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Abstract

Di f fuse rpeolelsethniten a critthieuslt amanmsd § emegret f oofr

environments, with a cleaanaé¢gdiicat mcapalki mgt
international st akehmdrdeoisnst Tsceuorcsgse day r e di €sd anlc
di f fuse cpoomplluetxi cennviisr onment al eassueategr adtheéteas
includes i mproved moni toaxammunddpyacedrngagamdentp
aggravates dif f usuescepahtnetricams et hr a vhgelm ti snaaadod u c |
persobsgani c and i noradwatci cpodnwittamnseng@aai ee e
guality amds&kesnseqiWamiant heabbpperct PRAGg&ddedaes!| op

new t oaonldsi cfagdror 6. 3.2 and the EUOds Water Fr ame
to evaluate water quality.

The deatsiton aofeptoma msp lhidsa tso mnt badls sarogsani ¢ mat
dynamhcsurfddcéumwnéscsent and chromophduti ci emntg:
(phosphatesoandmhrhltiadmesgcent useiBARA BMd@dee lel iamng
t o expl orne ocrhgaanngiecsa mdt t e u P ¥\bidst esnppehct t ophotve e t
i norganic compounds concentrati cexspland nmi dronh
dynamicegenf asl o gemotveddevel oped areas.

The seeotnidon ©Dbctubkesmntbbmsinsg spectroscopic and
to identifgixtxhendedriase difsruptor compounds (
plastic bags in agquatic environment. Degradat
direct sol ar radi ati on HeNkMRo saimr @&l yasnids schoi nefl i drende
pht hal ates, with higher concentrations obseryv

rangend 288Md4@ mi crogram/ g pl astidk6 7unmdiear olgirgahn/ g:¢

conditions. These results indicate that the a
of pht halic acid esters, whi emvarenment e byl
emi ssaries to | ake, marine and oceanic waterb

human exposure to these emerging contaminants

Thehird sectidescorfi btelrse tthhee sdcesvsetl ogoprieincta lo fs ean
monitoringuastompesmsueancseorpr ot otype, offering an a
the analysis of opticallyebetivemagdel parspectu
the end usembooesedpphi cat itoeksignsp hogedamrail oae |
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science pocaompaiegdnsby FiTes aWat eveMWaddwisn gg oaad ,i rfi t
setup optimization, the prototype's analytica
evaluated wi-dawy imltiea¢ toerddleidbtr m®& X n bc teeorersd Ina tl ia
coef Bi omiegmt a rel ati ve7s%.@nTdom rads sdeesvd ast @ nosno r( RcSoDr
measurements of a standard sol ut2.é&mn3 |Weer cet irveecloy
these tests confirmed tihse nroeglehasboielw ty and eff
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For millennia, humans have relied on freshwat
drinking water, irrigation, transportation an

outl itndahited Natwbewaetlegsanphtamy rol e in nearly

Devel opments GaalsekkpDGcitly referenced in SDI
management of watdgrl]l]and sanitation for allé
Waterbodies represented a fundamental el emen

grew crlioweersst@ggesti ng a darmremsdemadtseyrs tbeemh,weleand ha

devel opment . Despite this positive interactio
urban expansi on, together with intensive agr.i
water nMesowBrsasting in significant environmen

ri skesbehatesar e ¢sdsjeAnctcioarldifnogr tloi ftehe Eur opean
22% of surface water bodiies BamdeReS g oif ftj@n gl
Prreseravnadi esgan aorfdifmge s hwat areeassenbhmaht soandiai n
pubdselt was estimated that gl obal water dema
popul ation may6fAlksbd, 9. 7 bsl é€xpected that wat

change.

Ogani c angol Inwtrigemindsr tiab ugd jodora & | ,ivaahngpel i f i ed b
in |l and use, riinvaeprp rwoapsrijp detded gy Tthie e & te b e dkitin 9 v
athuer ban str da/m osnyen dorfomene most severe being t

bl ooms (HABs), eutrophicatijo®&, ad%lJd alterations

Regul atory agencies define two main type of p«
any single and identifiable source frsoam ewhi
di sch@ir gegrg cdilgdamadl t refaft I m@2mn e st sources make
identifiable i mpact on tthhee srierpdievsitn gc aesrev iirno ntm
miti ga@ieon hieisdseonyaictti edct anal ysi s ofi ntfloeg mebicg c |
action pot aretgeatils Dief ed s ecpeplrlesteinds a mgase tcloanp
i mpadue itso wi despr egaedo gar catgiing ictraie éPss, r 4 o jictruld hesar ol pyr e s
of pollutants in a waterbody cannot be correl
site. Di ffuse pollution events are often rel a

(dry tr annsgp orati)nyo re vdeunrtis (wet transport). The
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capability of deposition of substances from a
agricul tudorfafl. fi el ds run

A generic way to further classify diffassal pot
ur ban. Rural diffuse pollution arises mainly

wide use of fertilizers and pesticide in agr.
of slurry, uyn c @ m ¢ nRaetl ilaed sd.f o mMpsatct s are an 1 ncr
nutrients (nitrate and phosphate maiondleygr darmib
substances that affect micro dnotmarg@aemms mst y s
faecal coliforms from sewage sl udge JilsOpjos al

Urbans sour ces aardurbiec ibpdalh. hidvselldiasrt ioz aathiamm e o f

of superficial waterbodi esofamhdegyenmnusdiwa&cmrhuiel
par ks, ur ban par k, as wel |l as contaminati on

Ssubstances (heavy met @aladi,r @atdispm pwaitrd ralcd ching s d 1
the soil, trough infiltration, reaching groun
A novel class of risk iIis represented gbywu@mer ¢
chemicals that are not currently regulated an
pesticide breakdown products, phar macand igallys
fluoroal kyl Ssubstanaocaean (@R KBAS)h avieh eas eb isoul bosgtiacna
pat hogens, a@aydndbdt @xiics[rlaEygd st ance genes

Due to their easy traceability, poirftl2swhudrBcke |
studies on dif flulsGel]ThReueces armaekdmtbedncrease
better knowledge of diffuse pollution stresso
scal e.

Freshwater monitoring activities at gl obal I
and preserve reservoirs from stressors driven
safeguarding freshHwawndr s mpbemehéeé Subauoudeardszed
gui deBpbResobpen and comparable monitoring and

arad meocelsks4aljTyhe Water Fr(aMrDWwa@ruk rRisr eadtli \E®&J me mbe
the Oecol ogical statusdé of sur flalcbelHovweeges, i n:
monitoring networks in many regions are-eith
exi §gtlérjdh e egcuiidveel i nes and anal ytical men dhlowdde |
bot ht irmealand periodi c moenibtsdmmycspibteart ca | wiadha rb
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properties. The WFD was adopted bx0O®h,d Btaapp

to i nlandgoadagtaalsi dairgfnader dwatt er s .

