N

N

Tracage des matiéres organiques dissoutes par
fluorescence dans les bassins versants agricoles
Muhammad Bilal

» To cite this version:

Muhammad Bilal. Tracage des matieres organiques dissoutes par fluorescence dans les bassins versants
agricoles. Life Sciences [g-bio]. AGROCAMPUS OUEST, 2010. English. NNT: . tel-02818991

HAL Id: tel-02818991
https://hal.inrae.fr /tel-02818991
Submitted on 6 Jun 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.inrae.fr/tel-02818991
https://hal.archives-ouvertes.fr

Py
ueh
—

N° ordre : 2010-8
THESE / AGROCAMPUS OUEST N° Série : D-57

Sous le sceau de I'Université Européenne deaBne

pour obtenir le diplédme de :

DOCTEUR DE L'INSTITUT SUPERIEUR DES SCIENCES AGRON OMIQUES, AGRO-
ALIMENTAIRES, HORTICOLES ET DU PAYSAGE

Spécialité : Science de I'environnement
Ecole Doctorale : VAS (Vie-agro-santé)
Présentée par :

Muhammad BILAL

Tracage des matieres organiques dissoutes par flusscence dans les bassins versants agricoles

soutenue le 10 Mars 2010 devant la commissionadien :

Composition du jury :

Roland BOL, ChercheuNorth Wyke Researcl@kehamptorbevon, UK Rapporteur

Edith PARLANTI, Directeur de recherches, CNRS, Bxadx Rapporteur
Gérard GRUAU, Directeur de recherches, CNRS UMRsGiences Membre

Philippe MEROT, Directeur de Recherches, INRA Rsnne Membre

Christian WALTER, Professeur, UMR SAS, Agrocampuse§l Directeur de these

Anne JAFFREZIC, Maitre de conférences, UMR SAS,okgampus Ouest  Codirecteur de thése







N
CAMPUS ueh
N

Doctorate / AGROCAMPUS OUEST N*® ordre : 2010-8
N° Série : D-57

Under the seal of European University aftBny
To obtain the degree of:

DOCTEUR DE L'INSTITUT SUPERIEUR DES SCIENCES AGRONOMIQUES,
AGRO-ALIMENTAIRES, HORTICOLES ET DU PAYSAGE

Specialization Environmental science

Doctoral collegeVVAS (Life — Agriculture- Health)
Presented by:

Mammad BILAL

Fluorescence tracers of Dissolved Organic Matter iheadwater agricultural catchments

Public defence on 10 March 2010 in front of exarigmacommittee :

Composition of the jury :

Roland BOL, researcher, Northwyk research, OkehampevonUK Reviewer

Edith PARLANTI, Director of research, CNRS Bordeaux Reviewer

Gérard GRUAU, Director of research, CNRS UMR Geasces Member
Philippe MEROT, Director of research, INRA Rennes Member
Christian WALTER, Professor, UMR SAS, Agrocampus€iu Ph.D Supervisor

Anne JAFFREZIC, Assistant Professor, UMR SAS, Agrapus Ouest Ph.D Co-supervisor

"
| fgkf INA







DEDICATED TO

MY PARENTS

Heartfelt appreciation for my parents who
taught me the first word to speak and brought mevitip their
love and encouraged me for advance studies. hadoto dedicate

my late sister, whose dreams come up. May herrestiin peace. ameen!

My wife and my daughters Hadia & Zikra

Who make every moment of my life colorful
and have been great source of motivation and eageurent.

and

ISLAMIC REPUBLIC OF PAKISTAN and FRANCE






ACKNOWLEDGEMENT

| am unable to precise how many people have carn&ibin my life and helped me to obtain
this thesis, | recall the days when my mother atlefr have taught me the first few words
and since then | continued learning. My acknowledget goes to the person who told me to
“Seek knowledge from the cradle to the grave”, nalit my school, college and university
teachers have contributed in accomplishment oftki@sis. For me this thesis is the realization
of the dreams set out by others and | am highlpkha that | have taken the first step. | am
thankful to Almighty who may make me able to tharkfo him.

| am very thankful to my thesis director ProfesBor Christian WALTER and Co-Director
Dr. Anne JAFFREZIC, | can write a book about tHeimdness and patience during my stay in
this laboratory. | have no words to express myis®rits about them, may they will continue
their lives by and adding significantly in the depment of human society. | am very
thankful to them for sharing their knowledge anckimg me professional enough, so | feel
proud of being a student to both of them.

Thanks to Dr. Ronald BOL and Professor Edith PAROANbr accepting my thesis report
for reviewing process. | also extend my hearttedtnks to Gérard GRUAU and Professor Dr.
Philippe MEROT for being jury member in my thesiamination committee and accepting
my thesis report.

| acknowledge Chantal Gascuel and Catherine Grinfald their kindness, support and
guidance. | am also grateful Dr Yves Dudal for Weduable suggestion and being one of
thesis committee member and | will never forgetlirginess. | also wish Safya Menasseri,
Didier Michot and Patric Durand for their moral popt, guidance. | pay my thanks to
Armelle Racapé, Yannick Fauvel and Patrice Petitjies their help in the experimentation
and technical analysis and for improving my Frewnchl communication and keeping the
atmosphere live in this lab. | also thanks to O@l&du for helping me whenever | need her
support. How can | forget Aurélie Colin whom asfit met in this lab and she always remain
helping during my other administrative documentatibalso wish Severine Renault for help
in formatting of report and her kindness.

| am also thankful to J. F. GRONGNET and Madam cladROYELLE for their help in
settling me in the new environment. Lot of tharnk®t. Amna Sahar, Tanvir Shehzad, Malik
Ghulam Mustafa, M. Arif Ali, M. Arshad, M. Shafiognd Aamir Shehzad, Irfan ul Haq, syed
Shahid Hussain Shah, Hafiz Abdul Rashid, Ch. Shadkasain, Ch. Farooq Ahmad whose
moral support, | will never forget. | also extend special thanks to Nicolas Bottinelli for



being a good colleague, good friends and keepiegtfice environment cool and his help in
learning data analysis during the course of myishésam thankful to Issifou Adam a good
friend and couraging me at the final stage of thesi

| also wish Cedric Le Guillou, Mathieu Rouxel, aogaime in thesis. Special thanks Thierry
raimbault for giving his valuable time at the lasage of thesis. My friends Naveed Ul Haq
Muhammad, Muhammad Gulzar, Quaid Zaman, RomandaSAlsha Tahir, Umar Masood
Qureshi, Ahmad Nawaz, Abdul Sattar, Muhammad RasBiged ljaz Haider Naqvi,
Muhammad Sajjad, Syed Fahad Hussain, Ali Imran iNajAdeel Ahmad Pasha, Qasim,
Ubaid, Noman, Sana Ullah Syal, Intesab HussainjkWdlubashir and all other friends for
their moral support. About this lab, | will say paps | will never found such a environment,
good links between researchers, teachers and Valdsisussions.

| could never be able to Thank my parents and psiarlaw for their prayers, which enable
me to achieve this goal, | am thankful to my ssteincles, cousins for their love and moral
support. | am happy to be blessed from Allah foritig good life partner who supported me
well and my daughters who makes me joyful whenaveel their support.

Last but not least, a prayer for my late Sister andles whose dreams come up true, who

gave me inspiration and dare to dream, May theil ssts in heaven (Ameen).



Table des matiéeres
RESUME ... .ot e e e e 28
INTRODUCTIONGENERALE ..o ooe e e e i 27

(O Y o ]t PP 37

Caractérisation par fluorescence EEM des effludidievage et des eaux impactées par les

BT TUBINIES .. et e e e e 37

RESUME ... . 38

T 1o To [N o3 (o] o IR 39

Materiel €1 METNOAES .......coo ittt e e e e e 41
Caractérisation et préparation des échantillons..............oocciveiiiiii e, 41
Réalisation des solutions d’eaux de riviere conté@s par les effluents........................: 42
ANAIYSES CRIMIQUES......eeiiiiiii i e e e e r e e e e e e e e aannes 43
Traitement du signal en fluorescence EEM....ccccoeeiiiioiiiiiiiiee e 43
ANAIYSE SEALISTOUE .....ceiiieiiiieiieie e et e et e e e ees e e e e e e e e e e e annneees 45

RESUITALS. ...ttt e e e e et e e me e e e e bb et e e e e nbn e e e e e ennre s 45
Caractérisation spectroscopique des matieres agasidissoutes (MOD) issues des effluents
A EIBVAGE ...ttt ettt e oottt e oo h et e en e e e b b et e e e b e e e e e abneaeeaan 45
Recherche de traceurs d’'une contamination d’'uneleaiviére par le lisier de porc............ 47
Recherche de traceurs d’'une contamination d’'uneleaiviere par le fumier composté....... 50

DT o U1 o] o H TP PP PP TP PPPPPPPPRP 53
Caratérisation des MOD issues des effluents d'@eva.............cccooovvvvvviiiiieiiiinnss e 53
Identification d’une pollution ponctuelle par daiér ou du fumier composté ....................... 54

Implications pour la surveillance de la qualité dasx dans les bassins versants agricoles...56

Discrimination du type de CoONtamiNAtioN. .........ceuviiiiiiiiiiiiiieie e 57
(@ 0] o Tod 1813 o) o SRR PPPTRSRN 58
CHAPITRE 2 ettt ettt ettt oo etttk oo e exmmeme e et et e a e e e e e ee e b e e e e e eeeba e eaeessnmmna e eeeensnnnnaaaeas 65
Tragcage des MOD fluorescentes issues d’effluenédge lors d’une simulation de pluie.......... 65
RESUIME ...ttt em e e oo ettt et e e e e e e e e s nsteee e et e e e e eaaamseeeeeeeeeeasnssnsenenaaaeeeeesannnnsnnned 6.6
T 1o o [N o3 1 o] o PP 67
YT E L= = 0 0= 0 o T = 68
DisSpOSitif @XPENMENTAL .........ooiiiiiie e 68
Caractérisation des fumier €t lISIEr.........cceeemieieiiiiiee e 69
Les extraits a 'eau de MOD des effluents d’éleva@u Sol .............ccccoiiiiiiiiiiiiiiecnnmes 70
Analyse phySIiCO-CRIMIQUE ........cooiiii e 71
Traitement du signal en fluorescence EEM....ccccceeiiiioiiiiiiiii e 72
LTS U1 7= L 74



Un ruissellement controlé par la nature de I'effftuépandu.............ccccvvvvvvvvvvnnenns . 74

Dynamique des paramétres microbiologiques et deserrations en carbone organique

(0 LSS0 11 | 75
Tracage des MOD des effluents d’élevage dans Iesme@sselées............cceveeiiiiineeines 76
Do U1 o o R 79
Quantification des MOD dans les eaux de ruisSElBME.............cevvvveeeieeeiiiiiiiiiieeeeeeennn. 79
Qualité des MOD dans les eaux de ruiSSEIEMENTE e ..eeeeeiiiiiiiieiie e eeeeeeee e, 80
Ratio bio:geo : traceur potentiel des MOD issuesaffluents d'élevage ............cccvvvnnee 82.
(@0} o Tod 013 o) o PRSP PPPTRSPRN 83
CHAPITRE 3.ttt ieiiittt e ettt e ettt et e e e eammameeeeeeta e e e e eeetaa e e aeeeeba e eeeessnmmnn e eaeenennnnaaaeas 89
Couplage de la spectrométrie de fluorescence e¢ dinalyse multivariée pour tracer les MOD
apres apport d'effluent d'élevage dans une in@ubat SOl .............cccevvvvvviiiiiiiiiiiieereeeee e, 89
RESUME ... e 90
1 1o To 18 ox (o] o R 91
MatEriel €1 METNOUES ... .eeiiiiii et eeeeee et e e e e e et e e e e ee et e e e e e e e e e e e nnnneeeneaaeens 92
Conditions expérimentales lors de la biodégradation................eeeeiiiieiiieiiiicceceninnns 93
Extraction des matieres organiques dissoutes (MOD)...........c.covvvevvveeriievireerieneiieeeeens. 93
ANAIYSE CRIMIQUE ......oiiiiiiiieiiiee e e e s s s e e enseennnsnnnennnes 94
ANAIYSE SLALISHGUE. ... .. e 95
LTS U1 = LR 96
Dynamique temporelle du carbone organique disS0O0)) .............ccooevvvvvivviieiiieereeeeeen. 96
Différences spectrales entre [€S traitemMeNtS...........coooviviiiiiiiiiiiceeeeeeeeeeee e 97
Analyse de classification et arbre de regressidkRD ... 99
Traceur des effluents d’élevage dans la période.Pl...........ccccooiiiiiiieeiiiiiiie e, 99
Traceur des efluents d’élevage dans la période.P2...........ccccoiiiiiiiiiiiiiiiiiiiiiieeeee e 101
3o 01T o] o 102
Impact des effluents d’élevage sur la productioMd@D pendant la biodegradation............ 102

Potentiel de I'analyse CART pour la discriminatiies MOD issues des effluents d’élevage

........................................................................................................................................ 104
L@ Y= = P 113

Impacts des apports long terme des épandagesatestifumier sur les propriétés de fluorescence
(0 1C TS 1Y/ T PP PP 113
RESUIME ...ttt emmcmm ettt e e e e e e e ettt e eeee e e e s amnnneeeeeeeaannssaseeeaeaaeeeeennnnnnenes 114
1 Lo o 11 Tox (o o 115
Matériel €t MENOUES ... eaees 118

Les sites expérimentaux et 'échantillonage............cccoooiiiiiiiiiii e 118

Mesure de la biomasse MICroDIENNE ...........ooooiiiiii s 119



Préparation de les échantillons et extraction d&M.............ccceoeeeviiiii e, 119

ANAIYSES CRIMIQUES......eeiiiiiiiiii e e e e e e e e e e e e e e 119
Traitement du signal en fluoresecnCe EEM....cccceeeiiiioiiiiiiee e 120
ANAIYSE STALISTIQUE.......eeeeeiieee ittt e e e e e e e e e e s r e e e e e e e e e aannnes 121
ST U] = LSO PRRRRR 122
Quantification des MOD SUI 1€S dEUX SItES ...ueereeerriiiieeiiiiiiiiieeee e eeee e 122
La fluorescence biochimique et géochimique des MQD..............ccvvvvvvviivviiviiiiinniiennn.. 123
Biomasse microbienne et teneur en carbonne ongamigns les deux sols........................... 126
3o 81T o] o 127
L'impact des apports d’effluent d’élevage sur laguction de MOD.........ccccoeeeiiiieiiennnn. 127
L'impact des apports d’'effluent d’élevage sur leggpiétes de fluorescence des MOD ........ 128
L'impact du type de sol et du systeme de culturdesaomposition des MOD fluorescentes129
(0] o Td U1 o] o 1RSSR 131
CHAPITRE Dttt eee e e e e ettt e e e e ettt e e e e e e e et e e e e e senmmsa e e e aeenenans 139
Tracage des sources de MOD par la fluorescencelesbsssins versants agricoles..............! 9.13
RESUMIE ... ettt e e et e e e e 140
T 100 [N o3 (o o PR 142
MatEriel €1 METNOUES .......eeiiiiie it eeeeer e e e e e e e e e e e e e e es e e e e aeeaeaaannnnaeeeeaeas 144
Y1 (S0 = U8 o =P PPRPPR PR 144
Délimitation des zones humides potentielles (ZHP)..........ccoooeeiiieii e, 145
Caratéristiques des bassins versants et des mratguicols dans les ZHP .................... 146.
EChantillonage deS AUX ............cceeveueeveueeeeieeeieeeteeetee et teee et e st eeeaese et re e re e se s 147
ANAlYSES CRIMIQUES ...ttt memmme e e eeeeeseeseennenennee 147
Acquisition et traitement du signal de fluoresceBEM .............c.oooiiiiiiiiiiiee, 148
ANAIYSE SEALISTIQUE. ... e e et e e e e e e e e e e e e e e e e e e e e e e aaas 150
ST U] = LSO PRRRPR 150
Les conditions hydrolOgiQUES UES CIUES ... sserrreeeieeeeaaaaiiiiiieereaeeeeesssmmneeeeeseaaannes 150
La dynamique de carbonne organique dissoute (CO89orthophosphates....................... 150
Les traceurs de fluorescence des MOD dans lesnisagsisants agricoles ...............ccco...... 2.15

Le shift temporel des propriétés de fluorescenseMi®D sur les trois événements de crues154

Variabilité de I'occupation du sol et les activiggricoles dans les bassins versants......... 6...15
DUSCUSSION ..ttt mmmmme ettt et oo ettt e e e e e e e e e e e e e e s e s e et e e e e e e e e e e e 158

La variabilié spatiale et temporelle des exporteide MOD ...........cccoooiiieieiiiiieeee s e 158

Traceurs de fluorescence des MOD dans les bassiaants agricoles............cc.ccccoeeeeee 159

Variations temporelles des characteristiques @UBB ...............cccooriiiiiiiiiieeeen e 160

Evidence de pollution des rivieres par des MODeagsses effluents d’élevage....................... 161

Propositions de traceurs de fluorescence pourrigeslance de la qualité de l'eau ............. 162

11



(@10 ] o (o1 (U170 ] o VT 163

CONCLUSION GENERALE ... .ottt ae s 171
Strategie et ODJECHTS .......ooi e 171
SYNHESE UES FESUIALS .....cceiiiiiii e et 172
Limites et perspectives de I'ELUAE ... reeee ittt 177

BIBLIOGRAPHIE GENERALE........o e 181

ANNEXES ..ttt et e e e e e e e e e e ennn 193

L 0= o1 = 0 SR 193
(O =T o] 1 = S 196
(O =T o1 1= S S 201
(O =T o1 = S 206
(O =T o1 = S 207
R Script for the integration of fluorescence iniBas iN EEM..............cccceeiiiiiiiiiiiceeee e 209

12



Table of contents

Y U P 23
GENERAL INTRODUCTION ...cuiiii ettt e e e e e e e e e enenmeeeas 27
CHAPTER L oot e ettt e e e ettt e e e et ee et e e e e e ee e s amaa e e eeeeernnn e aaaenes 37
EEM fluorescence characterization of farm manuresfarm waste impacted natural water............. 37
Y 0151 T SRR 38
1o T 11 Tox (o o USSR 39
Material and METNOUS. ........ccooiiie e 41
Farm manures characteristics and sample preparation...........ccccccceveeeeeeeeeeiies i, 41
Mixing experiment of farm manures and natural Water................oooeveevcciiiniiiiieeeee e, 42
ChEMICAI ANAIYSIS ... . ittt ettt e et e e e e e e e e e e e e e s e aaab e e et e eeeaeaaaaaaaeaaasaaaaaaannns 43
Regional integration of excitation emission MAaEEM) ..............cccccvviiiiiiiieieeee e e e e e 43
StatiStICAl ANAIYSIS. ... ettt e e e e e e e e e e e e e e e as 45
RESUILS ... e ettt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 45
Spectroscopic characterization of farm effluents...........cccccvvviiiiii 45
Characterization of pig slurry contamination inurat river water .............cccccovvviveireiiiineeeenn. 47
Composted cow manure contamination in natural NVERIET ................eeuveeeieeiiereeeeesessimmmmmenns 50
3 o 013 T o PP 53
Farm effluents characterization ...t 53
Discrimination of point source pollution of pig andw manure compost...............cceeeevviweens 54
Implication for water quality monitoring in agri¢utal headwater catchment........................ 56
Discrimination of the type of farming waste contaation............ccccccceeeeeeiiii e ceeeemees 57
(@0} o Tod 1017 ) o 58
(@Y= 1 PSP 65
Tracing of farming waste fluorescent DOM duringiadaff simulation...............ccccccvvvviiceeeeeeenn. 65
N 0 1S3 = U 66
1 1o o 11 Tox (o o S S 67
Materials and MELNOUS. ......cooi ittt et 68
EXPerimental diSPOSITIVE .........uuuueiiieiet ettt e et e e e e e e e e e e e s e e e be et e e e e e e e e e e e e e e e e asaanannenees 68
Cow manure and pig slurry characteristics and appin rates...............oooeeevecvvvvivivennnnnnnen. 69
Aqueous DOM extracts of farm manures and SOil.c..c........uuuiiiiiiiiiiiiiii e 70
Physical and chemical wWater analySiS........cecccccierieeeeeeiiieiis e e e e e 71
Regional integration of excitation emission MafEBEM) .............cccciiiiiiiiiiiiiiee e 72

13



R B SUIES et e e 74

Heterogeneous response of runoff water under thigaof effluent type........ccccccvevvviiiiceeee. 74

Dynamics of microbial parameters and dissolved mimgearbon concentrations ..................... 5.7
Discrimination of farm wastes DOM in runoff water...........ccccceeeeiiii e, 76
DR U ES1 T[] o AP PPPPS SR 79
Direct impact of farm waste on DOM production imoff water ............cccccevevveviiereeeeeeeneennnn, 79
DOM quality after farm manures SUPPIY ... ... et 80
Ratio bio:geo as a potential tracer of farming @d3OM ............ccccciiiiiiiiiiei e 82
(@0 o Tod 1013 ) o 83
(@Y= 1 P 89

Discrimination of farm waste contamination by flascence spectroscopy coupled with multivariate

analysis during a biodegradation StUAY ......ccceeeeeiiiiiiiii i 89

N 0 1S3 = Lo 0.

T 1o o [N Tox 1 o] o PP 91

Material and METNOAS. .......cccoiiiii ettt 92
Experimental conditions of biodegradation ......cccc.....cccccviiiiiiiiiiiii e 93
Extraction of dissolved organic matter (DOM) . coeeieiiiiiiiiiiiieieie e 93
L0 g =T o g T TN F= 1) 1 P ERUEPURRRR 94
StatiStICAl ANAIYSIS. ... et e e e e e e e aaaaaaa e as 95

RESUILS ... ettt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 96
Temporal dynamics of dissolved organic carbon (DOC).........ccccvvvviiiiiiiiieeieeeee s 96
Spectral differences among the farm wastes treamasmd soil alone............ccccceeeeiiiiiieeenns 97
Classification and regression tree (CART) @nalySiS.........cccccuvviiriiiiiiiiirireieee e eeeeeesnennens 99

Farm wastes tracer during Period PL........o . iiiiiiiiiiiiiiiee e 99
Farm wastes tracer during period P2........ it 101

3 o 813 o o PP 102
Impact of farm wastes on DOM production during lEgrhdation...........cccccceeeeeeiiiiiiiniiiieee, 102
Potential of CART analysis for discriminating tteerh wastes during biodegradation............... 104

CHAPTER 4 oottt e mmmt et e e e e et et b e e e e eeetaa e e e e eesbnaaaaeaeeeennsnnnaaaaaenes 113

Impact of long term pig slurry or cow manure ameedta on fluorescent dissolved organic matter

0T (0] 1= 1 1= 31

Y 011 > T USSR {1

1 Lo T 11 ox (o o SRR 115

Material and METNOAS .........cooo ettt e et e et e et e e e e eeeeeeeeees 118

14



Experimental fields and Sampling............ueeeeeiiiiiiiiiiiiiereer e 118

Extraction of microbial DIOMasSS ..............u e 119
Sample preparation and DOM eXtraCtion ..........cccceeicuiiiiiiiiiiiieerre e e e s eee e 119
ChEMICAI ANAIYSIS ... ittt ettt e e e e e e e e e e e e e e bt e e te e e e e e aaaaeaaeeeesaaaannnnnns 119
Regional integration of excitation emission MatBEM) ...............ccccevcciniiiiieiieeeer e 120
StatiStICAl ANAIYSIS. ...t et e e e e e e e e e e e 121
RESUILS ...ttt et e ettt ettt e e e e e ettt e e e e eeeaeee e e et e e e e e e ee ittt e aaeeeaerrraaas 221

Dissolved organic carbon differences between treatsnat the two sites .............cccvvvvi i 122

Biochemical and geochemical fluorescence of diggblwrganic matter............ccccceeeveiiivnnn. 123
Microbial biomass and organic carbon contents M $milS ..o 126
Yo U 1] o] o PRSPPI 127
Impact of farm wastes 0N DOM ProduCHioN ......cceeeeeccciiiiiiiiiiiiieeer e e e e s 127
Impact of farm manures amendments on the fluoré€e@&M properties ...........ccccevvvvvveeeenn, 281
Impact of soil type and cropping system on therfisaent DOM composition..............c......... 912
(o] o Tod 1§13 (o) o U 131
(@Y= 1 PP 139
Use of fluorescence to trace DOM sources in a hatalvagricultural catchment....................... 139
Y 01 = U PR a4
T 100 [U o3 (o] o PRSPPI 142
Material and MELNOAS.........cooo it ee e e e et et e e e aeaaeaees 144
S (0 Y811 PRSP 144
Delineation of the Valley Botton Wetlands (VBW)..cc.....uviiiiiiiiiiiiiiieeeeeeee e 145
Catchment characteristics and agricultural prastinghe Valley Bottom Wetland .................. 614
Stream Water SAMPIING .....oooiiiiiiiiie et e e et et e e e e e e e e e e e s e e s e e e arenaeeeeeeeeaaaaaaaaaaaaaaaanan 147
(O g =T o g Toro T I= T P | F PSRRI 147
Regional integration of excitation emission MafEBBEM) ...............oooiiiiiiiiiiiiiiiieee s 148
StAtiStICAl ANAIYSIS. ...t e e e e raaaaaaaaaaaaaan 150
RESUILS ...ttt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eees 5
Y01 1013 010 [ £o] (oo | P UUPUPUPPPRPR 150
Dynamics of dissolved organic carbon (DOC) andaptiosphate............cevvevviiieeeeiiinin o 151
Pertinent fluorescent tracers of DOM at agricultaeichment scale...........c.ccooccvveeeesimeeeme. 152
Temporal shift of DOM fluorescent properties amomge storms events.........cccceeeeeeeennnn. 154
Variability in land occupation and agricultural iities in catchments .....................ccc .. 156
Yo U 1] o] o PRSPPI 158
Spatial and temporal variability of DOM export frahe catchments during storms.................. 158
Fluorescence tracers of DOM in large network ofadfural catchments ................cccoooie. 159
Temporal variations of chemical characteriStiCS..............oooviciiiiiiiiii e, 160

15



Evidence of DOM pollution by farming waste contriom .............cccccceeveeeeriiiicicceee, 161

Fluorescence tracers as a support to water qumbtyitoring and policy ..............coeeeiineeees 162
(070 ] o 11 ][ o PO PPPPPPT 163
GENERAL CONCLUSION ...ttutttueetteeetaeetieeesaeestaeesaneesansaemnssessneesnseesnaeesneeenneesnaesnaaesnsennns 171
ODjJECHIVES ANU SIFALEQY ...ueivtiiiiiiie e ettt e e e e e e ettt e e e e e s s s rnnreee e e e e s s bbb e et e aeaeeeesannreees 171
SYNTNESIS OF FESUILS ....eeiiiiiiiii it ettt ser e e e e e e e s et b e e e e e e e e e e s annnees 172
Limitations and perspectives Of thiS STUAY ... ..uvrrreiiiieiiiiiiiiiiieeee e 177
GENERAL LITERATURE CITED  ...iiiiiiieiiiiititieittt s e e e e e aaa e e e e e s e e e e e eesssann bbb nn e e e e e e e e 181
NN 193
(O3 g = T (= S PP PRSPPI 193
(O 0= 01 (=] PP PP PPPPRP 196
(O g = o1 (=] S PP P PRSPPI 201
(O 0= o1 (= O PP PP PPPPRP 206
LO4 0= (=] 28 T PP P PR 207
R Script for the integration of fluorescence intBas in EEM.................cccccoiiiiiiiicccee e, 209

16



List of Figures

Figure 1 : Jablonski diagram of excitation and emis of a molecule in fluorescence or
phosphorescence (LakoWiICZ, 1983) ...........coummmmmreeererrmemnmmnniiiaaeeeeeeeesseeseeeeseeneeeeee 30
Figure 2 : Typical Excitation Emission Matrix (EEM) a water sample (Hudson et al., 2007)

Figure 1.1: Integration of fluorescence intensities acrosgions (a) and maximum peak
INTENSILY ZONES (10). 1evriiiiiii et e e e e e e e e e e e e e e e e e eeeeeeeeneens 44
Figurel.2 : PCA on the integrated fluorescence interssiiefarm effluents: two pig slurries
(PS), three cow faeces (CFd, CF1, CF2), one wheatvYWS), three cow manures
(CM1,2 & CMf) and three samples of cow manure cosif@MC) along axel and axe2
(b). (a) represents the factorial projection ofiafales along the both axes. G1, G2 G3
denote three groupings of the studied farm efflslent...............ccco v e 46
Figure 1.3 : Discrimination of pig slurry (PS) from natureater (NW) and a 50/50 mixture
by fluorescence intensities in region IV. Confidematervals were estimated assuming a
coefficient of variation OFf 5Y0........ccoovi i a7
Figure 1.4 : Ratios of biochemical to geochemical regi@mgio bio:geo), region IV to V
(ratio IV:V) in pig slurry (PS), natural water (NVénd a mixed water sample containing
50/50 DOC from each source. Confidence intervalsewestimated assuming 5%
COETTICIENT OF VANATION. ...uuiiiiiiis e e e e e e e e e 48
Figure 1.5 : Ratios of integrated fluorescence intensibesveen peak intensity zones of
tryptophan (TRY), humic like (HL) and fulvic likd={) in pig slurry (PS), natural water
(NW) and a mixture of water sample containing 50%@ from each source.
Confidence intervals were estimated assuming dicigit of variation of 5%. .......... 49
Figure 1.6 : Humification index (HIX) (a) and Specific it Violet Absorbance (SUVA) (b)
in pig slurry (PS), natural water (NW) and mixtufewater containing 50% DOC from
PS source. Confidence intervals were estimatedvasglcoefficient of variation of 5%.

Figurel.7 : Discrimination of cow manure compost (CMC&nfi natural water (NW) and a
50/50 mixture by regional fluorescence across regjidl and V. Confidence intervals
were estimated assuming a coefficient of variatib8%...............cccccooeeieiiiiiinnnn. 50.

Figure 1.8 : Discrimination of cow manure compost (CMCB)m natural water (NW) by
fluorescence intensities ratios of biochemical emghemical regions (ratio bio:geo),

region IV to V (ratio IV:V) and in a mixture of wat sample containing 50% DOM

17



from each source. Confidence intervals were estichaissuming a coefficient of
VANALION OF 5Y0. ...t e e e e e e e e e e e e e e e e e e e e e eeaerrranaa 51
Figurel1.9 : Ratios of integrated fluorescence intensi@®ss peak intensity zones of humic
like (HL), fulvic like (FL) and tryptophan (TRY) imatural water (NW), pig slurry (PS)
and a mixture of water sample containing 50/50 D@&@n cow manure source.
Confidence intervals were estimated assuming diciegit of variation of 5%. .......... 52
Figure1.10 : Humification index (HIX) (a) and Specificttd Violet Absorbance (SUVA) (b)
in cow manure compost (CMC3), natural water (NWQl amxture of water containing
50/50 DOM from each source. Confidence intervalsewestimated assuming a
coefficient of Variation OFf 5Y0........ccoovi i 53
Figure 1.11 : Ratio bio:geo in the stream 1 impacted ly gurry and the stream 2 (peat
wetland) impacted by composted cow manure. Confeentervals were estimated
assuming a coefficient of variation of 5%0. ....ccceeuuvviiiiiiiiii s 56
Figure1.12 : Impact of increasing DOM from cow manure post (CMC3) on the stream 2

fluorescence. Confidence intervals were estimassdraing a coefficient of variation of

Figure2.1 : Experimental dispositive of rainfall simutati..................ccccccoeevvvvvviiiiinnnnen 0
Figure 2.2 : Integration of fluorescence intensities asrosgions (a) and maximum peak
INTENSILY ZONES (10). 1evriiiiiii et e e e e e e e e e e ee e e e e e eeeeeeeenene 73
Figure 2.3 : Dynamics of dissolved organic carbon (DOC)e( -, particulate matter
(PM)(- o ), Escherichia coli-(a— ), Enterococci-{~— ) in rdhaater collected
during three rainfall events control (mineral yopig slurry (PS) and cow manure
(O TSP PPESSUURPRRPR 76
Figure2.4 : Discrimination of control (mineral soil) frofarm wastes (pig slurry (PS), cow
manure (CM)) by biochemical to geochemical ratati¢r bio:geo) in the 6 Litters and
the 14 Litter next runoff water collected duringdé rainfall events (R1, R2, R3). Bars
represent standard error and different letterscatdi significant mean differences
(P<0.05) ANOVA (ONE WAY). weevrrrrrunnnniiiieeeemmmmaaaaaseeaaaaeeeeeesrenemsnnnnnnn s aaaeaeseeeens 77
Figure2.5 : Discrimination of control (mineral soil) frofarm wastes (pig slurry (PS)), cow
manure (CM)) by integral fluorescence intensitiesregion V (RU) in 6L and 14L
runoff water collected during three rainfall eve(Rd, R2, R3). Bars represent standard

error and different letters indicate significarffeliences (pP<0.05)........ccccceeveeeeeennnn. 8.7

18



Figure2.6 : Dynamics of ratio bio:geo and ratio IIl:V aimulated runoff in control (C) (a)
and cow manure (CM) in three rainfall simulatioreets R1, R2 and R3 (b).Cow Faeces
(CF) and Cow manure (CM) extracts are also reported...........cccceveivieeieeiniinnennn. 18

Figure2.7 : Dynamics of ratio bio:geo with increasing D@&hcentration in simulated runoff
in three rainfall simulation events R1, R2 and R®ig slurry (PS) (a) and cow manure
(1Y) () SRR PPRPPR 83

Figure 3.1 : Integration of fluorescence intensities asrosgions (a) and maximum peak
INTENSILY ZONES (D). 1rvvriiiiiiiie e e ettt s e s e e e e e e e e e e e e eaaeaeeeaeeeeeeennnnnns 95

Figure3.2 : Time series of DOC concentrations of fouatineents. Abbreviations are SA- soll
alone, WS- wheat straw, PM-pig manure and CM-comuma bars indicate standard
error (SE) and N =3, ... 96

Figure 3.3 : PCA of farm wastes biodegradation study o periods P1 (0-7 days after
incubation) and P2 (8-56 days after incubation).brliations of farm wastes
treatments: wheat straw (WSP1, WSP2), pig manuMP® PMP2), cow manure
(CMP1, CMP2) and a control treatment i.e. soil al¢8AP1, SAP2). PCA run include
the distribution of 16 variables (Table3.1) of inéegrated fluorescence properties of
DOC and absorbance#s)on axe 1 and axe 2..........cocccvvveiviiieiniieee s 98

Figure 3.4 : Optimum tree for the fluorescence propertédDOC issued from the farm
wastes during biodegradation for period P1 (0-7sdafter incubation). Treatment
abbreviations are Soil Alone (SA), Wheat Straw (WY Manure (PM), Cow Manure
(CM). Predictor variables abbreviation are integglailuorescence intensities of across
zones of fulvic like (FL), humic like (HL) and foyophan (TRY), ratio TRY:HL and
regional ratio I11:V of integral intensities acrosegions Il and V, spectral absorbance A
(BB5)r +rvenrreersnnressreeaasree e st e aa et ekt een e e R e e e ea R et e eR e e e R e e e e R e e e nR e e e R r e e e n e e en e e nnr e e e nnneennnee e 99

Figure 3.5 : Optimum tree for the fluorescence propertédDOC issued from the farm
wastes during biodegradation for period P2 (8-5@dster incubation). Abbreviations
are the integrated fluorescence intensities adrgptophan (TRY) zone and region IlI,
spectral absorbanCe@s). ..........oocvviiiiiiiiiii 101

Figure 4.1 : Integration of fluorescence intensities asrdsochemical and geochemical
regions (a) and Tryptophan (TRY), Fulvic like (Find humic like (HL) zones (b)... 121

Figure 4.2 : Dissolved organic carbon concentration atgkehennec (K) and Champ Noél
(CN) under mineral (M), pig slurry (PS) and cow men (CM) soil application.

Confidence intervals were estimated assuming aoeffi of variation of 5%. Bars with

19



the same letter indicate non significant mean dbfiees (one way ANOVA) (p<0.05).

Figure 4.3 : Biochemical (bio) (a) and geochemical (geln) fluorescence intensities at
Kerguehennec (K) and Champ Noél (CN) with mineM), (pig slurry (PS) and cow
manure (CM) amendments. Bars with the same letigicate non significant mean
differences (one way ANOVA) (P<0.05). ..o eeeeeeeeeeeeenees 123

Figure4.4 : Ratio of biochemical (bio) to geochemicaldg@uorescence (ratio bio:geo) (a),
integral fluorescence intensities of region IlIWgb) at Kerguehennec (K) and Champ
Noél (CN) sites with mineral (M), pig slurry (PSh)cacow manure (CM) amendments.
Confidence intervals were estimated assuming aeffi of variation of 5%. Bars with
the same letter indicate non significant mean cbfiees (one way ANOVA) (p<0.05).

Figure4.5 : Fluorescence intensities across fulvic like)((a), humic like (HL) (b) and TRY
(c) areas at Kerguehennec (K) and Champ Noél (@B8 with mineral (M), pig slurry
(PS) and cow manure (CM) amendments. Confideneevialls were estimated assuming
coefficient of variation of 5%. Bars with the sahe#er indicate non significant mean
differences (one way ANOVA) (P<0.05).......cooccemeeeeiiiiiiiiiieee e e e e e e e e e eeeeeeeeeeennnnes 124

Figure 4.6 : Ratio of tryptophan (TRY) to fulvic like (FLja), humic like to fulvic like
(HL:FL) (b) ratio at Kerguehennec (K) and Champ N@N) sites with mineral (M),
pig slurry (PS) and cow manure (CM) amendments fi@ence intervals are estimated
assuming coefficient of variation of 5%. Bars withe same letter indicate non
significant mean differences (one way ANOVA) (P<).0......cuviiiiiiiiiiiiiiiiiiieeeeiiians 126

Figure 4.7 : Fluorescence intensities across in region(rBfated to microbial activity) at
Kerguehennec (K) and Champ Noél (CN) sites witharah (M), pig slurry (PS) and
cow manure (CM) amendments. Confidence intervalgewestimated assuming
coefficient of variation of 5%. Bars with the saheéer indicate non significant mean
differences (one way ANOVA) (P<0.05)......coi i eeeeeeeeeeeeeees 130

Figure5.1 : .Location of 4 subcatchments of a princigleiailtural headwater catchment at
Haut Couesnon (HC) site, Britany. Subcatchmentsldivided into 4 “minicatchments
(MC) 11a, 11b, 11c and 11d. Red dots representsplsagn points. Similarly
subcatchments 7 (7a, 7b, 7c, 7d), 15 (15a, 150, dafa 19 (19a, 19b, 19c, 19d) were
also divided into MINICAtCMENTS. .......cooiiiiiiiiii e 145

Figure5.2 : Organic fertilization in Valley Bottom Wetlds (kgN.h&)) ........coceveeveveennn 147

20



Figure 5.3 : Integration of fluorescence intensities asrosgions (a) and maximum peak
INTENSILY ZONES (10). wevreiiiii it e e e e e e e e e e e e e e e e eeeeesennnes 149
Figure5.4 : Daily water discharge (Q) during between bBaby and June 2007 and sampling
date of the three storm events S1, S2 and S3 ihElawesnon catchment................. 150
Figure5.5 : a) Dissolved organic carbon (DOC) and thaphosphate dynamics during three
storms S1, S2 and S3 among the 15 agricultural catichments (MC) at Haut
(70 1UT=ES] g o) o I (o [0 TS (U 151
Figure5.6 : Discrimination of DOM quality among 15 agticwal mini catchments (MCs) on
the basis of ratio biochemical to geochemical negiFratio bio:geo) during three storms
S1, S2 and S3 at Haut Couesnon (HC) Site. ..o s eeeaeeeeeeeeeeeeeeeieeeiiiiiiinnnnnnnnes 153
Figure5.7 : Discrimination of DOM quality among 15 agticwal mini catchments (MCs) on
the basis of ratio tryptophan to humic like (rafiBY:HL) during three storms S1, S2
and S3 at Haut Couesnon (HC) SIte. .........cemmmmmmeeeeeeeeeeeeieeeeeiiies e e eeene e 154
Figure 5.8 : Principal component analysis (PCA) of spesttopic dataset: integral
fluorescence in biochemical (bio), geochemical fgemgion II, I, IV, V and
tryptophan (TRY), fulvic like (FL), humic like (HLxones. Ratios of bio:geo, III:V,
IV:V, TRY:FL, TRY:HL, TRY:(HL:FL), HL:FL. and SUVA (specific ultra violet
absorbance) (a).Variability in DOM fluorescence agpthe 15 mini catchments of sub-
watersheds of 7, 11, 15 and 19 during three steents S1, S2 and S3 (b). .............. 155
Figure5.9 : Principal component analysis (PCA) (axel 2aixe(a) and axe3 (b) explaining
the variability of land occupation (cultivated an@ader wheat, maize crops, meadows,
forest, hedges, potential wetland area (PWL)) amldfertilization practices (pig slurry,
cow manure, mineral fertilizer) among the mini tawents of sub-watersheds of 7, 11,
15 and 19 during three storm events S1, S2 and.S3........ccccoeevvieeiiiiiieieeeeiiiiened 157

21



List of tables

Tablel.1 : Farm wastes Preparation ..............ucoccemmraaaareeeeeeeeeeeeeeeeeiiininn e eas 41
Table 1.2 : Definition of excitation (Ex) - emission (Emjavelengths (nm) ranges for each
=To o] 1= T g o 0] o 1= S PPRRUSUORRR 44
Table2.1 : Definition of excitation (Ex) - emission (Emjavelengths (nm) ranges for each
FEQION QNG ZONES ....cceiiiiititiiiea e s e e et e e e eeeeeetbataa s e e e e e e e e eaaaaaaaaaeaaaeaaeeeeessnnnes 73
Table2.2 : Fluorescence indices in farm manures and.sQil............cccooiiiiiniiiiiieenines 74
Table2.3 : Hydrological charateristics of rainfall simtibn events RI (rainfall intensity), CR
(cumulated rainfall), RT (runoff timMe) ........cemeeeeiieeeeeeiieeeeeee e 75
Table2.4 : Correlation between humification index and fgorescence.............cccccuveeennnn. 79
Table 3.1 : PCA weightings for the spectroscopic parametévariables) during
biodegradation study periods P1 and P2. ..o 98
Table3.2 : Cost complexity measures of all possiblegr®r period P1 dataset. ................. 99
Table 3.3 : Confusion matrix of predicted versus obsertredtment resulting from cross-
validation procedure applied on optimum tree faiqEeP1l............ccccooeeiiiiiiiiiiine e, 100
Table3.4 : Cost complexity measures of all possiblegr®r period P2 dataset. ............... 101
Table 3.5 : Confusion matrix of predicted versus obserredtment resulting from cross-
validation procedure applied on optimum tree faiqQEeP2............ccoooiiiiiiiiiiiiiieeenne, 102
Table4.1 : Definition of excitation (Ex) - emission (Emjavelengths (nm) ranges for each
[=To (o] g TF=Tg o 0] o 1= PRSPPI 121
Table4.2 : Microbial biomass and organic carbon contents............ccceeevvvvvvvcciiienneennn. 261
Table5.1 : Catchment area (ha) and Valley Botton Weltlainthe 15 minicatchments...... 146
Table 5.2 : Wetland (% of catchment area), land occupa#ind fertilization practices of
mineral fertilizer (MF) (KgN.h&), cow manure (CM) (KgN.h8 and pig slurry (PS)
(KgN.ha®) in the Wetland @rea. ............cooveeeeeceeeeeeeeeeeeee oo eee e 147
Table 5.3 : Definition of excitation (Ex) - emission (Emjavelengths (nm) ranges for each
FEQION QNG ZONES ....ceeiiieitiiiiiie e s e et e et eeeetttbe e s e e e e e e e e e e eaeeeeaeaeeeeeeeeeessnnnnns 149

Table5.4 : PCA weightings of three principal axes fag tand use and land spread variables

during biodegradation study periods P1 and P2............cc.coovviiiiiiiiiiiee e, 157
Table 1 : Discrimination of fluorescence tracergasm wastes DOM from soil DOM as well

as between pig slurry and COW MAaNUIE .......cccoeeeeiiiiiieieiiicn e 175
Table 2 : Persistence of fluorescence tracersriacitransfer and in soils .................. 176

22



Tracage des matiéres organiques dissoutes par fllescence dans les bassins

versants agricoles

Résumeé :

La concentration en carbone organique dissout anggrgepuis environ vingt ans dans les
rivieres de nombreux bassins versants en Bretagma dcurope. Dans les petits bassins
versants agricoles, les principales sources sensdés et les effluents d’élevage. Afin de
proposer des actions pour restaurer la qualitéede,lla fluorescence tridimensionnelle EEM
(Excitation Emission Matrix) est utilisée pour teaclans les sols et les cours d’eau la matiere
organique issue des effluents d’élevage.

