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Recent sludics have revealed differences bc[wccn Ihe nuorescence speclra of 
coasta l and open sea watc r. Wc in vcsligalc he re the eX leni 10 whic h abio tic 
paramelcrs sU(:h as pH. ionie slrenglh and concentration of dissolvcd Ouorescent 
malter could be related to this phcnomenon. Fi rst. pH errect was addressed alone. 
Second. a 2~ factorial expcrimental design wns used to estimate the individual 
an d/or combined CO tHribu tion of the pa ramcte rs mentio ned above to the 
spectroscopic characteristics or di ssolved organic maHer represcmcd here by the 
Suwannec Ri ver Ful vic Ac id . High pH variat ions mod ify Ihe spectroscopi c 
çlwracleristics of organic mallcr botlt qualita!i ve ly :md quamiwtivcly and those 
effcc ls secm to bc re lated tO the dissociation of Ihe major runctional groups (e.g. 
carboxylic and phenolic). General rcsul ts show tha! each of the abovc mentioned 
paramelers affects dissolved fl uorescent malter suflïcicntly to generale slight 
mod ifi cations in its speclntl rcsponsc. Tltese mod ificlllions could be rclated 10 
confonmni onal changes and/or macromolec ular weight redistribut ion of ful vic 
ac id struc tures . The observati ons suggesl that abiOlic paramele rs could be 
part iall y responsible for the spectral differences observed ill situ and must be 
taken into <lccoum when studying the biogcochcmical behaviour of di ssolved 
nuorescent rnauer through estuaries. 

OC('(lIIologÎm ANa, 1991. Proceedings of the Int ern ational Colloqui um on the 
environment of epicontincntal seas, Litre, 20-22 Mareh. 1990, \'0 1. sp. nO Il . 275-284. 

Conlribulion des paramètres physico-chimiques sur les propncles 
de nuorescence de la rn alière organi4ue dissoulc sous condi tions 
estuariennes simulées 

Des différences ont été réccment observées entre les spectre.~ de lluorcscc nce 
d ' un miltériel typiqucmcnt continental ct d"un matériel marin. Nous élUdions ici 
l'I nfluence dc!> paramètres ab iotiques co mme le pH. la force iuniq ue e t 1:1 
concentrati on dc mat ière fl uorescel1le disso ute sur œ phénomène . Da ns on 
I)rcmier Temps les effets du pH ont été abordés isolement. Deuxièmemcnt. nous 
avons util isé unc méthode des plans d 'cx périence du type 23 po ur estimcr la 
con tr ibution isoléc c t/ou co mbinée des Irois paramèlres considéré s sur les 
caral·téristiques spectroscopi<jues de la matière organique dissoute représentéc ici 
par l'acide ful viquc «S uwan nce River». Le!> variations impon :tnt es du pH 
peuvent inlluencer qualit:l tivernent (posit ion du maximu m) ct quantiTativcment 
(i ntensité) les spec tres de fl uorescence de la matière organique. c t ces effets 
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semblent êlre en rel:uion avec la dissoc iaI ion des groupes fonclionnels les plus 
import:ll11s (e. g. c :lrbox)' l ique~ el phénoliques). Les résu hals généraux mOlllrenl 
qUI: dlat un des paramè1res cho i si ~ affec lCnI sullh ammenl ln 1Il ~lIi è re lluoresc(~ l11e 

disso ute pour mod ifi e r légè remenl sa réponse spect ra le . Ces modi fiCat ion s 
po urra ie nt ê lre assoc iées aux chan ge me nt s de conformat io n e t/ou il la 
redistributi on des mas~s moléculaires de ces macromolécules. Ces observa t ion~ 

s uggère nt qu e le s paramètr es abi o tique s pourra ient ê tre p.mi e llem en t 
re~ l}\ lfl ~ab1cs des diffé rences speclrales observées i/1 si/II . et seraienl corrélés au 
compo rt ement biogéochimique de la matiè re fluor('.~ce nr e di s~o llt e dans les 
estuaires. 