Excluding sbomei palyspaahmeter s, government al
guarterly, or annual[ lsrdmpt hogglhi omomstevley aine & $ &
establishing seasonal v @ mainactbi eornasc,t ee n wierdo nbme n
especiaglulaxciosy st ems. |l ndeed, there is a growi
increased spatial and temporal r essoluutcieo m:n da ldl
pol lux8.o0nA®]increased amount of data results i
betterahfhorsaoappbdrt agencies responsi bmaek i[fofr, en
2 1]

|l hhe presentdihkeerentloappppmbaoke svat er qual ity

ur bwaeant er,bodhbéesi ng citizen science methodol ogi e
opticalSpeensophotometry and f lawscswasiset rgqualavey
organi c poiOrtgamnfi cvoimep dewlr afs dci fferent compoun
the wultraviolet regi on. Fluorimetry is a | es:
specificctampagantsmi cl okepsobeiances. This in
sensi tinviltiymi tiesd otfot e¢e he | ow signal intensities
of theTl@ecombination with chemometrics enhan
obt aPARAEFAC (Parall el Factor Anal ysi st)o iesx pal ome
compl ex spegdtpaosclopd me sddaed mac ew hsereec tirto saclolpoyws t F
overl apping signals and the identification o
sepan&tcihhes

PARAF&AXt ends traditional met hods | i keorPdAr (F
arrays (e.g., 3D owahhidhaeraslsetdenbmpassunm onful ¢a
enabling the identificatiosan a¢r anngdemulyi ngl g a
samples, wavelengt hs, and ti me).
Chromatographic techniques, ewluammeoh plasd ma
spectrometry (MS), photodiode array detector |

enhance the capasciskeyg sfpeanttwatudrard yaliirdnetyed tcial
emerging contaminamds pol kfel uPORASEFIOKSY ¢(r peuld 4 tuaom
sul f amathe h aldad eecshi ng mol ecul es from everyday
chromatographymevtityh pracwi cdgpecunmmar all el ed sen

separation of complex mixtudeveadndomhaeampmaaoit s

3
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mol ecul ar wei ght and fragmentati on patterns

S
t

c

pectroscopy provide information on mol ecul ar

argeted substances or di ctoimpguwingdlsi.ng bet ween

Al these instruments are expenThhiewe aamrd | 1 eng
aboratory settings, and do not permit in si.H

onsemvatmradrny si s

I n addition to classical -breossppo rbiaredy bteecomrei q

popuwlndlas already proven to be effective agai

- 0 O

- T < O u

-

oni tor[i2n2g]Citekdn Science is defined as the ci
ngaged 1in scientibfaise dr ensd enaptrcomaid¢rsdsooninuutniiotny an
ignificant i mpact on society by raising awa
eliability and volunteer safety, citi zfeinelsd i
essions. Oscéi nhsbedtageti zens are equipped
ncludiamgl botgh «©ata coll ection and processing
t is i mportant to recognize that not all res:
roduced by volunteersr shoAdtdi biet ivea $p raloafe eegule ibdyn
ci enheststeoxwifc nrordageates mnet mamidaitmrdganger t he
eature for the feasibility of this approach
Al t hough professional i nstrumentation is the
uch as trace el ement s, cCitizemondiramnd e miye 0] @
hemi cal species in waterbodi esande snpeefcailrasl il nys tn:
sing colorimetric test kits, volunteers <can
resent in freshwater directly in situe Whebe
arget ions to produce a colour change of th

eference colorimetric chart.

Col or ipnacttkrsitcs f or the determination of met al

and as mixture or other inpormgianmiagteomphangils b € ¢

evell23dbespite thesechkhstsalepraaenvengoa | awi
ather than usi-cnogn seuxnpienngs i tveec hantnidg uteisme i n s ome

nstruments and their hdi gdhatsae msriet iewiptrye.s slend aads

nd are affected by subjective interpretation
Il n this context -coshte odpetvieclaolp nseennts ocorfs lcoomu | d b e
ool s f orbasemdmuemivtiyr onment al monitoring. The
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portability, rapid response, ease of use anc
introduced Fhbyg)tr.leeThWW@ (cri teria are designed |
scientifically wvalid but awosrol dprcaocntdiictailo rasn,d pa

and mMinmoaddme countries where resources may be |

simple to perform,
requiring minimal training

User-friendly
FigkGeaphical r APBBUERErIittagriioan of
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| . 1 INTRODUCTI ON

|l . 1.0i ssolved Organic Matter

Di ssorl gvaemditad er ( DOM)co mpelf ex sntitawt-buarieee do fc aovimnpg diu rad s

size | imiGn, ahbghdrOs#%e OM is def i ne2ddhaiss plaarrtg
pool of dissolved organic compounds plays a c¢
oxygen | evels, acidity, and the avahéamaintgygo

of nutrient for aquatic or galnti smespraemgde nthse dmes
reseafvobhirol ogically awgi laanldl o |l arygammi k eyarrmdre |
food source for hlexe]totrepprcmprokgrpobdsasced
col umn, with its concent Matreonmerdecrt éeasiimgni ifn
penetomaitseunr f aicef |l uencing the overall transpa
systems.

DOM in natur al waters is composed of a hete
autochthonous organic compounds containing | o
macromol ecules such as ful wilsd aarmgd nlgu rhiro ma d ied S
over 300,[02080D N aclotnoprnosdbiet iderd yrea@ate hy beswwe din t iet & .
water type (e.g. river watettihe Gouadsmes e o db é f we
depfTlhscawlncent r atoinomshede permd $sda@sowmdlersaridat i o
matter inputs, such2RBlst dualedbfved algaeri bl mamnt
t hreecataggori e$ hacooi @giimg t o

- Allochohow®©Owsr ararr estwhiah epbigbsnates from
vascular plant materi al aanwhi sneaB L Adlaseng,asrsEi © nme
of plant matericalnddmodtuhedgt mompbepheric ev

i n aquatic environments.
- AutochtohranpadQuikss deri ved from in situ .product.

- Ant hropog@®®OiVisc deri ved from human activities

Al l ocht honous DOM concentrations in natur al
region (tropicalhetnp nppiaa talencadeedpsdhmaastemil @ nt avai
amount of avail able free oxygen and medoX | ac

succession patterns and avail ap28jtg29pf micro
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Il n particular, microbial activity has a | arg
mol ecul ar daammas itth eoinr  mehtaanbkosl itco ptrdoegayIise s entc
proteins, cellul ose and other compounds$2b®bdbilnd
Spencel 3t nalt ored micr obtiianhe ,d efgirnaddiantgr oan roaspeird
structures (suggesting that many of them are
cQ , whil e macromol ecul ar carbohydrates are 1
|l eachate; aromatic compbpdedss Weiedsolovedegpadie:
while aliphatic components pa&@esifsor i)diifsaport ovtieds
proteins yanan petph e diogy structur al component i
|l eachate, while specific peptides are either

structures.