Les traceurs de fluorescence sont mesurées sur @3 Msues de lisiers de porc, fumier de
bovin et effluents compostés couramment recycléslesi sols. Ces traceurs sont ensuite
recherchés dans les eaux de ruissellement lore gimmulation de pluie sur parcelle amendée
par du fumier de bovin et du lisier de porc. Laspance des traceurs est évaluée dans une
incubation de sol (deux mois) et sur deux dispggsékpérimentaux (Champ Noél, 0.9% de
carbone total et Kerguehennec, 2.5% de carbong tot@mparant des fertilisations minérale et
organique (lisier, fumier) respectivement depuis €147 ans. Enfin, la relation entre les
pratiques agricoles dans les zones humides dedenhllée et la présence de ces traceurs
dans les eaux de quinze bassins versants (BV)ddegiest explorée lors de trois crues. Ces
zones sont reconnues comme étant les principatess zzontributrices en MOD dans les BV
bretons. Les pratiques agricoles (rotation, qualitquantité de fertilisants, paturage) dans les
zones humides potentielles de fonds de valléeidentifiées par enquéte.

La fluorescence est intégrée dans deux régions pctre (biochimique/géochimique,
bio/géo), cing régions détaillant les composésyge protéine, fulvique ou humique (I a V),
et trois zones (Tryptophane (TRY), composés fuleg(FL) et humiques (HL)). La MOD
issue des lisiers et fumiers possede une empriiltescente biochimique qui les discrimine
des effluents compostés présentant une empreioe ggochimique similaire aux MOD
issues des sols. Les traceurs bio :geo, TRY :RY THL, et TRY:(HL:FL), TRY permettent

de tracer les MOD issues d’effluents d’élevage demgaux de ruissellement quelques heures
apres I'épandage. Les MOD issues d’effluents bowmsont pas discriminées des effluents
porcins. Un an apreés le dernier épandage, plusteagsurs des effluents sont retrouvés dans
le sol & 0.9% de C, alors que sur le sol a 2.5% deeul le TRY persiste. Les résultats ne
permettent de conclure sur l'effet cumulatif ou $unrfluence du dernier épandage. Les
traceurs sont identifiés dans les BV les plus ingmpar le recyclage d'effluents d’élevage.
Certains BV ne sont impactés que par des MOD fatgnmumifiées issues des sols sans
recyclage. La fluorescence tridimensionnelle pero@mtic de tracer des MOD issues des
effluents d’élevage.

Mots-clés: matiere organique dissoute, effluents d’élevagajques agricoles, qualité des
eaux, fluorescence, bassins versant.
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Fluorescence tracers of Dissolved Organic Matter iheadwater agricultural

catchments

Abstract

Dissolved organic matter (DOM) concentrations a@easing in the streams at agricultural
headwater catchments in French Brittany, an intenagricultural region, and Europe during
last twenty years. These increasing DOM conceptnatiare threat to water quality
degradation. At small agricultural catchment scaeil and farm wastes effluents are
principle sources of DOM. To propose managemenbmr&tand to restore stream water
quality, three dimensional EEM (Excitation Emissibfatrix) was applied to trace DOM
issued from farm wastes in the soil and agricultca&chment stream.

Fluorescence tracers were measured on DOM prodinoed pig slurry, cow manure and
composted manures which recycled commonly in catiéd soils. Afterwards, these tracers
were analysed in rainfall simulation experimenttire cultivated plots amended with pig
slurry and cow manures. The persistence of theseebcence tracers was evaluated in soil
incubation (two months) and in two different expegntal dispositives (Champ Noél, 0.9%
total carbon and Kerguehennec, 2.5% total carbsnyel as these tracers were compared in
mineral vs organic (pig slurry and cow manure)ilieed plots with different recycling time
of 14 and 7 years respectively. Finally, the refabetween agricultural practices in Valley
Bottom Wetlands (VBW) and the presence of theserdlscence tracers in 15 agricultural
streams were explored during three storm event§V\W&ere identified as principle source of
DOM in French Brittany catchments. The agricultupghctices (crop rotation, quality and
quantity of fertilizers, grazing meadows) in the WBwvere identified by farm survey.

The fluorescence intensities were integrated in thw regions of EEM spectra
(biochemical/geochemical, bio:geo), five regionmposed of proteins like, fulvic and humic
(I to V), and three zones (tryptophan (TRY), fullike (FL) and humic like (HL)). DOM
produced from pig and cow demonstrated biochemitabrescence signatures and
discriminated from composted manures which showesstigemical signatures similar to soil
DOM. The tracers bio:geo, TRY:FL, TRY:HL, TRY:(HLLy, TRY trace the DOM issued
from farming wastes in simulated runoff two houfteasoil spreading. Cow manure DOM
was not differentiated from pig wastes DOM withdédluorescence tracers. One year after
last recycling, several tracers were found in 88P6 C while at the soil with 2.5% C, only
TRY persisted. With these results, we are not cldaather the effect is cumulative or it's the
influence of last farm wastes spreading. The flasceace tracers were identified in the
headwater catchments impacted by farm wastes regycbome catchments demonstrated
highly humified DOM which resembled to soil DOM Wwitut recycling. Therefore,
fluorescence spectroscopy permits to trace the D@Bued from farming wastes.
Fluorescence spectroscopy is found a valuable flmoimonitoring farming wastes DOM
contamination and understanding the biogeochemistty DOM in soil and water
environment.

Key words: dissolved organic matter, farming wastes, agiircal practices, water quality,
fluorescence spectroscopy, headwater catchments
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GENERAL INTRODUCTION






General introduction

The increasing Dissolved Organic Carbon (DOC) cotraéions in streams modify the
physical, biological and chemical quality of natunaters, particularly via the transport of
mineral or organic pollutants in agricultural cat@nt (Muller et al., 2007; Pedrot et al.,
2008). High quality drinking water demands the colnbf source water pollution as source
protection is often more reliable than treatmend aeduces the cost of drinking water
supplies. Incomplete removal of DOC in potable wsateeduces the aesthetic quality and
complete removal rises the cost during treatmeesidgs this, during treatment process,
formation of trihalomethane (THM) is enhanced whigla potential carcinogenic by-product
(Galapate et al., 1999). In France, the legislatiathorities required a DOC concentrations
lower than 10mg T in 95% of the water samples collected per yearpfuable drinking
water supplies. In 2006, in French Brittany, aremsive agricultural region, 43% of the
superficial resources for drinkable water supphese not conforming to regulation.

Dissolved organic carbon (DOC) is operationallyimied as organic carbon passing through
filters of 0.45um or 0.22um. It includes chemicalfined compounds such as carbohydrates
and proteins, humic substances which include fudwid humic acids which are operationally
defined based on their solubility (Thurman, 198%wever, studies also reflect that humic
substances are a complex mixture of both micramdl plant biopolymers, with their various
breakdown products, and cannot be classed as iactlishemical structure (Kelleher and
Simpson, 2006). In general, dissolved organic m&8R@®M) consists of a rapidly degradable
fraction (labile DOM). The slowly degradable orailely stable DOM fraction consists of
structures not easily cleaved by enzymes, suclyais lor the compounds strongly altered in
the preceding degradation steps (Joergensen, 1998).

Majority of the dissolved organic matter contemtssireams are derived from allochthonous
sources (Palmer et al.,, 2001; Gordon and Goiii, R0@3general, litter leachates, root
exudates and microbial degradation products (Zgplh@96). It can comprise both young and
old organic matter with varying biological recataitce (Raymond and Bauer, 2001).
However, the age and DOM composition in streambmanhanged depending upon discharge
(Neff et al., 2006). The chemistry of DOM itselfpilets the diverse classes of compounds

with heterogeneity in molecular weight, reactivétlyd bioavailability (Seitzinger et al., 2005).
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The diversity in DOM composition makes it a potalstitracer of source water and runoff
generation pathways (Hood et al., 2006).

The knowledge of the factors controlling the vaoatof DOC in headwater streams is of
particular interest for at least two reasons: @ tjuantification of the overall carbon budgets
draining into fresh water streams , ii) DOC as eteeof pollutant mobilization and transport
in fresh water streams (Temminghoff et al., 1997).

Higher DOM concentrations have been observed dwstogn events (high water flows) in
various aquatic ecosystems including hardwood fsrésamdar et al., 2008), peatland
(Worrall et al., 2002) and riparian wetland soilsheadwater agricultural catchment (Morel et
al., 2009). As the increasing DOM concentrations associated with increasing discharge
rate, so the storm events account considerable na@uDOM export from catchments
(Hinton et al., 1997). Hydrological flowpaths caawvk a control on DOM export from surface
water during high flows (Zhang et al., 2007).

Moreover, wetting and drying cycles (Lundquist &t &999) and climatic change (rising
temperature and change in rainfall pattern) cao aisplain rising DOM concentrations
(Freeman et al., 2001; Worrall et al., 2003).

In Brittany, a region of intensive agriculture, &l Bottom Wetlands (VBW) are the main
contributors of dissolved organic matter (DOM) igriaultural catchments (Morel et al.,
2009). During storms, 64 to 86% of the DOC in ttieam originated from the upper layers of
the riparian wetland soils. Overall, VBW soils da@m under intensive maize and wheat crop
cultivation. During spring season, soils may bdilfeed with farm wastes, and moreover,
these VBW also serve as intensively grazing pastdreus, these agricultural intensive areas
in VBW, with excess load of farm manure applicajiman take part in stream DOM
contamination by two ways; firstly, by direct trésof farming waste DOM during storm
event from the intensively grazing areas or indhgs after the farming waste supply on soil;
secondly, these wastes can increase the watecttita organic carbon of soil (Gregorich et
al., 1998; Chantigny et al., 2002b) which can lstied to the rivers when the groundwater
level reached the surface horizon. The role ofdased manure spreading on cultivated soils
has been already highlighted in Brittany (Gruau daddé, 2005). These authors explained
that a long-term DOM decrease was observed in arcudtyral catchment marked by
intensive spreading of pig manure and proposedypethesis that spreading of manure can
acidify watershed soils, thereby promoting DOM agdon on minerals which could

ultimately limit the export to the river.
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It is quite difficult to assess the role of farmimgste recycling on the export of DOC in
agricultural catchments, since some processes ntagase the DOM production in soil, and
other may favour its adsorption. Transfer of DOMnNfr soils receiving pig slurry to the
stream was verified (Jardé et al., 2005). Thisysprvides evidence that manure spreading
on catchment soils influences the water qualitgniars draining these catchments.

Changes in the DOM chemical characteristics welesta® to agricultural land use, nitrogen
loading and wetland loss (Wilson and Xenopoulo$99320However, in agriculture headwater
catchments, the links of agricultural practiceshwitOM concentration and composition as
well as biogeochemical cycling remain poorly chtgezed. Hence, to restore water quality,
it is essential to understand DOM sources in afitical catchments and to investigate the
impact of intensive farming practices in the Valggttom Wetlands.

DOC concentration alone is of limited interest aginmental tracer and more information
on the nature of DOM is required. It is importantdevelop tools which enable to trace the
fate of farming waste organic matter in the envment and to assess whether manure
disposal on the catchment soils could affect tlgawic quality of rivers.

Fluorescence spectroscopy

In this aspect, 3-dimensional excitation emissiairm (3DEEM) fluorescence spectroscopy
seems to be a good candidate due to its high satysib physicochemical changes in DOM
materials (Thacker et al., 2005). DOM concentrgticomposition, distribution and its
dynamics has been studied by fluorescence in aerahg@quatic environments. Principally,
depending on the nature of the excited state, lasti@nce spectroscopy (the emission of light
from any substance which occurs from electronaited states) is divided into fluorescence
and phosphorescence. Phosphorescence is emissigghtofrom triplet excited states, in
which the electron in the excited orbital has thens spin orientation as the ground state
electron (Lakowicz, 1983).

However, in fluorescence, measurements are pertbiméhe UV-visible range (200 — 750
nm) in which first step involves molecular absaoptiof light (photons). The absorbing
molecule is promoted from the ground state to asitex singlet state as shown in Figure 1.
Part of the absorbed energy is then released duribgational relaxation or internal
conversion and the molecule reached the excited sfdowest energy ¢k The rest of the
absorbed energy is released in the form of lighission and occur generally 1@econd after
excitation, when electron decays back to grounig $&). The quantum yield is a measure of
the efficiency with which absorbed light producesng effect. The emitted light always has

lower energetic levels than the excitation andhisstdetected at higher wavelengths. The shift
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between excitation and emission wavelength is knaagn Stoke’s shift. Fluorescence
spectroscopy provides information about the presesicfluorescent molecules and their

environment in analyzed samples (Lakowicz, 1983).
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Figure 1 : Jablonski diagram of excitation and emis of a molecule in fluorescence or
phosphorescence (Lakowicz, 1983)

The natural fluorescence can be used to elucidetecomplex chemical composition and
diverse sources of dissolved organic matter innahtusaters (Coble et al., 1990).

In the study of organic matter, fluorescence tylhyoaccurs from aromatic molecules which
provide good subject for study by fluorescence tlueenergy sharing, unpaired electron
structure of the carbon ring. In the study of orgamatter fluorescence, the compounds
which absorb light are called chromophores andehekich absorb and re-emit light are
called fluorophores (Mopper et al., 1996). The camliy studied fluorophores in organic
matter fluorescence are humic substance (breakgoaducts of plant material by biological
and chemical process in terrestrial and aquatic@mwents) (Parlanti et al., 2002; Stedmon
et al., 2003; Sierra et al., 2006) and amino acigsoteins and peptides.

Tryptophan and tyrosine are the fluorescent amicidsawhich indicate the presence of
proteins. In these amino acids, fluorescence afieesindole group (a fused ring heterocycle
containing both a benzene ring and heterocyclimgén containing aromatic ring). These
groups of fluorophores are commonly named as hiikeg-fulvic-like and protein-like
because standard materials of these substancessizate the fluorescence in the same area
of optical space Tryptophan fluorescence has ats brelated to the activity of bacterial
community (Elliott et al., 2006).

Excitation emission (EEM) fluorescence captures yrepectral features by scanning over a

wide range of excitation and emission wavelengthd generating a landscape surface
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defined by the fluorescence intensity over ex@tatemission wavelength pairs (Wu et al.,
2003; Sierra et al., 2005; Xie et al., 2008). |a saters, since the work of Coble (1996) in
tracing riverine DOC in sea water, application fiegcence spectroscopy increased in esturine
and marine waters. Fluorescence properties of D&Mesas a tool for determining biological
activity and associated protein fluorescence (Ded@n et al., 1998; Parlanti et al., 2000) and
mixing of water bodies.

In fresh waters, the advances in fluorescence gysatpy have been applied in tracking of
dissolved organic matter (Thoss et al., 2000.; Mewst al., 2001). Different fluorescence
peaks are reported from EEM and ascribed to prditer(tryptohan, tyrosine), fulvic like and
humic like fluorophores in DOM in the aquatic amil €nvironment (Baker, 2002; Parlanti et
al., 2002; Henderson et al., 2009).
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Figure 2 : Typical Excitation Emission Matrix (EEM) a water sample (Hudson et al., 2007)

Relative strength of protein like and humic likedtophores as well as their ratios has been
used to differentiate various sources of DOM (Badked Inverarity, 2004; Cumberland and
Baker, 2007). Baker (2002) has indicated highetgmmolike fluorescence in animal wastes
and demonstrated higher peak intensity ratio gitbghan:fulvic like for animal wastes than
stream water. However, unlike marine studies, appbn of fluorescence spectroscopy in
fresh water environment is not yet widespread. angfe of humic-like fluorescence has been
identified from upland region to downstream witlerieasing anthropogenic input (Baker and
Spencer, 2004). Lapworth et al., (2009) have usaximmum peak fluorescence intensities of
tryptophan like and fulvic like and observed motterguation in tryptophan like compared to

fulvic like fluorescence in hyporheic zone (0.5 ardbelow river bed) with changing surface
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waters inputs from upstream processes in ripanaasa Fellman et al. (2009a) have shown
changes in chemical quality of DOM in spring antl et season in bog, forested wetland
and upland forests. They further showed the camiobh of DOM from upland watersheds
and the contribution of humic like fluorescencer@ased and protein like fluorescence
decreased during stormflows (Fellman et al., 2009b)

Furthermore, in waste water (Baker, 2002) and eceaewage effluents or sewer discharge,
tryptophan peak has been measured (Galapate €198i3; Baker et al., 2004). Sewage-
derived material is rich in tryptophan-like fluocesice, and is observably different from
rivers, where fulvic/humic like peaks predominakdudson et al., 2007). This is because
DOM originating from clean river water is dominatiegl natural organic matter derived from
plant material, whereas sewage-derived DOM is dateth by organic matter originating
from microbial activity (Hur et al., 2008). Suchffdrences in spectral signatures have
facilitated the tracking of sewage contaminatiomiver waters (Galapate et al., 1998; Baker,
2001; Baker et al., 2003; Chen et al., 2003a; Halkret al., 2005; Hudson et al., 2008). To
trace DOM issued from recycling of farming waste swils, we have to study purely
agricultural headwater catchments.

Instead of using fluorophores peak fluorescencensities, a chemometric approach of
fluorescence regional integral integration propod$sd Chen et al., (2003b) is getting
popularity among the fluorescence users commuhitgrain flows, Naden et al. (2009) has
adopted regional overlap of the anticipated flubkmes and proposed the TI:FI ratio
(Tryptophan-like and fulvic/humic-like fluorescenass tracer of cow slurry incidental losses
in drain flow after slurry spreading.

However, in the literature, there is lack of sommewledge about the characterization of pure
farm wastes, impact of farm waste supply on thelpcton dissolved organic matter and its
characterization by fluorescence spectroscopy. dgssithis, literature also lacks the
application of fluorescence spectroscopy to sthayidng term impacts of farm wastes supply
on the soil DOM and there are no indications obfescence fingerprints in long term farm

wastes soil supplies on gradient of dissolved drgaratter concentrations.
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Objectives of the thesis

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

The following questions will be considered keepimgiew the gaps in the literature:

* What are the fluorescence tracers of different fama wastes?

 How are the fluorescence properties in naturalastge impacted by known direct
transfer of pig slurry and cow manure composts?

* Do fluorescence properties discriminate pig frorv eoanure contamination in runoff
water?

* How evolve the fluorescence parameters of DOM ifs seceiving farming waste in
the days following the spreading? What is the gaace of the fluorescent tracers
two months after the spreading?

* Does long term application (7-14 years) of pig isiluand cow manure wastes on
cultivated soils significantly modify the fluoresw® properties of DOM?

 Can we detect influence of farming waste recyclorg soil or impact of grazing
pasture in stream water in a network of 15 agncaltheadwater catchments? Is there
any relation between farming waste managementn@nte recycling on soil or
grazing pasture) in Valley Bottom Wetland and pneseof fluorescence tracers in
stream waters?

This thesis is organized in five chapters and hesnbwritten in publication format. In
chapter 1, fluorescence characterization of various farmtessvas carried out and analysis
of fluorescent tracers of pig slurry and cow manoanposts was investigated in two
different natural streams with known amounts ofrfiig waste. Fluorescent parameters are
proposed to trace DOM issued from farming wasteshbpter 2, fluorescent tracers were
analysed in runoff water collected in a simulaterent (during spring) after pig slurry and
cow manure supply on soil. thapter 3, a biodegradation study is carried out to folldwe t
persistence of these tracers during two months.tatisscal approach is proposed to
discriminate between types of farming wastes (coanume, pig slurry and wheat straw). In
chapter 4, impact of long term supply of pig slurry and cavanure was investigated in two
soil types with different organic carbon contem®M production potential of pig slurry and
cow manure supply was assessed and fluorescencemndigtion of pig slurry and cow
manure is discussed. kthapter 5 spatial and temporal variability of DOM fluoresce
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properties were investigated in 15 agricultural dvegter catchments during three storm
events and possible farm wastes contamination wplered. Correlation between presence
of fluorescence tracers and intensive agricultymactices (crop rotation, farming waste
recycling on soils) in Valley Bottom Wetland wasaiysed. We thus adopted an original
approach ranging from raw farming waste characédm of DOM fluorescent tracers to

catchment scale detection of these fluorescencersa
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Abstract

In this work excitation emission matrix (EEM) spesicopy coupled with fluorescence
regional integration and chemometrics were usedhserve the dissolved organic matter
(DOM) quality differences among various farm masurextracts and the changes in
cumulative regional intensity in EEM of natural eaisample subsequent to farm manure
contamination. Farm manures used in the study \wageslurries, cow faeces, fresh cow
manures, cow manure composts and wheat crop rasidi@orescence similarities in pig
slurry and cow faeces depicted the similar DOM iypah two breeding animals although
former is monogastric and the later is ruminang &lurry and cow faeces were strong in
biochemical fluorescence intensities (region II),IVRY zone and both were discriminated
by ratios bio:geo, region IV:V, TRY:(HL:FL), TRY:ELTRY:HL. Cow manure composts
were discriminated with higher fluorescence inteesigeochemical regions (region lll, V) as
well as fulvic like and humic like zones.

In the mixing up natural water sample and farm essfpig slurry and cow manure
composts), pig slurry and cow manure composts Isévesvn higher bio:geo, region IV:V,
TRY:(HL:FL), TRY:FL, TRY:HL compared to natural waxt samples. All the ratios showed
higher values for pig slurry than cow manure congpaxcept TRY:(HL:FL) which had
shown higher values for cow manure composts cordpar@ig slurry. Mixed water samples
showed the impact of farm manures with increasaigs in comparison with natural water.
Pig slurry and cow manure composts were discrirathatith lower region intensities (region
Il vs V in EEM) than natural stream waters. Resu#thow that regional and zonal
transformations in EEM could be an effective toml the characterization of farm manures
and for tracing the point source pollution of piglacattle manures.

Key words: excitation emission matrix spectroscopy, charaza¢ion, farm waste, pig slurry,

COW manure composts, point source pollution, congpos
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Introduction

Anthropogenic and natural sources of dissolved moganatter (DOM) have major impact on
the stream chemistry in the catchments. Farm maayppécations on agricultural soil allow
the disposal of organic waste produced at cattleadawhich serves as valuable nutrient
source for crops but its storage and applicatid@ needs some management to prevent the
DOM water pollution. Farming waste recycling onlsaitensively grazed pastures located
near the river, piled stocks along the water coorsacidental pollution can induce microbial
and dissolved organic carbon contamination in siresater. Human and animal fecal
contamination of coastal environment cause the @oanlosses from the closure of shellfish
in addition to affecting the quality of shellfismd recreational water and finally bathing
restrictions (Mieszkin et al., 2009).

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

Fluorescence spectroscopy has been proven to beednl optical technigque to observe the
changes and transformations in fluorescent compgsneindissolved organic matter in the
natural environments (Baker, 2001; Hudson et &Q72 This optical technique is rapid,
selective, sensitive and account low cost. DOM udek organic molecules with
chromophoric (light absorbing) and fluorophorigflt emitting) molecules (Her et al., 2003).
Generally two types of fluorophores are ascribethéoDOM spectra: the humic like and the
protein like (Coble, 1996). This technique enalsies only the qualitative differentiation of
natural organic matter from various origins butoakxplains subcomponents of natural
organic matter with varying composition and funotb properties (Chen et al., 2003a).
Structural similarities of humic solutes are clgsgtsociated with the fluorescence properties
and differentiated untreated waste from fresh watanples according to the fluorescent
materials (Peuravuori et al., 2002). Numerous ditaly methods exist to depict the
fluorescence signatures of DOM which include hucaifion index (cumulative emission
fluorescence intensities in the regidi{300-345) divide by the sum df(300-345) and

> (435-480) (Ohno, 2002), the fluorescence interssitend their ratios (Baker, 2001;

Yamashita and Tanoue, 2003). Animal wastes (silager, pig, cow and sheep) have been
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characterized with not only high protein-like (ttgphan and tyrosine intensity peaks)
fluorescence but also very high ratios of tryptapha fulvic like fluorescence peaks farm
wastes compared to stream waters (Baker, 2002ip Bfatryptophan to fulvic like is higher
in silage liquor (>20) followed by pig and cow (2-&1d lowest in sheep barn wastes (0.5-
4.0). However, this ratio has been more stabldh@ep barn waste compared to silage liquor
and more variables in pig as well cow slurries #rme decrease in ratio has been associated
with decrease in tryptophan fluorescence. But tlstsdies include one (peak locations) or
few data points. However, a new approach of flumeese regional integration is capable for
the quantification of whole EEM spectra of DOM (@het al., 2003b). Natural fluorescence
was recently proposed to trace diffuse agricultp@lution from cow slurry spreading on
intensively-farmed grasslands (Naden et al., 2008¢. ratio of indices of tryptophan-like and
fulvic/humic-like fluorescence was proposed asraticator of cow slurry in drainage waters.
Fluorescence regional integration is an opticahdearning technique in which a normalised
region-specific volume reflects the abundance ofedar structures specific to that region.
In this technique, five regions in the EEM are dedfl by aromatic proteins (regions | and II,
tyrosine like), humic like substance (region Itfyptophan like (region 1V) as well as fulvic
like materials (region V). EEM regions have beeoocanted for humic, tryptophan, tyrosine
peaks (Coble et al., 1990; Chen et al., 2003b)tidkep with aromatic residues such as
tyrosine showed their fluorescence at shorter attoit and emission wavelengths (region |
and Il) (Determann et al., 1994; Ahmad and Reynol@99). Regional transformations of
fluorescence in EEM coupled with chlorine consumptihave been used to predict
trihalomethane and haloacetic acid formation (Juimes and Miller, 2009). These regional
fluorescence similarities and dissimilarities amamg heterogeneous sources can be ascribed
as tracers of the specific source.

There is scarcity of knowledge in the literatureattfluorescence properties of farm manures
and also how they impact fluorescence signals séaved organic matter in natural water
streams. Besides this, to best of our knowleddegmting EEM fluorescence by regions and
zones have been hardly found in literature to pourtt pollution source in natural water by
farm manures. Therefore, the objective of this ytade threefold: (i) to characterize
fluorescence properties of dissolved organic madtdracts from pig slurry, cow manure
composts, fresh cow manures, wheat crop residuesisiyg fluorescence spectroscopy
coupled with fluorescence regional integration aclftemometrics (i) to identify the

fluorescence tracers of cow manure and pig sluiity finally to identify fluorescent
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parameters suitable for tracing diffuse sourceypiolh 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 X@Gvd CM2), three cow faeces (CF)
and three cow manures composts (CMC) with variamposting times were analysed. One
compost sample (CMC1) with one month and another m@nure compost with 4 (CMC2)

and six months (CMC3) of composting were samplealv @anures and compost manures
included the incorporated wheat crop residues.praparation of all the studied farm wastes
is indicated in Table 1.1. One cow faeces (CFdg wheat straw (WS), two pig slurries, two
cow manures, three cow manure composts samples avemdried in the shade at room

temperature and then grounded and passed throsigiveaof 1mm mesh size. However, one
fresh cow manure (CMf) and two cow faeces (CF1 @R&) were analysed without drying.

Most of the farm manures, used in this study, wdrgined from livestock breeding unit at

Kerguehennec station in Brittany, France.

Tablel.1 : Farm wastes preparation

Waste
o Sample treatment Name
description
Pig slurry Air dried, grounded, sieve 1mm PS1, PS2
Air dried, grounded, sieve 1mm CM1, CM2
Cow manure
Fresh Cwmf
Air dried and grounded, sieve 1mm CFd
Cow Faeces
Fresh, not grounded CF1, CF2

CMCL1 Air dried, grounded, sieve 1mm.
(one month)

Composted cow
CMC2 and CMC3, same compost CMC1, CMC2, CMC3

manure
sampled after 4 and 6 months of
composting
Wheat straw Air dried, grounded, sieve 1mm WS
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Aqueous extracts of farm manures

DOC was extracted with 40:1 (V:W) ultra pure watefarm manure ratio. Each farm manure
water suspensions (either dried or fresh phaseg Wwept in refrigerator at 4°C for 16 hours
with periodic manual shaking. Then the farm manuater suspensions were centrifuged at
3000 rpm for 30 minutes and subsequently filtetedugh 0.7 and 0.22 pum nitrocellulose
filters. To avoid any contamination, all the fikewere rinsed with ultra pure water and dried

overnight before vacuum filtration.

Aqueous extracts of soil DOM

One soil sample with three replicates was takef-20cm soil depth from the cultivated

experimental plot under chemical fertilization atrguehennec research station. Soil DOM
extracts were obtained with 2:1 ultra pure watesad ratio. Soil water suspensions were
shaken mechanically on orbital shaker for 2h aed tentrifuged at 3000 rpm for 30 minutes
and filtered through 0.7 and 0.22 pm nitrocellulbkers.

Mixing experiment of farm manures and natural water

A pig slurry and natural water (NW) (Stream 1) mixiexperiment was conducted in January
2008 to test the fluorescence parameters deternoimedw farming wastes. Stream water was
sampled on 18 January 2008 in an agricultural hatetwwvatershed of Ducey, located in
North-West France. Mixing experiment of cow mancoenpost (CMC3) and NW (Stream 2)
was conducted in January 2009. For this experinvestier was sampled in a stream draining
a natural wetland on 26 January 2009 at Haut Cauresite, North-West France. Both stream
water samples were taken during winter storm evekfter sampling, stream water samples
were kept at 4°C and filtered through 0422. The filtered samples were maintained in the
refrigerator at 4°C prior to fluorescence analysis.

In each mixing experiment, NW samples and farm mes({PS and CMC3) samples were
analysed for fluorescence properties at 5tHgOC separately. A mixed sample of equal
volume (50/50) of farm manure solution/natural wa@ach containing 5mgtDOC) was
generated which results final DOC concentrationdmfiL! in the mixture, was analysed.
Two other mixed water samples containing 25/75 @25 (DOC contribution from cow

manure compost/natural water) were also tested.
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Chemical Analysis

DOC concentrations were measured using Shimadzu $08BD A total carbon analyzer.
Accuracy on DOC measurements was +5%, based oratezbeneasurements of standard
solutions (K-phtalate). UV-Visible absorbance wasasured on a Perkin Elmer Lambda 20
UV-Visible spectrophotometer with excitation wavedghs range of 200-600 nm 0.5nm data
interval, slit width at 2 nm and scan speed wasaset20 nm/min. Specific Ultra Violet
Absorbance (SUVA) was measured by multiplicatiorab$orbance at 254nm with 100 and
dividing by the DOC concentration in the solutiGmgL'DOC).

Fluorescence spectroscopic measurements of DOCpeei@med using a Perkin-Elmer LS-
55B luminescence spectrometer. The spectrophotorusés a xenon excitation source and
slits were set to 5 nm for both excitation and amis. To obtain excitation-emission matrix
spectra, excitation wavelengths were incrementenh f200 to 425 nm at steps of 5 nm and
emission was detected from 250 to 600 nm with anfnSstep. Scan speed was set at 1500
nm/min, yielding an EEM in 22 minutes with 45 totans. To minimise the temperature
effect, samples were allowed to equilibrate wittormo temperature (20+2°C) prior to
fluorescence analysis. The spectra were obtaineslibiracting distilled water blank spectra
to eliminate the water Raman scatter peak. Resenaeak (Fig. 1) on the lower side of three
dimensional plots was also removed. Linearity wasied out between DOC concentration
and fluorescence intensity with dilution of high DQconcentration samples. Inner filter
effects were removed with the formula developed®ino, 2002). The whole fluorescence
dataset presented in this study was normalisechag 5* DOC. To maintain the consistency
of measurements and standardise the whole fluaresagata set, the corrected fluorescence
intensities were normalised with daily determineanfan emission intensity units (26) of
ultra pure water samples at 350 nm and 397 nm oitatbon and emission wavelengths

respectively.

Regional integration of excitation emission matriXEEM)

An internal program was developed in the laboratsing the R software (http://www.r-

project.org) for the integration of fluorescencéeisities across the whole EEM landscape
(Annexes, at thesis page 206). Here peaks at shweeelengths (<250 nm) and shorter
emission wavelengths (<380 nm) are related to €mapbmatic proteins such as tyrosine and
tryptophan (Regions | and Il) Peaks at intermedéigtation wavelengths (250-340 nm) and

shorter emission wavelengths (<380 nm) are relébedoluble microbial by-product-like
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material (Region V) while peaks located at theition wavelengths (230-300 nm) and the
emission wavelengths (380-575 nm) represent humdtlike substances (Region Ill). Peaks
at longer excitation wavelengths (>300 nm) and ésrgmission wavelengths (>380 nm) are
related to fulvic acid-like organics (Region V). Withis technique, EEM is divided into
biochemical (bio) (I, II, IV) and geochemical (g€dl), V) fluorescent regions (Figure 1.1a),
(Table 1.2) and three peak intensity zones of tyypan (TRY), fulvic like (FL) and humic
like (HL) fluorescence (Figure 1.1b) (Table 1.2urhification index (HIX) was determined
according to Ohno (2002). 45 spectral loadings wesed to reproduce three-dimensional

plots of fluorescence intensity as a function afi@tion and emission wavelengths.
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Figure 1.1: Integration of fluorescence intensities acrosgions (a) and maximum peak
intensity zones (b).

Table 1.2 : Definition of excitation (Ex) - emission (Emjavelengths (nm) ranges for each
region and zones

Ex (nm’ Em (nm Ex (nm’ Em (nm
Regions Zones
region | 230-250  280-330 Tryptophan 270-280  320-350
region Il 230-250  330-380 Fulvic like 300-350  400-500
region [l 230-300  380-575 Humic like 230-250  360-420

region IV 250-340 280-380
regionV  300-400 380-600
region bio 230-340 280-380

region geo 230-400 380-600
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Statistical analysis

To observe the spectroscopic similarities and whgarities of farm manures studied,
principal component analysi$PCA) was applied to the DOC normalised integrated
fluorescence intensities of the studied farm mamumith K software (package ade4).
Significant differences among the three groupsasinf manures were tested by one way
ANOVA (p<0.05) with STATISTICA (version 7.1).

Numerous replicates of fluorescent measurement @mh extraction in previous studies
conducted with the same apparatus showed 5% ceeiffiof variation (unpublished data).
Therefore we imposed this dispersion parametemtalate three replicates per treatment in
order to integrate potential analytical errorsha treatment comparison. Statistical analysis of
the treatment means were run by one way ANOVA BITATISTICA 7.1 (Statsoft).

For the coefficient of variation (GY of the ratio X/Y of two variables, we applied the
approximation suggested by Holmes and Buher (2@7gur ! Des objets ne peuvent pas
étre créés a partir des codes de champs de miseferme., where CV, and C\, are CVs

of X and Y variables respectively.

Results

Spectroscopic characterization of farm effluents

Spectral differences and similarities among diifiéitgpes of farm manures were analysed by
principal component analysis (PCA) on the fluoreseedata set (Figure 1.2). PCA was
performed on the integrated fluorescence interssitiefive regions and three peak intensity
zones along with their ratios of dissolved organatter (DOM) in 12 farm effluents and one
soil sample which was treated as illustrative imdlral (Figure 1.2). Both axes 1 and 2 of
PCA explained the variability in the data set b§#8nd 38% respectively (total variability of
87 %) as shown in Figure 1.2b. Data revealed dé&éerences and similarities among the
studied farm effluents. Three groups were obse(#gglire 1.2b): G1 containing all the pig
slurry (PS) and cow faeces (CF) samples. In G1,sRigy along with one dry cow faeces
(CFd) samples showed positive scores on axel agatine on axe2 and two fresh cow faeces
reflected positive scores on axel and axe2. G2istedsof two dry cow manures (CM1,
CM32) and cow manure compost (CMC1; one month timetion) which showed positive
scores on axe2 and negative scores on axel. lfr€sh, cow manure (CFf) as well as wheat

straw (WS) were positioned in the upper right gaath with positive scores on both axes.
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Third group (G3) was the cow manures composts (CMG2 CMC3 with 4 and 6 months

composting time) located in the lower left quadsanmith negative scores on both axes.
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Figurel.2 : PCA on the integrated fluorescence interssiiefarm effluents: two pig slurries
(PS), three cow faeces (CFd, CF1, CF2), one wheaw WS), three cow manures (CM1,2
& CMf) and three samples of cow manure compost (EMOng axel and axe2 (b). (a)
represents the factorial projection of variablesnglthe both axes. G1, G2 G3 denote three
groupings of the studied farm effluents.

Axe 1 of PCA showed significant differences (p<(Q.@ihong the homogeneous groups G1,
G2 and G3. It indicated positive average score<5ibr(2.08, p<0.05) and negative average
scores of -0.80 and -5.00 for G2 and G2 respegtivAke2 did not show significant
difference between G1 (1.45, p<0.05) and G3 (203®.05) but differentiated significantly
G2 (-2.40, p<0.05) from G1 and G3. The integrabfescence intensities across biochemical
(bio), region I, IV and tryptophan (TRY) zone asliwas ratio TRY:(HL:FL) showed highly
negative correlation with axe2 and ratios bio:gdd;V, I1lI:}V, TRY:FL, TRY:HL
demonstrated highly positive correlation with axeeld separated the G1 effluents from G2
and G3. Integral intensities in geochemical (geegyion Ill, V and fulvic like (FL), humic
like (HL) zones demonstrated highly negative catieh with axe2 and SUVA, HIX showed
highly positive correlation with axe2 and discrimied the G3 samples of cow manure
composts (CMC2 and CMC3). Moreover, group G2 maa(iresh and dried extracted cow
manures, cow compost (CMC1) and wheat straw) wérawvs opposite fluorescence
properties to pig manures and cow manure comp@WC@ and CMC3) and separated by

lower biochemical and geochemical fluorescencensitees compared (Figure 1.2b).
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Likely we observed a significant shift of fluoreace properties in cow manure composts
towards geochemical fluorescence properties anchypothesize that cow manures after
decomposition and biotransformation show their ridsgence properties close the humified
soil DOM. Therefore, we put fluorescence propertiesoil sample taken from cultivated soil
under mineral fertilization as an illustrative imgiual in the PCA analysis and had observed
the soil was projected with G3 effluents and shovaédost 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.®&gher fluorescence intensities in region
IV (2742 RU) compared to higher natural water (2487) (Figure 1.3). But in 50% mixed
water sample, 50% DOC (5mglLeach from PS and NW sources), increase in region |

fluorescence was non significant.
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Figure 1.3 : Discrimination of pig slurry (PS) from natureater (NW) and a 50/50 mixture
by fluorescence intensities in region IV. Confideniatervals were estimated assuming a
coefficient of variation of 5%.

