacorrige3,mai="correction UV",xlab="data corrige blanc",ylab="datacorrige

Composition and Reactivity of Dissolved Organic Carbon. Environmental Science & Technology 37, 4702-4708. Yamashita, Y., Tanoue, E., 2003. Chemical characterization of protein-like fluorophores in DOM in relation to aromatic amino acids. Marine Chemistry 82, 255-271.
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was under wheat crop cultivation. Mini catchment 7b had highly positive scores on axe1 and differentiated with cow manure and maize crop. While 7c had highly negative scores on axe1 and meadow (grazing) dominated in the Valley Bottom wetlands. Table 5.4 : PCA weightings of three principal axes for the land use and land spread variables during biodegradation study periods P1 and P2. 11a 11b 11c 11d 15a 15b 15c 19a 19c 19d 7a 7b 7c a) axe1(32%) axe2(25%) 11a 11b 11c 11d 15a 15b 15c 19a 19c 19d 7a 7b 7c axe1(32%) axe3(17%) b) 11a 11b 11c 11d 15a 15b 15c 19a 19c 19d 7a 7b 7c a) axe1(32%) axe2(25%) 11a 11b 11c 11d 15a 15b 15c 19a 19c 19d 7a 7b 7c a) axe1(32%) axe2(25%) 11a 11b 11c 11d 15a 15b 15c 19a 19c 19d 7a 7b 7c axe1(32%) axe3(17%) b) 11a 11b 11c 11d 15a 15b 15c 19a 19c 19d 7a 7b 7c axe1(32%) axe3(17%) b)
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CHAPTER 2 Abstract

Fluorescence properties of dissolved organic matter (DOM) were used to characterize the diffuse DOM pollution by pig slurry and cow manure. A simulating runoff experiment was conducted on a microplot of 1m² a few hours after farming waste spreading. Three repetitions for each treatment (control, pig slurry and cow manure at agronomic rates) were tested in April 2008.

A rainfall simulation was conducted with intensity of 67 mm.h -1 . Cumulated runoff was about 16 L for each plot. Regional integration was applied on fluorescence measurements. Ratio bio:geo (biochemical fluorescence in the region I, II and IV / geochemical fluorescence (humic/fulvic like-fluorescence, region III and V) and ratio III/V (humic-like fluorescence) discriminated the farm wastes DOM from soil source. The fluorescence properties on first runoff samples from farming waste amended soils were identical to those measured on raw farming waste. This indicated that a spring storm event which occurred a few hours after the spreading lead to transfer of DOM from farming waste. The ratios bio:geo and III:V were significantly higher than those measured in control in the first 6L runoff in pig slurry treatment and in all the runoff samples collected in two repetition on cow manure. However in the last cow manure simulation replicate, DOM transfer was from soil source. Region V also discriminated the soil DOM with significantly higher fluorescence from the farming wastes. It was impossible to discriminate pig slurry from cow manure contamination since fluorescence properties measured on cow faeces were identical to pig slurry. Air drying treatment modifies the fluorescence properties of the farming waste. To detect farm waste contamination in stream, fresh effluent analysis dataset have to be investigated to explore the variability of the farming wastes fluorescence properties.

Key words: farm wastes, Pig slurry, cow manure, rainfall simulation, runoff, fluorescence tracers,

Abstract

Persistence of potential tracers of dissolved organic matter (DOM) generated from farm waste amended soil were investigated by fluorescence spectroscopy coupled with classification and regression tree (CART) and principal component analysis (PCA) during short term (8 days) to mid term (60 days) biodegradation study. Pig manure (PM), cow manure (CM), wheat straw (WS) and soil alone (SA) treatments inputs were used. Waste amendments were potential sources of higher DOM concentrations. PCA revealed the DOM quality differences between farm wastes and soil alone as well as a significant shift observed from biochemical to geochemical fluorescent fraction in SA and PM treatments. Ratio tryptophan:humic like and tryptophan zone were the potential discriminators of recent and mid term pollution by farm wastes. Integral intensities of fulvic like zone and region III discriminated the PM from CM and WS during the 60 days. CART analysis showed 90% and 100% potential for farm wastes discrimination from soil during P1 and P2 respectively. Prediction success was 72% and 57% for PM from other wastes and 60% and 100% for WS during both periods. Fluorescence spectroscopy in combination with CART analysis can be a non-destructive innovative method for monitoring susceptible farm waste contamination.