OCI'{II/ologi("a Aera. 1991. Actes du Colloq ue 1111emalionill sur l'en\'ironnement des 
mers épicol11 inentales. Lille. 20-22 mars 1990. \'01. SI). nO Il . 275-284. 

INTRODUCTION 

Di ssol ved o rganic matter has been Ihe subjeet of man)' 
studies during the lasl twent y years in mnrine walers. duc 
to its major contribulion \() Ihe global carbon budget of Ihe 
ocean and 10 mnjor biogeoche lll icai processes su(:h as 
complexalion of Ill c lal s (Salir and Webe r. 1982) and 
pholOc hemical reactions in iliated ria li ghl absorplion by 
Ihese naluml subslanees (Mopper t'/ al .. 1986). ParI or Ihi s 
mate rial fluoresccs when irradiated with ultra violet light 
and thi s pro pe rT y ha s been w idel y used 10 s Tud y 
biogeochcmic:d cyd es involving dissol ved organic Illnllcr. 
especially al the comillent/ocean imcrface. Linle work has 
been perfonned in ope n marin e wat e rs duc \0 Ihe 
increasing difficulty of measuri ng t1uorescence paramelers 
of sampl es wilh very low level s of fluorcsccnœ . MOST 
studies pcrfonlled in geneTal on estuarine o r coaslnl waters 
are based on s.ull ples prcscming a signitïeanT amount of 
fl lloresœnl di ssolved orgnnic materia!. Pnrmneler.. llsuall y 
considered wcre onl)' rdated 10 Ihc fl uorescence intcnsity 
nteasured al a lïxed exc itation and emi~sion wave lcngths. 
DccTeasing linear plols bctween fluorescence inlcllsity and 
sali nit)' have bcerl expl:lined as a TCS UII or The conservati ve 
hcha viour of fl uore~cem organ ic lllaleria l during eSluarinc 
mixing (Berger t!I al .. 1984 ). 

Recentl y. a hi gh-resolution and sensiti ve eqllipment has 
enabl ed li.' 10 examine the qualitati ve aspec ts of low
fl uorescent marine water~. Anill yses of the full spectral 
~ ignature of tluorescence emi ss ion of di ssol vcd organi c 
malter ha ve show n Ihat signifi cant diffe rences cnn be 
found bcTween spectroscopie char:lc lCrb lk .~ of lerreslri al 
and marine material s ( Donard et 01 .. 1989) . Ihe mO~1 

importnlll of Ihese being: a blue ~ hift observed beTl\'een Ihe 
(·oa., tal :Lnd marine w:ner fluorescence speclra onl y when a 
3 I1In exci tation waveknglh is used. 

Two extreme altern:lIi ves could aÇ(:ounl for the di ffe rences 
ob!>c fvcd b<l ~ed on changes of The Illolec ul ar Slfuc tufe: 
ei ther a) marine :md tcrrc!>lrial organ k malfer are origi na l1y 
di ffc rent . re~uh ing in n diffe relll fluoresccnC(' !>i gnalurc: or 
b) fl uorescent Illnril1l' ui~~olved organic maller resulls from 
t:Onli nentally derived maleri al which i~ bingl'Odlemically 
al tered during it!', tran'port Ihrough Ihe estua ry. Proce~ses 
,uch a~ pholoc hem is try. CO lllp lc xilt iun wit h metals. 
flocculaIÎon /predpitation. increase of l' II and of ionic 
~trcng t h could be responsiblc for the.'c tran~fom13lions. A 
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Ihird :lltcmalive cou ld be That the speclral respon~c of Ihe 
same material is rnodilïcd by the draslie physico-chemicill 
changes through the eSlUar)' wilhuul any alteration of its 
cherniça l strUClure. 