Biochemical to geochemical fluorescence intensityatios

Ratios of regional integrated fluorescence diserated well the PS from NW sample as
shown in Figure 1.4a, b. PS sample showed signilicp<0.05) higher bio:geo, IV:V ratios
(0.32, 0.48 respectively) compared to NW sampléhv@itl2, 0.15 respectively. In mixed
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water sample, ratio bio:geo, IV:V (0.18, 0.24) wemgnificantly (p<0.05) higher compared to
NW sample showing the impact of pig slurry.
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Figure 1.4 : Ratios of biochemical to geochemical regi¢radio bio:geo), region IV to V
(ratio IV:V) in pig slurry (PS), natural water (NWnd a mixed water sample containing
50/50 DOC from each source. Confidence intervalseevestimated assuming 5% coefficient
of variation.

Peak zones fluorescence intensities

Pig slurry effluent showed significant higher TRY;FTRY:HL ratios (0.08 and 0.11)
compared to natural river waters (0.01 and 0.08ufe 1.5). From the 50/50 PS and NW
sample mixture, PS showed its impact by increa3iRY:HL as well as TRY:FL ratios by
0.03 and 0.05 respectively compared to NW sourger @ll TRY:HL ratios were higher than
TRY':FL ratios among all the sources.

Pig slurry showed significant higher ratio TRY:(HAL) compared to NW sample with values
of 311 and 145 respectively. This ratio discrimathalso the pig slurry contamination in 50%
mixture of PS and NW with significant higher valofe258 compared to natural water.

48



0.127

a)
Cc
T 0.08 1
&
14
'_
o
2 b
€ 0.04" _
. =
0.00 ‘ ‘ ‘
PS NW 50% mix
C
0.12
T b
T )
-
T 0.8
>
i
° e
€ 0.04-
a
0.00 ‘
PS NW 50% mix
c
360 | ¢
s b
T 270
T
T
> 180 a
-
Re)
- '
0 = T T 1
PS NW 50% mix

Figure 1.5 : Ratios of integrated fluorescence intensibesveen peak intensity zones of
tryptophan (TRY), humic like (HL) and fulvic likeF() in pig slurry (PS), natural water
(NW) and a mixture of water sample containing 50 @®from each source. Confidence
intervals were estimated assuming a coefficiemaoiation of 5%.

Aromatic character of pig slurry and natural water samples

PS was characterized with significant lower SUVAd@x of aromaticity) value (0.27) and
HIX (0.73) compared to NW which showed higher hucaifion (0.87) and aromaticity

(1.65). 50% mixture of PS and NW showed almost 5f8érease in SUVA value (0.78)
compared to NW. However, PS did not affect the kB{ue in the 50% mix sample, as the
HIX value was closer to NW source (Figure 1.6a).
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Figure1.6 : Humification index (HIX) (a) and Specific it Violet Absorbance (SUVA) (b)
in pig slurry (PS), natural water (NW) and mixtwewater containing 50% DOC from PS
source. Confidence intervals were estimated asgyuouafficient of variation of 5%.

Composted cow manure contamination in natural riverwater

Integrated fluorescence intensities across regions

CMC3 showed significant lower integral fluorescemceegion 11l vs V (35055, 33921 RU)
than NW sample (61038, 57624 RU) as shown in Figure Cow manure compost showed
its impact on the regional fluorescence in 50% ot by decreasing the values to (45939,
44339 RU) compared to NW source.
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Figurel.7 : Discrimination of cow manure compost (CMC&nfi natural water (NW) and a
50/50 mixture by regional fluorescence across regidl and V. Confidence intervals were
estimated assuming a coefficient of variation of 5%

Biochemical to geochemical fluorescence intensityatios

Cow manure compost (CMC3) was discriminated witinigsicant higher bio:geo and 1V:V
(0.14 and 0.21 respectively) compared to NW samjile ratios 0.08 and 0.12 respectively
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(Figure 1.8). Natural water used in this experim@&as sampled from the stream draining a
wetland and forest area, showing a lower bio:géo (8.08) than the NW (0.12) draining the

cultivated hillslope. It indicates the spatial aniiity of fluorescent DOM substances draining
the heterogeneous soils. 50% CMC water mixture skosignificant increase in bio:geo and
IV:V ratios (0.10, 0.15 respectively) than NW sampl
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Figure 1.8 : Discrimination of cow manure compost (CMCB)m natural water (NW) by

fluorescence intensities ratios of biochemical é@@hemical regions (ratio bio:geo), region
IV to V (ratio IV:V) and in a mixture of water satepcontaining 50% DOM from each

source. Confidence intervals were estimated asgueooefficient of variation of 5%.

Fluorescence ratios across zones

TRY:FL and TRY:HL ratios were significant higher @MC3 (0.03 and 0.04 respectively)
compared to NW sample (0.01 and 0.01) (Figure 1)9850% water mixture was
characterized with intermediate values of 0.02 @ri8 respectively. Overall, CM, NW as
well as 50% water mixture showed higher TRY:HL@atcompared to TRY:FL ratios.

Ratio TRY:(HL:FL) also showed significant higherlwas (730) in CMC3 than NW (414),
while 50% mixture showed the impact of CMC3 sowsith significant higher TRY:(HL:FL)

value (581) compared to natural water sample (Eigu@c).
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Figurel.9 : Ratios of integrated fluorescence intensii@®ss peak intensity zones of humic
like (HL), fulvic like (FL) and tryptophan (TRY) imatural water (NW), pig slurry (PS) and a
mixture of water sample containing 50/50 DOC fromwcmanure source. Confidence
intervals were estimated assuming a coefficiemaoiation of 5%.

Aromatic character of cow manure and natural watersamples

Specific ultra violet absorbance (SUVA) was sigrafitly higher in NW (4.03) than CMC3
sample (3.40) (Figure 1.10b). 50% CMC3 water mitaiemonstrated significant lower
SUVA value (2.70) compared to both sources. Itetftd the non preservative behaviour of
absorbance parameter in mixing of cow manure atutalavater. Humification index (HIX)
was incapable to discriminate cow manure samplem fnatural water (Figure 1.10a),

although it worked well in discrimination of pigusty from natural waters (Figure 1.6a).
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Figure1.10 : Humification index (HIX) (a) and Specificttd Violet Absorbance (SUVA) (b)

in cow manure compost (CMC3), natural water (NWA amxture of water containing 50/50
DOM from each source. Confidence intervals weremeded assuming a coefficient of
variation of 5%.

Discussion

Farm effluents characterization

After cancelling the initial DOC differences, flescence spectral dissimilarities in various
farm effluents depict DOM quality differences. Ripal component analysis (PCA) enabled
the grouping of various farm effluents which haveikr DOM spectroscopic properties.
This classification reflects the origin of DOM byopiding information on the similarity of
fluorescence properties among various sources.gftgping of pig slurry (PS) samples in
the same quadrant along with fresh cow faeces (GE) Figure 1.2b) indicate that DOM in
the pig and cow excretions is of similar fluoreszemproperties and therefore, depict the
similarity of digestive excretions in both breedsgmals although the former is monogastric
and the later is ruminant. Hunt and Ohno (2007)ehsivown the lack of consistent trends
among the fluorescent components among the pig,atwvpoultry manures as compared to
plant extracted DOM fluorescence properties. Thoéofgal projection (Figure 1.2a) suggests
the possible discrimination of PS and CF samplemfG2 and G3 effluents with strong
biochemical integral fluorescence in the regiond aRY zone as well as ratios of bio:geo,
IV:V, TRY:(HL:FL), TRY:FL and TRY:HL.

When the CF is mixed with wheat residues, it reféras cow manure (CM). Fresh and dried
extracted cow manures and one month CMC and WSlearape grouped in G2 (Figure 1.2)
which suggested the homogeneity of their DOM guallt was also demonstrated that

fluorescence properties of DOM extracted from caeckes were changed after contact with
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wheat crop residues. When CF interacts with cremues, regional transformation results in
higher HIX in CM.

Cow manure composts (CMC2 and CMC3 for 4 and 6 hwotine duration) are observed in
the same group (G3, Figure 1.2) and exhibit singfgctral composition. The differentiation
between cow manure and composted cow manure edlatifferent chemical composition
with some condensed, aromatic and/or heterocyrig systems, a high degree of electronic
conjugation and bearing suitable hydroxyl, alkoagd carbonyl groups which is consistant
with the humification during the composting procéSenesi et al., 1991). Geochemical
regions (region Il and region V), peak intensiggnes of FL and HL as well as HIX and
SUVA are the most effective fluorescence discrinor& of cow manure composts. As
composting process proceeds, molecular complexitiie fresh organic materials (CMC1) is
increased (CMC2, CMC3). This increasing moleculamplexity could also be related to
increase in volumic intensities in humic acid lded fulvic acid like regions (region Il and
region V) (Marhuenda-Egea et al., 2007). Geochdnfioarescence intensities as well as
SUVA and HIX in CMC2 and CMC3 can be related toregased carboxylic, phenolic carbon
groups and polymerization and cross-linking thaidl¢éo the formation of larger molecules
(Liang et al., 1996).

The decreased fluorescence intensities in regidinaind IV in cow manure composts could
be due to the degradation of the fresh materiaks r@sult of microbial activity. Fluorescence
properties of composted cow manure DOM are noewsfit from soil DOM.

Pig slurry was not discriminated from fresh cowcle® So a diffuse pollution by direct
transfer of DOM from pig or cow slurry after spreagl on soil or in intensively grazing
pasture area not be discriminated with fluorescehegacterization. On the contrary, a direct
transfer of DOM from cow manure or composted cowuanas should be discriminated from
cow faeces or pig slurry pollution with lower fl@scence intensities in region I, IV, bio,
TRY zone, ratio TRY:(HL:FL) in fresh cow manuresintense fluorescence in geochemical

regions, FL and HL zones.

Discrimination of point source pollution of pig andcow manure compost

A mixing experiment was carried out in the laborgtto trace the general impact of pig
slurry contamination on the natural river water DOMorescence and to find out some
pertinent fluorescence indicators of pig slurry teomination. Simulated level of
contamination was low because the DOC concentratiothe mixing between slurry or

compost and natural water was 5riglAfter slurry spreading, DOC concentration in rfino
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ranged between 100 to 250 mg (Royer et al., 2007b). The mixing sample was cosepof

a solution with 50% from stream and 50% of DOC frpig slurry wastes (50/50 DOC; 5
mgL'DOC from each source), but it does not represemixing of 50% of pure slurry in
stream water.

PS effluent is characterized by significant higregros of bio:geo, IV:V, TRY:FL, TRY:HL,
TRY:(HL:FL) and lower fluorescence intensities ggions Il and V as well as significant
lower values of SUVA and HIX and an opposite trémdthese indices is observed in natural
river waters.

In the pig slurry/natural water sample, all theastare tended towards PS source. This is
because region Il and IV are connected to tyrogiyptophan and protein like components
(Chen et al., 2003b). Total hydrolysable amino scabrrelate with peak fluorescence
intensities of tyrosine and tryptophan (Yamashitd danoue, 2003) which are located in
biochemical regions (I and 1V). Therefore, upon #uglition of 50% DOM from PS source,
these nitrogen containing components increase ennitxture and result in stronger ratios.
Lower ratios bio:geo, IV:V, TRY:FL, TRY:HL, TRY:(HIFL) in NW sample suggest the
microbial transformation of biochemical fluoresceomponents (region I, II, IV, as well as
TRY zone). Direct pollution source can be of twgey: (i) either from the stockpiled
manures (at various stages of humification and atimity) along the water courses or from
animal faeces in the intensively grazed pasturem tlee stream channels. In case of
stockpiled manures, composts are suitable for stgdtheir point source contamination.
Stream fluorescence shows a great variability déipgnnot only of allochtonous source of
pollution but also of soil type, vegetation, anddase (Cumberland and Baker, 2007; Hudson
et al., 2007). Therefore, to explore the mixingtwbd highly aromatic and humified DOM
substances, the natural water was sampled in anstdraining a peat wetland and the
composts (CMC3) at six month of time duration wadeeh.

Initial higher ratios of bio:geo, IV:V, TRY:FL, TR¥L, TRY:(HL:FL) were observed in
CMC3 samples compared to NW samples. Although D@ivhfCMC3 is highly aromatic yet
it influences the DOM fluorescence properties iweri water by increasing ratios and
decreasing the aromaticity of NW.

In the peat wetland catchment, DOM is enriched witllyphenolic rich fractions and
fluorescence in the geochemical regions (regiorafidl V, in our case) is more important
compared to the stream 1 (NW sample from streanmidga Ducey catchment). Intense

fluorescence in the geo region was measured cochgarearbohydrate and protein rich
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(Chen et al., 2003a) biochemical regions of EEM eodsequently lower ratios in the peat
wetland catchment.

SUVA is a good indicator of aromatic carbon cordenitthe organic matter (Weishaar et al.,
2003).The SUVA decrease in the water mixture (P& W) as well as (CMC3 and NW)
which confirms the lower aromaticity and humificati(Huber et al., 1994) after mixing with
farming wastes. Humification index reflect that CB1@&nd wetland catchment NW are at the

similar stage of humification.

Implication for water quality monitoring in agricul tural headwater catchment

Non significant difference in ratio bio:geo betwestream 1 and pure composted cow manure
reflected the higher background ratio in streanrnd i also indicated that the ratio will not
differentiate the impact of composted cow manures stream 1 (Figure 1.11). A
contamination of water with pig slurry would be ally detected in all streams, however
spatial variability of the fluorescence propertéstream should be explored.

These results also show the necessity of monitdhiagtream fluorescence properties over a
long time to initiate stream water quality databfsesach catchment and to analyse temporal

variation of the fluorescence properties.
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Figure 1.11 : Ratio bio:geo in the stream 1 impacted ky gurry and the stream 2 (peat
wetland) impacted by composted cow manure. Confieantervals were estimated assuming
a coefficient of variation of 5%.
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Quantifying the increasing impact of composted cowmanure on stream?2

fluorescence
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Figurel1.12 : Impact of increasing DOM from cow manure post (CMC3) on the stream 2
fluorescence. Confidence intervals were estimassdraing a coefficient of variation of 5%.

Increasing impact of composted cow manures showgrdfisant increase in bio:geo ratio
(50% to 75% compared to stream2) and the ratio [{2%% to 75% compared to stream?2)
(Figure 1.12). Ratio IV:V is found more sensitive detecting a pollution of natural water

even the cow manure compost impact is 25 % (5 Hhgh the stream water.

Discrimination of the type of farming waste contammnation

The fluorescence indicators proposed in this stallgw to identify a farming waste
contamination of DOM in agricultural headwater atns (ratios bio:geo, IV:V, TRY:FL,
TRY:HL) but the type of farming waste suspectethi pollution can’t be discriminated. The
PCA analysis conducted on the farming waste exeaable to discriminate pig slurry and
cow faeces from cow manure and composted cow maAumixing of one stream sample
with different farming waste extracts and a PCAlgsia should be conducted to conclude the
nature of the farmingvaste contamination since one value of ratio is sufficient to
conclude. An increase in the bio:geo ratio for eglnis observed after addition of pig slurry
or cow compost in the stream water. The variatibthe ratio is dependant upon the nature

but also upon the quantity of farming waste DOMmypo stream.
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Conclusion

Fluorescence spectroscopy coupled with PCA showedIOM quality differences among
the various farm manures applied to cultivatedssdmportant outcomes from this study are
following:

* Fluorescence similarities in pig slurry (PS) anevdaeces (CF) depicted the similar
fluorescence DOM quality although pig is monogastaind cow is ruminant with
different digestive process.

* PS and CF were strong in biochemical fluorescentansities (bio), (region Il, IV)
and TRY zone and differentiated from fresh and costgd cow manures with higher
ratios of bio:geo, regional ratio IV:V, TRY:(HL:FLYRY:FL, TRY:HL.

« Cow manure composts were discriminated by higheoréscence intensities
geochemical regions (region lll, V), fulvic like érhumic like zones as well as
humification index.

» Composted cow manures depict DOM fluorescence ptiepesimilar to soil DOM.

Discrimination of farming wastes in natural streamwater

* Ratios bio:geo, IV:V, TRY:FL, TRY:HL and TRY:(HL:PLare found as pertinent
tracers of farming wastes (pig slurry and cow mamomposts) in the mixed water
samples.

» Direct transfer of pig slurry waste in stream candiferentiated with higher bio:geo
ratios.

* TRY:(HL:FL) which had shown higher values for covamure composts compared to
pig slurry

* Increasing impact of farming wastes can be quawtifivith increasing bio:geo and
region IV:V ratios

Implication for water quality monitoring

These results show the necessity of monitoringstreeam fluorescence properties over a long
time to initiate stream water quality database dach catchment and to analyse temporal
variation of the fluorescence properties rathernthaterpreting absolute measure of

fluorescence ratio.
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Abstract

Fluorescence properties of dissolved organic m&&M) were used to characterize the
diffuse DOM pollution by pig slurry and cow manu#e.simulating runoff experiment was
conducted on a microplot of 1m? a few hours afseming waste spreading. Three repetitions
for each treatment (control, pig slurry and cow oranat agronomic rates) were tested in
April 2008.

A rainfall simulation was conducted with intensity67 mm.H. Cumulated runoff was about
16 L for each plot. Regional integration was applan fluorescence measurements. Ratio
bio:geo (biochemical fluorescence in the regiorl land IV / geochemical fluorescence
(humic/fulvic like- fluorescence, region Il and \And ratio II/V (humic-like fluorescence)
discriminated the farm wastes DOM from soil sourtke fluorescence properties on first
runoff samples from farming waste amended soilseweentical to those measured on raw
farming waste. This indicated that a spring stoxangé which occurred a few hours after the
spreading lead to transfer of DOM from farming weasthe ratios bio:geo and IlI:V were
significantly higher than those measured in controlthe first 6L runoff in pig slurry
treatment and in all the runoff samples collectethio repetition on cow manure. However in
the last cow manure simulation replicate, DOM tfangvas from soil source. Region V also
discriminated the soil DOM with significantly highBuorescence from the farming wastes. It
was impossible to discriminate pig slurry from covanure contamination since fluorescence
properties measured on cow faeces were identigagtslurry. Air drying treatment modifies
the fluorescence properties of the farming waste.d€tect farm waste contamination in
stream, fresh effluent analysis dataset have to\estigated to explore the variability of the
farming wastes fluorescence properties.

Key words: farm wastes, Pig slurry, cow manure, rainfall @i@mtion, runoff, fluorescence

tracers,
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Introduction

In modern agricultural systems, the widespread afsarm wastes fertilization serve as a
valuable source of crops nutrients (Moral et ab0%) and a mean of alternative source of
chemical fertilizers which cause excess nitrated phosphorous loads in the catchment
streams (Granger et al., 2010) during intense alimfvents. Water contamination can be
aggravated if rainfall event occur shortly aftee gupply of farm manures and transport the
DOM towards the stream by modifying the water patyrsvvia surface runoff or preferential
flow via tile draining (Royer et al., 2007a; Herretsal., 2008; Naden et al., 2009).

The excess DOM production pollutes the natural ues® water quality. In the French
legislation, [DOC] concentration in superficial washould be under 10 mglduring 95% of
sampling time for drinking water supplies. Morequ@©OM act as a vector in the transport of
pesticides, metals and viruses etc towards str¢@fiisams et al., 2005; Song et al., 2008).
In the literature, there is scarcity of knowleddp@uat the net impact of different farm manures
supply on the DOM production in soll if rainfalliogides with the fertilization time. The new
directive on Bathing water quality 2006/7/EC (Anarmus, 2006) strengthens the concept of
bathing water management by introducing bathingewatdrofiles designed to identify
pollution sources in bathing waters and of othefase waters in the catchment area of
bathing water concerned. One of the major sourtéscal pollution which may contaminate
bathing waters is associated with the practicewod Ispreading of animal wastes, especially in
intensive agricultural areas such as Brittany (Eean It is well know that cattle and pig
manures contain pathogenic microorganisms (GuarHatidy, 2003; Omisakin et al., 2003)
and that land spreading of manure constitutes aahumalth risk (Thaddeus et al., 2008). It is
thus important to use methods to identify livest@tktamination in surface water and to
discriminate cow manure from ping slurry contamiormt

Identifying sources of contamination required thevelopment of tracers of DOM. EEM
Fluorescence spectroscopy appears as a interéstihgnd has been applied to trace diffuse
agricultural pollution from dairy slurry spreadiog intensively-farmed grasslands (Naden et
al.,, 2009). Excitation-emission matrix spectra (EENMiorescence) are obtained by
incrementation of excitation and registration ofigsion spectra. Four major peaks are
generally observed in DOM samples. However, in thigent study, instead of taking few
data points in the form of peak picking, the whal2EEM spectra is analysed quantitatively

with fluorescence regional integration (Chen et, aR003b). Peaks at shorter
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wavelengths (<250 nm) and shorter emission wavéhen(<380 nm) are related to simple
aromatic proteins such as tyrosine and tryptoplReygions | and 1l). Peaks at intermediate
excitation wavelengths (250-340 nm) and shorterssiom wavelengths (<380 nm) are
related to soluble microbial by-product-like masriRegion IV) while peaks located at the
excitation wavelengths (230—-300 nm) and the emisgiavelengths (380-575 nm) represent
humic acid-like substances (Region Ill). Peaksoagér excitation wavelengths (>300 nm)
and longer emission wavelengths (>380 nm) area@l&d fulvic acid-like organics (Region
V). Relative importance of these peaks or regioth ba@en used to trace DOM from diverse
sources. Baker (2002) has demonstrated that intextge tryptophane-like to fulvic/humic
like fluorescence are higher in farming wastes camag to stream water. Naden et al., (2009)
also used the ratio of indices of tryptophane-ake fulvic/humic like fluorescence (TI:Fl) to
distinguish incindental losses of dairy slurry naidage waters.

In the presented study, we (i) investigated theaichf pig slurry and cow manure wastes on
the production of dissolved organic mater duringrgp storm events by analysing runoff
water quality by simulation (ii) test the potent@ fluorescence spectroscopy as tracer of
farm manure DOM during three rainfall simulationeats, and finally try to discriminate

between pig and cow manure contamination in ruwater.

Materials and methods

Experimental dispositive

A rainfall simulation field experiment was condwtten April 2008 at the agricultural
experimental research center of Kerguehennec Byittd&rance. Three treatments were
evaluated: control (C), pig slurry (PS), cow man(&#) with three replicates (R1, R2, R3)
which produced a 9 plots experimental design.

A fellow plot of 20m*30m was selected with averadepe of 3% and tilled to a depth of 15
cm. Nine tilled plots (0.75m*1.5m) were arrangedbimectangular shape. The soil was a
cambisol (41% sand, 42% silt, 16% clay) with 2.5%gamic matter contents in the Ap
horizon Before each rainfall simulation, each plot was rolabically isolated with
galvanized iron (15 cm above and below the soflasay). The runoff collector was composed
of a 10 cm diameter polyvinyl chloride gutter (PM&jh 1 cm slit. This gutter was connected

to a 2.5L distilled water washed plastic beakeRN&C pipe as indicated in Figure 2.1.
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Rainfall simulation

The rainfall simulator was placed under a tentrevent wind and natural rain perturbation.
Rainfall intensity was adjusted to 67 mi.lo generate an extreme spring storm flow.
Rainfall intensity was determined by measuringubleime collected on a 2m?2 recipient after
one minute. The duration of the simulation periadied from 40 min to 75 min to obtain the
same cumulated runoff quantity required. The whaleoff was collected. Eight runoff
samples (750 mL, 4L, 750 mL, 4L, 750 mL, 750mL, #60) were collected for each plot
and was analysed for current analysis (microbialalgipH, suspended matter, dissolved
organic carbon). The two large volume samples ofwhHre required by all the partners
working with various molecular tracers techniqudsD®OM because specific analytical
methods required large volumes. The time requicedallect the samples was measured to
compute runoff rate and volume. Runoff water waisasef well before sampling in sterile

plastic bottles for microbial analysis. Samplesev&iored at 4°C until analysis.

Cow manure and pig slurry characteristics and appltation rates

Cow manure and pig slurry were collected from twonfs located near the experimental
research center. Cow manure was collected in plhatis and pig slurry was collected in 15L
plastic containers. Pig slurry was stirred beforanoal application. Pig slurry was applied
with manually watering sprayer at 2.4 k¢ rf24 Mg h&) and the quantity of applied slurry
corresponds to agronomic dose of Nitrogen requirgnfi@ maize crop. Cow manure was
also manually spreaded at 3.2 kg m-2 (32 Mg@)h®ig slurry and cow manure consisted of
carbon contents 41.7 and 47.2 g-Ry/ (dry matter) respectively and nitrogen conteh®
and 1.6 g.kgDM respectively. Both wastes were spreaded onxperémental plot two hours

before the rainfall simulation.

Water used for rain simulation

The rain water used during the simulation experinvesis taken from the drilled well at 5
meter depth. This water was free of microbial comitetion of Enterococci and had low
dissolved organic carbon (DOC) 1.39 +0.12 migwith pH 6.59.
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Figure2.1 : Experimental dispositive of rainfall simutati
Agueous DOM extracts of farm manures and soil

DOM was extracted with 40:1 (V:W) ultra pure water farm manure ratio. Pig slurry
samples were separated into its liquid and solitsgarough centrifugation at 3000 rpm for
30 minutes. Liquid pig slurry sample was filteretlaeferred as PS fresh slurry sample in the
current study. Solid part of pig slurry and cow m@s samples were air dried and grounded
at 700 turns per minutes and sieved through 1 mshreze and referred as PS dry and CM
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dry DOM extracts in the current study. Moreover, Md@xtractions were also undertaken for
the fresh farm manures (cow manures (CM fresh) aowd faeces (CF fresh) and utra pure
water suspensions. Extraction procedure for aquédisl extracts was similar for each of
farm manures either fresh or dried. Each farm manuater suspensions were kept in
refrigerator at 4°C for 16 hours with periodic mahshaking. Then the farm manure water
suspensions were centrifuged at 3000 rpm for 3Quteand subsequently filtered through
0.7 and 0.22 pum nitrocellulose filters.

For soil, DOM was extracted with 2:1 ultra pure &vato soil ratio. Soil water suspensions
were shaken mechanically on orbital shaker for 12t then centrifuged at 3000 rpm for 30
minutes and filtered through 0.7 and 0.22 pm nélotose filters. To avoid any
contamination, all the filters were rinsed withraltpure water and dried overnight before
vacuum filtration. The values of fluorescence imedicstudied in the farm manures were
enlisted in Table 2.2.

Physical and chemical water analysis

Suspended sediments were determined by weighingeetlafter drying overnight at 105°C.
Samples were filtered through 0.22m membranes (Millipore Millex-GV). pH was
determined on 20 mL filtered water samples usinligéal pH-meter (WTW) calibrated with
buffers (WTW) of pH 4 and 7. [DOC] was measured aishimadzu TOC 5050 A total
carbon analyzer. Accuracy on DOC measurements wa%, tbased on repeated
measurements of standard solutions (K-phtalate)C @B@ncentrations were highly elevated in
cow faeces (3050 mgf) followed by the pig slurry (2167 mdl), cow manures (1580 mgL
1. But we presented the data of farm wastes nosemlat 5 mgl and presented the DOC
level of 100 mg [* in by diluting with a factor of 30, 20 and 15 tim€F, PS and CM
respectively (Figure 2.6 and 2.7, in the discussiection of the current study). UV-Visible
absorbance was measured on a Perkin ElImer LambddV20isible spectrophotometer
across 200-600 nm excitation wavelengths range ddth interval 0.5nm, slit width 2 nm and
scan speed 120 nm/min.

Fluorescence measurements of DOM were performedgusi Perkin-Elmer LS-55B
luminescence spectrometer. The spectrophotomessr aixenon excitation source and slits
were set to 5 nm for both excitation and emissibo.obtain excitation-emission matrix
spectra, excitation wavelengths were incrementech f200 to 425 nm at steps of 5 nm and
emission was detected from 250 to 600 nm with andnSstep. Scan speed was set at 1500

nm/min, yielding an EEM in 22 minutes with 45 totaans. To minimise the temperature
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effect, samples were allowed to equilibrate wittormo temperature (20+2°C) prior to
fluorescence analysis. The whole fluorescence dassented in this study was normalised
at 5 mg [* DOC. Linearity was carried out between DOM concatitn and fluorescence
intensity by dilution of high DOM concentration spies. To eliminate the second order
Raleigh light scattering, excitation and emissiatoff filters were applied at 230-310 nm and
380-600 nm respectively on the lower side of thdieeensional plots (Figure 2.2). Inner filter
effects were removed with the formula (Ohno, 200R). maintain the consistency of
measurements and standardise the whole fluorescientaset, all the integrated fluorescence
intensities were normalized to average Raman eomssitensity units of 31 for daily
determined ultra pure water samples at excitatimh emission wavelengths of 350 nm and
397 nm respectively. A Raman normalised integr&EM spectrum of ultra pure water was
subtracted from the data sample to eliminate theemRaman scatter peak. To minimise the
effect of temperature, all samples were allowedeach laboratory temperature prior to

measurement and the analysis was performed abeataby temperature of 202°C.

Regional integration of excitation emission matriXEEM)

An internal program was developed in the laboratming the R software fittp://www.r-
project.org for the integration of fluorescence intensitiesogs the whole EEM landscape
(Annexes, at thesis page 206). Here peaks at shwoeeelengths (<250 nm) and shorter
emission wavelengths (<380 nm) are related to €mapbmatic proteins such as tyrosine and
tryptophan (Regions | and Il) Peaks at intermedéigtation wavelengths (250-340 nm) and
shorter emission wavelengths (<380 nm) are relé&bedoluble microbial by-product-like
material (Region V) while peaks located at theition wavelengths (230-300 nm) and the
emission wavelengths (380-575 nm) represent humdtlike substances (Region Ill). Peaks
at longer excitation wavelengths (>300 nm) and érgmission wavelengths (>380 nm) are
related to fulvic acid-like organics (Region V). Withis technique, EEM is divided into
biochemical (bio) (I, II, IV) and geochemical (gedl, V) fluorescent regions (Figure 2.2a)
(Table 2.1) and three peak intensity zones of tyyppan (TRY), fulvic like (FL) and humic
like (HL) fluorescence (Figure 2.2b) (Table 2.1).

The quantitative analysis included the integratdriluorescent volume beneath each region
and zone. Moreover, ratios TRY:HL, TRY:FL, HL:FLiotgeo, IV:V and IlIl:V were also
calculated. 45 spectral loadings were used to dem® three-dimensional plots of
fluorescence intensity as a function of excitataord emission wavelengths. Humification
index (HIX) was determined according to Ohno, (2002
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Figure 2.2 : Integration of fluorescence intensities asrosgions (a) and maximum peak
intensity zones (b).

Table 2.1 : Definition of excitation (Ex) - emission (Emjavelengths (nm) ranges for each
region and zones
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Table2.2 : Fluorescence indices in farm manures and soil

DOM extracts region V ratio III:V ratio bio:gea
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

Results

Heterogeneous response of runoff water under the otrol of effluent type

During three simulation events, we considered aeerainfall intensity of 67 mm-hwhich
corresponded to a spring rainfall event in the exnbf Brittany France. Weaker rainfall
intensities were measured in control (soil along)aRd R2 as well as pig slurry (PS) R1 and
R2. Rainfall intensities were highly elevated imcmanure modality R3 as shown in Table
2.3. However, required volume in cow manure R3 wktsined after 120 min of simulation
time and this modality was particularly differenithvrespect to simulation time and higher
rainfall intensity to attain required volume as gared to other modalities. In this modality,
soil surface (either due to soil cultivation or covanure land spread) favoured the infiltration
of rainwater.

Overall, the runoff time and simulated runoff ihtale simulation events of cow manure were
comparable to control and pig slurry modalitiessiBes this, cow manure surface application

delayed the release of water streaming that redjuirense rainfall to generate the needed
runoff volume.
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Table2.3 : Hydrological charateristics of rainfall simtibn events RI (rainfall intensity), CR
(cumulated rainfall), RT (runoff time)

Treatment RI (mm/h)| CR (mm)| ST (min)| (L / plot)
CR1 60 43 43 13.02
CR2 62 78 75 14.86
CR3 68 69 61 16.85
PSR1 61 46 45 16.82
PSR2 60 62 62 16.37
PSR3 66 46 42 17.23
CMR1 62 76 74 15.81
CMR2 66 99 90 15.56
CMR3 79 157 119 15.2

Dynamics of microbial parameters and dissolved orgac carbon concentrations

In control (Soil alone), E. Coli and Enterococci resdlower than the detection limits.
Escherichia Coli and Enterococci showed stable miycsin both modalities of PS and CM
soil amendments in the runoff water collected dyithree rainfall events (Figure 2.3).
Particulate matter (PM) contents were stable duttimge repetitions R1, R2, R3 and the PM
values were ranged 3 to 5 @ .LDissolved organic carbon (DOC) concentrationsantrol
(soil alone) treatment were low; between 2 to 5 thgLthe first three samples (6L runoff))
and 2 to 4 mgltin thelast four samples (14L runoff).during all the railhevents R1, R2 and
R3.

In pig slurry (PS) soil amendment, in rainfall etee®1 and R2, DOC concentrations ranged
between 33 to 71 mgtand 20 to 65 mgL respectively during the first three water samples
(6L runoff). However, during simulation event R3O0 concentrations in PS amendment
were remained constantly higher from 65 to 87 thil the first six liters runoff . In the next
14L runoff water, DOC concentrations ranged betw2kio 28 and 9 to 17 mgiduring R1
and R2 in PS soil amendment respectively. Moreodering R3, PS showed higher DOC
concentration 38 to 65 mglcompared to R1 and R2.

In cow manure amendment, DOC ranged from 23 to 84 m11 to 34 mgl* and 15 to 29
mgL™ during R1, R2 and R3 respectively during firsethwater samples (6L runoff). In last
four samples, DOC ranged from 51 to 71 rigR4 to 38 mgl* and 13 to 15 mgL during

R1, R2 and R3 respectively.
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Figure 2.3 : Dynamics of dissolved organic carbon (DOC)e(— , particulate matter
(PM)(—o0 ), Escherichia coli-{a— ), Enterococei{~— ) in rdhwater collected during
three rainfall events control (mineral soil), plgrsy (PS) and cow manure (CM).

Discrimination of farm wastes DOM in runoff water
Ratio of biochemical to geochemical fluorescence

Biochemical to geochemical fluorescence intensitrasios discriminated significantly
(p<0.05) the soil alone (0.09-0.13) from PS (0.253pand CM (0.29-0.31) treatments during
rainfall event R1, R2 and R3 except CM treatmerR&showing no significant difference to
control (Figure 2.4). In R1 and R2, ratio bio:gatfedentiated significantly CM treatment
with higher values compared to PS. However, CM rigddemonstrated significant lower
values compared to PS treatment in R3. In last $aomples of simulated runoff, ratio bio:geo
discriminated significantly PS from control in RhdaR3 as well as CM from control in R1

and R2. PS was not differentiated from control ih R
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Figure2.4 : Discrimination of control (mineral soil) frofarm wastes (pig slurry (PS), cow

manure (CM)) by biochemical to geochemical ratati¢r bio:geo) in the 6 Litters and the 14
Litter next runoff water collected during threemnfail events (R1, R2, R3). Bars represent
standard error and different letters indicate digamnt mean differences (p<0.05) ANOVA

(one way).

Integral fluorescent volume in region V

Fluorescence intensities in region V discriminatsel control (mineral soil) from PS and CM
soil treatments with significant higher values (®B38) during all the studied rainfall events
R1, R2 and R3 in 6L simulated runoff and 14L runwéter as shown in Figure 2.5. In 6L
simulated runoff, fluorescent volume in region \Mfelientiated control treatment (mineral
fertilized soil) with significant higher values (399 RU and 22357 RU) from PS (14571 RU
and 11974 RU) and CM (7624 RU and 9347RU) in R1 R&despectively. Moreover, PS

showed significant higher values than CM amendnreR1 and R2. In R3, in 6L simulated
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runoff, control treatment (22177 RU) was differated by region V from PS (9112) and CM

(14349 RU). However, region V fluorescence lowesgghificantly in PSR3 compared to

CMR3 treatment.

In 14L simulated runoff, region V discriminated ¢ah treatment (33986 RU and 20161 RU)
from PS (19787 RU and 16144 RU) and CM (10766 R#/&00 RU) amendment in R1 and

R2 respectively. Similarly to 6L simulated rund®S showed significant higher fluorescence
in region V compared to CM simulated runoff. In R3L simulated runoff, control treatment

was differentiated significantly with higher valugsl953 RU) from PS (9623 RU) and CM
(14304 RU).
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Figure2.5 : Discrimination of control (mineral soil) frofarm wastes (pig slurry (PS)), cow
manure (CM)) by integral fluorescence intensitiesreégion V (RU) in 6L and 14L runoff
water collected during three rainfall events (R2, R3). Bars represent standard error and
different letters indicate significant differendgs0.05).
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Correlation between humification index (HIX) and ge fluorescence

Pearson product moment correlation (r) between B geo fluorescence intensities was
shown in Table 2.4. We observed significant positterrelation (r=0.98 p<0.0001) between
HIX and geo fluorescence in mineral soil in thetfsamples of runoff and a lower correlation
(0.76, p<0.001) in the last runoff samples. In coanure amended treatment, the correlation
is important in the beginning and in the end ofrilneoff event (r=0.94 and 0.95 respectively).
In PS treatment, there was no significant corretabietween HIX and geo fluorescence in 6L
simulated runoff but it was significant in 14L sitated runoff. The correlation was not
significant for the first samples on pig slurryamment (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 jusérapig slurry spreading, rainfall export the
larger proportion of DOM from pig slurry source whiis poor humified. After flushing of
significant portion of pig slurry DOM in runoff, ceelation between HIX and geo developed
as more humified DOM is exported. Soil DOM domirsate the last runoff sample as DOC
decreased in pig slurry treatment. Humified DOMnsg@ constant source release during CM

simulation and keeps correlation strong in the fluno

Table2.4 : Correlation between humification index and fjeorescence

6L simualted runoff 14L simualted runoff

r value rvalue
Control (soil alone)] 0.98 (p<0.0001) 0.76 (p<0.001)
Pig slurry 0.53 (p<0.15) 0.79 (p<0.002)
Cow manure 0.94 (p<0.001) 0.95 (p<0.001)

Discussion

Direct impact of farm waste on DOM production in runoff water

Farm waste amendments had shown the net impacarof fvastes modalities on DOC
concentrations and it was almost 18 times highan tbontrol modality during first runoff
samples in three rainfall simulation events R1,dR# R3. In the PS modality, DOC highly
elevated in first sample (R1, R2) or first threenples of R3 event and the values ranged
between 60 and 87 mgLDOC. Then the concentrations decreased rapidlgiraslation
proceeded. It reflected that larger part of DOC issal rapidly in first flush of runoff water
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of rainfall simulation. At the end of simulationpgatiment of pig slurry, DOC pool depleted,
however, DOC concentration still remained highantimineral soil with values 8 to 34 mgL
! These values were four time higher than measaredntrol at the end of experiment.
However, in cow manure simulation, DOC concentratimere higher (about 50 mgLin R1
compared to R2 and R3 that marked strong varighilifirst event of cow manure simulation
However, in R2 and R3, DOC did not exceed to 4B0tangL.*DOC respectively.

Moreover, at the end of simulation experiment, DE@dcentrations in cow manure were
globally higher compared to pig slurry treatmenhisTvariability could be related to the
presence of cow dung in cow manure wastes, wheat §8 cow manure get washed and only
cow dung generated DOC. Globally microbiologic cadors were stable in farm wastes
modalities and the concentration of particulateteravere constant in control (mineral soil),

pig slurry and cow manure.

DOM quality after farm manures supply

Fluorescence spectroscopy has enabled us to qu@®@M export and to study chemical
characteristics after pig slurry and cow manurepumn soil in a runoff simulation
experiment conducted in small surface area (1.)2 m?2

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

Thus, two sources of DOM are evident in these rfuswmhulations. Fresh PS waste extract
showed bio:geo and IlI:V ratios close to majoritiytbe values observed in PS simulated
runoff which reflect similar DOM quality in simuled runoff and pure PS waste. A general
trend of decreasing bio:geo and region IIl:V ratieas observed as simulation proceeded
(shown with arrow in Figure 2.6a). These decreasatgs approached to the simulated
runoff in control soil, especially in PSR2, whessstl sampling point was positioned in the
controlled soil DOM. It reflects the export of mareligenous soil DOM than the exogenous
applied through PS waste as rainfall simulatiomépeoceeds.

Figure 2.6b demonstrated the cow manure rainfalluktion events (CMR1, CMR2 and
CMR3) along with controlled treatments (CR1, CRR3} as well as pure cow manure
wastes either extracted after drying or fresh plaagefresh cow faeces. DOM extracted from

Cow faeces (CF) is characterized by higher bio:ged region Ill:V ratios. Fluorescence
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properties of cow manure (cow faeces mixed with avhstraw) extracted DOM are
characterized by lower bio:geo and IlI:V ratio th@w faeces. There is effect drying on the
fluorescence signature and also decreased thése rat
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Figure 2.6 : Dynamics of ratio bio:geo and ratio I1I:V simulated runoff in control (C) (a)
and cow manure (CM) in three rainfall simulatioreets R1, R2 and R3 (b).Cow Faeces (CF)
and Cow manure (CM) extracts are also reported.

However, in cow manure simulated runoff, DOM in &1id R2 showed almost similar ratios
of bio:geo and region IIl:V and grouped with aqueeutracts of fresh cow manure wastes. It

reflects that majority of DOM released during Cnalated runoff in rainfall events R1 and
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R2 originate from exogenous applied CM waste. BMiR3, black line circle in Figure 2.6b,

reflected that most of the DOM substance was afjgmbus soil origin.