Key words: Farm waste, soil, fluorescence spectroscopy, CART analysis, biodegradation

Abstract

Most of the agricultural soils receive farm manures application for a long period of time, as organic amendments serve as valuable nutrients resource for crops and seem good alternative of chemical fertilizer. However, dissolved fraction of organic matter added by farm manures can pose water quality problems through diffused pollution at catchment scale. By applying fluorescence spectroscopy, we investigated long term impact on fluorescent dissolved organic matter composition of pig slurry and cow manure amendments in comparison with mineral fertilized soil. Two experimental fields located in Brittany (Western France) were considered with controlled agronomic dose applications of mineral, cow and pig slurry for a period of 7 years on a soil with 2.5% of organic C (Kerguehennec site) and of mineral and pig slurry during 14 years on a soil with (0.9% C) (Champ Noël site). Sampling was done one year after the last soil amendments. Pig slurry had a significant impact on the biochemical fluorescent fraction of dissolved organic matter (DOM) materials. Integral fluorescence intensities in the biochemical (bio) region, tryptophan zone and ratio tryptophan:(humic-like:fulvic-like) were qualified as the fluorescence discriminators of pig slurry in two types of soils fertilized for a long period of time under monoculture and polyculture cropping system. The difference was higher in soil with low organic matter content. Ratios biochemical to geochemical (ratio bio:geo) can be also a discriminant of pig slurry amendments in the soil with lower native soil carbon (0.9% C) at Champ Noël site. Supply of cow manure at agronomic dose does not significantly modify the fluorescence properties of soil DOM compare to mineral fertilization in the soil with 2.5% of organic C. Key words: pig slurry, cow manure soil amendments, fluorescence properties, dissolved organic matter composition, cropping system CNPS) had a mean load of 0.6 t of organic carbon (OC) ha -1 year -1 and was calculated on the basis of N requirement by maize crop. A second untreated plot was used as control soil to study and quantify the impact of pig slurry application. On this control soil (CNM), recommended dose of ammonium nitrate commercial fertilizer was applied at the rate of 110 kg ha -1 year -1 N-NH 4 NO 3 . Soil samples were collected in March 2007, one year after the last fertilization.

Extraction of microbial biomass

Fumigation extraction method (Vance et al., 1987) was used for the estimation of microbial biomass using 0.025-M solution of K2SO4 to extract relatively labile organic carbon from the fumigated and non fumigated samples. To estimate the microbial biomass, organic carbon extracted in the non-fumigated samples was subtracted from the organic carbon extracted in the fumigated samples and expressed as g C Kg -1 dry soil. Total organic C contents were determined by elemental analyser (Flash EA 1112, Thermofinningan, Milan, Italy). For microbial biomass determination at Champ Noël and Kerguehennec sites, soil samples were taken 7 months later of farm manures amendments in October 2006.

Sample preparation and DOM extraction

On each site, representative samples were obtained by gathering and mixing of 8 samples taken in the 0-20 cm soil depth and sieved at 2 mm. DOM extracts were obtained with 1:1 ultra pure water to soil ratio. Soil water suspensions were shaken mechanically on orbital shaker for 3h and then centrifuged at 4000 rpm for 20 minutes and filtered through 0.7 and 0.22 µm nitrocellulose filters. To avoid any contamination, all the filters were rinsed with ultra pure water before vacuum filtration and dried overnight. Chemical analysis was done on one replicate of soil water suspension.

Chemical Analysis

Dissolved organic carbon (DOC) in soil solution extracts was measured on a Shimadzu TOC 5050 A total carbon analyzer. Accuracy on DOC measurements was ±5%, based on repeated measurements of standard solutions (K-phtalate). pH was determined on 20-ml filtered water samples using a digital pH-meter (WTW) calibrated with buffers (WTW) of pH 4 and 7. UV-Visible absorbance was measured on a Perkin Elmer Lambda 20 UV-Visible spectrophotometer across 200-600 nm excitation wavelengths range with data interval 0.5nm, slit width 2 nm and scan speed 120 nm/min. 

Statistical analysis

Numerous replicates of fluorescent measurement on soil extraction in previous studies conducted with the same apparatus showed 5% coefficient of variation (unpublished data).

Therefore we imposed this dispersion parameter to simulate three replicates per treatment in order to integrate potential analytical errors in the treatment comparison. We did not take into farming wastes. During S3, a small increase of the ratio bio:geo and TRY/HL suggested also a transfer of DOM from farming waste but less pronounced than during S1. In four catchments, the ratio were very low during all the events and these catchments were the less impacted by intensive agricultural practices in the Valley Bottom Wetlands. Results demonstrate that fluorescence spectroscopy, by coupling with regional integration approach, are capable to reveal chemical changes in the DOM quality and depict the anthropogenic loads versus contribution from soils on fresh water streams. In order to trace the exogenous DOM loads in the stream, we applied fluorescence spectroscopy by coupling with regional integration approach and principal component 