Al s o, Si mBedgdneeti gated the contribution of
finding that it 5% muecpho rhieglh ebry ntohsabnenet hsee sl a1 c
bi omass was fwmonmed 50Ok o@dnNnt hebekeractable soil
of the humic fraction and accounted forhes30%
an underesti mated rDdans fiohrsemivaegoariats aci la npdr d d eps

into amphiphilic molecules BsnNncluding humic su

Both degradledgradednmbtter i $regbwatht yat os | ppem
conti nuoasndtlaoamt fl ux of DOM from s ¢i3l2]amd oi ts
then, partly discharged through hydrol ogi cal

whi ch udantnrditdedltyyekse or oceani c environments.

Aut ocht honous DOM incldedd¢ v enaigl ula ttibce glainMagnmys ¢ 1

contributors are phytoplankton or al gal bi om
seagrass, mar sh and mangrove forest. Product.
epilimnion (upper wateti mnmayems)] deoemprar edy @ ms

stratification periodhteepamioisculi aploy tiamtl| alhe o
to aut oohd @amminapumwadtutcetrieo na gEasimeat osynt hesiThr amgh e
phot osynt hesi ss,y natqaueaitiii zte foruagmgensafts d lor ma lheg ul ¢ 3
represeniimportant souro@efoheyhareaubonmpoel y
ecosyusntdeetn go photoi nduced isnes mi magtudad @tama s gnis a «
produce more than 50% of the total bi omass

i ncorporate at | east t he same amount of atn
demonstrating their f womdGOienotnamiolsgpha®B8¢ n t he s
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Exudati on, i nstead, i's thespelbeass dihfrfoeamgdén
produced by internal processes (such @awampmlod o
itsheexecr atpbotdsynnhetwlch pe orleasrslatdoen! Iswlina rh ecsa nsp
doast show 100% eisf acrcensydinfsfioarredaatd ce rmeofl ecul e
polysaccharides, nucleic acids, | i.piTds )sndir om
process of healthy ephegsepbampkeoce and sBgmpton
environmental stress.cafl sboe, ctohned iptrioocneesds boyf seexv
nomomogeammiousiaono drgd ff ywesaerstpkd.c uBtmd oeutf ect s of t er
on macbOKI|I gaaedati on reported a consistent dif
species adf§atme epantdadf the | ittoamli rrornea sve t dfi
rates i n zexeoswirtththi ghgmt, suggesting that
DOM r eilneaat $e8. & ]

The | ast ndatreogporgyewhiigscrOMdes al | t he organic
humarcti wsiutcihe saywsa g e , i ndustrial .&mdhragpoganitar
composist iexn r e meliyciempgarrtgentquanti ties of poll
waters, si gmgdti craanlt |l yy a@alfdse cof C, S and N in
consi stent manner Wwietaldi hget bo @a.ll ovaspompyosnt bennbsd, i
ant hhropogarired v OOdMAm@mmodiulctior escent whitening
components of detergentds s¢ gir § mi rbo pthielntyd n e ,D SIB,
poll utants including biphenyl, pesticides, he
chl orinated compounds and po[l3ybchh Irerciemat g d alrisp |

have shown the increasiaa@ntpamisreaarctes oducehmea ggi |
personal care 3porjpdatt bayPPBPen found to be a
of considerable concern for natur al water s, b

heal th of( édarilmgmazd migrse, an amazarohowd scammp o u
aguatic environmenttbeiféecons emahlgbeoniaveth
but also an indirect danger, since the presen

devel opmenht cofeansthnoe by bacteria.

Lastlpyarticular attention should bhecphsdhiby
stabl e or gawiidelcyo mpsoduthrdesnt bige i pas t uurei mtnan ti inan
gener atpaeddausstbyf c¢omhi@stttihemina lpirloicteys sa@rsd capaci
adi pose tissue, residues of dichlorodiphenyl't
useful insecticide imanyhesppaaideas admfdv éi besnhe
in desert areas or. ilnt ttehaes ndmegp teh sl iovfi ntgh eo rogcaena rx

9
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does not contain it; its use has betad®bamnnesd
del eteefrfieoctss on human h¢3l78ddpianed t bhes e n&hoed Bep ms
arset udi es tthhager es@ipoed teddgt aolro liittses i n soi l or

remar kabl e ubi 88y and persistence
|l . 1. DOM composition

DOM composition idsueexttor etpheet ewnavraiaduasbtr gani ¢ m
fact ooasn tadfaftercltuditng de gWwaa dha tmaqdrmeetrdasearseaan)d
acids (hydraompihrhdi aciadcd dsproteins,(hygyarbphydini &t
Hydrophobic acids are a huagheerpooadlheofmadinf fee reemm
hydr ogen, oxygehphihhe rmgein ampgortant functi on
includcdg(caesiponsi bl e fophenodic, pabpehoi es) ca
( SH) gr3®yps addition to these functional gr
bi omol ecules such as sugar s, fatty acids, pol
about 1% otonthentdasbBohved humic substances.

amounts, with glycine, aspartic aci dri gddliust a mi
shown the hypothetandaboddiOdct ures of humic

N / \ y H OH fo
X o N— OH COOH

Figure |-1 Hypothetical structures of humic acid (left) and fulvic acid (right).

The differences in el emental composition and
acids (HA) are quite swmdtudbblee.i nFActiandads ctommdbh &
contains a higher proportion of c¢ar blexsydihtaen d
DOMcomposition is affeéebeee byiesudiégaditd ansa totr esr

from t he same tayl deawddgnegmeaatsusiafli cwaattieorn and di st

Il n | oticseceams)tamd maivherfsracti on ofadDOMf ubvr
acjdwith percent aged5bwpadrGéankeltehlefl ryoamt 1200 % fu pf utlovi ¢

is 9:1 fodi $owlevedt®O@an iwhidaelr ® d4:dle core alseesss f O
10
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DOC The rest dar bhepybolihdas d sby v ¢ & 8asmionrog aanciicd s:
or hydr opdRi51%)c aawitdxhthonous fulvic acids of
humiicke) , organic peroxides (fRQOMHtshr, o gsd el wil tsi, ¢
For grountwant er ssrud s pwiatstesper t@Bi%maddhem@est of s
hydr ophili.c Meomptboumsldra ati on in the contribut.i
stream source to.tHhWeheemwmdusf cieeveam xmawtblespr oIf a
wabedi asthe downstream | ocati osicf, swsbswealnlceas
photoinduced and microb[d4RP]changes during tra