However, ratio bio:geo and IlI:V can not discrimi@a pig slurry contamination from a cow
manure. DOM issued from soil is clearly discrimadhtfrom DOM issued from farming

wastes with rapid fluorescence measurement andctesization of bio:geo and Ill:V ratio

by regional integration.

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

At the start of rainfall simulation events (R1, R2d R3) conducted on pig slurry treatment,
runoff water showed higher DOC and bio:geo ratind approached values obtained on pig
slurry effluents diluted 400 times (Figure 2.7a) #he rainfall simulation proceeded, the
ratios gradually decreased and approached to lmio/gkeies in runoff collected from control
plots. DOC export from PS amended soil plots alstrehsed as simulation proceeded.

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

While CMR3 reflected strong control of indigenowsoi{) DOM fluorescence with lower
bio:geo ratio and approached to bio :geo ratiossimulated runoff in control plots. In
modality R3, we hypothesize the major contributfomm soil DOM in the labile organic
carbon.

The correlation between HIX and geo fluorescence pvaposed here to investigate the DOM
sources in runoff water. The correlation is impotta soil and cow manure runoff water and
less important on runoff water generated on piggltreatment. The strength of this relation
coupled with bio:geo and 1lI:V ratio could be usediscriminate cow manure from pig slurry
DOM contamination. However, it was not analysedhis study and should be explored in

further studies.
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Figure2.7 : Dynamics of ratio bio:geo with increasing D@&hcentration in simulated runoff
in three rainfall simulation events R1, R2 and RBig slurry (PS) (a) and cow manure (CM)

(b)

Conclusion

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

* Under natural field soil conditions, net impact fafm wastes modalities on DOC
concentrations was almost 18 times higher than mairsoil (control) in simulation
during first runoff samples. At the end of expenmyeDOM concentrations in runoff
samples during pig slurry and cow manure treatmamiined significant higher than

mineral soil.
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* The regional integration of the fluorescence sigiral the characterization of bio:geo
and llI:V ratio are useful to distinguish slurrydaoow manure DOM from soil DOM.

* The first runoff samples fluorescence propertiefasming waste amended soils are
identical to those measured on raw farming wasités hdicated that a spring storm
event which occurred a few hours after the spreptiiad to transfer of DOM from
farming waste. Thus transfer of associated contamnsuch as viruses or antibiotics
is also possible to occur.

* The ratios bio:geo and lll:V are significantly hagithan those measured in control in
the first 6L runoff in pig slurry treatment andafi the runoff samples collected in two
repetition on cow manure. However in the last coanare simulation, DOM transfer
was from soil source.

* Region V fluorescence discriminated the soil DObhirfarm wastes.

e It is impossible to discriminate pig slurry fromwomanure contamination since
fluorescence properties measured on cow faecedargcal to pig slurry.

* Air drying treatment modifies the fluorescence mtes of the farming waste. To
detect farm waste contamination in stream, freflaesft analysis dataset have to be
investigated to explore the variability in the famgwaste.
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Abstract

Persistence of potential tracers of dissolved doganratter (DOM) generated from farm waste
amended soil were investigated by fluorescencetsysaopy coupled with classification and
regression tree (CART) and principal componentyamslPCA) during short term (8 days) to
mid term (60 days) biodegradation study. Pig mariBi), cow manure (CM), wheat straw
(WS) and soil alone (SA) treatments inputs weredu$gaste amendments were potential
sources of higher DOM concentrations. PCA revedtdedDOM quality differences between
farm wastes and soil alone as well as a significnft observed from biochemical to
geochemical fluorescent fraction in SA and PM tresits. Ratio tryptophan:humic like and
tryptophan zone were the potential discriminatdrsecent and mid term pollution by farm
wastes. Integral intensities of fulvic like zonedaegion Il discriminated the PM from CM
and WS during the 60 days. CART analysis showed 80&80100% potential for farm wastes
discrimination from soil during P1 and P2 respeddiiv Prediction success was 72% and 57%
for PM from other wastes and 60% and 100% for W8nduboth periods. Fluorescence
spectroscopy in combination with CART analysis bara non-destructive innovative method
for monitoring susceptible farm waste contamination

Key words: Farm waste, soil, fluorescence spectroscopy, CARdlyais, biodegradation
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Introduction

Elevated dissolved organic matter (DOM) concerdretihave been reported in fresh water
environments across Europe and North America (Woetaal., 2003). This increase has
significant impact on functioning of aquatic ecdsyss (Kalbitz and Wennrich, 1998) and
lead to formation of carcinogenic disinfection hbygucts such as trihalomethan (THM)
(Sirivedhin and Gray, 2005) during the chlorinatocess of water treatment.

Agricultural land spreading of farm wastes for plaatrient recycling and crop production
improves soil quality (organic matter contents, 9b& properties such as aggregate
structural stability, texture, porosity, infiltrati, water holding capacity and biological
activity (Barzegar et al., 2002)).However, it alswreases the potential for negatively
impacting the environmental quality through sigrafit higher dissolved organic matter level
in soils(Kalbitz et al., 2000) which ultimately aghes rivers draining these cultivated
amended soils (Jardé et al., 2007a). Plant bionli&tes,leachates, root exudates, soil humus
and microbial degradation products are also consitlas the main sources of DOM in soll
(Kalbitz et al., 2000). Agricultural intensificatichas a major impact on the increasing DOM
concentration through land use change and soiurbabce, farm waste soil amendments
(Chantigny, 2003; Royer et al., 2007b; Molinero aBdrke, 2009a) as well as higher
mobilization of native soil carbon due to animalstea(Bol et al., 1999; Shand et al., 2000). It
is thus essential to gain insight into how DOM &s$drom these farm wastes changes upon
decomposition when it comes in contact with sdiahmendments.

Biodegradation kinetics of soluble organic mattaghhght two fractions: a rapidly
decomposable fraction with a turnover time of I one day (containing 29-36% of the
total carbon) and a slowly decomposable fractiothva turnover time of about 80 days
(Gregorich et al., 2003). However much less reseli@s been done to acknowledge the
biodegradation potential of farm wastes dissolvedianic matter (DOM) after soil
amendment. Animal faecal contamination in rivers haen investigated with biomarkers of
sterol and bile acids (Tyagi et al., 2009), ststeltol in pig slurry (Jardé et al., 2007b). The
characterization of these tracers requires soleghtaction and chromatographic detection.
There is a need to develop cheap and non-desteuttiods for tracing these heterogeneous
sources of DOM as a prerequisite to managemerarector river water quality restoration at
catchment scale.

In various environmental applications, 3-dimensidherescence excitation-emission matrix

(3D-EEM) spectroscopy has been used for monitaaimd) discrimination of organic matter in
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soil and lakes considering fluorescence intenségiks and their ratios with peak picking
method (McKnight et al., 2001). Humic like peak @&laryptophan and tyrosine like peaks T
and B have been used for monitoring of DOM in edatffluents, farm wastes, treated
sewage wastes and sewer discharge (Baker, 2002y Bakl Inverarity, 2004; Lee and Ahn,
2004; Saadi et al.,, 2006) and in coastal environsenbjected to anthropogenic inputs
(Parlanti et al., 2000). However, in the currenidyt instead of taking few data points in the
form of peak picking, the whole 3D-EEM spectranglgsed quantitatively with fluorescence
regional integration (Chen et al., 2003b).

Besides this, machine learning multivariate analysian ideal tool for the exercise when
large datasets are involved. Recent literature ligigis the performance of multivariate
techniques (principal component analysis, PCA)luorescence fingerprinting of DOM for
water treatment EEM (Tartakovsky et al., 1996; iBait al., 2010) and hierarchical clustering
method for DOM sourcing of marine water sampleandi et al.,, 2008). Parallel factor
analysis (PARAFAC) also helped to characterise rlgoent landscape of DOM from
agueous extracts of soils and soil amendments bgnagosing the fluorescent EEM into
different independent fluorescent components (Oand Bro, 2006).These methods have
advantage of time saving and more accurate anabyss the traditional peak picking
technique. In the current study, we introduced sifesition and regression tree (CART)
analysis, a nonparametric data mining approach tferclass membership of categorical
dependent variable without getting any assumptiooutithe distributions of the variables
(Breiman et al., 1984).

The aims of this study are twofold: (i) to investig the potential of 3-dimensional
fluorescence spectroscopy coupled with CART ansilgsidentify the optical tracers of DOM
released from soil alone and from farm wastes aeerswil (pig manure, cow manure and
wheat straw); (ii) to analyse the short-term to +teidn persistence of fluorescence indices of

farm waste contamination during a biodegradatiqrearment.

Material and Methods

The topsoil horizon from an agricultural field weesmpled after wheat crop harvest from the
experimental station of Kerguéhennec in MorbihaastBBrittany, France. The soil, derived
from mica schist, is a Humic Cambisol (FAO) wittbamy texture (17% clay, 42% silt, 41%

sand), an organic matter content of 37 § kgd a pH (H20) of 6.0.
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Organic products characterization and experimentaldesign

A crop residue (wheat straw (WS)) and two farm mmesu.e. pig slurry (PS), cow manure
(CM) were used as organic amendments. Pig slumpkss were separated into its liquid and
solid parts through centrifugation at 3000 rpm 30rminutes. Solid pig slurry was used and
referred as pig manure (PM) in this study. Totglamic C and N contents of these materials
were determined by elemental analyser (Flash EAZ 1Thermofinningan, Milan, Italy). The
C:N ratio of PM, CM and WS were 10, 33 and 110 eesipely. C:N ratios of PM and CM
were comparable to farm wastes studied by Morvaor¢ih et al., 2006) in which C:N ratios

for pig manure and cow manures were <15 and >2eotively.

Experimental conditions of biodegradation

In the laboratory, soil samples were air dried andmbled manually by removing the
unrefined residues of organic matter. Soil aggegatere chosen after sieving through 3.15
to 5 mm mesh size and then stored in the darkrie®¥Ca The aggregates were moistened by
capillary action then subjected to 2.5 pF to at@iwater holding capacity of 21.2 %. Soil
samples were pre-incubated at 25°C during 6 dayerdehe experiment to minimize
microbial activity variation due to temperature ©pa. The organic materials were air dried
and crushed to 1-mm particle size and then incatpdrhomogenously into the moist, sieved
and pre-incubated soil at a rate of 4 g C.ldry soil. The soil mineral-N content was
adjusted to 75mg N / kg dry soil by adding potastilizer (KNO;) solution to ensure mineral
nitrogen availability for the microorganisms duritgodegradation and a follow-up for
mineral nitrogen content was done during the wistlely time. Samples were incubated at
25°C in hermetically closed jars in the darknessulde containing 40 ml deionised water was
introduced in each jar to minimise sample desiocatThe atmosphere in jars was regularly
renewed to maintain aerobic environment for miabdegradation. All the treatments were
sampled after 0, 3, 7, 15, 30 and 56 days aftarbaiton along with three replicates. We
divided the whole data for fluorescent DOM charasggion into period P1 (0 -7 days after
incubation) and period P2 (08-56 days after indobat 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 gailio. Soil water suspensions were

shaken mechanically on orbital shaker for 2h aed ttentrifuged at 3000 rpm for 30 minutes
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and filtered through 0.7 and 0.22 um nitrocellulbiers. To avoid any contamination, all the

filters were rinsed with ultra pure water and dreeernight before vacuum filtration.

Chemical Analysis

Dissolved organic carbon (DOC) in each solution wasmsured on a Shimadzu TOC 5050 A
total carbon analyzer. Accuracy on DOC measuremerdas +5%, based on repeated
measurements of standard solutions (K-phtalateMible absorbance was measured on a
Perkin Elmer Lambda 20 UV-Visible spectrophotomeseross 200-600 nm excitation
wavelengths range with data interval 0.5nm, sldthvi2 nm and scan speed 120 nm/min.
Fluorescence measurements of DOM were performedgusi Perkin-Elmer LS-55B
luminescence spectrometer. The spectrophotomesésr aixenon excitation source and slits
were set to 5 nm for both excitation and emissibo.obtain excitation-emission matrix
spectra, excitation wavelengths were incrementewh f200 to 425 nm at steps of 5 nm and
emission was detected from 250 to 600 nm with anfnSstep. Scan speed was set at 1500
nm/min, yielding an EEM in 22 minutes with 45 totans. To minimise the temperature
effect, samples were allowed to equilibrate wittormo temperature (20+2°C) prior to
fluorescence analysis. The whole fluorescence eapassented in this study was normalised
at 5 mg [* DOC. Linearity was carried out between DOM concatitn and fluorescence
intensity with dilution of high DOM concentratiorarsples. To eliminate the second order
Raleigh light scattering, excitation and emissiatoff filters were applied at 230-310 nm and
380-600 nm respectively on the lower side of titie@ensional plots (Figure 3.1).

Inner filter effects were removed with the form{@hno, 2002). To maintain the consistency
of measurements and standardise the whole fluarescalataset, all the integrated
fluorescence intensities were normalized to aveR@®an emission intensity units of 19 for
ultra pure water samples (n=25) at excitation amésion wavelengths of 350 nm and 397
nm respectively. A Raman normalised integrated E§dctrum of ultra pure water was
subtracted from the data sample to eliminate themRaman scatter peak

Regional integration of excitation emission mafiEM)

An internal program was developed in the laboratsing the R software fittp://www.r-
project.org for the integration of fluorescence intensitiesoas the whole EEM landscape.
Here peaks at shorter wavelengths (<250 nm) andeshemission wavelengths (<380 nm)
are related to simple aromatic proteins such assiye and tryptophan (Regions | and Il)
Peaks at intermediate excitation wavelengths (280-+8n) and shorter emission wavelengths

(<380 nm) are related to soluble microbial by-pratdike material (Region IV) while peaks
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located at the excitation wavelengths (230-300 ang) the emission wavelengths (380-575
nm) represent humic acid-like substances (RegipnReaks at longer excitation wavelengths
(>300 nm) and longer emission wavelengths (>380am@)elated to fulvic acid-like organics
(Region V). With this technique, EEM is divided anbiochemical (bio) (I, I, 1IV) and
geochemical (geo) (lll, V) fluorescent regions (kg 3.1a) and three peak intensity zones of
tryptophan (TRY), fulvic like (FL) and humic liked() fluorescence (Figure 3.1b).

The quantitative analysis included the integratdriluorescent volume beneath each region
and zone. Moreover, ratios TRY:HL, TRY:FL, HL:FLiotgeo, IV:V and I}V were also
calculated. 45 spectral loadings were used to dem® three-dimensional plots of
fluorescence intensity as a function of excitateord emission wavelengths. Humification
index (HIX) was determined according to Ohno, (2002
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Figure 3.1 : Integration of fluorescence intensities asrosgions (a) and maximum peak
intensity zones (b).

Statistical analysis

Principal component analysis (PCA) was appliedhi® $pectroscopic data of DOM issued
from farm wastes and SA during biodegradation stpeijods P1 and P2 with®Rsoftware
(package ade4). Significant differences amongédhgobral shift of treatments were tested by
one way ANOVA (p<0.05).

Unlike traditional statistical techniques, we apgliCART tree approach (Breiman et al.,
1984) as they were adopted to predict a qualitapveperty by selecting the most
discriminant quantitative predictors. It can alsmtlle numerical data that are highly skewed
or multi-model with categorical predictors havinigher ordinal or non ordinal structures.

CART used an optimal univariate splits by carrymd an exhaustive search for all possible
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splits for each predictor variable and find thetbgdit having higher improvement in the
prediction accuracy. The tree structure started \lie root node which contains all the
observations of SA, WS, PM and CM treatments inféine of histogram plots. The splitting

of root node results the child nodes which agaicobees parent node if division continues
and the nodes where division finishes or homoggraturs called terminal nodes. CART

analysis was performed with STATISTICA (version)7.1

Results

Temporal dynamics of dissolved organic carbon (DOC)

Period P1lwas marked by strong variations of DOQentration in the farm wastes amended
soil. After three hours, DOC in PM, CM and WS treants were 73.8+5.7 mg'l.42.5+3.6
mg L and 28.6+2.9 mg L respectively compared to soil alone 11.6+0.2 rig[Eigure 3.2).
Within 24 hours, DOC decrease was more importafivhand CM treatment (31.1 and 10.9
mg L) than in WS treatment (2.9 mg'L

Period P1 Period P2
&> <

v

90 —>—SA

DOC (mg L™)

0 10 20 30 40 50 60
Days after incubation

Figure3.2 : Time series of DOC concentrations of fouatineents. Abbreviations are SA- soill
alone, WS- wheat straw, PM-pig manure and CM-comura bars indicate standard error

(SE) and N =3.

DOC concentrations were almost same in all the faeste treatments (38 mg‘Lon 7" day
after incubation. During period P2, DOC concentradi were almost stable in farm wastes
treatments. At the end of study period, PM treatrsbowed higher DOC values 47.2+7.5 mg
L* compared to WS and CM treatments with 35.3+2.9 Infgand 29.2+2.1 mg L
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respectively. During the whole study period, farrastes showed higher DOC compared to
soil alone. DOC concentration in SA treatment \Getween 11.6 to 16.9 mg'Lduring
period P1 but during P2, DOC dynamics was stabtetxa peak of 22.8 mg'ion 18" day

after incubation.

Spectral differences among the farm wastes treatmésmand soil alone

Principal component analysis (PCA) was appliech®ihtegrated fluorescence properties of
farm wastes and soil alone treatments, to investitfae spectral differences as well as to
retrieve the additional information on temporalfisbf the observed indices during period P2.
A preliminary comparison of average was conductededlect the pertinent spectroscopic
indices which discriminate the modalities

The axe 1 and axe 2 of the PCA explained 47.5%28&6, respectively, of variability in 14
spectroscopic indices of SA, PM, CM and WS treatsidistribution during both degradation
periods P1 and P2 (Figure 3.3). SA treatment wearlgl separated from the farm wastes
treatments in opposite quadrants with negativeescon axe 1 during period P1 and positive
scores on axe 2 in period P2 as shown in Figure Bh@ average axe 2 score for SA
treatments (2.59) was significantly higher in pdrie2 than during period P1 (0.63) (p<0.05).
Geochemical integrated fluorescence intensitiegsacthe regions geo (ll11+V) and the zones
HL and FL, ratio HL:FL and HIX had strong negatiweightings on axel (Table 3.1) which
separated SA treatment from the farm wastes dupegod P1l. However, during
biodegradation period P2, only HIX separated theti®Atment with its positive weightings
on axe2. SA treatment during P2 showed negativesBea&orrelation (r) to TRY (- 0.68) and
to ratios TRY:HL (- 0.92), TRY:FL (- 0.88), bio:gd- 0.93) and IV:V (- 0.96).

Among the farm wastes, ratios bio:geo, IV:V, TRY:HLRY:FL had strong positive
weightings on axel (Table 3.1) where CM and WStrmeats grouped together and separated
from PM treatment in both periods (Figure 3.3). AZeof PCA discriminated the PM
treatment from the WS and CM treatments during Ipettiods. There were significant higher
(p<0.05) average score for PM during P2 (-0.64) marad to Pl (-2.66). Biochemical
integrated fluorescence intensities across theonefly and TRY zone had strong negative
weightings on axe 2 (Table 3.1) and separated khelding P1 from rest of the farm wastes
and SA treatments. But during P2 in PM treatmehtoréscence indices shifted from
biochemical (TRY zone, region IV) to geochemicadgFL, HL) fluorescent fractions.
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Figure 3.3 : PCA of farm wastes biodegradation study o periods P1 (0-7 days after
incubation) and P2 (8-56 days after incubation)biations of farm wastes treatments:
wheat straw (WSP1, WSP2), pig manure (PMP1, PM&®y, manure (CMP1, CMP2) and a
control treatment i.e. soil alone (SAP1, SAP2). PG/ include the distribution of 16
variables (Table3.1) of the integrated fluorescemrmperties of DOC and absorbancesé
on axe 1 and axe 2.

Table 3.1 : PCA weightings for the spectroscopic parametévariables) during
biodegradation study periods P1 and P2.

Variables axe 1 axe 2
region IV -0.34 -0.92
region Il -0.89 -0.44
geo -0.88 -0.44
ratio bio:geo 0.68 -0.60
ratio I11:V -0.45 -0.16
ratio 1V:V 0.75 -0.62
FL -0.88 -0.43
HL -0.91 -0.27
TRY 0.25 -0.93
ratio TRY:HL 0.78 -0.59
ratio TRY:FL 0.70 -0.52

ratio HL:FL -0.73 0.11

A (365) -0.13 0.05

HIX -0.79 0.54
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Classification and regression tree (CART) analysis
Farm wastes tracer during period P1

Different tree structures for P1 dataset are shiowrable 3.2 and tree number 2 was chosen
as an optimal tree (marked “*”) with the minimalstecomplexity measures (Cross validation
(CV) cost-misclassification costs of test samptesubstitution cost-misclassification cost of
learning sample dataset) and node complexity (alpefor additional terminal nodes).

Table3.2 : Cost complexity measures of all possiblegr®r period P1 dataset.

All possible tree: Terminal nodes numbe  CV cost CV std. Error Resubsititution co 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
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Figure 3.4 : Optimum tree for the fluorescence propertédDOC issued from the farm
wastes during biodegradation for period P1 (0-7 sdafter incubation). Treatment
abbreviations are Soil Alone (SA), Wheat Straw (W8Y Manure (PM), Cow Manure (CM).
Predictor variables abbreviation are integratedréiacence intensities of across zones of
fulvic like (FL), humic like (HL) and tryptophanlTRY), ratio TRY:HL and regional ratio
l1:V of integral intensities across regions llidN, spectral absorbance#s,
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Terminal nodes numbers described the complexitysoreaent. Tree structure complexity
decreased from tree 1 to 8. Tree structure with o¢emninal node showed equal
misclassification costs (CV cost and resubstitutost). The optimum tree structure obtained
at the end of pruning is drawn in Figure 3.4.

In this optimal tree constructed, there were 5dchivdes (dotted line squares) and 6 terminal
nodes (solid black line squares). Integrated flsoeace intensities ratio Try:HL was the first
splitter which divided the root node into a ternmtinade containing all the observation of SA
treatment and a child node separating the farmesdstatments.

Among the farm waste treatments, integrated flumese intensities across FL zone
classified PM treatment from CM and WS at node#3ofd discriminator of farm waste
treatments was ratio Ill:V which separated the \Wisnfthe CM treatment. Finally TRY zone
differentiated the CM from WS treatment and alledait to terminal node#11. However
confusion remained in the discrimination of CM treant as often it misclassified with WS

treatment.

Table 3.3 : Confusion matrix of predicted versus obsertredtment resulting from cross-
validation procedure applied on optimum tree faiqueP1.

Predicted Observed

SA WS PM CM

n=11 n=10 n=11 n=11

SA 90.9% 0% 0% 0%
n=10
WS 0% 60% 30% 63.63%
n=16
PM 0% 20% 72.7% 9.09%
n=11
CM 10% 20% 0% 27.27%
n=6

Total accuracy rate (n=43) 62.79%

Prediction accuracy was assessed by cross validagiproach as shown in Table 3.3. Overall
prediction accuracy of farm wastes treatments dsasesoil alone was 62.7 %r the period
P1 dataset. Optimum tree (Figure 3.4) demonstratadh accuracy (90.9%) in predicting SA
treatment, relatively high (72.7%) for PM treatmantd fair prediction accuracy (60%) for
WS treatment but CM treatment was poorly predi¢gd3%). Among the farm wastes, there
was almost complete discrimination between PM ail t@atments with only 9 % CM
misclassification rate with PM treatment. Howewveisclassification rate of CM treatment
was high (63.6%) with WS treatment.
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Farm wastes tracer during period P2

All possible trees for period P2 are shown in TaBlk with tree# 3 marked (“*”) as an
optimal tree after pruning. Optimal tree structolgained at the end of pruning is shown in
Figure 3.5.

Table3.4 : Cost complexity measures of all possiblegr®r period P2 dataset.

All possible tre Terminal nodes numbe CV cost CV std. error Resubsititution co Node complexi

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
S 1 0.750 0.000 0.750 0.250
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Figure 3.5 : Optimum tree for the fluorescence propertédDOC issued from the farm
wastes during biodegradation for period P2 (8-5&ddter incubation). Abbreviations are the
integrated fluorescence intensities across try@op(TRY) zone and region Ill, spectral
absorbance gs).

First discriminator splitting the root node was th&egrated fluorescence intensities across

tryptophan (Try) zone which classified SA treatmfotn the farm wastes. Among the farm
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waste treatments, integrated fluorescence intessiticross region Il discriminated PM
treatment from CM and WS treatments. Spectral &lasme Ags discriminated WS treatment
but CM was mostly misclassified with WS treatment.

Prediction accuracy assessment of optimum trethéobiodegradation period P2 was 66.7%.
This tree had a high accuracy (100%) for predic#gand WS treatments and fair accuracy
(57.1%) for PM prediction but prediction accuracyr f{CM treatment was 0% as it
misclassified with WS treatment (Table 3.5). Duriige biodegradation period P2,
discrimination of PM treatment from cow manure &9 % but 28.6% misclassified with
WS treatment. The CM treatment was 100% misclaskiWwith WS treatment while WS
treatment is 100% correctly classified from theé odghe farm wastes treatments.

Table 3.5 : Confusion matrix of predicted versus obsertredtment resulting from cross-
validation procedure applied on optimum tree faiqueP2.

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

Discussion

Impact of farm wastes on DOM production during biodegradation

Significant higher DOM concentrations in the farmaste treatments throughout the
incubation experiment confirm the impact of farm stea manuring on soil DOM
concentrations. Previous studies had recognizedasitmends of DOM in cultivated soil
(Kalbitz et al., 2000; Shand and Coutts, 2006) a#l as in the rivers draining farm waste
fertilised catchments (Jardé et al., 2007a). Ihalone treatment, DOM peak on 15 days after
incubation indicated the possible DOM release fd®ad microbial biomass that starved from

the depletion of substrate.
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Strong decrease in DOM concentrations in PM andtf&sitments within 24 hours suggested
the presence of a rapidly biodegradable fractioDOM (23% to 41% decomposable soluble
carbon in CM and PM respectively in our study) #md decrease could also be related to the
preferential consumption of simple carbohydrate omoers, organic acids and protein
fractions of DOM during initial phase of decompasit(Marschner and Kalbitz, 2003). DOM
dynamics during both P1 and P2 periods suggestadra biodegradable DOM fraction in
farm waste treatments compared to soil alone (Gregoet al., 2003). DOM pool
demonstrated stability against biodegradation upOt@lays in CM treatment and subsequent
decline reflected its higher susceptibility to begdadation compared to PM amended soll
treatment after 30 days. In the end of experimgghificantly higher DOM in PM treatment
compared to CM treatment (p<0.05) indicated higb&M production potential of pig
manures whereas others (Hunt and Ohno, 2007) fannapposite trend of increasing DOM
concentration in the cow manure and decreasingignn@anure after decomposition. This
reflects the variability of diet fiber contents tltan have a great effect on wastes composition
for a given type of animal (Shriver et al., 2003%ing only the DOM parameter, farm wastes
were discriminated from soil alone with higher DOBbbncentrations and also PM
discriminated from CM and WS in the start and dinbm CM in the end of biodegradation
period.

Persistence of spectral indices of soil and farretevasing PCA analysis

Temporal variability of fluorescence propertiedddM released from PM and soil alone was
detected using PCA analysis (Figure 3.3). Therespextral indices are not persistent in PM
and soil alone treatments. From qualitative pofntiew, strong similarities were observed in
DOM fluorescence indices from CM and WS soil exsashich reflects the same spectral
composition of DOM. As a consequence, certain pamsce of fluorescence signature is
observed (Figure 3.3). After cancelling out theboar rate differences among the farm waste
input (4g C / kg dry soil) and DOM differences argall the treatments during fluorescence
measurements (fluorescence intensities normalis&dnag %), the distinction between soil
and farm wastes along the PCA axes during bothyspediods reflected the DOM quality
differences. PM could be discriminated from WS &@il treatments by biochemical
integrated fluorescence across region IV and TRYhezaluring P1. This suggests
heterogeneity in DOM quality among the farm wastdse data illustrate the wide variation
and dissimilar effects of decomposition on TRY zamel region IV among the farm wastes
during period P1. Temporal shift of PM treatmernir biochemical (region IV and TRY
zone) to geochemical fluorescence (HL, FL, and heogtcal region) properties from period
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P1 to P2 confirm the biodegradation of biochemitabrescence indices in P1. However,
during period P2, presence of more condensed aiostatictures and humified fluorescent
fraction of DOM in the PM treatment indicate therggtence in the biodegradation
environment and can be related to high organicenatgradation. For SA treatment during
P2, strong negative correlation between HIX antsalRY, TRY:HL, TRY:FL, bio:geo,
IV:V suggests that it can be discriminated withhag HIX and lower ratios of TRY:HL,
TRY:FL, bio:geo, IV:V during mid term biodegradatidrom farm wastes. Strong structural
changes of DOM must have occurred during degradatiocess, leading to higher increase
in carboxylic groups in soil and preferential comgtion of protein contents that result in
higher humification and as a consequence, HIX oisoates soil from the farm wastes.
Zsolnay (Zsolnay et al., 1999) also calculated Higation index to differentiate the microbial
cell lysis products and more humified DOM. Biodmgation effects on DOM are not
coherent among farm wastes studied as we obsenava@uationary trend in fluorescence
indices of PM but lack of significant evolution DOM fluorescence properties in CM. This
reflects the variation in the chemical propertiefeed 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) enalidtht the best predictor/tracer of various
farm waste treatments during two biodegradationdysperiods P1 and P2. We hypothesize
that farm wastes contamination can be short teewe(it contact of farm wastes with water,
0-7 days) or mid term (through runoff from farm weaspreading on cultivated hillslopes after
one or two months). Our results suggest that dieom farm wastes pollution can be traced
with higher ratio TRY:HL values (split valugd.013 RU) and average farm wastes pollution
with higher TRY zone values (split vala&¢44.8 RU) andjualify as potential tracers of farm
wastes. Among the farm wastes treatments, FL zeneanked as the most discriminant
predictors of PM during period P1 and FL zone shatgs positive correlation with
biochemical region IV (r, 0.77) which suggest tl&t zone and region IV can trace
fluorescent fraction of PM during P1. Region llirohg period P2 is the best predictor of PM
and its weaker correlation (r, 0.17) with TRY confi the degradation of biochemical
fluorescent fraction of PM. It also suggests thabrescent fraction of PM treatment get more
humified as we observe that region Ill discrimingdte PM treatment during period P2.

Spectral absorbance;& qualifies as a potential tracer of wheat strawrduperiod P2 which
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identify the increasing chromomorphic fraction oD® during wheat straw biodegradation.
The ratio Ill:V is suggested as the only discriniamaof WS which separates from CM
treatment with 60% classification success. Misd@sdion rate of cow manure with wheat
straw during both periods of biodegradation indicttte presence of common substrate
quality i.e. residues of WS in CM treatment. Thaeptial of CART analysis success for
predicting the farm wastes treatments as well dsakme was estimated by cross validation
to be globally of 63% and 66% for both periods tl &2 respectively. We also tested the
performance of CART analysis by using the samerésicence properties of DOM from three
incubated soil samples (test sample) (similar typsoil as used in current study) along with
the dataset of period P1. CART tree correctly diassthe test samples with soil with the
same variable of TRY:HL. During period P2, we obé&al globally the same tree structure but
tree was less complex, easier to interpret as caedpa the tree in period P1. Classification
success for SA treatment (91% and 100% for P1 aRdrd3pectively) suggests the
compositional differences in soil DOM compareddomi wastes.

Fluorescence spectroscopic characterisation in c@nbn with PCA analysis reflected the
degradation of biochemical fluorescence indicesngushort term contamination in PM and
shifted towards geochemical integral intensitiesniial term pollution with more condensed
and humified geochemical structures of fulvic likemic like substances which could persist
in the degradation environment. CART analysis egthbls to trace farm waste contamination
by considering stepwise the most discriminant \deisselection and complexity reduction.
Farm wastes were discriminated from soil alone wétio TRY:HL and TRY zone during
short and mid term pollution with prediction succed 90% and 100% respectively. Pig
manure waste discriminated from cow manure and wsieaw by FL zone and region Il
with prediction accuracy of 72.7% and 57.1% respelt. Wheat straw classified from cow
manure by Ags with 100% accuracy rate during P2. However, cowuna was generally
found misclassified with wheat straw due to comnsoibstrate quality. This investigation
underlines the potential of 3 dimensional excitatemission fluorescence spectroscopy in
combination with CART analysis as a non-destructivevative method for monitoring farm
waste dissolved organic matter contamination.

This method was tested as an alternative methddARAFAC with simple fluorescence
index based on regional integration procedure. PRR® is a robust method which is very
efficient in obtaining spectral images of DOM compats and accounts for physical
phenomena i.e. the lack of distinctly separatedtspleareas and often-observed overlapping

of emission peaks components isolated via PARAFAC.”
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CART analysis is found useful as it extracts thesimsalient information from the large
dataset and also gives misclassification probgbibt the classifier. CART tree procedure
also gives easily interpreted information regardihg predictive structure of the data.
However, potential of CART approach for discriminatof DOM has to be tested by another

dataset with different type of soils and animal teas
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Abstract

Most of the agricultural soils receive farm manuapglication for a long period of time, as
organic amendments serve as valuable nutrientsimesdor crops and seem good alternative
of chemical fertilizer. However, dissolved fractiohorganic matter added by farm manures
can pose water quality problems through diffuseliupon at catchment scale. By applying
fluorescence spectroscopy, we investigated long terpact on fluorescent dissolved organic
matter composition of pig slurry and cow manure agmeents in comparison with mineral
fertilized soil. Two experimental fields located Bnittany (Western France) were considered
with controlled agronomic dose applications of mahecow and pig slurry for a period of 7
years on a soil with 2.5% of organic C (Kerguehensiée) and of mineral and pig slurry
during 14 years on a soil with (0.9% C) (Champ Nx#d). Sampling was done one year after
the last soil amendments. Pig slurry had a sigmifigmpact on the biochemical fluorescent
fraction of dissolved organic matter (DOM) matesidhtegral fluorescence intensities in the
biochemical (bio) region, tryptophan zone and ratyptophan:(humic-like:fulvic-like) were
gualified as the fluorescence discriminators of gigry in two types of soils fertilized for a
long period of time under monoculture and polyadtaropping system. The difference was
higher in soil with low organic matter content. iRatbiochemical to geochemical (ratio
bio:geo) can be also a discriminant of pig slumeadments in the soil with lower native soil
carbon (0.9% C) at Champ Noél site. Supply of coanare at agronomic dose does not
significantly modify the fluorescence propertiessofl DOM compare to mineral fertilization
in the soil with 2.5% of organic C.

Key words: pig slurry, cow manure soil amendments, fluoreseeproperties, dissolved

organic matter composition, cropping system
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Introduction

Background level of stable organic matter in calted soils poses difficulty to assess the
changes induced in soil organic matter by shonh teind management practices (Gregorich et
al., 1994). But dissolved fractions of organic meattespond rapidly to changes in carbon
supply (Bol et al., 2003) and therefore, can enaisldo study the impact of management
practices (organic or mineral fertilization) an@@ping systems on dissolved organic matter
(DOM) composition in cultivated soils. However, ogas in DOM upon management
practices are generally of short duration (Rochettal., 2000) and the long term effects are
more related to vegetation type and to the amodimlant residues returned to the soil
(Chantigny, 2003).

In soils, crop residues undergo the aerobic detjradavia enzymatic oxidation and
depolymerisation of tissue components, resultinmitial formation of progressively smaller
and more soluble molecules (Wershaw et al., 19909)fraction of this carbon pool
subsequently undergoes enzymatic mediated polyatenz such that total soluble C pool
represents a continuum of substances ranging frtsla modified plant oligosaccharides
through recalcitrant lignin derived materials tévia like microbial resynthesis products.
Aliphatic, aromatic and amino acids in soluble poblcarbon are receiving attention as they
are probably the building blocks of fulvic and herike materials and play an important role
in plant nutrient uptake, mineral weathering (RadWRasmussen et al., 1998) and soil
genesis. Distribution of these organic acids ingbi¢is largely influenced by vegetation, soil
moisture level, clay contents, microbial activitlfldssa et al., 2000) and in agricultural
systems, by the management practices like orgamitifation (Bolan et al., 1994). A great
proportion of smaller molecules like fulvic acidydnophilic acids, carbohydrates and amino
acids are present in agricultural soils (Delpratlet 1997; Leinweber et al., 2001). Recent
research on dissolved organic matter has focuseeisaole as an immediately available
carbon resource from decaying plant litter, itsheag through soils as a result of pedogenic
process and its subsequent impact on the groundtegam water quality (Qualls and Haines,
1992; Christ and David, 1996; Qualls et al., 2000).

At the watershed level, Cronan et al. (1999) hdaevs the decreasing high molecular weight
DOM molecules in streams with increasing proportdmgricultural land. In cultivated soils,
increasing management intensity has been linkedegaecreasing DOM concentrations and

increased humification value of DOM (Kalbitz, 200Phenols, lignin polymers as well as
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nitrogen containing aromatic compounds are sugdestdhe ecological indicators to link the
topsoil effects on adjacent surface and groundwdtesinweber et al., 2001)

Crop species can influence the amount and the eatfu€C input to the soil (Xu and Juma,
1993; Zsolnay, 1996) and crop rotations in agtizal soils may influence DOM
concentration from year to year depending uponctienges in soil moisture, temperature,
precipitation as well as in situ rhizodepositionaf@pbell et al., 1999a; Campbell et al.,
1999b). During two consecutive seasons, higher mwaetractable organic matter
concentration in the top 20 cm of silty clay loandalay loam type of soils were observed
under legume than under gramineae species whichraftected different root exudation
pattern among crop species (Chantigny et al., 190verall, the existing literature suggests
that in agricultural soils, plant species influend&OM production. But the question remains
to be answered how plant species influences DOMamnation and composition.

Inorganic nitrogen fertilization has not been fouta significantly influence the DOM
production in agricultural soil (Zsolnay and G@]i1994). In a long term study (16 yr), DOM
production remained unchanged in chronic nitrogetilized plots (McDowell et al., 2004).
In other studies, nitrogen fertilizers favour th@guction of DOM from biodegradation of
solid organic matter (Guggenberger et al., 1994bbika et al., 2000). While comparing
various cropping systems with or without nitrogentifization, increase in water extractable
organic matter has been attributed to a greatgy msidue input in fertilized soils than in
unfertilized soils (Campbell et al., 1999a; Campbehl., 1999b).

Among the organic fertilization practices, pig sjurcause a rapid increase in dissolved
organic matter during first weeks of its amendménitt its effect on soil microbial biomass
for 19 consecutive years not remain long lastingc{iette et al., 2000) . Pig slurry
amendment cause rapid increase of soil microbianbss that last for at least 4 months
which can coincides with the extractable carbonceatrations. The dairy slurry derived
carbon (labile) has been observed from the liquichse during 0-48 hours of slurry
application to grassland soil while in the secohdge (beyond 48 hours), the slurry derived
carbon is from less mobile particulate carbon (&odl., 2003). But in five consecutive years
of pig slurry amended soil, increase in total oigararbon and water soluble organic carbon
was non significant (Hernandez et al., 2007) HowelM production remains significant
in pig slurry, cow manure and wheat crop residusk teeatments in an incubation study
conducted in the laboratory for two months dura(iBital et al., accepted).

Angers et al. (2006) have shown that there i®littipact of dairy slurry and solid manures on

the water extractable carbon of the soil in twossmutive years of application in silage corn
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field. However, moderate impact on total organicboa (6.5% increase) and microbial
biomass (>25%) has been observed in long term @syeapplication of pig slurry
(Dambreville et al., 2006). Chantigny (2002a) hdsevved that pig slurry and alfalfa
accelerate the soil microbial activities more tlzattle manure and maize crop as well as
related these differences to the ratio of lignimittmogen contents of the various amendments.
Studies have demonstrated that organic amendmantscrease the production of dissolved
organic carbon over two years (Zsolnay and Gorlig94). In an incubation study (70 days),
Kirchmann and Lundvall (1999) has observed an éwiuwf pig slurry carbon by 65 % in
comparison to anaerobically fermented pig slur8264 and cattle slurry (42%).

Type of organic amendments can have impact onB30IMM composition. DOM from pig
slurry rapidly decompose during first week of ifgphcation and the second linear phase of
decomposition, probably involved more recalcitranatterials and it also cause rapid increase
in microbial biomass (Rochette et al., 2000). Stitvelopments of analytical approaches are
needed to provide the insights on the DOM compmsiin long-term soil amendments and
land use change.

Recent developments in fluorescence spectroscopy @aabled to collect the fluorescence
intensity data across a wide range of excitatiod amission wavelengths. In the river
systems, different fluorophores like tryptophampgine and humic like and fulvic like have
been detected. Baker (2002) has identified aninzates with higher protein like intensities
and found higher tryptophan:fulvic/humic like raifor animal wastes compared to stream
waters. Naden et al. (2009) have demonstratedeteeance of fluorescence as an indicator
of cow slurry in diffuse agricultural pollution byay of higher tryptophan:fulvic/humic like
ratios. Hernandez et al. (2007) have also obsepagtial incorporation of fulvic acids
fractions from pig slurry into native soil fulviccas. In an incubation study, we have
observed a temporal evolution of fluorescence sites from biochemical (proteins like) to
geochemical (fulvic and humic like) fluorescencelgBet al., accepted). Farm wastes could
be discriminated from soil alone through highemptophan: humic like fluorescence ratios
after one week and tryptophan zone after two months

In the presented study, fluorescent tracers of ifegrwvastes in DOM are measured in soils
receiving inorganic or organic fertilisation sincgore than seven years in two different
pedoclimatic situations. Fluorescent tracers weralyged in two soil types with different
crop rotation because, these factors stronglyemite the DOM production and composition.
Fluorescent tracers of farming waste recycling oilssare researched one year after last

farming waste supply in soils which have been stiiahito long term (more than 7 years)
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supply. However, it will be difficult to assess thmpact of 7 years compared to one year
effect.