Abstract

Material and Methods

Study site

Principal agricultural catchment of Haut Couesnon located in French Brittany, north western

France, was divided into four sub-watersheds [START_REF] Molinero | Effects of land use on dissolved organic matter biogeochemistry in piedmont headwater streams of the Southeastern United States[END_REF][START_REF] Shand | Temporal changes in C, P and N concentrations in soil solution following application of synthetic sheep urine to a soil under grass[END_REF][START_REF] Mcknight | Spectrofluorometric characterization of dissolved organic matter for indication of precursor organic material and aromaticity[END_REF][START_REF] Saadi | Monitoring of effluent DOM biodegradation using fluorescence, UV and DOC measurements[END_REF] and these four sub-watersheds were subdivided into 15 subcatchments. ) and 19 (19a, 19b, 19c, 19d) were also divided into minicatchments.

Delineation of the Valley Botton Wetlands (VBW)

Due to the lack of field characterization of Valley Bottom Wetlands (VBW) on the Haut Couesnon Basin, we applied here the method proposed by (Merot et al., 1995) and (Merot et al., 2006) for predicting wetland delineation in small catchments. VBW were defined in two steps: first step predicts the potential VBW distribution, i.e. wetlands derived from catchment geomorphologic and climatological features. The second step extracts the existing VBW (VBWe) i.e. wetlands unmodified by anthropic activity among the set of potential VBW. The potential VBW were defined using a climato-topographic index (ICT), taking into account the downhill slope (β l ) and upslope effective rainfall volume (Vr), following an approach first proposed by (Beven and Kirkby, 1979) and modified by (Merot et al., 2003).

in complex network of watersheds. It marked the spatial variability in biogeochemistry of fluorescent DOM materials in among the subcatchments 7, 11, 15 and 19.

There is heterogeneous responses of ratio bio:geo to farm wastes supply at soils. Normally ratio bio:geo and ratio TRY:HL or FL increase upon farm wastes amendments. But we also found (chapter 3), Kerguehennec soils do not discriminated with any farm wastes amendments compared to Champ Noël soil that marked the increasing ratios in pig slurry amended soils.

Minicatchment 15c is marked with increasing bio:geo and TRY:HL ratios and we suspect the contribution of farm wastes DOM S2 and S3 compared to the rest of minicatchments in the same events. Particularly during S3, as DOC concentration increased compared to S2 event and there is high probability of farm wastes DOM contribution in the stream. Besides this, mini catchments 7c, 7d and 11 a, b, c and d also showed the increasing bio:geo and TRY:HL rations particularly in first winter storm S1.

Temporal variations of chemical characteristics

In storm S1, there is strong probability of overland flow and rapid transfer of DOM originated from farm wastes practices and possibly discriminated with higher bio:geo, TRY:HL ratios. properties are different during the three events. S1 was marked by high bio:geo ratio, S2 differentiated with lower ratios of bio:geo and TRY:HL and higher HIX values (0.97) and S3

farm wastes and soil amended with pig slurry and cow manure wastes. The whole EEM was divided into biochemical (bio) and geochemical (geo) regions. Fluorescence

intensities were also integrated in region III, V as well as tryptophan (TRY), humic like (HL) and fulvic like (FL) zones. Ratios of bio:geo, TRY:HL, TRY:(HL:FL) were calculated.

Synthesis of results

Different questions were considered:

• What are the fluorescence tracers of different pure farm wastes?

• 

Fluorescence tracers of farm wastes

Fluorescence tracers have the potential to discriminate the farming wastes DOM from soil DOM. DOM produced from pig slurry, cow faeces and cow manures are discriminated from soil DOM with significant higher (p<0.05) bio:geo, TRY:HL, TRY:(HL:FL) ratios as well as TRY fluorescence (Table1). Significant lower fluorescence in region V and III also discriminate the farm wastes from soil (Table1). Among the pure farming wastes, cow faeces resemble to pig slurry with fluorescence tracers of ratio bio:geo and region V but both pig slurry and cow faeces differentiated well from cow manures with significant higher values of fluorescence tracers of ratio bio:geo, TRY, ratio TRY:HL and ratio TRY:(HL:FL) (Table1).

Detection of direct transfer of farming waste DOM to natural stream

Direct transfer of pig slurry wastes into the stream water modifies the biochemical and geochemical quality of DOM. As a consequence, pig slurry contamination in the stream water can be detected with increasing TRY fluorescence as well as ratios bio:geo, TRY:HL, TRY:(HL:FL) (Table1). Moreover, geochemical fluorescence of DOM in regions III and V decrease with direct input of pig slurry wastes into the stream (Table1).