I n | akes toafuktwentrahbhdt hami c acicde%fafl sowath
within the Xal0Wwisc nmmaacetl ocotfihehonouscdmil mg goreiind
phytop.l adlkdloynwamagtekudpr6dsdo; ami no aci ds, proteins
accoun®d33ffourd]lU0cht honous fulvic acids concent
seaaslomt ¥y he haingohuersstt or ded i n winter[ 4daXh]d the | owe

Coagatraamsl opeDlOM cceoanmposi ti on alsl on@ah tnh ¢y n dws mfe u
terrest (1d7b)% aanudtigd nht honous ful vi-ti Kaecladsga( oror
phyt optauokodledgoa€ b o hyadwmoaitngs i s variable, wmbhbi a
i ncriedaeseeper mihayerasx i ds, groagted ihred2 8a%edy cdhmipn ad sa c i

constituCar hdley dr@gt e s, proteins and | iapgudast iacr
l'iving .0rggahi gims vari ability of themassiamoluatti
modi f i atoitoon ndwced reactinns and microbial re

Cleahkeypbouaesnthagél i ght tthoeD @M gcho nvpsormeio &tla iroi no U B
water . Boharacemrstri buti on of all ochthoneunr &alUwceé

waters (stremdnhs garadl urail M egr sllecreases during the

(lakes, estuaries and oceans) because of degr
water bodi esncraenads it elgats tof tahuet owhit htommeaig|l DdeVh t h
fradtni esn agnant wat egtsyarmiagd iamnud acdganan. | akes,

| . 1. RPhysidtamr amler t i es of DOM

DOM exldi bifesent chemical and physi cdilf fperrceme
mol ecul es uardgirohrgddr,l ect i nncitni oan aWwind etadcrt movli & oyt
associ atoindroranad i onn moedspococsaei ba changes i n pt
alloy. The most pecaurtdharppsspbrltieg bd t heeDOl

active molecules. Theseiva toenp » atdild@uU 1@ reeudaltrsaay nr oa¢

11
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(UVadi &thimen s odt somaftelcé gbir roundi ng aquatic e
significantly iklutl uaelnssce pprhoottebcsty nda qduaaatgiscr ooursg ar rai
UV rays have a | argegamdwtdhumpmiddgcant 1 mpact o

Il . 1.@DOM

CDOM redremremdagpho®solcved organic matter #IO&t at
nm) and vVvisiZlBl0De nmggiodn th4£0C&I| eltity oimagpes sicblse
presence of chromophocthctoMmopahbdoele & uor & dh)t asluabest ti an
absorbing sperifihe mcaosnep ocimmgdesh eb e e@e ldies § mfefde Oma
word meaning oOyellow substanceso) b e cbaruoswen i n
col ou€leOQM drf iased

m Col oured/ chromophoric: thiastierongti sestheateq
obrowni shdé colour and it conwiad¥Ws sadltbd @emod p hy

m Di ssolved: this indicaweseOpatasubsbbhygest:!
mechanical separation of compounds of diffe
techniques.

m Organi c matter: thimadedmoatby bhatat benmat
Due to its ab,soChp&Nfoenc tpsr orpeemmottiee ssensi ng of su
penetration, and photochemical processes. T h e
processesr alnat ed i madgeochemi cal cycles 1isn, aqu
nutrient availability, phytoplankton activity

I . 1. ZDA@MTr i gin

The orighmomdgibhsdeaolcved organic matter can wi
and resistance to photoché@émetalreantdhbi qbagtca
of CDOM reflects the balance between its sotL
hydrodynamics, catchment runoff, solar -andadi

macropbmpa&rftepnts

Il n the case of inland w@at e v sdde ghrratdeart g eo nf raanat/
oxidationg$r coms cluil gari n@d ppaosni vtaes,c uh ar hluamata d pr o
chromophbsitances that usually exhitti tl omu cohr |

absorptioneginacPhheatvi gi bkreadmateidc hydompxyunds, s
12
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al so ppodeaé¢ | y, abcuti vieh esipreccdcerst ri buti on appear s
envir ondntelnt s

For | ake and coast al environments, theannlajor
rai nowaelmst hese ecosystems, tr an sapcocrutnautdicacha oins
studi es haaconhsiigshtleingtb fceadnltlroi cbhutthioonnoys especxii ead
eutrophi czZshap| &g phobrkteeed t hat phytopl ankton de
on CDOM concentration in eutrophic | akes, aff
| ake water column; in particul ar, t hhelyo rfaopuhnyd I
during phytoplankton blhaadire gedxars,e aIfsonurtedie
phytophapgéns quiak&tymukbtatutsongoannutrients in

For marine environments, t he sowroa naft e@DOM
remains controversi adi.t Sopreo csu autdii cers osfu gtglees t h wa
marine source material s, hswewdr Ohkbemprotctedse
mari ne CDOM is a remnant of the terrestrial me
residenceocoddatn83 i n the

Het eroandpliutc¢cotrophic ortglamosgns Ipotoldupei DO
producdgamnhaowe a terrestrial origin from river
CDOM is produced and released by mamidtnei sp hfyuro
transformed by heterotrophicibbctteninsifoym ¢ ea
DOM transpoft4d®@dChQMrdaareral so be producedeepy h
ocean, but processes regulating this productd.i
mi crobial extracellul[é&bifO]l]enzymes on DOM substr

CDOM | abidepfesaent ®nt he majority o,f as efschr (D¢
i s rapidly consumed and modified by microbes
However, a certain amount is more refractory
further processed,marti rceanoraggamrieaq aaned wnid edhe pa rh ec

zonmeaski ng i ti rbitomes alidvaerl el evel s.
| . 1. eDoONptp c@maé mttimasaeéir s

To study the unknown f r-Micgdiimline o p ®OtMr d @lb@tud m

and widely applied technique. CDpMalu,e p rt hsee nhti

variability of 1its cofpesviddsiiobnl ec oanbpsl oircpattieosn ist

samples generally exhibits a smooth curve tha
13
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From the absorbance it is possi bl e tsopeecsiteism:
which is |Iinked to different seawater propert:.I
Il i ght penetration afmd bly h earbesfoorrbei ngh obtlousey nw & e s

chl orophyll s have absorption peaks; Attherhef osrae
ti me the absoUuVA iaonnd adV Botairafi watr iod eHa tggha nai nsomusn. t S
CDOM in surface waters may al so promot e 5t2hle p
and the production of Dbioavailable dissolved
[ 53]

The effect of UV attenuation depends not onl

weight and photochemicall al aesaudygynesveduethe a
of COOGBMI]i t washifgohu nndo |tehcautl ar wei ght mol ecul es
resulting in a significant portion of the CDC

due to bond cl eavage or disaggregattiioom, sorecha
since LMW CDOM have an higher 28bsampt i oon ra&ts pse
DOM (-8366@M nm) .