The study aims at identifying the long term (minimwne year) impact of farming wastes
amendments on the properties of fluorescent dissobrganic matter (DOM) in two types of

soils (i) one soil with less than 1% of C undemcoronoculture (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-Noél and Kergueleerused in the study were located in

Brittany (in western France).
Kerguehennec site

This experimental field was established in 2000 wad located close to Bignan, France (47°
52" N; 2° 46 W). Soil texture was loamy soils (clay = 17%, silt46%, sand = 37%)
developed on alterite micaschist. Soil depth vabetiveen 60cm to 80cm with total organic
carbon content in the Ap horizon of 2.5%. Differenbps were grown in rotation: canola
seeds- corn- wheat. Pig slurry and cow manure baes in practice once a year in spring
since 2000. Three plots were sampled i) referenabellfed KM) which receive only
agronomic dose of a mineral fertilizer (ammoniuntrate), ii) a pig slurry amended
specifically with pig slurry labelled (KPS) and pesific dairy manure amended (KCM). The
agronomic doses of organic manures were calcukatedrding to the nitrogen requirement of
crop. Pig slurry represents a mean load of 1.3®6fha" yeai* and 2.8 t of OC hayeai

for dairy manure. Soil samples for this study westected in March 2007, one year after the

last fertilization.
Champ-Noél site

This experimental field was established in 1993 wad located near to Rennes, France (48°
7" N; 1° 40 E). Solil texture was silt loam soils (clay = 16%tt = 70%, sand = 14%)
developed on alterite micaschist. Soil depth vaketiveen 75cm to 1m with 0.9% of total
organic carbon content in the Ap horizon. The @atmpled remained under continuous
cultivation of corn crop since 1993. Agronomic dosé pig slurry have been in practice once
a year in spring since 1993 on the experimental. @y slurry dose on plot X (labelled
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CNPS) had a mean load of 0.6 t of organic carbd®) (@i yeai* and was calculated on the
basis of N requirement by maize crop. A secondeadd plot was used as control soil to
study and quantify the impact of pig slurry appiica. On this control soil (CNM),
recommended dose of ammonium nitrate commercitliZer was applied at the rate of 110
kg ha' year' N-NH4NOs. Soil samples were collected in March 2007, orar wéter the last

fertilization.

Extraction of microbial biomass

Fumigation extraction method (Vance et al., 198@¥swsed for the estimation of microbial
biomass using 0.025-M solution of K2SO4 to extratatively labile organic carbon from the
fumigated and non fumigated samples. To estimatentfcrobial biomass, organic carbon
extracted in the non-fumigated samples was suletlatom the organic carbon extracted in
the fumigated samples and expressed as g € dtg soil. Total organic C contents were
determined by elemental analyser (Flash EA 111Zrmbfinningan, Milan, Italy). For
microbial biomass determination at Champ Noél aedgkiehennec sites, soil samples were

taken 7 months later of farm manures amendmert@iaber 2006.

Sample preparation and DOM extraction

On each site, representative samples were obtdipaghthering and mixing of 8 samples
taken in the 0-20 cm soil depth and sieved at 2 D@IM extracts were obtained with 1:1
ultra pure water to soil ratio. Soil water suspensiwere shaken mechanically on orbital
shaker for 3h and then centrifuged at 4000 rpnm2fbminutes and filtered through 0.7 and
0.22 pm nitrocellulose filters. To avoid any contaation, all the filters were rinsed with
ultra pure water before vacuum filtration and dre@rnight. Chemical analysis was done on

one replicate of soil water suspension.

Chemical Analysis

Dissolved organic carbon (DOC) in soil solutionragts was measured on a Shimadzu TOC
5050 A total carbon analyzer. Accuracy on DOC mesments was +5%, based on repeated
measurements of standard solutions (K-phtalate)wpsidetermined on 20-ml filtered water
samples using a digital pH-meter (WTW) calibratethveuffers (WTW) of pH 4 and 7. UV-
Visible absorbance was measured on a Perkin Elmambda 20 UV-Visible
spectrophotometer across 200-600 nm excitation agths range with data interval 0.5nm,

slit width 2 nm and scan speed 120 nm/min.
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Fluorescence measurements of DOM were performedgusi Perkin-Elmer LS-55B
luminescence spectrometer. The spectrophotomesésr aixenon excitation source and slits
were set to 5 nm for both excitation and emissibo.obtain excitation-emission matrix
spectra, excitation wavelengths were incrementeoh f200 to 425 nm at steps of 5 nm and
emission was detected from 250 to 600 nm with an@bstep. Scan speed was set at 1500
nm/min, yielding an EEM in 22 minutes with 45 totaans. To minimise the temperature
effect, samples were allowed to equilibrate wittormo temperature (20+2°C) prior to
fluorescence analysis. A Raman normalised intedrat&M spectrum of ultra pure water was
subtracted from the data sample to eliminate theemRaman scatter peak. To eliminate the
second order Raleigh light scattering, excitatiod amission cutoff filters were applied at
230-310 nm and 380-600 nm respectively on the @it of three dimensional plots (Figure
4.1). Inner filter effects were removed with thenfola of (Ohno, 2002). To maintain the
consistency of measurements and standardise thdewhmrescence dataset, all the
integrated fluorescence intensities were normalinesi’erage Raman emission intensity units
of 30 for ultra pure water samples at excitatiod amission wavelengths of 350 nm and 397
nm respectively. The fluorescence dataset presémtis study was normalised at 5 mg L
DOC.

Regional integration of excitation emission matriXEEM)

An internal program was developed in the laboratsing the R software (http://www.r-
project.org) for the integration of fluorescencéeisities across the whole EEM landscape
Figure 4.1. Here peaks at shorter wavelengths (s2BpDand shorter emission wavelengths
(<380 nm) are related to simple aromatic proteuthsas tyrosine and tryptophan (Regions |
and Il). Peaks at intermediate excitation wavelesd250-340 nm) and shorter emission
wavelengths (<380 nm) are related to soluble miatdhy-product-like material (Region V)
while peaks located at the excitation wavelengt@B80300 nm) and the emission
wavelengths (380-575 nm) represent humic aciddikestances (Region Ill). Peaks at longer
excitation wavelengths (>300 nm) and longer emmssiavelengths (>380 nm) are related to
fulvic acid-like organics (Region V). With this tatique, EEM was divided into biochemical
(bio) (I, I1, IV) and geochemical (geo) (lll, V)ubrescent regions (Figure 4.1a) (Table 4.1)
and three peak intensity zones of tryptophan (TRulyic like (FL) and humic like (HL)
fluorescence (Figure 4.1b). 45 spectral loadingsewesed to reproduce three-dimensional

plots of fluorescence intensity as a function afi@tion and emission wavelengths.
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Figure 4.1 : Integration of fluorescence intensities asrdsochemical and geochemical
regions (a) and Tryptophan (TRY), Fulvic like (Fif)d humic like (HL) zones (b).

Table4.1 : Definition of excitation (Ex) - emission (Emjavelengths (nm) ranges for each

region and zones

Ex (nm)

Em (hm

Regions

region | 230-250
regionll  230-250
region lll  230-300
region IV 250-340
regionV ~ 300-400
region bio 230-340

region geo 230-400

Statistical analysis

280-330

330-380

380-575

280-380

380-600

280-380

380-600

Ex (nm) Em (hm

Zones

Tryptophan 270-280 320-350
Fulvic like 300-350  400-500

Humic like 230-250 360-420

Numerous replicates of fluorescent measurement @mh extraction in previous studies

conducted with the same apparatus showed 5% ceeifiof variation (unpublished data).

Therefore we imposed this dispersion parametemtolate three replicates per treatment in

order to integrate potential analytical errorshia treatment comparison. We did not take into
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account the variability arising from sampling. &tital analysis of the treatment means were
run by one way ANOVA with STATISTICA 7.1 (Statsaft)

For the coefficient of variation (GY of the ratio X/Y of two variables, we applied the
approximation suggested by Holmes and Buher (2@Tgur ! Des objets ne peuvent pas
étre créés a partir des codes de champs de miseferme., where CV, and C\ are CVs

of X and Y variables respectively.

Results

The study aims at identifying the impact of farmingstes amendments on the properties of
fluorescent dissolved organic matter (DOM) in twpds of soils (i) one having low soil
carbon level under corn monoculture (ii) the secaitti high carbon level under polyculture

cropping system.

Dissolved organic carbon differences between treatents at the two sites

At Kerguehennec site, there was no significanted#iice of Dissolved Organic Carbon
concentration [DOC] on pig slurry amended soil widspect to mineral and cow manure
amended soils (Figure 4.2). [DOC] was statisticihyer (p<0.05) in cow manure amended
soil than mineral fertilized plot. At Champ Noélesi pig slurry did not show any DOC
difference to mineral fertilizer soil. However, &hp Noél soil showed significant higher

[DOC] concentration level compared to Kergueherswlc

160 d d
bc ab . -+ —
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Figure4.2 : Dissolved organic carbon concentration atgkiehennec (K) and Champ Noél
(CN) under mineral (M), pig slurry (PS) and cow mean(CM) soil application. Confidence
intervals were estimated assuming coefficient afat@mn of 5%. Bars with the same letter
indicate non significant mean differences (one WBN\OVA) (p<0.05).

122



Biochemical and geochemical fluorescence of dissetiyorganic matter

At Kerguehennec site, significant higher bio fllswence intensities were observed in pig
slurry (PS) amended field (KPS) (3889 RU) compdmredow manure (CM) (3462 RU) and
mineral fertilized fields (3451 RU) (Figure 4.3&eo0 fluorescence was significantly higher in
pig slurry amended plot (43530 RU) compared to maihdertilized plot (38625 RU)
(Figure 4.3b). However, impact of CM (40392 RU)gero fluorescence was not significant in

comparison with mineral and PS amended treatments.
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Figure 4.3 : Biochemical (bio) (a) and geochemical (geln) fluorescence intensities at
Kerguehennec (K) and Champ Noél (CN) with minek4), (pig slurry (PS) and cow manure
(CM) amendments. Bars with the same letter indicate significant mean differences (one
way ANOVA) (p<0.05).

Similarly at Champ Noél, pig slurry amended ploNES) (3680 RU) showed significant
higher bio fluorescence compared to mineral fedti plot (CNM) (2746 RU). But there was
no difference of geo fluorescence between CNM aNP& treatments as well as in bio

fluorescence at CN and Kerguehennec sites undesiyoicy amendment.
Ratios in regions of EEM

At Kerguehennec site, ratios bio:geo did not dmaorated pig slurry and cow manure
amended plots from mineral fertilized plot. At Chaioél site, pig slurry modality showed
significant higher bio:geo (0.19) ratio comparedrtmeral fertilized plots with 0.14 (Figure
4.3). Ratios bio:geo was significantly higher aa@ip Noél (0.14 to 0.19 in CNM and CNPS
respectively) compared to Kerguehennec site ithalimodalities of soil amendments (0.12 in
KM, KCM, KPS treatments) (Figure 4.4a).

Significant higher fluorescence intensities in oeglll vs V were measured in Kerguehennec
site, KM (19832,18792 RU), KPS (20274,20117 RU),NK(22139,21392 RU) compared to
CNM (11424,13672 RU) and CNPS (11303,12751 RW@Qraetmp Noél site (Figure 4.4b).
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Figure4.4 : Ratio of biochemical (bio) to geochemicalqp@uorescence (ratio bio:geo) (a),
integral fluorescence intensities of region IlIWgb) at Kerguehennec (K) and Champ Noél
(CN) sites with mineral (M), pig slurry (PS) andxcananure (CM) amendments. Confidence
intervals were estimated assuming coefficient afat@mn of 5%. Bars with the same letter
indicate non significant mean differences (one WBN\OVA) (p<0.05).
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Figure4.5 : Fluorescence intensities across fulvic like)((a), humic like (HL) (b) and TRY
(c) areas at Kerguehennec (K) and Champ Noél (@bg sith mineral (M), pig slurry (PS)
and cow manure (CM) amendments. Confidence interwakre estimated assuming
coefficient of variation of 5%. Bars with the sarfegter indicate non significant mean
differences (one way ANOVA) (p<0.05).
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At Kerguehennec site, FL fluorescence intensitiesewstatistically higher in PS fertilized
(9284 RU) compared to mineral plot (8263 RU) (p$).®But FL fluorescence in cow manure
treatment was not different from mineral and piggl treatment (Figure 5.5a and 5.5b). HL
fluorescence intensities were significantly higheePS amended plot (5585 RU) compared to
mineral (5049 RU) and CM amended soil (5061 RU).Cktamp Noél site, in pig slurry
treatment, FL and HL fluorescence intensities wesesignificantly different (5210 RU and
2971 RU respectively) from mineral fertilized pl496RU and 3025 RU respectively).
However, Kerguehennec soil was differentiated wgitinificant higher fulvic like (FL) and
humic like (HL) fluorescence intensities compare@hamp Noél soil.

At Kerguehennec site, tryptophan fluorescence sites (TRY) were significantly higher in
PS amended soil (133 RU) compared to mineral (1) &d CM fertilized soil (110)
(Figure 5.5c). At Champ Noél site, impact of pigirsf amendment was prominent with
significantly higher TRY fluorescence (161 RU) camgd to mineral fertilized plots (87 RU).
Contrary to FL and HL fluorescence intensities, i@paNoél soil amended with pig slurry
showed significantly higher TRY fluorescence thaerdgiehennec soil under pig slurry

application.
Ratios in the zones of EEM

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

At Kerguehennec site, ratio TRY:(HL:FL) discrimiedtthe pig slurry amendment (221) from
mineral and cow manure fertilized fields with vadu80 and 186 respectively. However ratio
TRY:(HL:FL) was unable to discriminate the cow men@and mineral fertilizer amended
fields. At Champ Noél site, ratio TRY:(HL:FL) sidiwantly discriminated the pig slurry
modality (283) from the mineral fertilized plot @b (Figure 4.6b). Overall, TRY:(HL:FL)
was found good discriminants of fluorescent DOM position in the pig slurry amended

fields at both sites.
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Figure 4.6 : Ratio of tryptophan (TRY) to fulvic like (FL{ja), humic like to fulvic like
(HL:FL) (b) ratio at Kerguehennec (K) and Champ N@N) sites with mineral (M), pig
slurry (PS) and cow manure (CM) amendments. Conéiéentervals are estimated assuming
coefficient of variation of 5%. Bars with the sarfetter indicate non significant mean
differences (one way ANOVA) (p<0.05).

Microbial biomass and organic carbon contents in tw soils

Dambreville et al.,(2006) had observed significampact of pig slurry amendment on the
microbial biomass compared to control in top swefhorizon at Champ Noél site (Table 4.2).
The microbial biomass in mineral cultivated soilCitamp Noél site was significantly higher
compared to mineral soil at Kerguehennec site.

Organic carbon contents were significantly lowe€htamp Noél site than Kerguehennec site.
At Champ Noel site, pig slurry amendment differated significantly from mineral soil. But
Kerguehennec site, there was no significant diffeeein organic carbon contents among the

mineral, pig slurry and cow manure amended treatsnen

Table4.2 : Microbial biomass and organic carbon contents

Site Treatment Date Microbial C total Reference
biomasse (9.kg}
(mgC.kglsoil)
Champ-Noél Mineral 2002 144@) 9.2a Dambreville et
al. 2006
Pig slurry 2002 239 (9 9.8b
Kerguehennec Mineral 2006 117(%0) 20.F Not published
Pig Slurry N.D 20.6
Cow manure N.D 209

Numbers in parentheses are standard errors (n=38)
Similar letters in the same column showed non &grice difference (p<0.05)

N.D (not determined)
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Discussion

Impact of farm wastes on DOM production

In the current study, the impact of farm waste€D@M production in long term (14 years at
CN and 7 years at Kerguehennec sites) field exmgrisnunder pig slurry and cow manure
soil fertilization was investigated. The effect® abserved one year after the last organic
fertilization supply. No significant difference waseasured in the soil water extractable DOC
concentrations of the organic and mineral fertdizmils at Kerguehennec and Champ Noél
sites. Results are in agreement with (Hernandeit.,e2007) who show no increase in water
soluble organic carbon in pig slurry amended swilfive consecutive years. While Rochette
et al. (2000) observed rapid increase in dissoleghnic matter during first week of pig
slurry amendment. The dairy slurry derived carbaa heen observed from the liquid phase
during 0-48 hours of slurry application to grasdl@oil while in the second phase (beyond 48
hours), the slurry derived carbon is from less reobarticulate carbon (Bol et al., 2003).
Moreover, Angers et al. (2006) have shown littlgact of dairy slurry and solid manures on
the water extractable carbon in the soil in twosamutive years of application in silage corn
field. In the present study, as sampling was done gear later after farm wastes
amendments, it was not possible to see the imneedmpact of organic amendments on
DOM production at each site. However, DOM productidifferences were significant
between two sites of Kerguehennec and Champ Nbélvalues of pH were not significantly
different between the two sites (data not shown).

Inspite of higher background level of soil carb@®b00) at Kerguehennec site, lower DOM
production is observed. Perhaps at Kerguehennec3®M released from the farm wastes
amendments serves as readily available source ifoobial biodegradation of higher return
of crop residues. So the concentrations of DOC wa&pected to be lower at Kerguehennec
site. Furthermore, microbial biodegradation redineeDOM concentrations and the presence
of aromatic rings in organic molecules can be amsbron the soil (McKnight et al., 1992)
and leading to the compositional changes. The d&gdeincrease in DOM production is
possible with climate change and higher returnittérl input in forest soils (Kalbitz et al.,
2007) and higher level of DOM can be aggravatedh@ farm wastes amendments in
agricultural soils.

We hypothesize that continuous pig slurry and damgnure amendments can impact the

DOM composition and we applied fluorescence spsctpy to search possible explanations
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for the change of fluorescent DOM composition tbaat be resulted from farm applications

under different cropping systems.

Impact of farm manures amendments on the fluorescaidOM properties

Absence of DOM concentration differences amongatfyanic and mineral fertilized soils at
both sites raises a question. Is there any chanth@arescent DOM composition by pig slurry
and cow manure after 7 (Kerguehennec) to 14 (Chido#d) years of specific cow manures
or pig manure fertilization?

Research have demonstrated that livestock faepesatly comprises 15-25% proteins in wet
manure (poultry, cattle and pigs and within thigl8g true protein N is tryptophan and
tyrosine) (Day, 1977). Hence protein fluorescersalso expected. High values of TRY
intensities were measured in extract of pig orleatturry (Baker, 2002). The fluorescence
properties of farming wastes are characterizedtipng bio and TRY intensity (results in
chapter one of this thesis).

Biochemical (proteinacious) fluorescence was highgrig slurry modality than in mineral at
Champ Noél and from mineral or cow manure at Kengneec. TRY as well as
TRY:(HL:FL) are ranked as pertinent indicators @ glurry supply for both sites.

However, at Kerguehennec site, cow manure soil dment was not discriminated from
mineral amendments which reflect the biodegradatibluorophores present in the cow
manures. It can suggest that DOM materials in camures serve as readily available energy
sources for microbial community in the soil and hwihe passage of time, degraded and
becomes part of native soil carbon. Increase ofyfmchemical fluorescence intensities after
addition of pig slurry was only observed in Kergeehec site and not in Champ Noél. Even
after 14 years of supply of organic matter in loM ©ontent soil, the DOM fraction was not
more humified than in a soil which received onlynemal fertilization. But in a soil with
higher OM content, the supply of pig slurry modsfigne fluorescence properties of the DOM
fraction and revealed a more humified DOM. So theality of the DOM and perhaps its
functions of pollutant transport or biodegradapibitre modified. The supply of cow manure
has no impact on the DOM fluorescence propertidsichwis quite surprising since cow
manure is supposed to modify the organic mattepgutees like with pig slurry. Studies on
the modification of DOM properties of soil with thfent amendments are scarce. Many
references have focused on soil organic matter ositipn (Plaza et al., 2003). Humic acid of
soil organic matter after pig slurry amendment,generally farming waste amendments,

compared to control soil are characterized by higloatents of S- and N-containing groups
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and polysaccharide components, lower organic feskcal contents, a prevalent aliphatic
character, and lower degrees or aromatic polycaatem, polymerization and humification
(Brunetti et al., 2007).. On the other hand, durihg maturation and stabilization of any
organic amendment, organic matter mineralizatioth launmification occur. In particular, the
chemical, physico-chemical and spectroscopic cheniatics tend to approach those typical
of native soil humic substances which indicates tlweurred partial decomposition of
aliphatic, polypeptidic and polysaccharide-like gmnents and increase of the degrees of
aromatic ring polycondensation and polymerizati®ar(esi et al., 1996).

However, the fact that the biochemical signatures weintained unexpectedly in both soils
(elevated TRY) under pig slurry application sintede labile products should be rapidly
decomposed. This biochemical signature can resutt the microbial activity which can be
favoured in soil under organic amendment. Resllteiorobial biomass in mineral modality
compare to pig slurry modality at CN site (Tabl2)4eflect that micro-fauna is more active
under pig slurry amendment at Champ Noél site.a@Bu@hamp Noél site, Jarde et al; (2009)
observed the significant impact of pig slurry oarstds persistence steroid after nine years of

application which also suggest the persistenceavharkers of pig origin.

Impact of soil type and cropping system on the flu@scent DOM composition

Now, we consider only the mineral modality of theot sites. Significantly higher
fluorescence in bio and region IV compared to Chadopl (CNM) site can be related to the
rapid turn over of fresh crop residues of canoladsecorn and wheat in rotation at
Kerguehennec soil as compared to monoculture cap. But in contrast, higher microbial
biomass in CN than KM site reflects that microlimglproducts is more aromatic that released

during the microbial degradation process of crcgduges.
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Figure 4.7 : Fluorescence intensities across in region(rBfated to microbial activity) at
Kerguehennec (K) and Champ Noél (CN) sites witherah (M), pig slurry (PS) and cow
manure (CM) amendments. Confidence intervals wetenated assuming coefficient of
variation of 5%. Bars with the same letter indicata significant mean differences (one way
ANOVA) (p<0.05).

Furthermore, due to higher return of crop residaésKerguehennec site, additional
proteinacious material can accumulate in the Apzibarwhich is susceptible to contribute to
higher biochemical fluorescence. Distribution bége organic acids in the soil is largely
influenced by vegetation, soil moisture level, ctapntents, microbial activity (Flessa et al.,
2000) and in agricultural systems, by the managémeactices like organic fertilization
(Bolan et al., 1994).

At Kerguehennec site, geochemical (geo) fluoreseeasacsignificantly higher compared to
Champ Noél mineral soil. It reflects that highesrhass generated at Kerguehennec soil from
crops can release higher refractory compoundsligiken and carboxylic groups at different
stages of degradation in the natural soil enviramtnoempared to CN mineral soil. It also
reflects a difference in native organic matter cosifion. Humification is an ongoing process
in which the polymerization of originally monomenatant breakdown products and plant
material decomposition leads to structural compyeri soluble carbon pool (Merritt and
Erich, 2003) that can increase the geochemicatéko®ence at Kerguehennec site.

At Kerguehennec site, native total organic carl#B%) in loamy soils is higher compared to
0.9% at Champ Noél silt loam soils. This differenoeorganic content between sites can

result in different DOM composition.
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At CN site, although the quantity of pig slurry loan at CN site was one half of that applied
onto Kerguehennec site (0.6 t vs 1.3 t'hgeai') yet fluorescence properties of DOM
substance are capable to discriminate the pigyslamended soil compared to mineral
fertilized fields. Moreover, integrated fluorescernntensities in the geochemical (geo) region
and in the zones of FL, HL discriminated the twal $gpes with higher fluorescence
intensities at Kerguehennec site than Champ Nt si

Persistence of fluorescence tracers of pig sluagtevafter soil amendments

Even one year after last farming waste applicatiom;, results demonstrate an obvious
modification of the fluorescence properties of DQ@M pig slurry treatment compared to
mineral treatment with higher TRY, TRY:HL and bieq ratio in Champ Noél. In
Kerguehenec, the difference between pig slurrytiieat and mineral treatment is less
important than CN site. This shift has been meabsuraoil receiving pig slurry since 7 years
in Kerguehennec site and since 14 years in Chang. Nbe better discrimination between
pig slurry and mineral modality observed in CN d¢@ndue to the cumulative effect rather
than a soil type effect. Measurements on experiahatdvices with same period of supply
should be carrying out to test this effect.

The results reflect that integrated fluorescendenisities in the biochemical (bio) region,
TRY zone and the ratio TRY:(HL:FL) can be usedrasdrs of pig slurries in every type of
soil under monoculture or polyculture cropping eyss. The impact of cow manure soil
amendment on the fluorescence properties of DOM doé 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 soilsréase the soil organic matter compared to
mineral fertilization but no effect on Dissolveddganic Carbon concentration is observed one
year after the last spreading.

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

However, biochemical fraction of fluorescent DOMsignificantly increased and appears as a
tracer of DOM produced in soil receiving pig slurlRY, biochemical region, ratio TRY:HL

are the proposed fluorescent indices. These importhiochemical fluorescence
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characteristics could be due to higher microbiahiass 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 recyahmgoil do not modify the organic matter
content of the soil and has no effect on Dissol@danic Carbon concentration one year
after the last spreading.

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

The evidence of change in biochemical DOM remamneclear whether this modification of
biochemical fluorescent DOM was due to the cumwuéagffect of long term recycling of pig

slurry on soils or its the persistence of orgamimpounds after one year of spreading.
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Abstract

High Dissolved Organic Carbon concentration [DOG@] stream modifies the physical,
biological and chemical quality of natural watguasticularly via the transport of mineral or
organic pollutants in agricultural catchments. gadiwater agricultural catchment, in French
Brittany, Valley Bottom Wetlands (VBW) are the masontributors of dissolved organic
matter (DOM) during storm events. Most of the are&BW is intensively cultivated under
maize, wheat crops or meadows with farming wasteagfing in spring season or serve as
intensively grazing pastures. In this study, theeptial of EEM fluorescence spectroscopy for
the determination of farming waste impact on thalitgiof DOM in the streams was studied.
Recent studies showed that ratio tryptophane/fthvimic like can be a good tracer of DOM
from animal waste. In headwater agricultural catehts, two sources of DOM can be
transferred to the stream during storm events: Di@vh soil and DOM from farming waste
recently applied on soil or in intensively grazipgstures. 15 headwater catchments streams
were studied during 2007. Land occupation (foragticultural surface), linear of hedges, and
agricultural practices (organic fertilization, croptation) were characterized in the Valley
Bottom Wetlands by remote detection analysis amthifeg survey. [DOC] was analyzed
during three storm events between February and 200@é. EEM fluorescence spectroscopy
with regional integration approach was carried @utwater samples. EEM was divided into
biochemical (bio) and geochemical (geo) fluoresaegions and the fluorescence were also
integrated in reference wavelengths range of flpbooes of tryptophan (TRY), fulvic like
(FL) and humic like (HL). The quantitative analysicluded the integration of fluorescent
volume beneath each region and zone. Ratios TR¥ahtlbio:geo were also calculated. The
fluorescence DOM quality differences, among thiteens events, were analysed by principal
component analysis (PCA) on the DOC normalisedréiscence dataset with R® software
(package aded). Ratio TRY:HL and bio:geo were aswvhigher in one catchment with
important maize production and cow manure fertii@ain the Valley Bottom Wetlands. In
all the other catchments, the DOM fluorescence gmogs during Storm S2 showed a major
contribution of highly humified DOM probably due tilushing of soils. The DOM
fluorescence properties shift towards less humied higher ratio Bio/Geo or TRY/HL
during S1 in six catchments suggested a contributiom DOM issued directly from recent
farming wastes. During S3, a small increase ofdlie bio:geo and TRY/HL suggested also a

transfer of DOM from farming waste but less pronmeththan during S1. In four catchments,
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the ratio were very low during all the events anelse catchments were the less impacted by
intensive agricultural practices in the Valley Bott Wetlands. Results demonstrate that
fluorescence spectroscopy, by coupling with rediongegration approach, are capable to

reveal chemical changes in the DOM quality and aethie anthropogenic loads versus

contribution from soils on fresh water streams.

Key words : Agricultural headwater catchment, farm wastespBypexcitation emission

fluorescence spectroscopy, land occupation, steents
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Introduction

Higher concentrations of Dissolved Organic Car@OC] in streams modify the physical,
biological and chemical quality of natural watguasticularly via the transport of mineral or
organic pollutants in agricultural catchment (Mulet al., 2007; Pedrot et al., 2008). Water
treatment is becoming increasingly complex, and tbemation of trihalomethane is
enhanced (Galapate et al., 1999). In Brittany, 806Pthe water resources come from
superficial resources (river), so the transfer dDND (dissolved Organic Matter) is an
important water quality concern.

A high proportion of the [DOC] is exported duringisn events in small catchments (Grieve,
1984; Hinton et al., 1997; Dalzell et al., 2005,02 High [DOC] exports are typically
associated with near-surface hydrological flow pdttat intercept DOC-rich organic horizons
(Boyer et al., 1997). Thus, wetland and riparia@aarin the catchment represent the main
sources of DOC (Hinton et al., 1998; Inamdar et24106).

In Brittany, Valley Bottom Wetlands (VBW) are theam contributors of dissolved organic
matter (DOM) in agricultural catchment (Morel et,a009). These areas can be under
intensively maize or wheat crop with farming waspegeading in spring season or serve as
intensively grazing pastures.. These areas, locaadthe stream, can contribute to the DOM
stream contamination by two ways either directgf@anof DOM issued from farming waste
sources in intensively grazing areas or from redamhing waste supply on soils during a
storm event. Excess load of farm manure applicatocultivated hillslopes can contaminate
the stream waters through excess nitrate and pbospd as well as soluble phase of organic
matter fluxes (Plaza et al.,, 2002; Chantigny, 2008¢das et al., 2007). These wastes an
increase indirectly the water-extractable orgarmatbon of soil (Gregorich et al., 1998;
Chantigny et al., 2002b) which can be flushed te tivers when the groundwater level
reached the surface horizon.

Agricultural practices can also modify the watethpeays by creating surface runoff on
compacted soils or preferential flow via tile diaimy thus facilitating DOM transport (Royer
et al., 2007a; Hernes et al., 2008). Changes iD®® chemical characteristics are related to
agricultural land use, nitrogen loading and wetldoss (Wilson and Xenopoulos, 2009).
Furthermore, Sanderman et al., (2009) has demeoedteashift old and recalcitrant DOM in
deeper horizon with young and fresh DOM in the aef horizon and the hydrological

connectivity of DOM rich riparian source influeno& stream DOM composition and it
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reflects the influence of soil biogeochemical aygliof organic matter and hydrological
routing of water through landscape. Many authongehaointed out that DOM can enhance
the transport of many pollutants (trace elemergstipides, viruses, etc.) applied on cultivated
soils towards natural water resources (Williamalgt2005; Foppen et al., 2006; Chen et al.,
2008; Song et al., 2008). Hence, to restore watetity, it is essential to understand DOM
sources in agricultural catchments and to invesiggensive farming practices in the Valley
Bottom Wetlands.

DOC is of limited use as environmental tracer amatemnformation on the nature of DOM is
required. Techniques used in the field of DOM sesrttacking studies include gas chromatic
analysis for the separation and identificationtefals in faecal detection (Saim et al., 2009),
capillary electrophoresis to identify two or mordeatropherogram peaks of DOM
decomposition (He et al., 2008%*C Nuclear Magnetic Resonance and Pyrolysis Field
lonization Mass Spectrometry for functional grounpwdstigation of fulvic acids and their
molecular subunits (Leinweber et al., 2001). Wlsfgectroscopic techniques, UV-Visible
spectroscopic ratios for DOM distribution in lakeater (Regina et al., 2003), Fourier
Transform Infrared (FTIR) spectroscopy applied imlypaccharides and carboxyl groups
identification during biodegradation by (Kalbitzat, 2003).

There are growing needs to control chemical qualitywater in short time of analysis and on-
line water quality monitoring in water treatmendurstry, which lead to replace the existing
more expensive and time consuming techniques widmes reliable, less expensive
techniques. In this aspect, 3-dimensional excitagmission matrix (3DEEM) fluorescence
spectroscopy seems to be a good candidate due tugih sensitivity to physicochemical
changes in DOM materials (Thacker et al., 2005itaion emission (EEM) fluorescence
captures many spectral features by scanning oweida range of excitation and emission
wavelengths and generating a landscape surfaceedeby the fluorescence intensity over
excitation emission wavelength pairs (Wu et al02®ierra et al., 2005; Xie et al., 2008).

In river waters, different fluorescence peaks &m@orted from EEM and ascribed to protein
like (tryptohan, tyrosine), fulvic like and humiiké fluorophores in DOM in the aquatic and
soil environment (Baker, 2002; Henderson et alQ920Naden et al., 2009; Bilal et al.,
sumitted). Relative strength of protein like anariilike fluorophores as well as their ratios
has been used to differentiate various sources ©OMD(Baker and Inverarity, 2004;
Cumberland and Baker, 2007). Baker (2002) has atelichigher protein like fluorescence in
animal wastes and demonstrate higher peak interaity of tryptophan:fulvic like for animal

wastes than stream water. Lapworth et al., (20@®eused maximum peak fluorescence
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intensities of tryptophan like and fulvic like antiserved more attenuation in tryptophan like
compared to fulvic like fluorescence in hyporhetme (0.5 meter below river bed) with
changing surface waters inputs from upstream psesesn riparian areas. Fellman et al.,
(2009a) has showed change in chemical quality oMO®@spring and fall wet season in bog,
forested wetland and upland forests. He furthemglgiothe contribution of DOM from upland
watersheds during stormflows and the contributibhwmic like fluorescence increased and
protein like fluorescence decreased (Fellman g2@09b).

Instead of using fluorophores peak fluorescencensities, a chemometric approach of
fluorescence regional integral integration propodsd Chen et al., (2003b) is getting
popularity among the fluorescence users commutgrain flows, Naden et al., (2009) has
adopted regional overlap of the anticipated flubames and proposed the TI:FI ratio
(Tryptophan-like and fulvic/humic-like fluorescenass tracer of cow slurry incidental losses
in drain flow after slurry spreading. In soil, Bilat al., (accepted) has used fluorescence
regional integration of fluorophores in the EEM apdposed integrated fluorescence
intensities in tryptophan zone and tryptophan:huhkie ratio as tracers of farm wastes in
farm waste amended soil during 56 days of biodexraial

In order to trace the exogenous DOM loads in threast, we applied fluorescence
spectroscopy by coupling with regional integratiapproach and principal component
analysis and the spatial and temporal variabilitfiuwrescence tracers of DOM is observed
in 15 agricultural minicatchments during three stogvents. Moreover, in this catchment
network, the agricultural practices (crop rotatitentilization) in the Valley Bottom Wetlands
area were characterized with a farm survey. Thidysadimed to analyze the relation between
fluorescence tracers and intensification of agtigal practices in Valley Bottom Wetlands.

Material and Methods

Study site

Principal agricultural catchment of Haut Couesnaoeated in French Brittany, north western
France, was divided into four sub-watersheds (7,151 19) and these four sub-watersheds

were subdivided into 15 subcatchments.
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Subcatchment 11 Sampling point of
(sampling point 11a) Minicatchment 11b

Haut-Couesnon
catchment

Delineation of Valley Bottom wetland

Figure5.1 : .Location of 4 subcatchments of a princigleiailtural headwater catchment at
Haut Couesnon (HC) site, Britany. Subcatchmentsldivided into 4 “minicatchments (MC)
1la, 11b, 11c and 11d. Red dots represents sammdings. Similarly subcatchments 7 (7a,
7b, 7c, 7d), 15 (15a, 15b, 15c¢) and 19 (19a, 19w, 119d) were also divided into
minicatchments.

Delineation of the Valley Botton Wetlands (VBW)

Due to the lack of field characterization of Vallpttom Wetlands (VBW) on the Haut
Couesnon Basin, we applied here the method propmogéblerot et al., 1995) and (Merot et
al., 2006) for predicting wetland delineation inahtatchments. VBW were defined in two
steps: first step predicts the potential VBW dizition, i.e. wetlands derived from catchment
geomorphologic and climatological features. Theordcstep extracts the existing VBW
(VBWe) i.e. wetlands unmodified by anthropic adin@among the set of potential VBW. The
potential VBW were defined using a climato-topodriagndex (ICT), taking into account the
downhill slope ;) and upslope effective rainfall volume (Vr), foling an approach first
proposed by (Beven and Kirkby, 1979) and modifigdMerot et al., 2003).
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Catchment characteristics and agricultural practices in the Valley Bottom
Wetland

The minicatchment surface areas ranged from 27Ztjato 2598 ha (11a) (Table 5.1). 20 to
40 % of the surface area of the catchment was ceetp@f hydromorphic soils and is

temporarily or permanently saturated with water.

Table5.1 : Catchment area (ha) and Valley Botton Weltlainthe 15 minicatchments

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

The VBW were dominated by meadows (Table 5.2). ¢éehment 7b showed the lowest
meadows superficies but the highest maize occupgigrcentage. Forest was important
(between 15% and 17% of the VBW) in 11d and 1lpeesvely. In other catchments, the
percentage was lower than 7%. The VBH in the cag&tisn7 and 15 showed the lowest forest
occupation and are essentially occupied by maidevdreat. The maize occupied between 7
and 53 % of the wetland for 7c and 7b respectiv@hganic fertilization in the Valley Bottom

Valley is important in the catchment 11a, 15c, it @lc (Figure 5.2).
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Table 5.2 : Wetland (% of catchment area), land occupa#ind fertilization practices of
mineral fertilizer (MF) (KgN.h&), cow manure (CM) (KgN.h§ and pig slurry (PS)
(KgN.ha") in the wetland area.

Site % wetland| Hedge (m/l|1a) Meadows (%) Forest ¢)eat (%) maize (%) MF CM PS
7a 22 159 59 3 5 27 61 32 17
7b 22 169 27 0 0 53 25 66 26
7c 21 137 81 2 2 7 54 16 9
1lla 40 125 62 7 13 24 66 40 22
11b 35 202 83 17 0 17 47 37 0
11c 42 98 72 1 7 20 65 57 69
11d 36 104 57 15 10 30 60 39 11
15a 20 154 62 2 18 16 50 35 1
15b 20 164 55 1 26 11 58 28 1
15c 31 119 47 0 10 25 10 69 0
19a 25 154 53 6 12 29 63 29 16
19¢c 19 181 64 2 7 29 59 48 1
19d 34 172 61 4 10 29 33 40 2
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Figure5.2 : Organic fertilization in Valley Bottom Wetlds (kgN.h&))
Stream water sampling

Two winter storms (S1, S2) and one spring storm) @&nts were studied to analyse the
DOM fluorescence properties differences among tHe rhini-watersheds. Principal
agricultural catchment of Haut Couesnon was equigpstream gauge station at the stream
outlet. 30ml water samples were filtered with sgeandriven mounted hydrophilic filter
(0.22pum) (Millipore Millex-GV) at sampling place.oTavoid any microbial transformation,
filtered water samples were kept at 4°C in pre-a@dhed polypropylene 30ml plastic bottles
and returned to the laboratory for chemical analysi

Chemical analysis

Dissolved organic carbon (DOC) was measured onim&lzu TOC 5050 A total carbon

analyzer. Accuracy on DOC measurements is +5%, doase repeated measurements of
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standard solution (K-phtalate). The stream watenptes having higher DOC concentrations
were diluted with ultra pure water and brought fre trange of 5mgl: Absorbance was
measured in the diluted sample at 254nm and spedlifiaviolet absorbance (SUVA) was
calculated by multiplying the absorbance at 254nith & factor of 100 and divided by the
DOC concentration. Orthophosphate were analysembloyimetry after reaction of the sample
with Molybdate acid solution and Antinomy Potassiliartrate. After reduction with ascorbic
acid, the blue colour is detected at 660 nm.

Fluorescence spectroscopic measurements of DOCpeei@med using a Perkin-Elmer LS-
55B luminescence spectrometer. Due to conditior@mgr, the water samples from mini
catchments 7a, 7b and all the MCs of 15 and 1hdwtorm S1 could not be analysed in
fluorescence. The spectrophotometer uses a xerumat@n source and slits were set to 5 nm
for both excitation and emission. To obtain ex@taemission matrix spectra, excitation
wavelengths were incremented from 200 to 425 nmstepps of 5 nm and emission was
detected from 250 to 600 nm with a 0.5-nm stepnSpeed was set at 1500 nm/min, yielding
an EEM in 22 minutes with 45 total scans. To misienihe temperature effect, samples were
allowed to equilibrate with room temperature (20ZR°prior to fluorescence analysis.
Excitation emission matrix (EEM) were reproduced $ybtracting Raman normalized
distilled water blank spectra and the water Rantaitar peak was eliminated. Resonance
peak (Fig. 3) on the lower side of three dimendigiats was also removed. The whole
fluorescence dataset presented in this study wasalised at 5 mg £ DOC. To maintain the
consistency of measurements and standardise thie lborescence data set, water blank
corrected fluorescence spectra were normalised 28tB1 Raman emission intensity units of
ultra pure water sample at 350 nm and 397 nm of exaitaind emission wavelengths

respectively.