Persistence of fluorescence tracers of farm wastes in soils

Short term (week to month)

Farm wastes recycling in soil modifies the chemical quality of native soil DOM. At Kerguehennec site (2.5% Carbon contents), ratio bio:geo qualify as pertinent fluorescence tracer of pig slurry and cow manure wastes during one week after soil amendments and discriminates farm wastes amended soils from mineral fertilized soil. At the same soil, TRY fluorescence, TRY:HL and TRY:(HL:FL) discriminate the pig slurry and cow manure amended soils from mineral fertilized soil for two months after spreading.

Long term (one year later) (7-14 years farm wastes recycling)

At Kerguehennec (2.5% carbon contents, 7 years of pig slurry and cow manure wastes recycling) and Champ Noël (1% carbon contents, 14 years of pig slurry recycling) sites, only TRY fluorescence qualified as tracer of pig slurry after one year of soil amendment (Table 2).

But we do not know that either TRY fluorescence persists in both soils for one year after pig slurry soil amendment or it is the cumulative effect of long term (7 to 14 years) pig slurry recycling on both soils.

At Champ Noël site, ratio bio:geo, ratio TRY:HL, TRY:(HL:FL) discriminated the DOM in pig slurry amended soil from mineral fertilized soil after one year of soil amendment but these tracers do not work well at Kerguehennec site (Table 2). It reflects the impact of soil type which should be explored.

Discrimination of pig slurry and cow manure contamination in runoff water

Significant higher values of TRY fluorescence, ratios bio:geo, TRY:HL, TRY:(HL:FL) discriminate the DOM in the runoff from pig slurry and cow manure amended soils than soil runoff. However, similarly to soils, all these fluorescence tracers do not permit to discriminate the pig slurry from of cow manure DOM sources (Table 2). La concentration en carbone organique dissout augmente depuis environ vingt ans dans les rivières de nombreux bassins versants en Bretagne et en Europe. Dans les petits bassins versants agricoles, les principales sources sont les sols et les effluents d'élevage. Afin de proposer des actions pour restaurer la qualité de l'eau, la fluorescence tridimensionnelle EEM (Excitation Emission Matrix) est utilisée pour tracer dans les sols et les cours d'eau la matière organique issue des effluents d'élevage. Les traceurs de fluorescence sont mesurés sur les MOD issues de lisiers de porc, fumier de bovin et effluents compostés couramment recyclés sur les sols. Ces traceurs sont ensuite recherchés dans les eaux de ruissellement lors d'une simulation de pluie sur parcelle amendée par du fumier de bovin et du lisier de porc. La persistance des traceurs est évaluée dans une incubation de sol (deux mois) et sur deux dispositifs expérimentaux (Champ Noël, 0.9% de carbone total et Kerguehennec, 2.5% de carbone total) comparant des fertilisations minérale et organique (lisier, fumier) respectivement depuis 14 et 7 ans. Enfin, la relation entre les pratiques agricoles dans les zones humides de fond de vallée et la présence de ces traceurs dans les eaux de quinze bassins versants (BV) agricoles est explorée lors de trois crues. Ces zones sont reconnues comme étant les principales zones contributrices en MOD dans les BV bretons. Les pratiques agricoles (rotation, qualité et quantité de fertilisants, paturâge) dans les zones humides potentielles de fonds de vallée sont identifiées par enquête. La fluorescence est intégrée dans deux régions du spectre (biochimique/géochimique, bio/géo), cinq régions détaillant les composés du type protéine, fulvique ou humique (I à V), et trois zones (Tryptophane (TRY), composés fulviques (FL) et humiques (HL)). La MOD issue des lisiers et fumiers possède une empreinte fluorescente biochimique qui les discrimine des effluents compostés présentant une empreinte plus géochimique similaire aux MOD issues des sols. Les traceurs bio :geo, TRY :FL, TRY :HL, et TRY:(HL:FL), TRY permettent de tracer les MOD issues d'effluents d'élevage dans les eaux de ruissellement quelques heures après l'épandage. Les MOD issues d'effluents bovins ne sont pas discriminées des effluents porcins. Un an après le dernier épandage, plusieurs traceurs des effluents sont retrouvés dans le sol à 0.9% de C, alors que sur le sol à 2.5% de C, seul le TRY persiste. Les résultats ne permettent de conclure sur l'effet cumulatif ou sur l'influence du dernier épandage. Les traceurs sont identifiés dans les BV les plus impactés par le recyclage d'effluents d'élevage. Certains BV ne sont impactés que par des MOD fortement humifiées issues des sols sans recyclage. La fluorescence tridimensionnelle permet donc de tracer des MOD issues des effluents d'élevage.

Mots-clés: matière organique dissoute, effluents d'élevage, pratiques agricoles, qualité des eaux, fluorescence, bassins versant.