The process of photodegradation can signifi

component s, to form either a new stable prodt
radical s), whi ch subsequehjwhy | ieniptrii antae ys e e@rcd
CDOM composition, the secondary ones are driv

(col oaurdednoncol ored) and microorgani sms that atl
that is both biogeochemical (via diretchr anu qnter
the resulting increased | ight penledteasubsatiat

mi crobes) .

The interaction of CDOM and aqueti&lprgant ac
over CDOM production in open ocean by zoopl an
generally homogenous distr-mbxéedowabér COOMuImhr
a disti-mchni mwm,[f asaedismartftageren i n t he stratified
consequence of producti on and removal proce:
degradation near the s.unrifpaacret,i caunlda rs,u btshuer fsatcued y
rel gdasCebdM by a broad range of oceanic planktc
CDOM spectra, other than perhaps in bloom con
is | abile and consumed r api drlef rvaica omiyc rCoDoG M),

photodegradation (getting bleached or reminer

14
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|l .1.e¢D®M as a proxy indicator for pollutio

CDOM plays a cruci al role in nutrient avail a
and phytopl ankt onAlisno aaffefaeiccidc beaosysct emsa.nd b uc
composition, degradation, and mineralization.
i mpact gl obal c¢climate change. Over the past 4
human id@stvesitiei ghtened the export of terrestr
acu i c ,syaftfeencst i ng t hemb.@pOkBIcséyveasndas-adfieebils

proxy for evaluating water poll uti on, especi
cont andiinanta3rhgee use of optical measurements, Db
the rapdidvasd veomoni toring of water quality.

analysis with other c¢hempundenrasntda nbdiionlgo gaigcuaalt ii

and the i mpacts of human activities on water

1. BDOM

Similar to CDOM, the FDOM acronym refers to
ltcharacterized by mol ecéal & ® dwntphhalstrhe goa cti fhitcu omce

spewiafvied¢d damet maj or fl uorescent or gmawdc Smenhld & cfu l
der i vaNt=ioC e &8\d)(¢c ar b 6G=yDd) ¢aanrdb o x y I6C QO }oauns dNeH), (
aromatadrmrddertienrgpcycl i d S.8B8pOMathil wuogrecswcgsce anal ysi
excieamisenon matrix (EEM) technique, provi de:
origin (e. g. all ochthonous or autochthonous)
photochemdatil ord)egrThe strength of this techn
cont entdeaxntdr motni ve approach.

| . 1. BDOM mposipta mper tainas

There are several FDOM species that have bece

and i mportamtd drud vih c mihath &lisenare aromati c ami
tyrosine and phenyl al athyme ) (DASDb)t eand, dds amr
fluorescent whi t eni mign oagrepmotnse n { § WAsf) , h oautsheehro |
chl orophyl |

Within the diverse and complex mixture of L
component-si keratdkhs it sgtudnechess (t er mi nol ogy w

classify different molecules that exhibit sim
15
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wavelengths of humi c acids or amino aPcriodsei snu
fluorescence i s ass,ocwfaitlear ensictehn chea caferh wami cacd
decomposition of plant material through biolo
environments.

hee = 230/290 nm
Trypthophan o _
|7 ‘ hen = 320 nm

‘ ) . =230/2750m
— Proteins Tyrosine =
L ’ hey = 310 nm

‘ hee = 260 nm
Phenvlalanine -
— ’ I = 28210m

Humic acid
‘ hee = 230/ 300-350 nm
L—  Humic Substances ). = 400-500 nm
Fulvic Aad

Figure 1-2: Fluorescent DOM fractiorand relative excitati@mission pairs

Dissolved Organic Matter

|l . 1. BaRetors affecting FDOM occurrence in n

As for the gener al case of DOM anda@GEdM,c tROi
by the natur al processes, especi Bbth padceébs
reduot i e loisfotrfidngor escence signals of FDOM comp
the fluorescence signals include trace el emen
[ 5f9dund theatm Isaamd i ght dexplesmiece sBpghavihncdwrt bac
degradation removed 17% of the FDQOWM tphoeo |s,atnhea ts
a relationship between phwdfsmiumdwuictend tahned Ina tctreorl
enhanced by the photobl eachi-nbeath®®MFoDAEMCc haansd
around 4%) .

A study over organic matter released by coas

ar ed (sehmifstsi on at | onger wavedfenlgurihisg Ub gthaend
due to an increased k@bhugasitiodyaod obodedegt
matter it wasliflbhbendompatndyro®sowed a better r e

t or y p taonpdnh akhu skieb s tvamicoehs u It theed hiimghest [deldr adati o

Trace metndles doamamrcdmpl exes with the fluoro
fluorescent dissolved organic matter. The 71 el
Th, U, Mo, Cu, Mn, Ni, Co, Cr, Zn, Pb,a€fd ahd

16
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al kaline ¢a&aBiMetedle meintdi ng can induce confor m

resulting in a possible alteration of the flu

Changesanidn sgafHfienatt yt he f |l c@amuass a@n ae dierctr ermasiet ic

t hese piamanpeadosembl og( emi $$i on at .l ower wavel en
|l . 1. BDOM in environment al poll ution studie

Thanks to the | arge amount of informatiton th
DOM wekai-®raitsisoinon matfrliuvceseneE&dMent at am@niitdon ear
contr ogluavhaettepri ng i n understanding the mechani s
a gl oblanlecyerailr s. t hemce ewad® am t he use of fluori
water pollution assessments, thanksand doditer e
organi @ omatxampl e i f atnhteh roorphagdi eocrthycs) wvéetr d rNaaln o rr
Ri ver usCehd nfaluor escenass eEsEsMsa nadh hely ssraawgitaeargiez @ n
pol l uti ¢ B5h&y wagnreerdlo mi nant presence, in tshe se
bel bogt he prreogiedm ofri Ke yond pk@amerogn@rotnent s; t he
the consisteswmepkss emme bceef utsted ul as an indic

freshwater.

17
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| . 2 STUDOWBJECTI VE

The aim ovMatseiias ust edy hEowabpinadgtyaé sgwil gfemdi c
matd¢ @mp o SAIl tsio@am a s scehsasnngeensta tadmom@a iy d s | & gpsoet necnet 1 caf
pollutionasowetkkespegani orcoamdt amavwvanbse€or pehto
DOM analpysicsa|l activeseaeadmpeydidaasmer ki e d-Viws t h
spectrophot ometperctroDQOMPDQEMeteent i fy the pres
humiicke substances and t hei rl uaolruersdcaemct ec dbeltaoen gw €
exci temi ssipem b d afpurracheesrcddemeot me t PARAFACRSEt udi o

| . 3 STUDAREA

The study waongondiecicodrBeci , | ocat.edThHe rtihw
path dxtrembsout 24 km between the towns of Ca
Gi mi gnamassing fromi ndusatarited 5 yzretelnod | mlgel E| s a
Poggi(ioglk) ea tri butary of Arno river.