Regional integration of excitation emission matriXEEM)

An internal program was developed in the laboratsing the R software fittp://www.r-
project.org for the integration of fluorescence intensitiesoas the whole EEM landscape.
Here peaks at shorter wavelengths (<250 nm) andeshemission wavelengths (<380 nm)
are related to simple aromatic proteins such assiye and tryptophan (Regions | and Il)
Peaks at intermediate excitation wavelengths (280-+8n) and shorter emission wavelengths
(<380 nm) are related to soluble microbial by-prctdike material (Region IV) while peaks
located at the excitation wavelengths (230-300 ang) the emission wavelengths (380-575

nm) represent humic acid-like substances (RegipnReaks at longer excitation wavelengths
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(>300 nm) and longer emission wavelengths (>380amaYelated to fulvic acid-like organics
(Region V). With this technique, EEM is divided anbiochemical (bio) (I, Il, IV) and
geochemical (geo) (lll, V) fluorescent regions (g 5.3a) and three peak intensity zones of
tryptophan (TRY), fulvic like (FL) and humic likeH() fluorescence (Figure 5.3b(Table 5.3).
The quantitative analysis included the integratdriluorescent volume beneath each region
and zone. Moreover, ratios TRY:HL, TRY:FL, HL:FLiotgeo, IV:V and Ill:V were also
calculated. Humification index (HIX) was determinaccording to Ohno (2002). 45 spectral
loadings were used to reproduce three-dimensiotab pf fluorescence intensity as a

function of excitation and emission wavelengths.
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Figure 5.3 : Integration of fluorescence intensities asrosgions (a) and maximum peak
intensity zones (b).

Table 5.3 : Definition of excitation (Ex) - emission (Emjavelengths (nm) ranges for each
region and zones

Ex (nm) Em (hm Ex (nm) Em (nm
Regions Zones
region | 230-250  280-330 Tryptophan 270-280  320-350
region Il 230-250  330-380 Fulvic like 300-350  400-500
region Il 230-300  380-575 Humic like 230-250  360-420

region V. 250-340  280-380
regionV  300-400  380-600
regionbio 230-340  280-380

region geo 230-400  380-600
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Statistical analysis

The DOM quality differences, among three storm évjenere observed by applying principal
component analysiPCA) on the DOC normalised fluorescence datasdt software
(package ade4). Significant differences among Hreet storms and sub-watersheds were
tested one way ANOVA (p<0.05) with STATISTICA (veams 7.1). Among the fluorescence
variables, Pearson’s product moment correlation eedsulated using Rsoftware (package
Rcmdr).

Results

Storms hydrology

25

20 St

S3

Q (m3sY
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0 T T T T T T
21-Feb.-07 13-Mar-07 02-Apr.-0722-Apr.-07 12-May-070ire-0721-June-07

Sampling dates

Figure5.4 : Daily water discharge (Q) during between Baby and June 2007 and sampling
date of the three storm events S1, S2 and S3 ih Elauesnon catchment.

Water discharge rate during the three storm ev@tts S2 and S3) was 12st, 16°s* and
8m’s™ respectively (Figure 5.4). During S2, discharge mas two fold higher than S3 and a
little higher than storm S1. S1 and S2 occurredhguwvinter with one month interval whereas
S3 occurred during the spring after a dry periothenmonth of April. The sampling time for
three storms S1, S2 and S3 was 27 February, 20h\daudt 21 May 2007 respectively.
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Dynamics of dissolved organic carbon (DOC) and oribphosphate
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Figure5.5 : a) Dissolved organic carbon (DOC) and thaphosphate dynamics during three
storms S1, S2 and S3 among the 15 agriculturalcatichments (MC) at Haut Couesnon

(HC) site.

During S1, the lower [DOC] were measured in 7a,(d@ mg.L') and 15b (6.7 mg:b)
(Figure 5.5a). In the other MC, the [DOC] rangedwsen 8 and 15 mg:t The [DOC] is
important and stable in all the MC 11 (between 14r& 16 mg.[). The highest
concentration was measured in 19d (19.6 mp.Most of the mini catchments exceeded the
limits of 10mgL* DOC. In France, the legislation authorities reedia [DOC] lower than
10mg L* in <95% of the water samples collected per yempétable drinking water supplies.
Hence most of these MCs are important DOC contoiisut

During storm S2, 15b and 15c¢ showed lowest [DO t8g.L'and 2.7 mg.L* respectively).

In 15a and 7a, b, c, d, the [DOC] was more impartamd ranged between 5 and 6 my.L
Whereas concentration in 11 (11a, 11b, 11c and W& still stable and important (12 to 14
mg LY. 19a, 19b, 19¢c ranged between 7 riiahd 13 mg.L* and the most important [DOC]

was measured in 19d as in S1.
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Higher [DOC] were measured in all the catchmentsnduS3. In 7, its concentration ranged
from 16 (7a) and 20 mgL(7b and 7d). In 11, [DOC] was between 13 and 18LmgThe
maximum [DOC] for this event were measured in 16,lg (22 to 27 mg.1).

In storm S1, DOC concentrations were always highan storm S2 except in 19a. But
difference of [DOC] between S1 and S2 was varidelsveen mini catchments. In 7 b, d and
15c, [DOC] variations were important and greateanth6 mg L[* whereas in others
catchments, differences were less important (7a,13b, 19c). All the MCs of 11 showed
almost constant [DOC] during three storms except Where [DOC] fluctuation was
observed with higher values (18 mg)Lin S3 and lower values (12 m@Lin S2. Almost no
variation was observed in (19a,d). The response ¢bmatic event was different from one
sub-watershed to another. Some minicatchments sggpes constant high contributors of
DOM during storm event (11 and 19d), others shoimgabrtant [DOC] variations between
storm events.

During S1 event, the orthophosphate concentra(id@g!) concentration was detected only in
7b, d, 11 a,b,c,d and 15c as well as 19b,c (Figwk). During S2, phosphate concentrations
were only detected in 7b and 11c. While during 8&ng orthophosphates were detected in
7a,b,d and 11 a,b,c,d. There was also a contribdtmm 15 a,b,c and 19 a,b,c during S3
event. 7b and 11c showed the phosphate transfamgdall the three storms. Overall, we
observed higher PO4 concentrations in S3 event acedpto S1, S2. In S3, minicatchments
7b and 15c were the principal contributor of orthogphates in the streams. The
minicatchments 7b and 15c were thus more impaggehbsphorous transfer than the other
catchments. During S3, 7a,d and 11 a,b,c,d sholmeasasimilar values of PO4 transfer.
During S3, hydrological processes seemed to berdifit from S1 and S2 with evidence of

surface transfer which induced an increase of tisdd® in the streams.

Pertinent fluorescent tracers of DOM at agricultura catchment scale
Ratio of biochemical to geochemical (ratio bio:geakgions

Ratio bio:geo discriminated all the MCs of sub-wsited 19 with lower values (0.06 to 0.08)
compared to rest of the MCs of sub-watersheds dfi7and 15 with higher values during
three storms S1, S2 and S3 as shown in Figurébbung S1, MCs of sub-watersheds 7 (7c,
7d) and 11 (11a, b, c, d) discriminated with highalues of ratio bio:geo (0.16, 0.14) and
(0.15, 0.14, 0.14, 0.15) respectively comparedhéovalues during S2 and S3 storms.
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Figure5.6 : Discrimination of DOM quality among 15 agticwal mini catchments (MCs) on
the basis of ratio biochemical to geochemical negifratio bio:geo) during three storms S1,
S2 and S3 at Haut Couesnon (HC) site.

Storm S2 showed lower values of ratio bio:geo irtted MCs of sub-watersheds (7, 11, 15)
compared to storm S3 as increasing values of atimeo were observed in S3. However,
response of 15c¢ was discriminated all other MC#& Wigher values of ratio bio:geo (0.13 and

0.15) during S2 and S3 respectively.

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

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

storms S2, S3 respectively and to all the MCs bfwatershed 11 during S1 (0.02-0.03) and
S3(0.02-0.03) only (Figure 5.7).
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Figure5.7 : Discrimination of DOM quality among 15 agticwal mini catchments (MCs) on
the basis of ratio tryptophan to humic like (rafiRY:HL) during three storms S1, S2 and S3
at Haut Couesnon (HC) site.

While, during S2, all the MCs of sub-watershed haveed similar values of ratio TRY:HL
(001) to the MCs of sub-watershed 19. Mini catchim&sc showed discrimination with
respect to all MCs of sub-watersheds of 7, 11 a&wlld with higher ratios of 0.05 to 0.06
during storms S2 and S3 respectively. During Shj satchment 7¢, 7d and 11a, 11d showed
higher values of ratio TRY:HL (0.04, 0.03 and 0.03)3 respectively) compared to 11a, 11c
with value of 0.02 respectively. During S2, TRY:H#tios for all the MCs were lower
compared to S3 as increasing TRY:HL ratios wereepkesl in S3. During S3, only mini
catchment 15¢ demonstrated highly discriminantevafiio TRY:HL (0.06).

Temporal shift of DOM fluorescent properties amonghree storms events

The DOM spectroscopic properties were analysedrimgipal component analysis (PCA) to
retrieve the additional information on temporalfisioif the observed indices during three
successive storm events S1, S2 and S3. The axid axis 2 of the PCA explained 56% and
30%, respectively, of variability in 17 spectrosmomdices of DOM (Figure 5.8). Axis 1 of
PCA explained the variability in biochemical flusoence and ratios among various
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Figure 5.8 : Principal component analysis (PCA) of spextopic dataset: integral
fluorescence in biochemical (bio), geochemical fgeegion I, Ill, IV, V and tryptophan
(TRY), fulvic like (FL), humic like (HL) zones. Rats of bio:geo, I}V, IV:V, TRY:FL,
TRY:HL, TRY:(HL:FL), HL:FL. and SUVA (specific ul& violet absorbance) (a).Variability
in DOM fluorescence among the 15 mini catchmentsuti-watersheds of 7, 11, 15 and 19
during three storm events S1, S2 and S3 (b).

biochemical and geochemical regions and zones vexls 2 explained the variability in
geochemical fluorescence and humification indidd3@M.

During S1, all the MCs of sub-watersheds 7 and gtevelearly separated from the rest of
two storms S2 and S3 with negative scores on axedlaxe 2. Biochemical (bio), region I,
IV, TRY zone as well as ratio bio:geo, region IVavid TRY:(HL:FL) had strong negative
weightings on axisl (Figure 5.7a) and separatedM@ie of sub-watersheds 7 and 11 during
S1. The spectral differences in DOM chemical charastics, during S1, of sub-watersheds 7
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and 11 were significant (p<0.05) with average asetires -1.90 and -1.67 respectively
compared

to S2 (0.54, 0.68 respectively) and S3 (0.24, @ekpectively). During S2, all the MCs of
sub-watersheds 7 and 11 were projected ‘in oppagitglrant to that in S1’ in PCA space
with positive scores on axel and negative scorexxefl. However, during S3, MCs of sub-
watersheds 7 and 11 were located in opposite guisdvath positive scores on both axes 1
and 2.

During S2, all the MCS of sub-watersheds 19 hadtigesscores on axel and negative scores
on axe2. During S3, it had positive scores on lates 1 and 2. HIX had strong positive
weighting on axel and it discriminated sub-watedsh@ from 7 and 11 during S3. Region lll,
V, geo and FL, HL zones had strong negative weigjstion axe2 and separated 7, 11, 19
during storm S2 from S3 except 19S3 which showedmblance of fluorescence properties
to 7, 11 during S2.

More dispersion was observed in sub-watershed 1ifgi$2 and S3 compared to other MCs
of sub-watersheds 7, 11 and 19. During S2, MCaubfwatershed 15 had negative scores -
0.40 and -0.14 on axes 1 and 2 respectively whilend S3, these minicatchments had
negative scores on axel (-0.46) and positive samesxe2 (1.85). Sub-watershed 15, during
S3, differentiated with negative weightings of oatiTRY:HL and TRY:FL on both axes.
Axisl was incapable to discriminate 15 from subessited 7 and 11 during S3 while axis 2

showed similarities between MCs of sub-watershédant 11 during S3.

Variability in land occupation and agricultural activities in catchments

PCA was applied on the dataset of land occupasioi fertilization practices in all MCs of
sub-watersheds 7, 11, 15 and 19 at Haut Couest®r(FBgure 5.9). Three principal axes
(axil, axis2, axis3) of PCA explained the varidhiin the dataset by 32% and 25%, 17%
respectively. By considering the axisl and axisPGA, minicatchments of sub-watershed 11
demonstrated positive scores on axis2 except 1dwisg highly negative scores on axisl.

All the MCs of sub-watersheds 7, 15 and 19 showspedsed position in PCA space. Mini
catchment 15c had highly positive scores on axied @iscriminated from rest of the MCs
with cow manure land spreading and largely infl@ghavith maize crop cultivation. While
15a and 15b were projected in opposite quadrahbton PCA with negative scores on both

axes and discriminated with higher influence ofdedand the cultivated area of both MCs
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was under wheat crop cultivation. Mini catchmentha@a highly positive scores on axel and
differentiated with cow manure and maize crop. Wit had highly negative scores on axel
and meadow (grazing) dominated in the Valley Bottoatlands.

Table5.4 : PCA weightings of three principal axes fog tand use and land spread variables
during biodegradation study periods P1 and P2.

Variables axel axe2 axe3
PWL -0.04 0.85 0.24
Hedges -0.04 -0.72 0.49
Meadows -0.85 0.21 0.24
Forest -0.40 0.24 0.72
Wheat -0.23 -0.21 -0.72
Maize 0.84 0.05 0.24
Mineral fertlizery -0.71 0.27 -0.22
Cow manure 0.85 0.30 0.05
Pig slurry 0.15 0.81 -0.24
a) b)
11 3 %
cr i 11b IS
[8)] ~l
S 5
11a
" 7b
11d 11d, | - 19 .
0, 2. .1-19c axel(32%)
. _ axel(32% TS
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156 15b *

Figure5.9 : Principal component analysis (PCA) (axel 2aixe(a) and axe3 (b) explaining
the variability of land occupation (cultivated argader wheat, maize crops, meadows, forest,
hedges, potential wetland area (PWL)) and soiilifzation practices (pig slurry, cow manure,
mineral fertilizer) among the mini catchments obsuatersheds of 7, 11, 15 and 19 during
three storm events S1, S2 and S3.

Mini catchment 11b was mainly differentiated frorhal c, d with dominant influences
meadows and mineral fertilizers. However, there vdasninant influence of potential
wetlands (PWL) and pig slurry soil amendments onim@tchment 11c. Overall, all the MCs

of sub-watershed 11 were characterized by the nmopbrtant VHB area but under
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heterogeneous land occupation by meadows, fordgith respect to axe3 of PCA, 11b
showed highly positive scores on axe3 and discateth this MC with forest occupied soils
and hedges. Although minicatchments of 19 showedage occupation of wetlands, hedges,
maize cultivation and mineral and cow manure ameri€elilization practices (Table 5.2) but

these minicatchments showed poor projection in Bg#ce along three axes.

Discussion

Spatial and temporal variability of DOM export from the catchments during

storms

Storm S2 was marked with higher spatial variabiigfween subcatchments 7, 11, 15 and 19
than during S1 and S3. Overall, DOC concentrati@nsained lower in S2 compared to S1
and S3 especially in 7, 15. This is not a dilutaffect due to higher discharge rate as chloride
concentrations are not diluted (data not shownklizisge rates are mean daily data, It is
possible that sampling occurred at the beginninthefstorm event and not at the maximum
peak discharge flows. Manual sampling in duringrat&2 is not really satisfactory and an
automatic sampling at the peak discharge would baea far better option.

Although discharge was not higher in S3 yet DOMasonirations were the highest during the
three events. It is contradictory to Clark et &0d2) who showed that magnitude of rainfall
and discharge could be important in controlling D@tkes (Clark et al., 2007). It could be
reason that as storm S3 occurred after a periddhed flow and the period of farming waste
supply to soil (April and May), we suspected thaipcresidues and farming wastes were at
the early stage of decomposition and DOM releaseghtnflushed into the stream water
channel. Also likely that during baseflow peridde fower precipitation prevents the transport
of DOM to the stream channel. So that organic medtezmain in the upper soil surface and
can be flushed into the streams with subsequeahset rainfall and cause sharp peaks of
DOC concentrations. Worrall et al., (2008) showhdt trunoff from the catchments was
associated with increasing DOC concentrations.

Many studies demonstrated that a high proportioin@DOC is exported during storm events
in small catchments (Grieve, 1984; Hinton et @97, Dalzell et al., 2005; 2007; Fellman et
al.,, 2009a). Our results are in agreement with ethstsidies. But we observed a great
variability in the DOC concentration for the threeents in each catchment and between
catchments for one event. The origin of this valigbmay depend on land use and

agricultural practices in the Valley Bottom Wetlarguffer land cover (in 90-m along all
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stream banks) were identified as best predictob©OfC concentration variations (Molinero
and Burke, 2009b). Moreover, DOC concentrationseased even at short time scale (one to
two months time intervals) during storm flows. Wisoasuspect that biological activity
coupled with geochemical control over the increagemtuction of DOC (Lumsdon et al.,
2005). However, DOC itself is of limited use as ieowmental tracer and more information
on the nature of DOM (biological or geochemicaborias well as freshly produced vs highly
humified) is required. Therefore, some moleculahteques are required to explore the DOM

sources.

Fluorescence tracers of DOM in large network of agcultural catchments

Fluorescence properties have enabled us to expéoration in quality of fluorescent DOM
exported from a large network of headwater minizadents in time and space at Haut
Couesnon catchment. Ratio bio:geo, TRY:HL, geotldtwere ranked (PCA results, Figure
5.8) prominent discriminators of DOM chemical claeaistics variations among the storms
as well as in various studied minicatchments. Weser that ratio bio:geo and TRY:HL
trace the recently originated DOM (Chapter 3). M we also suppose that fluorescence
intensities in region geo and HIX indicate the hiigdi organic matter either part of native
soil organic matter or highly humified organic mabs. In the present study, all
minicatchments of 19 showed positive Pearson ptoaiacnent correlation between HIX and
geochemical fluorescence intensities (geo) (0.%0D,@}) while rest of the subcatchments did
not show this correlation. The existence of thisradation marked the variability in DOM
fluorescence and probably related to the contributrom soil or highly humified dissolved
organic matter that originated as a result of d#gran process. In chapter 3 of the present
thesis, we found that HIX was the prominent disanator of soil DOM. While in chapter 2,
runoff simulation experiment, we marked that runB®OM from control plots exhibited
strong correlation (r) between HIX and geochemsighatures (0.98, p<0.0001) in 6L and
0.76 (p<0.001) in 14L runoff DOM material. Besidiss, there was significant correlation
between HIX and geo fluorescence in cow manuressnéndments (Chapter 3 and chapter 2
of the present thesis). It reflects that existeot¢his correlation contradict our hypothesis
about only soil originated DOM. So significant adation between HIX and geo fluorescence
may give the proxy of DOM released either from amanure amended soils or from native
soil carbon. As in case of pig slurry, this cortigla did not exist. So in subcatchment 19,
DOM either originated from soil or from cow manunastes and it reflects the use of

geochemical fluorescence and HIX as tracers of ggoaal signatures in fluorescent DOM
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in complex network of watersheds. It marked thetigpaariability in biogeochemistry of
fluorescent DOM materials in among the subcatchméntl, 15 and 19.

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

Minicatchment 15c is marked with increasing bio:g@a TRY:HL ratios and we suspect the
contribution of farm wastes DOM S2 and S3 compdeethe rest of minicatchments in the
same events. Particularly during S3, as DOC conatton increased compared to S2 event
and there is high probability of farm wastes DOMtcibution in the stream. Besides this,
mini catchments 7¢, 7d and 11 a, b, ¢ and d aleweth 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 oveddlow and rapid transfer of DOM originated
from farm wastes practices and possibly discring@dawith higher bio:geo, TRY:HL ratios.
While in S2, DOC concentrations are not increasad &ost probably, the chemical
characteristics of DOM remain close to the soiitawarked with higher HIX values in S2
(0.97-0.98) compared to S1 (0.89-0.91) and 0.98-in9S3. Higher values of HIX indicate
the DOM contribution from soil origin.

Subcatchments 7, 11 and 15 has shown increasimas raib:geo and TRY:HL after one
month dry period and after the season of farmingte&vgupply on soils. Sanderman et al.,
(2009) in a headwater coastal catchment detectmadse of fresh DOM disproportionate to
the magnitude of the flow. He attributed the redea$ DOM to the turnover by microbial
community, as a consequence of wetting and dryyaes on organic matter in soils. The
DOM pool can be replenished after a drying peribdis DOM could have a biochemical
signature more important than in February. Butriaification of fluorescence properties
under wetting and drying cycle has still to be s&dd so we can not conclude whether
fluorescence modifications observed during S3rnssalt of an increase of microbial soluble
soil DOM or a direct transfer of DOM from farmingaste.

Despites [DOC] stability in all the MCs of sub-watleed 11 except 1lc, fluorescence
properties are different during the three events.wéas marked by high bio:geo ratio, S2
differentiated with lower ratios of bio:geo and YRIL and higher HIX values (0.97) and S3
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with increasing ratios of TRY:HL which depicted féifent chemical quality of DOM
materials. There is no significant difference betwéhe subcatchments 7 and 11 during S3
that mark the presence of common DOM quality (Feguu8).

In mini catchment 15c¢, during S2, DOM substance alestrated impact of agricultural
intensification as we observed increasing ratiobiofgeo and TRY:HL compared to MCs
15a, 15b that means there is always active sodrt@am waste DOM that contribute to the

DOM flushing in this minicatchment.

Evidence of DOM pollution by farming waste contribution

During S1, a contribution of farming waste is sugpd in catchment 7 and 11. The ratio
bio:geo and TRY:HL are high. The P concentratioresadso elevated in the catchment 7b, c,
d and 1la and b. P was not detected in the othtehroants. The presence of soluble
phosphorus corroborate the hypothesis of a conttomeither directly by transfer of faeces
or pig slurry from the soil surface, or by expoftttOM issued from farming waste freshly
biodegraded.

PCA analysis of VBW agricultural practices showhkdtt7b and 15c were highly associated
with cow manure land spreading and maize cropvailon. During S2 and S3 storms, the
values of ratios bio:geo and TRY:HL were rangedmfr0.12 to 0.15 and 0.05 to 0.06
respectively in the 15c which reflected the impafctow manure land spreading. Results are
in agreement with Naden et al., (2009) who has domereasing values of T1:F1 in drain
flow after cow slurry spreading. 7b was highly irofgal by cow manure fertilization ad maize
crop (Figure 5.9) but there was no marked incréagatio bio:geo and TRY:HL although
orthophosphate concentrations were very high indidbng S3. Mini catchment 7c was
associated with higher occupation of meadows anduspect the contribution by cow faeces
too probably by direct transfer in storm S1. Higkatues of bio:geo (0.4 to 0.5) and ratio
TRY:HL (0.18 to 0.22) were measured on pure cowcdaewastes but this source can
contaminate the stream and increase the ratioeotiteam. So there is possibility of diffuse
contamination of stream water by cow faeces andaahpf farming wastes are marked with
increasing values of ratio bio:geo and TRY:HL in&8id S3.

During S1, 11b was associated with meadows andeshohe ratio bio:geo (0.14) similar to
composted manures with 4 to 6 months compostingginThe similar values reflect the
presence of dungs excreted by cows which undergtrabisformation and the values
approaches to cow manure composts. But there igngstrtemporal variability in

subcatchments 7 and 11 and ratio bio:geo, TRY:Hhaias higher in S1 followed by S3.
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While 15c did not show temporal variability betwe®? and S3 and higher ratios of bio:geo,
TRY':HL reflect the constant sources of cow manuastes supply on the soil.

All the MCs of subcatchment 11 showed buffering actpon DOM production and export
except in 11c. It is because of heterogeneous ¢aedpation sources. Mini catchment 11b
seems to be reactive to DOM export and probabD®@& contribution in the stream is from
meadows and forest litter. MCs 11c was largely utide influence of potential wetlands and
pig slurry fertilization and also showed increaswigh increasing bio:geo ratio. As the soil
occupation sources are very complex, definitelypaot on DOM is clear with increasing
fluorescence bio:geo and TRY:HL ratios when we carag with sub-watershed 19.
Although we observed increasing bio:geo and TRYrHiios in 19d during S3 but it reflects
contribution highly degraded proteins of micromalgin from peatland lake which is located
alongside the stream bank.

So in S2, in most of the catchments, contributibmatural DOM was prominent and DOM
was probably issued from soil origin. While duriag) and S3, impact of agricultural practices
was marked. On the whole, the impact of agricultpractices such as grazing meadows or
cow manure and pig slurry land spreads along witleav and maize crop cultivation was
more clear in MCs 15b,c, 7c and 11c in the Valleyt&n Wetlands.

Fluorescence tracers as a support to water qualitsnonitoring and policy

To meet the growing needs of best quality of dngkivater, strict policy measures have to be
adopted. In this regards, fluorescence spectrossepyns to be the best compromise for the
detection of farm wastes impact on fresh water émdihe fluorescence technique can benefit
water industry as on line sensor of water qualignitoring of DOM pollution because of
relatively low cost and these tools has to be ihetlin the regular analysis of DOM quality
in fresh water supplies. It can also be applieduindamental research to observe DOM
fluorescence response to various agricultural mput

This study also reflects the necessity of DOM dyahonitoring during baseflow time and in
this we may put in evidence the diffuse water gadlu during storm flows. Moreover, soil
sampling should be done in catchments in orderstm@ate the DOM chemical properties
measured stream storms. Morel et al., (2009) haggubout the contribution of 80% DOM
from riparian wetlands during storm events in Bntt. While Fellman et al., (2009b) have
shown the possible DOM contribution from upland avetland watersheds. To observe the
possible sources and variability in DOM fluoresamroperties during one storm, several

samples should be taken along the ascending acédr#iag limbs of hydrograph.
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Conclusion

In this research study, the potential of EEM flsmence spectroscopy for the determination
of farming waste impact on the increasing DOM ia streams was studied. The agricultural
practices and crop rotation were characterizedhm Yalley Bottom Wetland which is
recognized as the main source of DOM in Frenchtd@nt during storm event. So agricultural
indicators (organic fertilization, crop rotatiormeadetailed and their relation with fluorescence
indicators is discussed. A heterogeneous opticgiaese of DOM substance was observed in
15 mini-watersheds as well as among the storm sveédtir results reflect the following
conclusions:

* Mini catchment 15c was discriminated from resthed tatchments with higher ratios
of bio:geo and TRY:HL and depicted the impact oflvananure land spreading. The
intense grazed meadows (MC, 11b) by cows showed ithpact of DOM export in
stream during stormflows with higher bio:geo rgtial4).

* Humification index (HIX) was found a good tracertoghly humified DOM exported
from peatland during stormflows.

» Significant correlation between integral fluoresoein regions geo in the EEM and
HIX reflected the use of geochemical fluorescensdracers of highly aromatic and
complex DOM structures.

* Storm S2 was differentiated from S1 and S3 with ifiech DOM material, probable
contribution was of natural humified DOM of soiligin and reverse was the case in
S1 and S2.

Results demonstrate that fluorescence spectrosdppygoupling with regional integration
approach, are capable to reveal chemical changé®eidOM quality and depict the farm
wastes load on the increasing DOM in fresh wateasts.

Literature cited

Baker, A., 2002. Fluorescence properties of soma faastes: implications for water quality
monitoring. Water Research 36, 189-195.

Baker, A., Inverarity, R., 2004. Protein-like flgscence intensity as a possible tool for

determining river water quality. Hydrological Prgses 18, 2927-2945.

163



Beven, K., Kirkby, M.J., 1979. A physically baseariable contributing area model of basin
hydrology. Hydrological Sciences Bulletin 24, 43-69

Bilal, M., Jaffrezic, A., Dudal, Y., Guillou, C.L.Menasseri, S., Walter, C., accepted.
Discrimination of farm waste contamination by flascence spectroscopy coupled with
multivariate analysis during a biodegradation stuttyurnal of Agricultural and Food
Chemistry accepted.

Bilal, M., Jaffrezic, A., Dudal, Y., Guillou, C.L.Menasseri, S., Walter, C., sumitted.
Discrimination of farm waste contamination by flascence spectroscopy coupled with
multivariate analysis during a biodegradation stuttyurnal of Agricultural and Food
Chemistry accepted.

Boyer, E.W., Hornberger, G.M., Bencala, K.E., Mc#mi, D.M., 1997. Response
characteristics of DOC flushing in an alpine catehin Hydrological Processes 11,
1635-1647.

Chantigny, M.H., 2003. Dissolved and water-extralgtaorganic matter in soils: a review on
the influence of land use and management practi@esderma 113, 357-380.

Chantigny, M.H., Angers, D.A., Rochette, P., 20Bate of carbon and nitrogen from animal
manure and crop residues in wet and cold soild. BBology & Biochemistry 34, 509-
517.

Chen, W., Westerhoff, P., Leenheer, J.A., Booksh, 2003. Fluorescence excitation-
emission matrix regional integration to quantifyespa for dissolved organic matter.
Environ. Sci. Technol. 37, 5701-5710.

Chen, Z.R., Cai, Y., Liu, G.L., Solo-Gabriele, Kbnyder, G.H., Cisar, J.L., 2008. Role of
soil-derived dissolved substances in arsenic ti@msgnd transformation in laboratory
experiments. Science of the Total Environment 488-189.

Clark, J.M., Lane, S.N., Chapman, P.J., Adamsdf, 2007. Export of dissolved organic
carbon from an upland peatland during storm evdniglications for flux estimates.
Journal of Hydrology 347, 438-447.

Cumberland, S.A., Baker, A., 2007. The freshwaissalved organic matter fluorescence-
total organic carbon relationship. Hydrological &sses 21, 2093-2099.

Dalzell, B.J., Filley, T.R., Harbor, J.M., 2005.06t pulse influences on terrestrial organic
matter export from an agricultural watershed. Jauraf Geophysical Research-
Biogeosciences 110.

164



Dalzell, B.J., Filley, T.R., Harbor, J.M., 2007.&tole of hydrology in annual organic carbon
loads and terrestrial organic matter export froomidwestern agricultural watershed.
Geochimica Et Cosmochimica Acta 71, 1448-1462.

Fellman, J.B., Hood, E., D'Amore, D.V., EdwardsT RWhite, D., 2009a. Seasonal changes
in the chemical quality and biodegradability ofsdilved organic matter exported from
soils to streams in coastal temperate rainforesemrsaeds. Biogeochemistry 95, 277-
293.

Fellman, J.B., Hood, E., Richard, T.E., D'armore/.D2009b. Changes in the concentrations,
biodegradability, and fluorescent properties of sdiged organic matter during
stormflows in coastal temperate watershed. JouofaGeophysical Research 114,
G01021, doi:10.1029/2008JG000790.

Foppen, J.W.A., Okletey, S., Schijven, J.F., 2@®fgect of goethite coating and humic acid
on the transport of bacteriophage PRD1 in columhsaturated sand. Journal of
Contaminant Hydrology 85, 287-301.

Galapate, R.P., Baes, A.U., Ito, K., Ilwase, K., @kaM., 1999. Trihalomethane formation
potential prediction using some chemical functiograups and bulk parameters. Water
Research 33, 2555-2560.

Gregorich, E.G., Rochette, P., McGuire, S., LiaBd;., Lessard, R., 1998. Soluble organic
carbon and carbon dioxide fluxes in maize fieldsenang spring-applied manure.
Journal of Environmental Quality 27, 209-214.

Grieve, I.C., 1984. Concentrations and Annual Logdof Dissolved Organic-Matter in a
Small Moorland Stream. Freshwater Biology 14, 533-5

He, Z., Ohno, T., Wu, F., Olk, D.C., Honeycutt, C,\WDlanya, M., 2008. Capillary
Electrophoresis and Fluorescence Excitation-Enmssidatrix Spectroscopy for
Characterization of Humic Substances. Soil SciAwoc) 72, 1248-1255.

Henderson, R.K., Baker, A., Murphy, K.R., Hambly,, Stuetz, R.M., Khan, S.J., 2009.
Fluorescence as a potential monitoring tool foycead water systems: A review. Water
Research 43, 863-881.

Hernes, P.J., Spencer, R.G.M., Dyda, R.Y., Pelldir., Bachand, P.A.M., Bergamaschi,
B.A., 2008. The role of hydrologic regimes on dlgsd organic carbon compaosition in
an agricultural watershed. Geochimica Et Cosmoataniicta 72, 5266-5277.

Hinton, M.J., Schiff, S.L., English, M.C., 1997. &hsignificance of storms for the
concentration and export of dissolved organic carbrom two Precambrian Shield

catchments. Biogeochemistry 36, 67-88.

165



Hinton, M.J., Schiff, S.L., English, M.C., 1998. 8oes and flowpaths of dissolved organic
carbon during storms in two forested watersheds tlhed Precambrian Shield.
Biogeochemistry 41, 175-197.

Inamdar, S.P., O'Leary, N., Mitchell, M.J., RilelyT., 2006. The impact of storm events on
solute exports from a glaciated forested watersimedvestern New York, USA.
Hydrological Processes 20, 3423-34309.

Kalbitz, K., Schwesig, D., Schmerwitz, J., Kaisér, Haumaier, L., Glaser, B., Ellerbrock,
R., Leinweber, P., 2003. Changes in propertieofderived dissolved organic matter
induced by biodegradation. Soil Biology and Biocletny 35, 1129-1142.

Lapwoth, D.J., D.C. Goody, D.Allen, old, G.H., 2009nderstanding groundwater, surface
water, and hyporheic zone biogeochemical processes Chalk catchment using
fluorescence properties of dissolved and colloigabanic matter. Journal of
Geophysical Research 114.

Leinweber, P., Schulten, H.-R., Kalbitz, K., Mei8n&., Jancke, H., 2001. Fulvic acid
composition in degraded fenlands. Journal of PMarttition and Soil Science 164, 371-
379.

Lumsdon, D.G., Stutter, M.l.,, Cooper, R.J.,, MansdrR., 2005. Model Assessment of
Biogeochemical Controls on Dissolved Organic CarBartitioning in an Acid Organic
Soil. Environmental Science & Technology 39, 809638

Merot, P., Ezzahar, B., Walter, C., Aurousseaul®95. Mapping waterlogging of soils using
digital terrain models. Hydrological ProcessesB32.

Merot, P., Hubert-Moy, L., Gascuel-Odoux, C., Cland., Durand, P., Baudry, J., Thenalil,
C., 2006. A Method for Improving the Management @bntroversial Wetland.
Environmental Management 37, 258-270.

Merot, P., Squividant, H., Aurousseau, P., HeftiMy, Burt, T., Maitre, V., Kruk, M.,
Butturini, A., Thenail, C., Viaud, V., 2003. Tedira climato-topographic index for
predicting wetlands distribution along an Europeeimate gradient. Ecological
Modelling 163, 51-71.

Molinero, J., Burke, R.A., 2009. Effects of landeu®n dissolved organic matter
biogeochemistry in piedmont headwater streams ef Sbutheastern United States.
Hydrobiologia 635, 289-308.

Morel, B., Durand, P., Jaffrezic, A., Gruau, G., Isfmat, J., 2009. Sources of dissolved
organic carbon during stormflow in a headwater @gtiral catchment. Hydrological
Processes 23, 2888-2901.

166



Muller, K., Magesan, G.N., Bolan, N.S., 2007. Atical review of the influence of effluent
irrigation on the fate of pesticides in soil. Agritire Ecosystems & Environment 120,
93-116.

Naden, P.S., Old, G.H., Eliot-Laize, C., Granged, SHawkins, J.M.B., Bol, R., Haygarth, P.,
2009. Assessment of natural fluorescence as artacediffuse agricultural pollution
from slurry spreading on intensely-farmed grasstan@/ater Research In Press,
Accepted Manuscript.

Ohno, T., 2002. Fluorescence inner-filtering caiicet for determining the humification
index of dissolved organic matter. Environ. Scicfimol. 36, 742-746.

Pedrot, M., Dia, A., Davranche, M., Bouhnik-Le Cdd,, Henin, O., Gruau, G., 2008.
Insights into colloid-mediated trace element redeasthe soil/water interface. Journal of
Colloid and Interface Science 325, 187-197.

Plaza, C., Senesi, N., Garcia-Gil, J.C., Bruné&ti, D'Orazio, V., Polo, A., 2002. Effects of
Pig Slurry Application on Soils and Soil Humic AsidJournal of Agricultural and Food
Chemistry 50, 4867-4874.

Regina, S., Giancoli, B., Jorge, N., Wagner, J2BQ3. Origin of Dissolved Organic Carbon
Studied by UV-vis Spectroscopy. Acta hydrochimitayrobiologica 31, 513-518.
Royer, 1., Angers, D.A., Chantigny, M.H., SimardRR Cluis, D., 2007. Dissolved organic
carbon in runoff and tile-drain water under corml dorage fertilized with hog manure.

Journal of Environmental Quality 36, 855-863.

Saim, N., Osman, R., Sari Abg Spian, D.R., Ja&flaz.., Juahir, H., Abdullah, M.P., Ghani,
F.A., 2009. Chemometric approach to validating &sterols as source tracer for faecal
contamination in water. Water Research 43, 5023503

Sanderman, J., Lohse, K.A., Baldock, J.A., Amund$dn 2009. Linking soils and streams:
Sources and chemistry of dissolved organic mattexr small coastal watershed. Water
Resour. Res. 45.

Sierra, M.M.D., Giovanela, M., Parlanti, E., Sowpa®8ierra, E.J., 2005. Fluorescence
fingerprint of fulvic and humic acids from variedigins as viewed by single-scan and
excitation/emission matrix techniques. Chemospb8re 15-733.

Song, N.H., Chen, L., Yang, H., 2008. Effect ofsdised organic matter on mobility and
activation of chlorotoluron in soil and wheat. Geoda 146, 344-352.

Thacker, S.A., Tipping, E., Baker, A., Gondar, RQ05. Development and application of
functional assays for freshwater dissolved organaiter. Water Research 39, 4559-
4573.

167



Vadas, P., Harmel, R., Kleinman, P., 2007. Trams&tions of soil and manure phosphorus
after surface application of manure to field pldtsitrient Cycling in Agroecosystems
77, 83-99.

Williams, C.F., Letey, J., Farmer, W.J., 2005. msiiing the Potential for Facilitated
Transport of Napropamide by Dissolved Organic MaB®il Sci Soc Am J 70, 24-30.

Wilson, H.F., Xenopoulos, M.A., 2009. Effects ofiagltural land use on the composition of
fluvial dissolved organic matter. Nature Geosciehcg7-41.

Worrall, F., Burt, T.P., Adamson, J., 2008. Long¥ierecords of dissolved organic carbon
flux from peat-covered catchments: evidence for raught effect? Hydrological
Processes 22, 3181-3193.

Wu, F.C., Tanoue, E., Liu, C.Q., 2003. Fluoresceand amino acid characteristics of
molecular size fractions of DOM in the waters oké&aBiwa. Biogeochemistry V65,
245-257.

Xie, X., Wang, S., Zhou, Y., Luo, W., 2008. Thraeidnsional fluorescence spectral
characteristics of dissolved organic carbon in cdup waters and their responses to
environment changes: Four cave systems as an examguizhou Province, China.
Chinese Science Bulletin 53, 884-889.

168



GENERAL CONCLUSION






General conclusion

Objectives and strategy

The general objective of the thesis was to assastaon emission matrix fluorescence as a

tracer of dissolved organic matter (DOM) issuedrréarm waste recycling in soils and

transferred to stream water in agricultural headweaatchments.

We developed an approach at different scales:

Characterization of the fluorescence tracers diremh a diversity of farm wastes

recycled in cultivated soils (pig slurry, cow fascerop residues, cow manure and

composted cow manure).

Detection of fluorescence tracedsDOM issued from farming wastes first researched
in a laboratory simulation of natural water andnfarg waste mixing and then in a
runoff experiment on 1m?2 plots receiving cow manarel pig slurry at agronomic
rate.

Short term incubation study (two months) to obseewelution of fluorescence

parametersf pig slurry and cow manures in soils.

Assessment of long term persisterméeluorescence tracers in soils under pig slurry

and cow manure wastes recycling. First experimexst @onducted on an experimental
site with 14 years of application of mineral and giurry amendments on a loamy soill
with low organic carbon content (0.9%) and undeiizenarop cultivation. Second
experiment was characterized by 7 years of appicatf mineral, pig slurry and cow
manure wastes on experimental site having high€osganic carbon content (2.5%)
and polyculture cropping system.

Storm stream water sampling was carried out inedift headwater agricultural
catchements of Haut Couesnon between Februaryne. JAI farming survey was
conducted on agricultural practices (crop rotati@ntilization) in the Valley Bottom
Wetland (VBW). These areas are the non limitingrsewf DOM during storm events

in Brittany. The _relation between farming waste awgment and presence of

fluorescence tracers in stream wat@s explored during three storm events.

Fluorescence dataset was obtained by integratmgvtiole excitation emission matrix

(EEM) of agueous extracts of dissolved organic eng©OM) from pure agricultural
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farm wastes and soil amended with pig slurry amg amanure wastes. The whole
EEM was divided into biochemical (bio) and geochmah{geo) regions. Fluorescence
intensities were also integrated in region lll, ¥ well as tryptophan (TRY), humic
like (HL) and fulvic like (FL) zones. Ratios of bgeo, TRY:HL, TRY:(HL:FL) were

calculated.

Synthesis of results

Different questions were considered:

What are the fluorescence tracers of different fama wastes?

How are the fluorescence properties in naturalastse impacted by known direct
transfer of pig slurry and cow manure composts?

Do fluorescence properties discriminate pig frow eoanure contamination in runoff
water?

How evolve the fluorescence parameters of DOM its seceiving farming waste in
the days following the spreading? What is the gaace of the fluorescent tracers
two months after the spreading?