According to Park e r ( 1968 ) . Ih e nuoresce nce 
spectroscopie propcrli cs of a given Illalerial arc strongly 
ucpendclll on the inte raction of the c rn illin g molecules 
with th e ~o l ve nl molec ules and it is kno wn that th e 
ph ysic o- che rn ical charac lc ri s ti cs of the aqu at ic 
environmelll thange draslicalJ y during csluarine mixing. 
\Villey ( 1984) h<ts observed a slight fluorescence intensiTY 
incrcase in th e ve ry low salinil )' ran ge durin g early 
eSllIarinc ll1i xing and anribuled thi s phenolllcnon to The 
presence of magnesÎulll. 

ln this sludy we have lIddrcssed the eXTent 10 which abiotic 
paralllcters (s uch as pl-l . ion ic strcngth and concentrat ion) 
co u Id alon c indu ce Ihe s ig nifi canl blue-s hi fT on th e 
Iluorescence spcçtra of the sarne terrestrial orgnnic malter 
during eSluarine mixing. 

ln a firsl set of ex pcrirnenls. the effecl of pH alone Wil~ 

addrc~sed. Second. in order to rellcct the complexiTY of 
the int e rac li o n ~ be twec n vari ous natura l pararnel c rs 
affecting the fl lIo re~ccrll'c ~ i gnal ll rc dllrin g e\!uari ne 
mixing. wc used a 2] factorial expcrimenl to e.'\tirnare the 
combined contribution of the pararneters mentioned abovc 
\() ~imulatc the possible fluoresce nce ~pe{;lr:11 thanges . of 
Ihe S:lIl1e tl uore~ cin g mate rial. like ly 10 oce ur during 
estllarine rnixÎng. 

A factorial des ign of cx pcrilllcnts permiTs s irnlillaneous 
i r l\'c~ tig at ion of the relati ve Îllll>OrtanCC of ditTerent factors 
and their cornbinations on Ihe phenomenon SlUdicd. When 
there are n faC Tors tO be con~idercd . 211 experirnem s arc 
neccss.lry \() rneas ure th e effec ts of ail eOl1l0in31iOilS 
bclweenlhem (Cochran .md Cox . 1957: Box el al .. l '-J7S). 
Among illl portant faclOr!> in e!> tu.lfie~ and open sea waler!>. 
we ha ve chose n here 10 study th e effec l o f pH. io ni c 
~trc llgth (l'. ,~ . sal ini lY) nnd organit matter concenlralion on 
the ~peclro~t'( ) [li .. · d wraclerislics of fluore~<.:C n l di !>sol vcd 
organic mal1er. Thc~c rac\() r~ were chosen becausc Ih..:: )' 
pre!>e nt an im[lortanr grad ienr d ll rin g e~ l ua rine mi:d ng. 
Because of the cornpk.\i ly of e~lunrine prQ('e~ses n/ld Ihcir 
"'omoined inleractions on Ihe paramctl~r~ rncnti oned duri ng 
sen ward tran~port. the t'actorial design is very nppropri alC 
(Donard and Weber. 1985). 



EXPERIMENTAL SECTION 

Rcagcnts and instrumcntation 

A Suwannce River Ful vic Acid (SRFA) obtained from the 
In te rnat ion a l Humi c Subs tances Socie ty (I HSS) was 
chosen 10 represent tcrrcstrial dcri ved mate rial. It is a 
standardizcd matc rial and its fluorescence properties are 
simÎl'Lr 10 those found in continental waters. Information 
on chemical composition are available in an IHSS special 
publication (1986), Working solutions were obtained after 
convenient dilutiuns of a 50 mg dm-) stock sulution made 
from the solid produc i. 

The pH adjustmellts were made with met:Jl -free NaO H and 
HCI (Prolabo) without fUTlh er puri fication. Ali soluti ons 
were prepared wi th Milli -Q wmer. 

The pH values were rccorded with a 1:1cussel Type TS7 
p l'I-mete r equipped w ith a combined glass/calom e l 
elcelrode (Tacusse l XC211 ) calibrated prior tO the pH 
measurement wilh standard buffer solutions of pH 4.65. 
7.00 and 9, 18, 

Absorbance was recorded with a Beckman Act .. MV 1 

spcctrophololllcter wi th a 5 cm path lengtlt ccII . 