From the regulatorysuepacéswabeus, tWwei tsttan eb

Environment al Protection of Tuscany (ARPAT),
20221, while the chemical status was " Not Go
of tributyltin compounds (TBT), which have be
8 sampling points were selected along the riv

the remaining in Poggiabbomsief HBEers ce a @haitsi atnpdeaes n:
| ongi tude wearetceseipaohfi aead easgde, | ongitude)

18
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5P

_Santallucia- gvee

(|

*ea

2% sMontecchio

: Staggial * %
Fontana & 3 e
N Caduta
leGrazie v

Boscona

Figure I-3: Geographic map samplingites.

I . 3.4 t(43.1339)069

The dampltiwmags esairt eCaenp iFglciiancddent with the pi
origi hat ectoarcrée s ppmaaddi t h a di amet ewheofe aatew
accumuileaht eabtmast o(Fargdrfehewsi te i s surmeammdtea |
asphalted roadThrd wauletriclbar éac Cleir ebadsvab,ywuy &l | o
floating algae and an oily trail

Figure I-4: Site 1
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| . 3.2e2(4316 1lamde94A 8 3a)L. 0609

SisRe arnFdi gbyweer especti vel yhenaftthbhef oaesmaldn di s
t he ofi veerdi sused whit gy ¢ nealsathoermiee pd awyn t.o {I s atmpd
two sites, surrounded by Vvegedlagaigo rb r-gonvdvaineta r
some foam on the sur flaickke sAmeslol, nmntehaerr et hwea sd ias cst

Figure |-5: Site 2 and 3.

Figure |-6: Water treatment plabetween sitez3.
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I . 3.Bi t(435%58.1011

Si tweawsAa der a apbhrailadpeb us(fi glarpad f ew tens meters a
tenergfFipmlBxretThe samplurm@gusidtee alngls seget andast i
wasol our wlkislse the bottom was covered by a mudc

Figure |-7: Site 4

Figure |-8: Wasteto-energy plant near site 4
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| . 3.9 t(¢351106

Si twealsbcated near waadur rcadndeod.telWdh e ¢ ed tdaBivi Wh s
many submer geadk ta & ogtlaea d a

Figure 1-9: Site 5

| . 3.%i t(#3 64 613la.nkiZ0es3 6 .1ml

The twwersad t easted respecti vel yanu pascttrievaem da nsdc h

probably coming from the nearby industri al a
rel atifvledawd sd owecloll obw gwbifpee Ther e were al so subm
frogs in the river water

Figure 1-1Q Site 6 and.7
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| . 3.%t 348681201

Site 8 was surrounded by vegetation, and nez¢
the proximity, there were also vegetable gard
floating algae, whi |lye stuhbemesrtgeeda nv ebgeedt awtaiso nc.o vTe

the water coigo @Ringddigle br owni s h

Figure I-11 Site 8
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| . 4 MATERI AL MENIHODS
| . 4. Reagents and Standards

For dilution and bl arflk,m, ulBRiurregeurRe f WJiP) e whit ®s
MA, USA, filtered with a 0.2 Om PES filter) w

Lt rypt oftaym oasrich el ( pouraistsyi uQm 8.i St epe @l @t yu mO9 ¢
phos poamtod(aNsaPHIpur um p. a., awdrya rpuwrsgh ONOd 0f%) om
Mi | an, l'taly.

Nitrate and phosphate spectr ®©Oph®®©o@és mit ® mk iDt,
0.05 wt-dy, -O& rTiSPet hy |l 2 RB-u8B8Bp Bipumpsaht were pur
KGa,Mi | an, l'taly.

| . 4. 2ampl e carnd exnaloynsi s

For e atchhr esei tsaaimpe rgdssQv aetialgowie co® | | @cd esit or el iconp |
tubes. In situ filoR0ap éoaes wiaisie fpeEeSrf eStytn& dn gvei tf hi
SPHERDS& remove parctitielclulag s mp albklemvetelde same day
dar k condi trieofnrsi gaenoda tui rbdedgrsenn d ,@fl | t Is & neptd gerse dw eirne

refriger ataark . Acloindi ih € ®sma voop edr ad @ gmadat i on of (o

mi c raonoirsgms, temperature and exposure to solar
Al | sampl es wemwemi eatbled | feidr swti t the ftevror i ngo he t h
replicate (e.g.: the three samples collected

The samplsaawd wedl p#i and conductivity mea-suren
Vis anmdNMR.ast,

| . 4.130ni c properties

pH and conduatidviwi ¥y hwar enuihe a pmo denlet ¥ 8i PG rgh at
Bor mave it hh ppewe snttandalr dbarmad i temper atur e comde nNs a

per f prrneenda laylsli ss;ampl es pH and conductivity wer
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| . 4. Ml uorescence analysi s

Fl uor esta@gsce was gCearrfyo rEmddgd pypeeatth)r of, b siomg mat 0
guart z( QRwpertdeel rieceor d sospeEEWES at i osnawgeel e oot
to 350, with aandnarsmanmfamfe50BEBxm800ati on ano
fixed t omi $@iavme.l ealfgbsOt @M@ Hldn.

Il . 4. BARAFAC

Parall el Factor Andili mensi o lPARIBE&AE]) iodine @inan at
psychometrics, which is getting increasing at
way data are characterized by several sets of

such variabl erseweay!| daganyeatl swing th arrange t
in standard multivariate data sets).

PARAFAC is one of the methods twaat daartea,u sl a ke
algorithm or the Principal Component Analysis

and | oaddeisncgrsi,be t he datwayi nr ess precroa t @0 mdd n sagd ¢

Tucker3 and PCA are very similar one to each
version of Tucker 3, that, in turn,wayanPez2] co
According to this, any dataset that can be moc

by Tucker3 or PCA, bumi mnor tdhegrceesse affs efRiAd&AdAn
PARAFAC can be considered as -wtalye dmasotmproesd ttri iom
the other two it represents a useful tool to
mo d e |

A PARAFAC modadvaly aff rayt hse@i ven by three | oad

a,s a&nfche trilinear model is found t)e imi ntihnei zme
for ™Waaclhurmn of the |l oading matrices (that is a
of the model cafEfe) written as foll ows

F

X % abiGte;« @)

f=1
The model <can al so be wrabh dtehoati nd"cnealtrimexs fnooft
| oading matrices A, B and C respectively:
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X= g0 bd g 2
f=1