Does long term application (7-14 years) of pig isluasnd cow manure wastes on
cultivated soils significantly modify the fluoresw® properties of DOM?

Can we detect influence of farming waste recyclorg soil or impact of grazing
pasture in stream water in a network of 15 agncaltheadwater catchments? Is there
any relation between farming waste managementn@nte recycling on soil or
grazing pasture) in Valley Bottom Wetland and pneseof fluorescence tracers in

stream waters?

Fluorescence tracers of farm wastes

Fluorescence tracers have the potential to discataithe farming wastes DOM from soil

DOM. DOM produced from pig slurry, cow faeces amgvananures are discriminated from
soil DOM with significant higher (p<0.05) bio:gedRY:HL, TRY:(HL:FL) ratios as well as
TRY fluorescence (Tablel). Significant lower fluscence in region V and Ill also

discriminate the farm wastes from soil (Tablel).@xg the pure farming wastes, cow faeces

resemble to pig slurry with fluorescence tracersatio bio:geo and region V but both pig

slurry and cow faeces differentiated well from caanures with significant higher values of
fluorescence tracers of ratio bio:geo, TRY, rat®YIHL and ratio TRY:(HL:FL) (Tablel).
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Detection of direct transfer of farming waste DOM b natural stream

Direct transfer of pig slurry wastes into the stnesvater modifies the biochemical and
geochemical quality of DOM. As a consequence, fugs contamination in the stream water
can be detected with increasing TRY fluorescencevad as ratios bio:geo, TRY:HL,
TRY:(HL:FL) (Tablel). Moreover, geochemical fluocesice of DOM in regions Il and V

decrease with direct input of pig slurry wastes itlte stream (Tablel).

Persistence of fluorescence tracers of farm wastessoils
Short term (week to month)

Farm wastes recycling in soil modifies the chemiqgaklity of native soil DOM. At
Kerguehennec site (2.5% Carbon contents), ratiogeo qualify as pertinent fluorescence
tracer of pig slurry and cow manure wastes during week after soil amendments and
discriminates farm wastes amended soils from mirfertélized soil. At the same soil, TRY
fluorescence, TRY:HL and TRY:(HL:FL) discriminatéet pig slurry and cow manure

amended soils from mineral fertilized soil for twmnths after spreading.
Long term (one year later) (7-14 years farm wastecycling)

At Kerguehennec (2.5% carbon contents, 7 yearsigfspurry and cow manure wastes
recycling) and Champ Noél (1% carbon contents, dats/ of pig slurry recycling) sites, only
TRY fluorescence qualified as tracer of pig sluafier one year of soil amendment (Table 2).
But we do not know that either TRY fluorescencesigs in both soils for one year after pig
slurry soil amendment or it is the cumulative efffet long term (7 to 14 years) pig slurry
recycling on both soils.

At Champ Noél site, ratio bio:geo, ratio TRY:HL, YRHL:FL) discriminated the DOM in
pig slurry amended soil from mineral fertilizedlsafter one year of soil amendment but these
tracers do not work well at Kerguehennec site (@dl It reflects the impact of soil type

which should be explored.

Discrimination of pig slurry and cow manure contamnation in runoff water

Significant higher values of TRY fluorescence, aatibio:geo, TRY:HL, TRY:(HL:FL)
discriminate the DOM in the runoff from pig slurapd cow manure amended soils than soill
runoff. However, similarly to soils, all these fheéscence tracers do not permit to discriminate
the pig slurry from of cow manure DOM sources (Eab).
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One fluorescence tracer is not enough to detectaitme wastes DOM pollution; therefore,
there is necessity to use multivariate analysisissification and Regression Tree (CART)
approach was applied to track the DOM origin fraghgurry and cow manure amended soils
than mineral fertilized soil DOM. CART approach sleal almost 100% prediction accuracy
in predicting the DOM of farm wastes origin thanl sluring two months of soil amendment.
Although CART analysis made the distinction betw& DM origin in pig slurry and cow
manure soil contamination but prediction accura@swmited to 72% (one week) which

reflect the 30% chance of poor prediction for pigry wastes.

Farming waste fluorescence tracers in agriculturaheadwater stream

A general shift in fluorescence properties of DQMstream was observed from biochemical
(Storm1l) to geochemical (Storm2) and then a skdiift towards to biochemical (Storm3). In
Brittany, Valley Bottom Wetlands (VBW) are iden&fl as main contributing areas to DOM
fluxes during storms. With the help of farm survdgta in VBW and fluorescence
spectroscopy, we detected possible contaminati@mowfmanure land spreading in the small
catchment 15c. While in 19d, DOM contribution inestm was of soil origin.

During storm 3, 15c¢ shows increasing TRY fluoreseerbio:geo, TRY:HL, TRY:(HL:FL)
ratios compared to 19d showing the impact of fagnivastes spreaded at soils in Valley
Bottom Wetlands (VBW). In contrast, 19d resemblentast of soil extracts. Region Il and V
fluorescence in 19d shows similarity to surfacengfar runoff sample from control soil
(Tablel). However, baseflow characterization ad aglsoil sampling in small agricultural
catchment in VBW should be explored to study tHiedince between baseflow and highflow

streams as well as spatial variability of soil type
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Table 1 : Discrimination of fluorescence tracergaoin wastes DOM from soil DOM as well as betwegngturry and cow manure

Kerguehennec site Champ )
(2.5% C) Noél 1% C Stream water durlng storm events
Farm . . 7 years of 14 years of Catch t15d  Catch t
i Runoff water Biodegradation recycling recycling Impacted atchment 15¢ ~ Catchmen
Tracers Treatment wastes/_son (1 year after (1 year after pig slurry (mbsonég,u 1931(54(1).?:
extraction 6L 14L 7 days 2 months spreading) spreading) ) mg. )
Cow faeces | 0.471+0.071
Ratio Pig slurry | 0.470+0.002 | 0.277+0.049 | 0.214+0.057 | 0.093+0.002 | 0.085+0.008 | 0.089+0.002 | 0.152+0.007| 0.177+0.015
bio:geo | _COW manure|  0.267+ 0.030 | 0.248+0.091 | 0.240+0.070 | 0.095+0.007 | 0.091+0.007 | 0.085+0.002 0.15 0.08
(ng’/”vtvgz('er) 0.083+0.003 | 0.118+0.022  0.128+0.028  0.077+0.005 8F0.005 | 0.089+0.004 0.109+0.005 0.121+0.006
Cow faeces | 8167+2820
Region Pigslurry | 18568+1818 | 11866+3075 | 13746+3362 | 394864287 | 38342+324B | 21391+1068| 12751+637| 108734545
v Cow manure| 5314+870 1044043226 | 1048242958 | 3269646197 | 29988+3498 | 20117+1005 15534 23094
(sﬁ?/nvtv;?;r) 53214+1748 | 25311+7581 2382745502  43711+7719  30488%3| 18792+939| 13672+683 1690584
Cow faeces | 13883+4458
_ Pig slurry | 22538+2180 | 163033832 | 17894+4033 | 44726+4648 | 44335+3803 | 22139+1106| 11303+565| 12370+618
Region lll | Cow manure| 10606+1149 | 12807+2681 | 1283842624 | 35955+7050 | 33901+4222a| 20274+1013 15724 23431
(ng’/”vtvgz('er) 6235142381 | 30129+8576 2881446199 5044619996  359F3F4| 19832+991| 114244571  18604+93
Cow faeces 742+168
Pig slurry 1507+158 520+15% 397+8% 296+40 217+40a 13316 161+8 168+8
TRY Cow manure 366+5T 354+127F 351+99 226+4T 187+33a 10945 237 99
Control 210437 230452 269+92 162451 12617 11045 87+5 9245
(soil / water)
Cow faeces | 0.201+0.01%
Ratio Pig slurry | 0.251+0.00% | 0.115+0.025 | 0.083%0.028 | 0.025+0.005 | 0.017+0.003 | 0.024+0.001 | 0.054+0.003 0.048+0.002
TRY-HL L Cowmanure| 0.127+0.01% | 0.110£0.05% [ 0.118+0.041 | 0.024+0.007 | 0.019+0.002 | 0.0210.001 0.06 0.02
(sﬁ?/nvtv;?;r) 0.011+0.001 | 0.028+0.011  0.033+0.016  0.009+0.000 11%0.001 | 0.021+0.001 0.028+0.001 0.018+0.000
Cow faeces 806+237F
Ratio Pig slurry 2073+19% 673+203 526+114 45868 314450 221+17 283+14 258412
TRY : Cow manure 563176 491+136 502+117 351+56 279+44 186+9 427 186
(HLFL) Control 267+44 31566 358+109 205+43 162+18 18049 158+ +745
(soil / water)

Color indicate the significant difference of farmastes DOM from soil (p<0.05, one factor ANOVA)
different letters represent significant differemegween pig slurry and cow manure (one factor ANQ\W&0.05,+ standard deviatign
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Table 2 : Persistence of fluorescence tracersriacitransfer and in soils

Tracers

Rapid surface transfer

Persistence in Kerguehennegite (2.5% C)

Persistence in Champ Noél
site (1% C)

Discrimination Discrimination I}ong;grgf: Discrimination Short term Long term: 14 years
pig and cow / ig / cow Short term re):: clin ig / cow (not studied) of recycling
soil Pl ycling Pl (one year later)
(one year later)
Ratio bio:geo
yes no week no no - yes
Region V
yes no no no no - no
Region Il
yes no no no no - no
TRY
yes no 2 months yes no - yes
Ratio TRY:HL
Yes no 2 months no no - yes
Ratio TRY:(HL:FL)
yes no 2 months no no - yes
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Limitations and perspectives of this study

Long term monitoring of farm wastes soil amendments

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

At Kerguehennec site, there is no differentiatietween pig slurry and cow manure amended

soils. But discrimination between piq slurry andvamanure soil amendment at loamy soil of

Champ Noél site rest to be quantified.

Stream water sampling in agricultural headwater cathments

Long term monitoring of dissolved organic matteurses in stream have to be carried out in
baseflow periods and highflow storms. Although digsd organic matter concentrations
remained low during baseflow periods but the chahtbaracterization of dissolved organic
matter during baseflow and highflow will enable tgs differentiate the functionality of

fluorescence tracers in stream bed during basedloavhillslope contribution during storms.
Temporal variability has to be studied through fesctence characterization of baseflow
period and highflow storms. Soil extractions hal®ao be started in small agricultural

catchments of 15c and 19d to study spatial variglmf DOM in Valley Bottom Wetlands.

Management actions

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

Besides this, possible human waste contributiomlshalso be considered as domestic wastes

also show the tryptophan fluorescence.

Need for statistical analysis

Classification and Regression Tree (CART) analydthough, discriminated well the farm

waste soil contamination from mineral fertilizedlsdut it was tested in dataset of two
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months soil amendments and same soil type. Therefa encourage to apply CART tree
approach on a large dataset with different soiésyand on long term monitoring devices.
However, the functionality of this approach limitediarge number of observations (3:1,;
observation / predictors) per treatment.

Another statistical approach Parallel Factor AnalyBARAFAC) also has to be included in
the tracing studies as it is advance stage of ip@ahcomponents analysis and decomposes the
excitation emission matrix (EEM) fluorescence lazagse and identify well the chemical suit

of dissolved organic matter via principal composent
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Annexes

Chapter 1

ratio bio:geo  ratio lll:V ratio IV:V  ratio TRY:FL ratio TRY:HL ratio HL:FL ratio TRY:FL
ratio codes ‘ r b:g r v riv:v rT:F rT:H rH:F rT:F
Farm
wastes I Il Il I\ V bio geo rb:g rlivV riv:v F H TRY rT:F TH rHF rT:(HF) SUVA HIX
CF1 690 1323 10912 7583 6683 9596 17594 0,545 1,633 1,135 3322 3112 683 0,206 0,220 0,937 729 1,230 0,469
CF1 842 1347 11388 7980 6905 10170 18293 0,556 1,649 1,156 3479 3231 716 0,206 0,222 0,929 771 1,007 0,444
CF1 766 1335 11150 7782 6794 9883 17944 0,551 1,641 1,145 3400 3171 700 0,206 0,221 0,933 750 1,118 0,456
CF2 609 1335 10696 6118 5664 8062 16361 0,493 1,888 1,080 2870 2996 577 0,201 0,193 1,044 553 0,072 0,524
CF2 544 1229 10726 5892 6007 7665 16733 0,458 1,786 0,981 2969 2857 572 0,193 0,200 0,962 595 0,077 0,547
CF2 576 1282 10711 6005 5836 7864 16547 0,475 1,836 1,029 2920 2927 575 0,197 0,196 1,002 573 0,074 0,536
CMF 353 1173 11064 4399 8612 5925 19676 0,301 1,285 0,511 4064 2970 394 0,097 0,133 0,731 539 0,073 0,671
CMF 410 1313 12396 5040 9291 6763 21687 0,312 1,334 0,542 4508 3275 455 0,101 0,139 0,727 626 0,072 0,665
CMF 382 1243 11730 4719 8952 6344 20682 0,307 1,310 0,527 4286 3123 424 0,099 0,136 0,729 583 0,072 0,668
CMC4 72 1637 29996 5735 30027 7444 60023 0,124 0,999 0,191 14500 8077 385 0,027 0,048 0,557 691 3,072 0,873
CMC4 297 1531 28806 5466 29069 7294 57876 0,126 0,991 0,188 13993 7638 364 0,026 0,048 0,546 666 2,915 0,871
CMC4 149 1622 30142 5767 30167 7538 60309 0,125 0,999 0,191 14388 8127 382 0,027 0,047 0,565 676 3,011 0,873
CMC6 468 2381 39252 8069 37944 10918 77197 0,141 1,034 0,213 18628 10891 500 0,027 0,046 0,585 856 3,373 0,876
CMC6 260 2038 36155 7215 34871 9512 71025 0,134 1,037 0,207 17234 9910 454 0,026 0,046 0,575 789 3,107 0,883
CMC6 328 1995 35056 6976 33922 9300 68977 0,135 1,033 0,206 16652 9833 431 0,026 0,044 0,591 730 3,417 0,884
CMC1 230 879 10974 2650 9837 3759 20811 0,181 1,116 0,269 4909 2976 209 0,043 0,070 0,606 344 3,212 0,874
CMC1 213 855 10617 2588 9440 3656 20057 0,182 1,125 0,274 4719 2899 195 0,041 0,067 0,614 318 3,055 0,885
CMC1 222 867 10795 2619 9639 3708 20434 0,181 1,120 0,272 4814 2937 202 0,042 0,069 0,610 331 3,134 0,879
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Farm

wastes I Il 1 v \% bio geo rh:g rlikv riv:v F H TRY rT:F T:H rHF rT:(H:F) SUVA HIX
CFd 695 2045 19366 9379 11692 12119 31058 0,390 1,656 0,802 5746 5058 933 0,162 0,185 0,880 1060 1,206 0,617
CFd 718 2152 20750 9828 12374 12697 33124 0,383 1,677 0,794 6058 5268 999 0,165 0,190 0,870 1149 1,255 0,627
CFd 661 2057 19256 9249 11555 11967 30811 0,388 1,666 0,800 5677 4902 932 0,164 0,190 0,864 1079 1,094 0,622
CM1 222 959 11588 4175 11183 5356 22772 0,235 1,036 0,373 5158 2946 375 0,073 0,127 0,571 656 2,831 0,721
CM1 259 882 10564 4022 10228 5162 20791 0,248 1,033 0,393 4721 2693 371 0,079 0,138 0,570 651 2,990 0,636
CM1 145 749 9389 3492 9197 4387 18586 0,236 1,021 0,380 4313 2369 326 0,076 0,138 0,549 594 2,676 0,705
CM2 256 1006 9979 3619 8754 4881 18733 0,261 1,140 0,413 4339 2932 333 0,077 0,114 0,676 493 3,263 0,696
CM2 249 989 9456 3402 8117 4640 17573 0,264 1,165 0,419 4042 2856 315 0,078 0,110 0,707 446 2,503 0,697
CM2 210 883 9294 3275 8561 4368 17855 0,245 1,086 0,383 4232 2638 304 0,072 0,115 0,623 488 2,115 0,707
PS1 479 2535 19577 12828 14777 16090 34354 0,468 1,325 0,868 7284 5200 1297 0,178 0,249 0,714 1817 0,981 0,511
PS1 502 2983 22365 14649 16640 18464 39005 0,473 1,344 0,880 8093 5982 1509 0,186 0,252 0,739 2042 2,205 0,524
PS1 455 2759 20971 13739 15709 17277 36679 0,471 1,335 0,875 7688 5591 1403 0,182 0,251 0,727 1929 1,593 0,517
PS2 727 2914 22503 14746 16986 18496 39489 0,468 1,325 0,868 8372 5977 1491 0,178 0,249 0,714 2088 0,730 0,696
PS2 832 3429 25708 16838 19127 21224 44835 0,473 1,344 0,880 9303 6877 1735 0,186 0,252 0,739 2347 0,978 0,694
PS2 779 3172 24106 15792 18057 19860 42162 0,471 1,335 0,875 8838 6427 1613 0,182 0,251 0,727 2218 0,854 0,695
WS 835 683 5284 2968 4415 3916 9700 0,404 1,197 0,672 2631 1280 299 0,114 0,234 0,487 614 0,848 0,478
WS 956 657 5300 2945 4475 3845 9774 0,393 1,184 0,658 2665 1270 298 0,112 0,235 0,476 625 1,294 0,480
WS 896 657 5311 3047 4473 3972 9784 0,406 1,187 0,681 2682 1263 309 0,115 0,245 0,471 656 0,979 0,477
Soil 266 3173 60746 6010 51668 9702 112414 0,086 1,176 0,116 24236 19238 192 0,008 0,010 0,794 242 3,495 0,958
Soil 243 2940 61221 5793 52865 9091 114086 0,080 1,158 0,110 24741 18984 186 0,008 0,010 0,767 243 3,580 0,961
Soil 269 3300 65087 6625 55112 10318 120199 0,086 1,181 0,120 25731 20405 253 0,010 0,012 0,793 320 3,687 0,952
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Farm Wastes

Mixtures I Il Il I\ V bio geo rbig rll:vV rivV:v F H TRY rT:F TH rHF rT:(HF) SUVA HIX

CMC3 328 1995 35056 6976 33922 9300 68977 0,135 1,033 0,206 16652 9833 431 0,026 0,044 0,591 730 3,458 0,884
CMC3 345 2095 36808 7325 35618 9765 72426 0,142 1,085 0,216 17484 10325 453 0,027 0,046 0,620 767 3,631 0,928
CMC3 312 1896 33303 6627 32225 8835 65528 0,128 0,982 0,195 15819 9341 410 0,025 0,042 0,561 694 3,286 0,840
NW (Stream 2) 327 2972 61039 6872 57625 10171 118664 0,086 1,059 0,119 28067 17167 254 0,009 0,015 0,612 415 4,035 0,918
NW (Stream 2) 344 3121 64091 7215 60506 10680 124597 0,090 1,112 0,125 29470 18026 266 0,009 0,016 0,642 435 4,236 0,964
NW (Stream 2) 311 2824 57987 6528 54744 9663 112730 0,081 1,006 0,113 26664 16309 241 0,009 0,014 0,581 394 3,833 0,872
50% mix 167 2184 45940 6793 44340 9144 90279 0,101 1,036 0,153 21851 12591 335 0,015 0,027 0,576 582 2,704 0,954
50% mix 175 2293 48237 7133 46557 9602 94793 0,106 1,088 0,161 22943 13220 352 0,016 0,028 0,605 611 2,839 1,002
50% mix 159 2075 43643 6454 42123 8687 85765 0,096 0,984 0,146 20758 11961 318 0,015 0,025 0,547 553 2,569 0,906
25% CMC3 605 4689 95418 11727 90403 17022 185821 0,092 1,055 0,130 43844 26906 480 0,011 0,018 0,614 783 3,108 0,939
50% CMC3 167 2184 45940 6793 44340 9144 90279 0,101 1,036 0,153 21851 12591 335 0,015 0,027 0,576 582 2,704 0,954
75% CMC3 873 4291 77833 12927 74828 18091 152660 0,119 1,040 0,173 36556 22017 712 0,019 0,032 0,602 1183 3,182 0,900
PS 479 820 7013 2742 5766 4041 12779 0,316 1,216 0,476 2823 2022 223 0,079 0,110 0,716 311 0,270 0,733
PS 502 861 7364 2879 6054 4243 13418 0,332 1,277 0,499 2964 2123 234 0,083 0,116 0,752 327 0,283 0,769
PS 455 779 6663 2605 5477 3839 12140 0,300 1,156 0,452 2682 1921 212 0,075 0,105 0,680 296 0,256 0,696
NW (Stream 1) 796 1042 18604 2458 16905 4296 35509 0,121 1,101 0,145 8221 5236 93 0,011 0,018 0,637 146 1,655 0,867
NW (Stream 1) 836 1094 19534 2581 17750 4510 37285 0,127 1,156 0,153 8632 5498 98 0,012 0,019 0,669 153 1,738 0,910
NW (Stream 1) 756 990 17674 2335 16060 4081 33734 0,115 1,045 0,138 7810 4974 88 0,011 0,017 0,605 139 1,572 0,823
50% mix 596 901 12371 2620 10874 4118 23244 0,177 1,138 0,241 5355 3484 168 0,031 0,048 0,651 259 0,781 0,815
50% mix 626 946 12989 2751 11417 4324 24407 0,186 1,195 0,253 5622 3658 177 0,033 0,051 0,683 272 0,820 0,856
50% mix 567 856 11752 2489 10330 3912 22082 0,168 1,081 0,229 5087 3309 160 0,030 0,046 0,618 246 0,742 0,774
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Chapter 2

Runoff ratio ratio ratio ratio

Chapter 2 (Annex 1) Water bio:geo ratio IlI:V ratio IV:V TRY:FL TRY:HL ratio HL:FL TRY:FL

Codes RW rb:g rliv riv:v rT:F rT:H rH:F rT:F

Annex 1 |
DOC

Treatment RW(L) (mg/L) I Il 1} \Y% \% bio geo rbig rllkvV HIX
R1 Control 0,77 51 306 1487 27597 3423 23602 5217 51199 0,103 1,1693 0,90
R1 Control 4,77 3,8 388 2020 41586 4831 35629 7240 77215 0,094 1,1672 0,94
R1 Control 5,55 3,2 397 1996 40794 4635 34967 7028 75760 0,094 1,1666 0,93
R1 Control 9,68 3,3 389 1968 38066 4571 32572 6928 70638 0,100 1,1687 0,93
R1 Control 10,47 4,1 364 1775 30670 4077 25499 6216 56169 0,111 1,2028 0,92
R1 Control 11,27 3,9 292 1798 34238 4158 28403 6248 62640 0,101 1,2054 0,93
R1 Control 13,02 4,1 399 2020 32973 4326 27331 6744 60305 0,112 1,2064 0,92
R2 control 0,78 2,8 501 1730 27850 4056 22996 6287 50845 0,126 1,2111 0,90
R2 control 4,74 2,1 586 1827 30706 4806 24836 7219 55542 0,131 1,2363 0,89
R2 control 5,51 2,5 489 1418 23272 4062 19239 5969 42511 0,141 1,2096 0,88
R2 control 9,47 2,2 519 1430 24506 3870 19970 5819 44476 0,138 1,2272 0,88
R2 control 10,25 2,2 568 1473 23988 4000 19639 6042 43627 0,141 1,2215 0,88
R2 control 11,83 1,9 896 1885 26711 5859 20877 8640 47588 0,182 1,2795 0,82
R3 Control 0,77 3,8 409 928 13787 2607 11137 3944 24924 0,158 1,2380 0,86
R3 Control 4,75 3,5 448 1722 31485 4138 26587 6308 58072 0,111 1,1842 0,91
R3 Control 5,52 3,1 531 1926 34088 4716 28808 7173 62896 0,115 1,1833 0,91
R3 Control 9,62 3,4 431 1528 27503 3718 23221 5677 50724 0,114 1,1844 0,91
R3 Control 10,39 2,3 660 2182 36179 5539 30095 8380 66274 0,127 1,2022 0,89
R3 Control 11,96 29 452 1397 24672 3584 20637 5433 45309 0,122 1,1955 0,89
R3 Control 16,85 3,2 505 1267 17448 3885 13862 5658 31310 0,177 1,2587 0,83
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DOC

Treatment RW(L) (mg/L) I Il Il 1\ V bio geo rbig rllkv HIX
R1 Pig slurry 0,75 70,8 522 1466 16276 5884 11794 7871 28070 0,281 1,3800 0,71
R1 Pig slurry 4,55 40,7 733 2086 23656 8454 17840 11273 41496 0,280 1,3260 0,73
R1 Pig slurry 5,34 32,8 351 1358 18473 4473 14081 6182 32554 0,188 1,3119 0,82
R1 Pig slurry 9,39 28,1 444 1482 19810 4975 15397 6902 35206 0,196 1,2866 0,82
R1 Pig slurry 10,17 22,7 399 1313 19627 4143 16166 5854 35793 0,162 1,2141 0,85
R1 Pig slurry 11,76 23,7 356 1299 18416 4186 14013 5841 32428 0,176 1,3142 0,84
R1 Pig slurry 16,82 21,5 434 1477 21297 5082 16313 6993 37610 0,182 1,3055 0,83
R2 Pig slurry 0,77 64,6 535 1492 15668 6013 11277 8040 26946 0,300 1,3894 0,69
R2 Pig slurry 4,71 28,3 382 1170 15421 4630 11510 6182 26931 0,229 1,3397 0,77
R2 Pig slurry 5,49 20,2 468 1419 17892 5725 13135 7612 31027 0,256 1,3622 0,76
R2 Pig slurry 9,55 17,2 427 1612 25143 5920 19231 7959 44374 0,173 1,3074 0,80
R2 Pig slurry 10,33 14,3 530 1642 20650 5371 15571 7543 36222 0,209 1,3262 0,81
R2 Pig slurry 11,9 13,5 540 1579 19619 5078 15040 7197 34659 0,200 1,3045 0,81
R2 Pig slurry 16,37 9,6 243 997 17629 2508 14738 3747 32367 0,105 1,1962 0,87
R3 Pig slurry 0,78 65,1 642 1842 17163 7618 11723 10102 28886 0,353 1,4640 0,66
R3 Pig slurry 4,78 86,6 381 1069 10880 4434 7666 5884 18546 0,313 1,4192 0,66
R3 Pig slurry 5,565 75,3 392 1151 11305 4503 7949 6046 19254 0,310 1,4222 0,69
R3 Pig slurry 9,565 65,2 407 1202 11958 4687 8520 6295 20479 0,300 1,4035 0,69
R3 Pig slurry 10,335 53,5 404 1210 12179 4501 8808 6115 20987 0,290 1,3827 0,71
R3 Pig slurry 11,905 50,6 431 1274 13160 4774 9766 6478 22926 0,274 1,3475 0,71
R3 Pig slurry 17,265 37,5 470 1369 15251 4884 11401 6724 26652 0,251 1,3377 0,75
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DOC

Treatment RW(L) (mg/L) I Il Il \Y% V bio geo rb:g rll:vV HIX
R1 Cow manure 0,76 23,5 373 1009 10989 3492 8657 4874 19645 0,244 1,2694 0,76
R1 Cow manure 4,64 93,7 456 1116 9346 4514 7076 6085 16421 0,369 1,3208 0,64
R1 Cow manure 54 88,6 410 1023 9334 4087 7143 5520 16476 0,330 1,3068 0,66
R1 Cow manure 9,31 71,2 369 1068 10065 3786 8528 5223 18593 0,271 1,1802 0,71
R1 Cow manure 10,08 66,8 387 1053 10126 3821 7906 5261 18032 0,283 1,2808 0,70
R1 Cow manure 11,61 63,6 400 1141 10992 4010 8586 5550 19577 0,282 1,2803 0,72
R1 Cow manure 15,81 52,0 372 1113 11883 3934 9148 5420 21031 0,258 1,2990 0,75
R2 Cow manure 0,78 11,9 502 1329 14757 4571 11292 6402 26050 0,244 1,3068 0,76
R2 Cow manure 4,71 25,6 533 1434 13423 4990 9245 6957 22668 0,306 1,4518 0,73
R2 Cow manure 5,51 34,9 439 1159 10900 4281 7504 5879 18404 0,317 1,4525 0,72
R2 Cow manure 9,48 38,1 384 1055 9889 3829 7508 5268 17397 0,302 1,3171 0,71
R2 Cow manure 10,26 35,0 361 1063 10655 3747 7477 5172 18132 0,284 1,4250 0,74
R2 Cow manure 11,79 27,3 476 1380 13370 4914 9839 6769 23209 0,291 1,3590 0,73
R2 Cow manure 15,56 24,7 517 1428 13166 4937 9579 6882 22745 0,303 1,3746 0,73
R3 Cow manure 0,77 29,4 249 1003 16014 2858 15144 4110 31158 0,133 1,0575 0,88
R3 Cow manure 4,57 17,6 264 930 15038 2672 13889 3866 28927 0,130 1,0827 0,88
R3 Cow manure 5,34 15,7 300 1025 15467 3016 14015 4341 29483 0,146 1,1036 0,87
R3 Cow manure 9,16 15,8 317 1068 15991 3191 14283 4576 30275 0,149 1,1196 0,86
R3 Cow manure 9,94 15,2 306 1021 15385 3064 13787 4391 29172 0,149 1,1159 0,86
R3 Cow manure 11,52 13,2 267 1049 17401 3203 15705 4519 33106 0,132 1,1080 0,87
R3 Cow manure 15,145 13,8 259 973 15133 3022 13444 4254 28577 0,145 1,1257 0,86
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Chapter 2 (Annex 2)

Annex 2
6L I Il Il I\ V bio geo rb:g rll:vV riv:v. FL HL TRY rT:F T:H rHF rT:(HF) HIX
CR1 Average 364 1835 36659 4296 31399 6495 68058 0,096 1,168 0,138 15321 10870 184 0,012 0,017 0,710 259,826 0,92
PSR1 Average 535 1637 19468 6270 14571 8442 34040 0,247 1,339 0,430 7294 5484 570 0,078 0,103 0,754 757,391 0,76
CMR1 Average 413 1049 9889 4031 7625 5493 17514 0,318 1,297 0,538 3752 2708 396 0,107 0,149 0,722 548,783 0,69
Standard error 29 174 4537 440 3903 642 8440 0,003 0,001 0,004 1875 1307 11 0,001 0,001 0,002 16,330 0,01
Standard error 111 227 2188 1165 1762 1497 3946 0,029 0,024 0,057 875 583 123 0,012 0,016 0,014 168,981 0,03
‘ Standard error 24 33 550 296 516 350 1066 0,036 0,015 0,070 243 182 37 0,016 0,022 0,004 50,559 0,04
6L |
CR2 Average 526 1659 27276 4308 22357 6492 49633 0,131 1,214 0,194 10664 7915 286 0,027 0,037 0,741 385,332 0,89
PSR2 Average 462 1361 16327 5456 11974 7278 28301 0,258 1,366 0,457 6010 4577 475 0,079 0,104 0,762 622,108 0,74
CMR2 Average 491 1307 13027 4614 9347 6413 22374 0,291 1,401 0,505 4552 3534 462 0,104 0,133 0,780 592,973 0,73
Standard error 30 124 2165 249 1647 375 3810 0,005 0,007 0,010 797 707 24 0,003 0,004 0,011 29913 0,01
Standard error 44 97 786 421 584 562 1363 0,021 0,017 0,039 281 206 49 0,010 0,012 0,007 58,884 0,03
‘ Standard error 28 80 1131 206 1095 311 2212 0,023 0,049 0,051 523 336 24 0,011 0,012 0,020 25,283 0,01
6L |
CR3 Average 462 1525 26453 3821 22177 5808 48631 0,127 1,201 0,184 10599 7839 223 0,024 0,032 0,742 300,583 0,89
PSR3 Average 472 1354 13116 5519 9113 7344 22229 0,327 1,436 0,598 4628 3716 516 0,109 0,137 0,801 642,207 0,67
CMR3 Average 271 986 15507 2849 14349 4106 29856 0,138 1,074 0,199 6802 4205 206 0,030 0,049 0,619 332,900 0,88
Standard error 36 304 6377 629 5557 965 11935 0,016 0,018 0,025 2683 1947 18 0,006 0,008 0,006 26,732 0,02
Standard error 85 245 2027 1050 1308 1380 3335 0,011 0,016 0,026 671 570 111 0,007 0,008 0,006 132,698 0,01
Standarderror 15 39 752 81 649 130 1400 0,012 0,015 0,025 314 224 11 0,004 0,005 0,006 18,491 0,01
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Annex 2

14L I Il Il v V bio geo rb:g rlV riv:v F H TRY rT:F T:H rHF rT:(HPF) HIX|
CR1 Average 361 1890 33987 4283 28451 6534 62438 0,105 1,198 0,151 13910 10215 211 0,015 0,021 0,735 287,048 0,92
PSR1 Average 408 1393 19787 4597 15472 6398 35259 0,181 1,277 0,297 7530 5488 385 0,051 0,070 0,729 527,722 0,84
CMR1 Average 382 1094 10766 3888 8542 5364 19308 0,278 1,403 0,456 4213 2923 384 0,091 0,132 0,694 553,762 0,72

Standard error 24 61 1547 109 1499 179 3043 0,004 0,008 0,005 732 451 3 0,001 0,001 0,009 5,783 0,00
Standard error 20 50 591 251 526 318 1073 0,007 0,022 0,015 235 147 24 0,002 0,003 0,009 33,141 0,01
Standard error 7 20 428 51 254 75 657 0,007 0,167 0,012 127 118 5 0,002 0,005 0,013 12,766 0,01

14L

CR2 Average 661 1596 25069 4576 20162 6834 45230 0,150 1,224 0,226 9543 7317 347 0,036 0,047 0,766 448,483 0,86

PSR2 Average 435 1457 20761 4719 16145 6611 36905 0,178 1,280 0,290 7941 5989 369 0,046 0,061 0,754 486,840 0,82

CMR2 Average 435 1232 11770 4357 8601 6023 20371 0,296 1,383 0,506 4180 3114 441 0,105 0,142 0,745 592,600 0,73
Standard error 118 145 835 642 370 905 1204 0,016 0,002 0,027 134 302 75 0,007 0,008 0,021 83,888 0,02
Standard error 69 154 1590 758 1043 967 2612 0,022 0,031 0,041 553 417 76 0,009 0,012 0,007 98,115 0,02
Standard error 37 100 880 329 642 465 1515 0,004 0,014 0,004 298 222 34 0,001 0,003 0,011 47,090 0,01

14L

CR3 Average 512 1593 26450 4182 21954 6287 48404 0,135 1,209 0,200 10491 7832 271 0,028 0,037 0,748 361,684 0,88

PSR3 Average 428 1264 13137 4711 9624 6403 22761 0,283 1,368 0,495 4818 3738 438 0,092 0,118 0,777 563,754 0,71

CMR3 Average 287 1028 15978 3120 14305 4435 30282 0,147 1,113 0,219 6761 4330 231 0,034 0,053 0,641 359,884 0,86

Standard error 52 203 3873 457 3355 700 7226 0,016 0,016 0,027 1616 1196 40 0,007 0,009 0,006 51,614 0,02
Standard error 15 29 283 99 399 137 671 0,005 0,015 0,008 201 95 10 0,002 0,002 0,008 13,236 0,01
Standard error 14 21 507 45 498 72 1005 0,003 0,003 0,005 226 134 1 0,001 0,001 0,002 1686 0,00
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Chapter 3

Chapter 3 (Annex 1)

Annex1 Dissolved organic carbon concentrations (DOC), mg L™t
Days after incubation  soil alone  wheat straw Pig manure Cow manure

Average 0 12 29 74 43
Average 1 13 26 43 32
Average 3 15 25 51 31
Average 7 17 37 38 39
Average 15 23 41 38 37
Average 30 17 33 43 41
Average 56 15 35 47 30
Standard error 0 0,249 2,939 5,696 3,655
Standard error 1 0,416 3,838 6,286 5,380
Standard error 3 0,863 0,861 2,284 0,605
Standard error 7 0,937 3,217 0,891 2,804
Standard error 15 0,817 2,566 0,295 0,460
Standard error 30 0,879 1,410 8,691 7,153
Standard error 56 0,260 2,989 7,550 2,100
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Treatments
SA Soil alone
Chapter 3 (Annex 2) WS Wheat straw
PM Pig manure
CM Cow manure
P1 Period 1 (0-7 days)
P2 Period 1 (8-56 days)
ratio ratio ratio
bio:geo ratio 111:V ratio 1V:V TRY:FL TRY:HL ratio HL:FL
codes rb:g r v riv:v rT:F r T:H rH:F
Annex 2
Treatment Il [\ V geo rb:g rli:v riv:v FL HL TRY rT:F rT:H rHF A365 HIX
SAP1 59725 5611 39791 109437 0,085 1,201 0,113 23289 19933 179 0,008 0,009 0,856 0,051 0,958
SAP1 58446 5439 39618 108216 0,081 1,174 0,109 23266 18828 175 0,008 0,009 0,809 0,057 0,961
SAP1 65718 6429 43705 119715 0,087 1,217 0,119 25165 22012 250 0,010 0,011 0,875 0,052 0,952
SAP1 56385 4836 39342 105759 0,070 1,142 0,098 27859 27258 261 0,009 0,010 0,978 0,034 0,969
SAP1 51528 4795 36241 97383 0,074 1,124 0,105 23136 17043 146 0,006 0,009 0,737 0,044 0,963
SAP1 58312 5503 39951 108374 0,080 1,165 0,110 21411 15287 161 0,008 0,011 0,714 0,037 0,960
SAP1 46071 4356 32955 88050 0,074 1,097 0,104 19430 13116 140 0,007 0,011 0,675 0,033 0,960
SAP1 40989 3892 28529 77667 0,076 1,118 0,106 17224 12461 125 0,007 0,010 0,723 0,023 0,962
SAP1 43661 3986 30333 82611 0,073 1,121 0,102 18248 13328 124 0,007 0,009 0,730 0,017 0,965
SAP1 38354 3659 26254 71388 0,079 1,161 0,111 15514 12100 129 0,008 0,011 0,780 0,020 0,944
SAP1 35722 3240 25152 67140 0,072 1,137 0,103 14758 10570 99 0,007 0,009 0,716 0,007 0,969
SAP2 32018 3290 22377 59312 0,081 1,173 0,121 12948 9641 115 0,009 0,012 0,745 0,073 0,955
SAP2 32477 3195 22740 60517 0,077 1,158 0,114 13439 9737 116 0,009 0,012 0,725 0,050 0,966
SAP2 30152 2868 21101 56359 0,075 1,151 0,109 12572 9052 98 0,008 0,011 0,720 0,062 0,964
SAP2 35258 3885 24571 65844 0,088 1,153 0,127 14657 10687 144 0,010 0,013 0,729 0,019 0,945
SAP2 41383 4158 27291 75496 0,089 1,213 0,122 16411 14092 142 0,009 0,010 0,859 0,029 0,955
SAP2 37925 3806 25354 69677 0,087 1,194 0,120 15298 12571 132 0,009 0,011 0,822 0,019 0,957
SAP2 42461 4143 27985 77681 0,086 1,206 0,118 16951 14476 137 0,008 0,009 0,854 0,029 0,957
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Annex 2

Treatment Il v V geo rb:g rllkVv riv:v FL HL TRY rT:F rT:H rH:F A365 HIX
WSP1 36570 4626 25992 68898 0,097 1,131 0,143 15595 10579 243 0,016 0,023 0,678 0,022 0,931
WSP1 36143 5251 25915 68254 0,108 1,126 0,164 15595 10425 290 0,019 0,028 0,668 0,018 0,916
WSP1 39728 4487 28341 75545 0,087 1,109 0,125 17099 11387 209 0,012 0,018 0,666 0,036 0,941
WSP1 41224 5009 28980 77656 0,095 1,132 0,137 17386 12244 256 0,015 0,021 0,704 0,047 0,939
WSP1 32125 4485 23087 60505 0,106 1,132 0,158 13873 9039 267 0,019 0,030 0,651 0,034 0,912
WSP1 36545 3716 26456 70067 0,076 1,090 0,111 15912 10089 151 0,009 0,015 0,634 0,044 0,955
WSP1 33272 3588 23840 63469 0,081 1,102 0,119 14451 9432 155 0,011 0,016 0,653 0,031 0,948
WSP1 37798 4709 26968 71454 0,099 1,123 0,140 16190 10830 223 0,014 0,021 0,669 0,033 0,922
WSP1 34135 4781 24741 64336 0,108 1,130 0,158 14437 9393 253 0,018 0,027 0,651 0,032 0,913
WSP1 29882 4601 22030 56305 0,115 1,131 0,174 13001 7852 291 0,022 0,037 0,604 0,027 0,898
WSP2 31411 4143 23041 58796 0,098 1,147 0,151 13187 8370 227 0,017 0,027 0,635 0,036 0,925
WSP2 28355 3615 20960 53648 0,092 1,121 0,143 12195 7395 201 0,016 0,027 0,606 0,036 0,930
WSP2 27791 3092 20330 52428 0,082 1,128 0,125 12209 7461 146 0,012 0,020 0,611 0,032 0,941
WSP2 37172 4152 27125 71000 0,082 1,099 0,123 16140 10047 193 0,012 0,019 0,622 0,029 0,939
WSP2 34061 4024 24919 64860 0,086 1,106 0,131 14645 9141 203 0,014 0,022 0,624 0,043 0,935
WSP2 34139 3838 24799 64824 0,083 1,113 0,125 14721 9340 174 0,012 0,019 0,634 0,032 0,941
WSP2 35694 4303 25370 66667 0,097 1,152 0,139 14806 10323 177 0,012 0,017 0,697 0,029 0,937
WSP2 37152 4669 26679 69557 0,099 1,146 0,144 15629 10473 213 0,014 0,020 0,670 0,035 0,928
WSP2 36065 4441 26015 67500 0,095 1,147 0,141 15169 10050 203 0,013 0,020 0,663 0,030 0,936
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Annex 2

Treatment Il v V geo  rb:g rllkVv riviv FL HL TRY rT:F rT:H rHF A365 HIX
PMP1 35631 4734 26227 66589 0,099 1,151 0,153 14644 9403 270 0,018 0,029 0,642 0,003 0,928
PMP1 46265 6196 33882 85774 0,100 1,171 0,157 18611 12383 348 0,019 0,028 0,665 0,085 0,913
PMP1 38799 5750 28686 73306 0,107 1,124 0,167 16256 10112 364 0,022 0,036 0,622 0,013 0,921
PMP1 51962 6352 37986 97890 0,092 1,131 0,138 21881 13976 336 0,015 0,024 0,639 0,002 0,938
PMP1 49474 5621 36465 94153 0,084 1,107 0,126 20824 13009 283 0,014 0,022 0,625 0,020 0,945
PMP1 42860 5790 31212 80273 0,099 1,146 0,155 17896 11648 327 0,018 0,028 0,651 0,028 0,928
PMP1 45699 5204 33493 86713 0,083 1,114 0,127 19350 12206 266 0,014 0,022 0,631 0,032 0,944
PMP1 43140 5226 31770 81v60 0,087 1,117 0,135 18075 11315 281 0,016 0,025 0,626 0,028 0,938
PMP1 44880 5423 32212 84354 0,093 1,137 0,137 18990 12668 271 0,014 0,021 0,667 0,008 0,935
PMP1 44820 5118 32089 84346 0,088 1,134 0,129 18970 12731 237 0,013 0,019 0,671 0,021 0,945
PMP1 48459 5611 34692 91180 0,089 1,134 0,131 20419 13768 271 0,013 0,020 0,674 0,013 0,944
PMP2 39674 4656 28410 74045 0,088 1,154 0,135 16539 11264 231 0,014 0,020 0,681 0,022 0,941
PMP2 38892 3838 27785 73031 0,075 1,139 0,112 16534 11107 146 0,009 0,013 0,672 0,020 0,961
PMP2 43931 5369 30922 81141 0,096 1,181 0,144 17926 13008 254 0,014 0,020 0,726 0,026 0,935
PMP2 44707 5341 31579 83298 0,093 1,158 0,138 18699 13128 255 0,014 0,019 0,702 0,030 0,939
PMP2 47248 4903 33939 88185 0,080 1,154 0,120 19628 13309 210 0,011 0,016 0,678 0,033 0,953
PMP2 48460 4712 34932 90657 0,075 1,148 0,112 20344 13528 185 0,009 0,014 0,665 0,035 0,961
PMP2 47440 5297 33304 88396 0,087 1,158 0,129 19797 14136 244 0,012 0,017 0,714 0,023 0,950
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Annex 2

Treatment Il [\ V geo rb:g rli:v riv:v FL HL TRY rT:F rT:H rHF A365 HIX|

CMP1 32067 4379 23035 61475 0,104 1,090 0,149 13975 9032 228 0,016 0,025 0,646 0,025 0,919|
CMP1 33431 4753 24138 63931 0,106 1,096 0,156 14532 9293 251 0,017 0,027 0,640 0,073 0,920
CMP1 40008 5081 28626 76952 0,098 1,083 0,138 17418 11382 239 0,014 0,021 0,653 0,040 0,931
CMP1 40928 4496 28959 78197 0,086 1,098 0,121 17543 11969 179 0,010 0,015 0,682 0,039 0,948
CMP1 54359 5451 39837 102666 0,075 1,125 0,113 22655 14522 227 0,010 0,016 0,641 0,047 0,958
CMP1 34459 4124 24661 66055 0,090 1,091 0,131 15018 9799 199 0,013 0,020 0,652 0,042 0,935
CMP1 33790 3878 24326 65160 0,085 1,077 0,124 14893 9464 187 0,013 0,020 0,635 0,034 0,942
CMP1 32360 3728 23237 62136 0,086 1,087 0,125 14146 9124 173 0,012 0,019 0,645 0,036 0,941
CMP1 34178 4383 24724 65077 0,096 1,106 0,142 14695 9453 241 0,016 0,025 0,643 0,033 0,928
CMP1 30678 4275 22219 58340 0,103 1,109 0,155 13227 8459 255 0,019 0,030 0,640 0,022 0,916
CMP2 29255 4680 21306 55186 0,117 1,128 0,181 12383 7949 316 0,026 0,040 0,642 0,028 0,896
CMP2 31801 3487 22847 59639 0,083 1,142 0,125 13503 8954 149 0,011 0,017 0,663 0,031 0,945
CMP2 27628 3192 19886 52715 0,085 1,101 0,127 12247 7742 147 0,012 0,019 0,632 0,017 0,937
CMP2 30084 3524 21652 56838 0,087 1,124 0,132 13071 8432 171 0,013 0,020 0,645 0,026 0,944
CMP2 34546 4537 24668 65120 0,101 1,130 0,148 14586 9878 222 0,015 0,023 0,677 0,060 0,923
CMP2 36209 4591 25778 68219 0,096 1,131 0,143 15318 10430 232 0,015 0,022 0,681 0,028 0,929
CMP2 38231 4609 27045 71697 0,096 1,142 0,138 16185 11186 200 0,012 0,018 0,691 0,026 0,940
CMP2 38814 4496 27241 73009 0,091 1,135 0,131 16427 11573 194 0,012 0,017 0,705 0,032 0,942
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Annex 1 Dissolved organic carbon (mg/L)
Chapter 4 Minicatchments| Storm 1 Storm 2 Storm 3
7A 8,78 6,02 16,16
7B 13,47 6,03 20,12
7C 8,62 5,13 17,98
Site / Treatment Code D 12,62 5,09 19,87
kerguehennec mineral KM 11A 14,48 13,33 13,59
kerguehennec cow 118 15,53 14,5 15,53
manure KCM 11C 15,59 12,13 18,3
kerguehennec pig 11D 15,97 13,78 16,95
manure KPM 15A 10,57 5,56 13,9
champ Noél mineral CNM 15B 6,73 2,64 12,22
Champ Noél pig manure  CNPM 15C 12,21 2,72 16,35
19A 11,76 13,06 18,23
19B 15,81 13,48 27,82
19C 11,69 7,52 27,29
19D 19,66 18,16 24,22

Treatments | Il Il 1\ V bio geo rb:g rlikv riviv. F H TRY rT:F T:H rHF rT:(H:F) HIX

KM 281 867 19833 2304 18793 3451 38625 0,089 1,055 0,123 8264 5050 110 0,013 0,022 0,611 180,547 0,90

KM 295 910 20825 2419 19732 3624 40557 0,094 1,108 0,129 8677 5302 116 0,014 0,023 0,642 189,574 0,95

KM 267 823 18841 2189 17853 3279 36694 0,085 1,003 0,116 7851 4797 105 0,013 0,021 0,580 171,520 0,86

KCM 288 851 20274 2323 20118 3462 40392 0,086 1,008 0,115 8664 5061 109 0,013 0,022 0,584 186,878 0,91

KCM 302 894 21288 2439 21123 3636 42412 0,090 1,058 0,121 9097 5314 115 0,013 0,023 0,613 196,222 0,95

KCM 274 809 19261 2207 19112 3289 38372 0,081 0,957 0,110 8231 4808 104 0,012 0,020 0,555 177,534 0,86

KPM 312 972 22139 2605 21391 3889 43531 0,089 1,035 0,122 9284 5586 134 0,014 0,024 0,602 221,940 0,91

KPM 328 1021 23246 2735 22461 4084 45707 0,094 1,087 0,128 9748 5865 140 0,015 0,025 0,632 233,037 0,95

KPM 297 923 21032 2475 20322 3695 41354 0,085 0,983 0,116 8820 5306 127 0,014 0,023 0,572 210,843 0,86

CNM 276 603 11424 1867 13672 2746 25097 0,109 0,836 0,137 5497 3025 87 0,016 0,029 0,550 158,870 0,87

CNM 289 634 11995 1960 14356 2884 26351 0,115 0,877 0,143 5772 3177 92 0,017 0,030 0,578 166,813 0,91

CNM 262 573 10853 1774 12989 2609 23842 0,104 0,794 0,130 5222 2874 83 0,015 0,027 0,523 150,926 0,82

CNPM 381 826 11304 2473 12752 3680 24055 0,153 0,886 0,194 5211 2971 161 0,031 0,054 0,570 283,104 0,84

CNPM 400 868 11869 2597 13389 3864 25258 0,161 0,931 0,204 5472 3120 169 0,033 0,057 0,599 297,259 0,88

CNPM 362 785 10738 2350 12114 3496 22852 0,145 0,842 0,184 4950 2823 153 0,029 0,052 0,542 268,949 0,80
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Chapter 5

Annex 2
minicatchments /
storm Il Il I\ V bio geo rb:g rllvV riIv:v F H TRY rT:F T:H rHF rT:(HF) HIX
751 2178 28508 5971 26522 8637 55030 0,157 1,075 0,225 10732 6551 236 0,022 0,036 0,610 386 0,891
7S1 1639 23530 4661 23028 6610 46558 0,142 1,022 0,202 13481 7802 240 0,018 0,031 0,579 415 0,907
11S1 2082 27181 5551 24773 8042 51954 0,155 1,097 0,224 11334 7103 224 0,020 0,032 0,627 358 0,904
11S1 1913 26272 4874 25111 7083 51383 0,138 1,046 0,194 12285 7478 182 0,015 0,024 0,609 300 0,917
11S1 1880 27111 5085 25685 7243 52795 0,137 1,056 0,198 12581 7493 183 0,015 0,024 0,596 307 0,918
11S1 2013 27105 5304 25605 7673 52710 0,146 1,059 0,207 12890 7837 216 0,017 0,028 0,608 355 0,908
7S2 785 22562 2648 24590 3498 47152 0,074 0,918 0,108 11435 4998 96 0,008 0,019 0,437 219 0,966
7S2 872 23345 2835 25258 3805 48603 0,078 0,924 0,112 11703 5203 101 0,009 0,019 0,445 227 0,963
7S2 905 24511 2877 26130 3889 50641 0,077 0,938 0,110 12230 5541 97 0,008 0,018 0,453 215 0,963
752 894 24498 2879 26122 3881 50620 0,077 0,938 0,110 12195 5533 97 0,008 0,018 0,454 215 0,962
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Annex 2

minicatchments /
storm

11S2
11S2
11S2
11S2
15S2
15S2
15S2
19S2
19S2
19S2
19S2
7S3
7S3
7S3
7S3
11S3
11S3
11S3
15S3
15S3
15S3
19S3
19S3
19S3
19S3

852
961
865
1009
825
1109
1226
924
839
913
754
989
853
965
962
1052
809
1079
727
1027
1141
704
734
835
1017

i
22809
24493
23809
25404
22149
27766
23642
29218
28066
28850
22502
17774
16522
21876
23857
17468
18385
21707
14485
19751
15724
19050
19943
22125
23432

v
2360
2481
2519
2668
2768
3578
4492
2450
2299
2570
1930
2509
2218
2499
2758
2477
2084
2656
1886
2906
3330
1770
1868
2091
2524

25005
25659
26007
26564
23195
28225
23842
30187
29239
29168
24576
17742
17162
23084
25904
16886
19111
22518
14499
21091
15534
19756
21277
23536
23095

bio
3315
3536
3460
3784
3688
4821
5932
3425
3198
3565
2744
3728
3241
3625
3851
3727
3002
3912
2730
4094
4725
2549
2681
3014
3705

geo
47813
50152
49816
51968
45343
55990
47484
59405
57304
58019
47079
35516
33683
44960
49762
34353
37496
44225
28983
40842
31259
38807
41220
45660
46527

rb:g rliikv
0,069 0,912
0,070 0,955
0,069 0,915
0,073 0,956
0,081 0,955
0,086 0,984
0,125 0,992
0,058 0,968
0,056 0,960
0,061 0,989
0,058 0,916
0,105 1,002
0,096 0,963
0,081 0,948
0,077 0,921
0,108 1,034
0,080 0,962
0,088 0,964
0,094 0,999
0,100 0,936
0,151 1,012
0,066 0,964
0,065 0,937
0,066 0,940
0,080 1,015

riv:v
0,094
0,097
0,097
0,100
0,119
0,127
0,188
0,081
0,079
0,088
0,079
0,141
0,129
0,108
0,106
0,147
0,109
0,118
0,130
0,138
0,214
0,090
0,088
0,089
0,109

F
11498
12076
12009
12441
10709
13188
11281
13880
13319
13469
11289
8258
7933
10664
11908
7945
8892
10443
6732
9718
7267
9133
9750
10804
10842

H
5571
6352
5697
6381
4842
6308
5514
6887
6463
6717
5477
4552
4133
5436
5722
4529
4579
5510
3607
4737
4026
4588
4803
5332
5784

TRY
74
77
79
86
112
137
288
65
63
72
53
133
107
102
101
128
79
120
96
158
237
62
66
75
99

rT:.F
0,006
0,006
0,007
0,007
0,010
0,010
0,026
0,005
0,005
0,005
0,005
0,016
0,014
0,010
0,008
0,016
0,009
0,011
0,014
0,016
0,033
0,007
0,007
0,007
0,009

T:H
0,013
0,012
0,014
0,013
0,023
0,022
0,052
0,009
0,010
0,011
0,010
0,029
0,026
0,019
0,018
0,028
0,017
0,022
0,027
0,033
0,059
0,013
0,014
0,014
0,017

r H:F
0,484
0,526
0,474
0,513
0,452
0,478
0,489
0,496
0,485
0,499
0,485
0,551
0,521
0,510
0,481
0,570
0,515
0,528
0,536
0,487
0,554
0,502
0,493
0,494
0,533

rT:(H:F)
154
147
166
168
247
287
590
132
129
144
110
242
206
199
211
224
154
227
179
324
428
123
133
151
186

HIX
0,968
0,969
0,970
0,969
0,960
0,960
0,918
0,981
0,979
0,976
0,979
0,932
0,938
0,953
0,958
0,935
0,961
0,949
0,941
0,937
0,889
0,967
0,968
0,967
0,960
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R Script for the integration of fluorescence intengies in EEM

Inout

inout<-function(xvec, yvec, xclass, yclass, nfron)
{
a <- pif2
b <--0.2121144
¢ <- 0.074261
d <--0.0187293
teta <- 0
result <- (-1)
#par defaut resultat result=-1
xref <- xclass[1] - xvec
#xref coord de reference en x
yref <- yclass[1] - yvec
#yref coord de reference eny
s <- sqrt(xref * xref + yref * yref) + 1e-030
xref <- xref/s
yref <- yref/s
for(j in 2:nfron) {
X <- xref
y <- yref
xref <- xclass|[j] - xvec
yref <- yclass][j] - yvec
s <- sqrt(xref * xref + yref * yref) + 1e-030
xref <- xref/s
yref <- yref/s
prodv <- x * yref - xref *y + 1e-030
prods <- x * xref + y * yref
s <- abs(prodv)
dteta <- a - sgrt(abs(1 - s)) * (((d * s +
C)*s+b)*s+a)
if(prods < 0) {
dteta <- (pi - dteta)
}

teta <- teta + abs(dteta * prodv)/prodv

}
if(abs(teta) > pi) {
result <- 1

#result=1 si le point est dans le poly
return(result)}

Delimitation of regions and zones in excitation emssion matrix (EEM)

#Au sein du diagramme "excitation-délimitation" de la fluorescence
# délimite les régions et les zones dans lesquelles calculs

# de volume d'intensité et d'identification des sgpts vont se faire.

# Fait appel a la fonction Inout

source("scripts/inout.R")

# PARAMETRES A MODIFIER EVENTUELLEMENT

# Nombre de fichiers par spectre

nfic<-45

# Nombre de mesures par spectre
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nc<-702

# Etendues en X et Y

yvec<-se((200.,420.,5.)
xvec<-seq(250.,600.5,0.5)

#

#DIAGRAMME DES REGIONS SUR LESQUELLES SE FERA LE CALCUL DES VOLUMES
#definition des matricesen x eteny

#

nregions<-6
xtriangleg<-matrix(0,ncol=7,nrow=6)
ytriangleg<-matrix(0,ncol=7,nrow=6)

#

#nombre de sommets pour chaque classe
nfrong<-c(5,5,5,5,5,7)

#

#on remplit les lignes des x et des y : coordonnedss nfron points definissant les classes
xtriangleg[1,]<-c(280,330,330,280,280,0,0)
ytriangleg[1,]<-¢(230,230,250,250,230,0,0)
xtriangleg[2,]<-¢(330,380,380,330,330,0,0)
ytriangleg[2,]<-¢(230,230,250,250,230,0,0)
xtriangleg[3,]<-¢(380,380,475,435,380,0,0)
ytriangleg[3,]<-¢(230,250,250,230,230,0,0)
xtriangleg[4,]<-¢(280,280,380,380,280,0,0)
ytriangleg[4,]<-¢(250,270,340,250,250,0,0)
xtriangleg[5,]<-¢(380,380,575,475,380,0,0)
ytriangleg[5,]<-¢(250,300,300,250,250,0,0)
xtriangleg[6,]<-c(380,380,450,600,600,575,380)
ytriangleg[6,]<-¢(300,340,400,400,310,300,300)

# fin de creation des 6 Régions

#

#nomination des ZONES
labelregions<-c(1,2,3,4,5,6)
labelregionschar<-c("l","l","[1","IV","V","VI")
xlabelregions<-c(305,355,430,330,475,500)
ylabelregions<-c(240,240,240,295,275,350)
#

#ZONES AU SEIN DESQUELLES EST RECHERCHEE L'INTENSIT E MAX
#definition des matrices en x ety
xtrianglef<-matrix(0,ncol=6,nrow=7)
ytrianglef<-matrix(0,ncol=6,nrow=7)

#

nzones<-7

#nombre de sommets pour chaque classe
nfronf<-c(5,5,5,5,5,5,5)

#

#on remplit les lignes en x et en 'y
xtrianglef[1,]<-¢c(280,280,320,320,280,0)
ytrianglef[1,]<-¢(230,250,250,230,230,0)
xtrianglef[2,]<-¢(300,320,320,300,300,0)
ytrianglef[2,]<-¢(270,270,280,280,270,0)
xtrianglef[3,]<-¢(320,350,350,320,320,0)
ytrianglef[3,]<-¢(270,270,280,280,270,0)
xtrianglef[4,]<-c(400,500,500,400,400,0)
ytrianglef[4,]<-¢c(300,300,350,350,300,0)
xtrianglef[5,]<-¢(380,475,435,380,380,0)
ytrianglef[5,]<-¢(250,250,230,230,250,0)
xtrianglef[6,]<-¢c(360,420,420,360,360,0)
ytrianglef[6,]<-c(310,310,320,320,310,0)
xtrianglef[7,]<-c(460,460,475,475,460,0)
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ytrianglef[7,]<-c(370,380,380,370,370,0)

#nomination des zones d'intensité

labelzones<-c(1,2,3,4,5,6,7)
labelzoneschar<-c("TY1","TY2","TRY","FL","HL","BE", "AL3")
xlabelzones<-¢(290,310,335,450,425,400,468)
ylabelzones<-¢(240,275,275,325,240,315,375)

# fin de creation des zones d'intensité

## création d'un masque permettant d'exclure des z@s mal corrigées
#on remplit les lignes en x et en y
xmasque<-c(380,600,600,430,380)
ymasque<-c(200,310,280,200,200)

regionsref<-matrix(NA,ncol=nfic,nrow=nc)
zonesintref<-matrix(NA,ncol=nfic,nrow=nc)
regionsrefchar<-matrix(NA,ncol=nfic,nrow=nc)
zonesintrefchar<-matrix(NA,ncol=nfic,nrow=nc)

# calcul des zones d'intensité

for(j in 1:nc)
{
for(k in 1:nfic)
{
tempzones<-0
i<-0
while(tempzones!=(1)&i<=(nzones-1))
{

i<-i+1
tempzones<-inout(xvec[j],yvec[k]+0.1,xtrianglef[i,]ytrianglef(i,],nfronf[i])

if(tempzones==1) zonesintrefj,k]<-labelzones]i]
if(tempzones==1) zonesintrefchar[j,k]<-labelzonezharfi]

}
}
# calcul des regions d'intégration
for(j in 1:nc)
{
for(k in 1:nfic)
{
tempregions<-0
i<-0

while(tempregions!=(1)&i<=(nregions-1))

i<-i+1

tempregions<-
inout(xvecl[j],yvec[k]+0.01,xtriangleg][i,],ytriangleg]i,],nfrong]i])
}

if(tempregions==1)regionsref[j,k]<-labelregiors[i]
if(tempregions==1)regionsrefchar][j,k]<-labelregbnschar]i]

# recherche des zones correspondant au masque

for(j in 1:nc)

{
for(k in 1:nfic)

{

tempregions<-0
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tempregions<-inout(xvecl[j],yvec[k],xmasque,ymsque,5)

regionsref[j,k]<-ifelse(tempregions==1,NA, regnsref[j,k])

regionsrefchar[j,k]<-
ifelse(tempregions==1,NA,regionsrefcharfj,k])

zonesintref[j,k]<-ifelse(tempregions==1,NA,zoesintref[j,k])

zonesintrefcharfj,k]<-
ifelse(tempregions==1,NA,zonesintrefchar[j,k])

}
}
# Effectif des régions et des zones
#

table(regionsref)
table(regionsrefchar)

# Dessin des regions dans un fichier pdf

pdf(file="refregions.pdf",paper="a4r")

image(xvec,yvec,regionsref, ylab="Excitation Wavelegth (nm)",

xlab="Emission Wavenlength (nm)",col=rainbow(6),man=paste("Régions de références"))
for(i in 1:6)

{

lines(xtriangleg]i,1:nfrong[i]],ytriangleg]i,1:nfro ngl[i]])

text(xlabelregions,ylabelregions,labelregionschar)
lines(xmasque,ymasque,col=4)

#

table(zonesintref)

table(zonesintrefchar)

#

image(xvec,yvec,zonesintref, ylab="Excitation Wavength (nm)",
xlab="Emission Wavelength (nm)",col=rainbow(6),main=paste("Zones d'intensité"))
for(i in 1:6)

{

lines(xtriangleg]i,1:nfrong][i]],ytriangleg]i,1:nfro ngl[i]])

}

for(iin 1:7)

{

lines(xtrianglef[i,1:nfronfli]],ytrianglef[i,1:nfro nf[i]],col=3)

text(xlabelzones,ylabelzones,labelzoneschar)
lines(xmasque,ymasque,col=4)

save.image()
dev.off()
print("CALCULS TERMINES

Integration of fluorescence intensity volume in edtregion and zone in EEM

# SCRIPT PRINCIPAL

# VERSION du 18 juillet (C. WALTER)
#INITIALISATION PAR L'UTILISATEUR

# METTEZ A JOUR LES NOMS DE FICHIER

# VERSION DU 6 MAI 2008 pour correction UV
# NOM DU BLANC

nomblanc<-"name of blank"

# NOM DU FICHIER SP A ANALYSER

nomfic <-"sample name"

#

# PARAMETRES A MODIFIER EVENTUELLEMENT
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# Nombre de fichiers par spectre

nfic<-45

# Nombre de mesures par spectre

nc<-702

yvec<-se((200,420,5)

xvec<-seq(250,600.5,0.5)

#

# LES DONNES BRUTES SONT DANS UN REPERTOIRE RAWDATA
# LECTURE DES FICHIERS A ANALYSER
nomfichier<-paste("rawdata/",nomfic,"#",as.character(0),as.character(1),".sp",sep=
fich<-matrix(scan(nomfichier,skip=54),ncol=2,byrow=T)
dataechant<-matrix(NA,nrow=nc,ncol=nfic)
dimnames(dataechant)<-list(as.character(xvec),as.ahacter(yvec))
dataechant[,1]<-fich[,2]

for (i in 2:9)

{
nomfichier<-paste("rawdata/",nomfic,"#",as.character(0),as.character(i),".sp",sep="")
fich<-matrix(scan(nomfichier,skip=54),ncol=2,byrow=T)
dataechant],i]<-fich[,2]

}

for (i in 10:45)

{
nomfichier<-paste("rawdata/",nomfic,"#",as.character(i),".sp",sep=
fich<-matrix(scan(nomfichier,skip=54),ncol=2,byrow=T)
dataechant],i]<-fich[,2]

}

# lere correction des donnees mesurees : mise ae@ galeurs négatives
datacorrige<-ifelse(dataechant<0,0,dataechant)

# LECTURE DU FICHIER UV
nomfichier<-paste("rawdata/",nomfic,"#","uv",".sp", sep="")
fich<-matrix(scan(nomfichier,skip=86),ncol=2,byrow=T)
datauv<-matrix(NA,nrow=801,ncol=2)

#inversion de I'ordre du fichier UV pour aller de 200 a 600
datauv<-fich[801:1,]

#correction des valeurs négatives pour le fichier U
datauv[,2]<-ifelse(datauv[,2]<0,0,datauvl[,2])

# vecteurs dérivés
datauvemission<-matrix(NA,nrow=702,ncol=2)
datauvemission[1:701,]<-datauv[101:801,]
datauvemission[702,]<-¢c(600.5,datauvemission[701)2]
datauvexcitation<-datauv[seq(1,441,10),]

# matrice des corrections UV
matrixcorrecuv<-matrix(NA,nrow=702,ncol=45)

for (j in 1:45)
matrixcorrecuv[,j]<-datauvemission[,2]+datauvexcitaion]j,2]
#formule commpléte de correction
matrixcorrecuv<-10"(+0.5*matrixcorrecuv)

# 2eéme correction des données mesurées par le fahuVv
datacorrige2<-datacorrige

for (iin 1:702)

{

}

# 3éme correction : division par l'intensité de Raran pour étre dans les bonnes unités (RU)

# raman correspond ici a la mesure de 25 échantilie d'eau ultra pure (intensité pour une excitationde
350 et une émission de 397)

raman <-25.79

#

datacorrige2<-datacorrige2/raman

#absorbance values at different excitation waveleigs

for (j in 1:45) datacorrigeZ2][i,j]<-datacorrige[i,j ]*matrixcorrecuv]i,j]
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a200<-datauv[1,2]

a210<-datauv[21,2]

a220<-datauv[41,2]

a230<-datauv[61,2]

a240<-datauv[81,2]

a254<-datauv[109,2]

a272<-datauv[145,2]

a280<-datauv[161,2]

a340<-datauv[281,2]

a365<-datauv[331,2]

a410<-datauv[421,2]

a465<-datauv[663,2]

ab65<-datauv[731,2]

ab95<-datauv[791,2]

# LECTURE DU BLANC
nomfichier<-paste("rawdata/",nomblanc,"#",as.character(0),as.character(1),".sp",sep="")
fich<-matrix(scan(nomfichier,skip=54),ncol=2,byrow=T)
datablanc<-matrix(NA,ncol=nfic,nrow=nc)
datablanc[,1]<-fich[,2]

for (i in 2:9)

{
nomfichier<-paste("rawdata/",nomblanc,"#",as.character(0),as.character(i),".sp",sep=
fich<-matrix(scan(nomfichier,skip=54),ncol=2,byrow=T)
datablanc],i]<-fich[,2]

}

for (i in 10:45)

{
nomfichier<-paste("rawdata/",nomblanc,"#",as.character(i),".sp",sep="")
fich<-matrix(scan(nomfichier,skip=54),ncol=2,byrow=T)
datablanc],i]<-fich[,2]

}

# 3eéme correction du blanc par Raman
datablancl<-datablanc/raman
datablanc2<-ifelse(datablanc1<0,0,datablancl)

#4eme correction des données : correction par rappt au blanc
datacorrige3<-(datacorrige2-datablanc?)
datacorrige3<-ifelse(datacorrige3<0,0,datacorrige3)
#Exportation dans un repertoire csvcorrectdata audrmat csv
write.csv2(datacorrige3,paste("csvcorrectdata/”,norfic,"-cor.csv"))
# #ZONES EEM
intmaxzones<-tapply(datacorrige3,zonesintref,"max")
sumregions<-tapply(datacorrige3,regionsref,"sum")

# EXTRACTION SUR LES REGIONS RENSEIGNEES
datacorrigclean<-ifelse(is.na(regionsref),NA,dataawige3)
datacorrigclean<-ifelse(datacorrigclean<0,0,datacaigclean)

dataechantclean<-ifelse(is.na(regionsref),NA,datacage)
datablancclean<-ifelse(is.na(regionsref),NA,datablzc2)

# HISTOGRAMMES ET COMPARAISON VALEURS BRUTES ET COR RIGEES
pdf(file=paste(nomfic,"-resu.pdf"),paper="a4r",vers ion="1.4")
par(pty="s",mfrow=c(1,2),cex=0.6)

hist(dataechantclean,main=paste("EEM brute de\\",nanfic))
hist(datablanc,main=paste("EEM brute de",nomblanc))

par(pty="s",mfrow=c(1,1))
#plot(datablancclean,dataechantclean,type="n",xlabpaste("EEM brute de",nomfic),
#ylab=paste("EEM brute de",nomblanc),xlim=c(0,1000)ylim=c(0,1000))

#for (i in 1:nfic) points(datablancclean],i],dataedantclean],i],col=i)

#corrections UV

hist(matrixcorrecuv,main="Histogramme du parametre de correction UV")
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plot(datacorrige,datacorrige3,mai="correction ~ UV",xlab="data corrige blanc",ylab="datacorrige
blanc+uv")

#abline(0,1)

par(mfrow=c(2,2))

plot(rep(xvec,nfic),dataechantclean,type="n", ylab=EEM",

xlab="Emission Wavenlength",main=paste("EEM brute de",nomfic),ylim=c(0,1000))
for(i in 1:nfic)lines(xvec,dataechantclean,i],col®
plot(rep(xvec,nfic),datablancclean,type="n",,ylab="EEM ",

xlab="Emission Wavenlength",main=paste("EEM brute de ",nomblanc),ylim=c(0,1000))
for(i in 1:nfic)lines(xvec,dataechantclean,i],col$
plot(rep(xvec,nfic),datacorrigclean,type="n", ylab="EEM",

xlab="Emission Wavenlength",main=paste("EEM corrigée de ",nomfic),ylim=c(0,1000))
for(i in 1:nfic)lines(xvec,datacorrigclean],i],col=)

hist(datacorrigclean,main=paste("EEM corrigée de",romfic))

# DESSIN DES IMAGES CORRIGEES

par(pty="m",mfrow=c(1,2))
filled.contour(xvec,yvec,datablancclean,zlim=c(0,mgdatacorrigclean,na.rm=T)),xlab="Emission
Wavelength (nm)",

ylab="EXcitation Wavenlength",col=rainbow(24),main=paste("EEM du blanc",nomfic))
filled.contour(xvec,yvec,datacorrigclean,zlim=c(0,rax(datacorrigclean,na.rm=T)),xlab="Emission
Wavelength (nm)",

ylab="EXcitation Wavenlength",col=rainbow(24),main=paste("EEM corrigée de",nomfic))
par(mfrow=c(1,1))

filled.contour(xvec,yvec,datacorrigclean,zlim=c(0,200),xlab="Emission Wavelength (nm)",
ylab="EXcitation Wavenlength",col=rainbow(24),main=paste("EEM corrigée de",nomfic))
image(xvec,yvec,datacorrigclean,zlim=c(0,1200),xlabEmission Wavelength (nm)",
ylab="EXcitation Wavenlength",col=rainbow(24),main=paste("EEM corrigée de",nomfic))

for(i in 1:6)

I{ines(xtriangleg[i,1:nfrong[i]],ytriangleg[i,1:nfro ng[i]],col=1)
%or(i in 1:7)

Eines(xtrianglef[i,1:nfronf[i]],ytrianglef[i,l:nfro nffi]],col=3)

text(xlabelregions,ylabelregions,labelregionschargi=1)
text(xlabelzones,ylabelzones,labelzoneschar,col=3)
contour(xvec,yvec,datacorrigclean,ylab="ExcitationWavelength (nm)",

xlab="Emission Wavenlength" levels=seq(0,max(dataaoigclean,na.rm=T),50),main=paste("EEM
corrigée de",nomfic))

for(i in 1:6)

{

lines(xtriangleg]i,1:nfrong[i]],ytriangleg]i,1:nfro ng[i]],col=2)

}
for(iin 1:7)
lines(xtrianglef[i,1:nfronfli]],ytrianglef[i,1:nfro nf[i]],col=3)

text(xlabelregions,ylabelregions,labelregionschargi=2)
text(xlabelzones,ylabelzones,labelzoneschar,col=3)

# calcul de l'indice d'humification HIX

numlhix <-sum(datacorrige3[371:461,12])

numz2hix <-sum(datacorrige3[101:191,12])

hix <- numZ1hix/(num2lhix+num2hix)
rm(num21hix,numz2hix)

hix2 <-datacorrige3[401,35]/datacorrige3[501,35]

hix3 <-datacorrige3[441,35]/datacorrige3[541,35]

# calcul des statistiques sur les régions et leseEs
intmaxzones<-tapply(datacorrige3,zonesintrefchar,"nax")
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sumzones<-tapply(datacorrige3,zonesintrefchar,"sum)
sumregions<-tapply(datacorrige3,regionsrefchar,"sur)
sumgeo<-sumregions[3]+sumregions[5]+sumregions[6]
sumbio<-sumregions[1]+sumregions[2]+sumregions[4]

sumb3<-sumregions[3]+sumregions[5]

sumb6<-sumregions[5]+sumregions[6]

R4sursum56<-sumregions[4]/sum56

R53sur6<-sum53/sumregions|[6]

Rbiogeo<-sumbio/sumgeo

# Dans chaque zone, identification des longueursatide d'emission et d'excitation correspondant a une
intensité maximale

# ATTENTION changer les valeurs si on change nfictenc dans I'entete
liste<-match(intmaxzones,datacorrige3)

longexcitmax<-200+floor(liste/702)*5

restetemp<-liste-(floor(liste/702)*702)

longemissionmax<-250+restetemp*0.5

rm(restetemp,liste)

# Dessin des émissions intégrées et des intensitéximales par région et par zones
plot(sumregions,main="EEM intégrée sur les 9 région de référence",

xlab="Régions",ylab="EEM cumulée",sub=paste("Echantillon : ", nomfic),type="h",col=2)
plot(intmaxzones,main="Intensité maximale au sein ds 7 zones de référence",

xlab="Zones de références", ylab="Intensité maximaé",sub=paste("Echantillon : ", nomfic)
Jtype="h",ylim=c(0,1000),col=2)

plot(sumzones,main="EEM intégrée au sein des 7 zos&e référence”,

xlab="Zones de références", ylab="EEM cumulée",subspaste("Echantillon : ", nomfic)

Ltype="h",col=2)

plot(sumzones,intmaxzones,xlab="EEM cumulée par zat,ylab="Intensité maximale",type="n")
text(sumzones,intmaxzones,c("H-L","AI3","F-L","BE", "TRY","TY1","TY2"))
plot(longemissionmax,longexcitmax,xlab="Pic  d'émisen en nm"ylab="Pic  d'excitation en
nm",type="n")

text(longemissionmax,longexcitmax,c("H-L","Al3","F- L","BE","TRY","TY1","TY2")

graphics.off()

# EXPORTATION

resutraitstat<-
data.frame(nomfic,date(),t(sumregions),sumgeo,sumbjsum53,sum56,R4sursum56,R53sur6,Rbiogeo, t(int
maxzones),t(sumzones),t(longemissionmax),t(longettobx),a200,a210,a220,a230,a240,a254,a272,a280,a34
0,a365,a410,a465,a565,a595,hix,hix2,hix3)
write.csv2(resutraitstat,file="resultats-analyse-een.csv",append=T)
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Fluorescence tracers of Dissolved Organic Matter iheadwater agricultural

catchments

Abstract

Dissolved organic matter (DOM) concentrations a@easing in the streams at agricultural
headwater catchments in French Brittany, an intenagricultural region, and Europe during
last twenty years. These increasing DOM concenpinatiare threat to water quality
degradation. At small agricultural catchment scaeil and farm wastes effluents are
principle sources of DOM. To propose managemernpr&tand to restore stream water
quality, three dimensional EEM (Excitation Emissibtatrix) was applied to trace DOM
issued from farm wastes in the soil and agricultcatchment stream.

Fluorescence tracers were measured on DOM prodinoed pig slurry, cow manure and
composted manures which recycled commonly in catiéigt soils. Afterwards, these tracers
were analysed in rainfall simulation experimentthe cultivated plots amended with pig
slurry and cow manures. The persistence of thesge$cence tracers was evaluated in soil
incubation (two months) and in two different expstal dispositives (Champ Noél, 0.9%
total carbon and Kerguehennec, 2.5% total carbsnyeal as these tracers were compared in
mineral vs organic (pig slurry and cow manure)ilieed plots with different recycling time
of 14 and 7 years respectively. Finally, the refabetween agricultural practices in Valley
Bottom Wetlands (VBW) and the presence of theserdiscence tracers in 15 agricultural
streams were explored during three storm event8V\Weere identified as principle source of
DOM in French Brittany catchments. The agricultupghctices (crop rotation, quality and
guantity of fertilizers, grazing meadows) in the WBwvere identified by farm survey.

The fluorescence intensities were integrated in te regions of EEM spectra
(biochemical/geochemical, bio:geo), five regionmposed of proteins like, fulvic and humic
(I to V), and three zones (tryptophan (TRY), fulike (FL) and humic like (HL)). DOM
produced from pig and cow demonstrated biochemittabrescence signatures and
discriminated from composted manures which showestigemical signatures similar to soil
DOM. The tracers bio:geo, TRY:FL, TRY:HL, TRY:(HLL}, TRY trace the DOM issued
from farming wastes in simulated runoff two houfeasoil spreading. Cow manure DOM
was not differentiated from pig wastes DOM withdédluorescence tracers. One year after
last recycling, several tracers were found in 8@ C while at the soil with 2.5% C, only
TRY persisted. With these results, we are not cldeether the effect is cumulative or it's the
influence of last farm wastes spreading. The flsceace tracers were identified in the
headwater catchments impacted by farm wastes regycbome catchments demonstrated
highly humified DOM which resembled to soil DOM tWiut recycling. Therefore,
fluorescence spectroscopy permits to trace the D@Bued from farming wastes.
Fluorescence spectroscopy is found a valuable ftmoimonitoring farming wastes DOM
contamination and understanding the biogeochemistty DOM in soil and water
environment.

Key words:. dissolved organic matter, farming wastes, agical practices, water quality,
fluorescence spectroscopy, headwater catchments
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Tracage des matieres organiques dissoutes par fluescence dans les bassins

versants agricoles
Résumé :

La concentration en carbone organique dissout anograepuis environ vingt ans dans les
rivieres de nombreux bassins versants en Bretagrem dcurope. Dans les petits bassins
versants agricoles, les principales sources santdés et les effluents d’élevage. Afin de
proposer des actions pour restaurer la qualitéede,lla fluorescence tridimensionnelle EEM
(Excitation Emission Matrix) est utilisée pour teadans les sols et les cours d’eau la matiere
organique issue des effluents d’élevage.

Les traceurs de fluorescence sont mesurés sur @3 Msues de lisiers de porc, fumier de
bovin et effluents compostés couramment recycléslesi sols. Ces traceurs sont ensuite
recherchés dans les eaux de ruissellement lorg dimmulation de pluie sur parcelle amendée
par du fumier de bovin et du lisier de porc. Lagmtance des traceurs est évaluée dans une
incubation de sol (deux mois) et sur deux dispgsékpérimentaux (Champ Noél, 0.9% de
carbone total et Kerguehennec, 2.5% de carbonk ¢otaparant des fertilisations minérale et
organique (lisier, fumier) respectivement depuis €147 ans. Enfin, la relation entre les
pratiques agricoles dans les zones humides dedendhllée et la présence de ces traceurs
dans les eaux de quinze bassins versants (BV)ddegiest explorée lors de trois crues. Ces
zones sont reconnues comme étant les principatesszoontributrices en MOD dans les BV
bretons. Les pratiques agricoles (rotation, qualituantité de fertilisants, paturage) dans les
zones humides potentielles de fonds de valléeidentifiées par enquéte.

La fluorescence est intégrée dans deux régions paetre (biochimique/géochimique,
bio/géo), cing régions détaillant les composésyge protéine, fulvique ou humique (I a V),
et trois zones (Tryptophane (TRY), composeés fulegj@FL) et humiques (HL)). La MOD
issue des lisiers et fumiers posséde une empifiilciescente biochimique qui les discrimine
des effluents compostés présentant une empreinte gdochimique similaire aux MOD
issues des sols. Les traceurs bio :geo, TRY :IRY THL, et TRY:(HL:FL), TRY permettent
de tracer les MOD issues d'effluents d’élevage diesseaux de ruissellement quelques
heures aprés I'épandage. Les MOD issues d’efflupatsns ne sont pas discriminées des
effluents porcins. Un an aprés le dernier épandpgissieurs traceurs des effluents sont
retrouvés dans le sol a 0.9% de C, alors que solla 2.5% de C, seul le TRY persiste. Les
résultats ne permettent de conclure sur l'effet datif ou sur l'influence du dernier
épandage. Les traceurs sont identifiés dans lesldBVplus impactés par le recyclage
d’effluents d’élevage. Certains BV ne sont impaaiée par des MOD fortement humifiées
issues des sols sans recyclage. La fluorescemtiménsionnelle permet donc de tracer des
MOD issues des effluents d’élevage.

Mots-clés: matiere organique dissoute, effluents d’élevagatiques agricoles, qualité des

eaux, fluorescence, bassins versant.