The main advantage of the PARAFAC model i's t
there is a known problem of rotational freedo
find pure spectra, c omprlascuwalttisn.g Tthhies imaserpme@r
met hods to obtain more interpretable models o
towards more appropriate solutbaobsdrr doanee ep o c
definedcdspr dpeaer (PIARAFACe trilinear, which is e
components antdooheeri ghitosignal

The fluorewseaeaenal yEENMs with PARAFAC"ubongRi heep
by Puclhé&l3]Altl atthe used programs were open soul

| . 4. @aPki bration curves

Lt rypt of-taynr casnidn sLos utwedasdsea d$podmt | dal i brat
ranging from(pPpRefteor e2ncmg/Wwavel echgkbscobmpoumdad:
Ex/ Em 225/ 350 nm,| ivkhei |eco2ip®ud@sy rHowmwrine e ,fract
guantification was not possible, nor mal i zed F
used as indices for studying the trend.

| . 4. %pectrophodVNometry UV

UWVi s sweercet rraegi €aefA@gg0deendgr aphetctomes ey of t
scans f oprl@®OMh asvaapesifor Medngpuara z( @QRwpertasei | ) v
nitrates andO0 pnpwd yhanteed f yil i°P MBIA It ar v reScltaaat ewav el en
was0dD0 0 wnimmh a $HAOON nrme tma na f

For CDOM also specific wavelength were used
absorbance spectra, with no discernible peaks
organic matter absorptions provides additiona
wavelength is rel atendg[dgha Jmaienlpy elselnaregiorfg atrao m

used as an indicator of CDOM concentration in

Nitrate and phowephatevakloawdtthrasmedg i ¢ kit fc
anal y&kisth contains specwifilt t &gegradsulrdipreoc! ioausm,lk
sol utiloomnspr esepc-ekcdofl onuirt rwaitlel, asppear, with ref
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aB34 nm. For phosphat e, wawhebllea |wiurhe d erfeesruel ntcien
absorptianliat o®a@th, Bmember rawpected.

For nsiitxr asttea,n g appddt assod intenroeni @t s @d et o b uirlad gti neg
0-150 mgotL phosapPhQuwtas, usedsdaweob it |l d adi braheonnt
021 mg/ L

| . 4.S|l apd op S 2@W2 E

The opafSiRo, spéedPempdnd t he ab s;ofve truisognde xk a mi o e E
CDOMegr adatthbner ati on.

SR is defined as the rat?295bgmwansn tthree sdlopee
350 and ;4hMHOE@E)NSEF

_ S 73595

* S 5000 ®
Th@Rlependsmsmodmrectuheafr @WECEWOM MW hi gherhivgahleure
presence of | ow weight CDOM VvV alodSeRsgpswalilnyo hi

t hcease & r e s hwhait lées 1i h hceacssfe mar i ne or estuarine w
in the CDOM hMWIiod wed etgar & d 4 teihdarsi giieh$eR/ a || 1b.el |

The sshop.8 She spectral slope calculated bet w
CDOM degr adadedbsn:r ellcateerd S o0 t he presrequarei o f mati
comparatively indidcadrn eagg @af CDOM adhsbithn d imgvewd s | I
mol ecul ar wei gwith ICPOOaw, d g pri eenlmifyc pa it eficéhdejmo rc a |

The: FEs the ratio bet ween. talbhsaosr pbteieonn faotu n2d5 Ot oc
with average mol ¢ &dllarg avreii @ hrmha totfe rCDaOtM hi gh mol
wavel,andgtelcy g ddseeansn & | ower degree of degradat

sour ces

Cal cul ation of these parameter's fwas Rp e rdf eovrent

Massi dotst]al P.t he used programs were open sour
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Il . 4.%8-NMR

H-NMR spectegi wisemgd a Bruker 600 MHz spectr
Bi otechnol ogy, Chemistry and Pharmacy (Univer
using the software TopSpin v3.6.5 (E Brwekeer B
accomplished by wusing the software THBdNSRI n vV
spectra were acquired by a common pul se sequer

~

256 scans,ow epetOrppmwi ad90A pulse of 8.1 Os

Samples for NMR analysis were psamai ed B9O0mk
of deuterated waterd4-0@®m3 ameR2 hgtl 8t 8Fdo wt end6pil 8}
in a 5 mm NMR tube.

TwoH-NMR spectra of humic acid molecul es wer

nmrdb.org", in order to identify the differe
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| . 5 RESULTS
l . 5.4lH anodnducti vity

Tabl{lee pspHt and c¢ aamrsd uvacvteirvaibteyead fu etshd MMoseaoh ¢
sites epxHthivoa btoeede a8 , with the only excwlpitd lon
are stRelgardinmgect i showegduoatirodgnsdsmlites i & .e

Site 1 2 3 4 5 6 7 8
pH 7.69+ 0.26i 8.15+ 0.02! 7.89+ 0.02 8.10+ 0.02 8.06+ 0.02 8.04+ 0.02 8.03+ 0.05 8.07+ 0.01]
Cond.
(us/em) 732+ 30 | 882+ 14 | 935+ 6 1016+ 1 | 1027+ 3 | 1049 6 | 1042+ 18| 1055+ 4
pS/cm

Table I-1 Average pH and conductivity for each site.

|l . 5. Rl uor eanc@ad rycsa s
| . 5. PARAFM™ el

The EEMs of the samples obwaeceedewitthd twhe hf
subtracti on, R@amarnmanloir zman g czdaddei aonfs t RRammdanm dUn i t
intensities by theubht ewp bséaentpd eegd R eneesmoavmd k o0

consecontewvpol ati on.

Thexci temi senh o 03 p @@tcsihaeslaonpd aefk & r, t i cciud taird gzumi s h a
t hneat oft dos ilt.€Ri glulrpd mpe nesriaginnatle g iatdiuend iy a s M2 e
t gid.e
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The PARAFAGqubarmeldEEMs decomposition was cal
(Fi glulrpe, al so the corwaesl adteittoeor ndendelde @he t hiedne F 1 W
highly correlated components cawedetde ctag ® iorw e
of EX/2EB®50/-400 nnm3 23030 /-400 naowmmponent 1, i dent i
acixdzdz2530/-BRB nm -290@/-BX noeo mMpomeandr r2e,spardei ng
t ryptloipkhea nfr2E8200-8B200 nm2aBhA0 /-420 n mo nfpornent 3
associtytrealdiikme®e compounds. None of the componen:
t he oOFRihgdutrgédu mi ¢ and-l tfikneg ¢rioapshualsit e d piors icrioordreer | aat tei
Pear sbn648 = whicl &. O®&dmponente xthiamidt €ed mpeoalk nrne Ba
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Figure 1-18 Components of the PARAFAC mad€bmp 1. humiclike fractionComp. 2tryptophadike fractionand
Comp. 3tyrosinelike compounds.
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Comp.1 Comp.2 Comp.3
0.06
0.04
Corr: Carr: g
0.648*** 0.309 =
0.02
0.00
18 L]
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Corr: 8
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25 ¢ e ° .
L ] [ ]
20
16 9
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ame® % e n®Fy
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Figure I-17 Pairwise scatterplot matrix showing the relationships between the three principal codgmbifiedisom
river water sampldsiagonal panels show density distribution between the three compdmeeritgpanels show Psan
correlationswhile lowechartsreportscatter plots with regressiondine

PARAFwW&Espp!l i ed t o dseacnopnhpegse sElBEMSs p © hFReiegdulreg
with the relative residual s.
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Figure 1-18 Decompose@missiorexcitation spectiaf each sample according to PARAFAC model.
Rel atmowmit each ,dempohedt on ffdfuos @mrguaensagd nEEMS
Fi gulraenTa bli2a@ se rpc e.mMthag ed o mi n & rotr farl awcatsieaggmp é € snt e d
componentl ilk e( hcupompcoehd v ar i at iwint hwaasn oibnscerrevaashilr

site 1witbhsthe 8pnply -exkeptbompoohds y( odsentaeecstt eedh
only in site 1).
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Figure 1-19 Relative amounts of the three components in each sample
Sampling site

Compon| 1.1 1.3 1.3 2.1 2.4 2.3 3.7 3.23.3 4.1 4.7 4.7
C.% 38.133./]40./ 69./65.| 67.] 64./68.]l 70.] 70., 60.] 57.
C.% 18.,25.|16.|22.,26./23.|27./23.]21.{]21.] 29.|] 33.
C.% 42 .| 42.| 43.| 8.9 7.9 8.1 7.6 8.7 8.6 8.(0qQ10.| 8. &

51 5 2| 5 3| 6.1 6.2 6 3| 7 1| 7. 2| 7. 3| 8 1| 8 2| 8 3

C.% 68./ 68.l 70./ 61., 64./ 65.|56./] 64.] 64.] 59.] 56.|] 59.
C.% 23.0 23,1 22.|27.,25.]23.]31.]25.]26.|29.]31. 28.
C.% 8.98.9 7.411./10./10.{12.]10.] 9.7 11.,12.11.

Table |-2: Relative amountf each component present in samgigsessed gercentage.

Fi gu2BheWwDOM composisal ong c hTaheeg eidrwictriead @ f (

t yr dsckeemp o gonmapso n)efnrton8 si twad f olao vaeésdniatst nenady
The exacha pgpédpro sti it eéa ucrlii sc& e o fcor napca n)eomivi(inhc raeBads%e
passing from site 1 to site movwisghiTeeyS8su-bpkgn
| i ke aomopuonnpmtesBhigati gti ons, irtess uletl eadtiiigytet admu
trend along the course of the river
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75

—=—C1%
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G0 ]
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45 |
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Site

Figure 1-20 Longitudinalrend of each componeetpressed as percentage.

Il . 5. EDOM mponent trend and quantification

For each compendnbacrost sepwophieglgriBadtthe scal i br
curves for tyrroessiugetoanidni’nkep@pdd ywdétRe appl i ed fc
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Figure |-21 FDOM components trends and quantification

St ar t ihrugnifer canhied e f | u o raeesxcpernecses e dn taesn sniowiansasl i z
an evident fimemesaist ewgl htreelneli bal §, exception of
3. The normali zed fdfuroorne sac emicrei munnt eanfs i @ .i G4 irm
0.96 in site,the Atattehe cohegibersiermd¢eael obemarn wh

waas const antte stnchrdegamslet.gblt si gnic0i 0aphtotlamdmntena
only between siteb]l SHBreabtesl @asbhyg, 3si seté& 4
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I n t he <cas el ickbemp o,y htdregprathonrieee t er 0,g ecncerocuesnt r at i«
from 0. O070.plp7/ml puspmalos er vabl e & ercaomidd sachdert cd o dll
byn aupdavwe havViromr site 4 to 5, thewgkonAenwatae
test showed significant dif flaerkenace mpro utnhBes daern
site 2 -&@ndsistig & dnndd ,siltaesst-86y, site 5 and site

Fotyro$i Re compocoa@udsrati oaf admbraent er dvemr eacsf ma
tryptloipkheanrmaadtrimgm 0. 09 (site 2) ppm to 0.26 ¢

from si twafsbltlowadtstyna | ndt estewmicgrailf isdaret 8d
in the concent4 akieocompoumnymsdiv je8h,svest nt es-82f easnildt es
3 and8sisese65 and sites 6 and 8, and, | astly

I . 5. BMWiamal ysi s

Theompl et sp€EPOBAO onfm)t heamemp Iresp o dindaodt apsr o vhiec
any wgdeafidilinéowamati on for the analysis due for

the river water .

The concentration and trends of nbBHtgl2ezeand (p
Fi gle2r3e

|l . 5. Bhadsphate and nitrate trends

I n the casé¢Fiogikrpehobphamags mum concentration w
minimum in site 5, with a concentTrhewessmnl eocafr 0
downward trend from site 1 to site 5, foll o
concentr atliiomea rTitpessiag éntcan gshitgendi f i cant di fferenc
phosphates only between site 6 and sites 5 an
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Figure 1-22 Phosphate®ngitudinal trendf Foci river Concentrations are expressed as mg/L.

Il n the case of niweriaet es ,r darhgee cofncenI rppmohsi
Fr ofm gli2r3ean be seenia capicféerndmadietasvé® hamd t g iatt e
amouwnutadd, ipl Powed by a -tdeesagrseda ieqligg rnir feindantT di |
concentration of phosphateist d e@,wawridt 8, esaltbdgsn

l astly, $Hitathdé and sites
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Figure 1-23 Nitrate longitudinal trenaf Foci river Concentrations are expressed as mg/L.
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| . 5. GDOKMY nadmorgeted o p 8 2R WM2Z2 E

Absorption at 254 nm,wixthhi ba tneadx ianmu bt hne¢eribegalisei ensg
[-2HAcr oss t hheewsasu @jye neirtaé twn thtee gosnil nyg etxrceempd i on
4 t o 8§ ,hacwh@nrdeeamnrdea s e
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Figure I-25 Slope ratidgrend acrossversites

BotSh.ra.nlE: HFi glu2r6E i gli2rye x hi bh ¢ elHeamaeyvai ocuornst ant i
across samplteh sihtee first ftihiFerest lpigphteo we vag & h e ¢
measured in Eifgeatilqg iwiigied xdiofi,t yBoafh riwedeeex esso L
accordance with slope ratio, suggesting the p

Figure 1-26. Sope 302322 nntrend acrossver sites.
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