Fluorescence measurements were recorded on a Pe rkin 
Elmer MPF-3 spectrofluorometer. This instrument does 
nOI correct spectra wilh rcspectto instrumental wavelength 
depcndcnt funclÎolIS. Excitation wavelcngths wcre al ways 
3 13 and 370 Illll . Raylei gh and Tyndall in tens it y wa s 
measured with excitation and emission wavclengths fi xcd 
al 370 Ilm. 

Absorbance measurcmcnts 

A UV-visible absorption spectru m was recorded for each 
solu tion. MCllsurements were from 220 10 550 nm and 
absorbance inlen .~ il y values were measured al 3 13 and 
370 nm, 

Fluorescence meas urcmcnts 

For a pure compound, thc excitai ion wave length of it s 
cmission fluorc.~ce ll ce spcctrum is usuall y chosen on the 
basis of the ma ximum of absorpt ion of its UV-vis ible 
spectrum. Il has bcen :,hown that nawral water and ful vic 
acid absorption spectTll do not hllve a weil defi ned band 
(Bricaud and S .. thyendrllnath , 198 1: Oonard t't al., 19!!7: 
Ewald e l al .. 1988), but on ly a 1ll0llotonous dec rcasc in 
intcnsity from Ihc UV 10 the longer wave lengths, Because 
of Ihis. the choice of approprialc c.\d tatioll wavelengths in 
n:nural water fluorescence study has been a parti cular 
problem. 

ln the prescnt s tu dy th e 3 13 .lnd 370 nm exc it a ti on 
wave lcngths were ehoscll for the followi ng reasons: the 
3 13 nm w<lvc!ength corresponds to a mcrcury crni ssion 
li ne and ha s already been ernployed by olher aut hors 
(Sluenner, 1~75 : Nyqui st. 1980): his length has proved 10 

he very sensiti ve for fluo rescent dissol ved org.mic malter 
analysis (Donard ('1 al,. 1989). The 370 11111 exci tation 
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wave length (close 10 Ihe 366 nm mercury line) gives more 
intense and narrower spcctra for humÎC substances than 
those obtaincd with shoTler excitat ion wa"elengllts. 

Limits of recording were from 32010 600 mn for spcctm 
recorded with a 3 13 mn exc itation wave length and fro m 
380 to 600 nm fo r spec lra recordcd with a 370 nm 
excitation wavclcngth, Two parameters were mellsured on 
each spectnllll : the position of the maximum emission, in 
nm (qualitative aspect): and the fluorescence intensity. in 
arbitrary units (quantitati ve aspect). 

According to Ewald et al, (1 983). residual SlTay light from 
the exciting monochromator can modify the fluorescence 
signal of ful vic and humÎC acids and shi fl the posit ion of 
the ma ximum o f emi ss ion. Ali fluoresccnce s pectra 
presented in this work were systemalically corrected for 
background scattered lighl (Ewald Cf al., 1983) as follows: 
the Tyndall diffu .~ ion band (exc iuHion and emi ss ion 
wave length s fi xed at 370 nm ) of cach solution was 
simulated by a non fluorescing solution of glycogen. The 
fluorescence spectrum of Ih is solution was then subtracted 
poinl by poin! from thc raw spectrum (Fig. 1), 

Fluorescence intensilY measuremenl.S werc also t'orreclcd 
after normali zution wil h res pect to the Raman band 
intensilY rccorded with Mill i-Q water. Measurcmcnts of 
Ihe posi tion of thc maximum and of the intensi ty were 
only mllde on each spcctrum .. fi er Ihese corrections, 

Detailed effect of the pH on the fluorescence emission 
spectrum were made unde r nilroge n atmosph ere afte r 
careful degass ing of the solution . 

Personal b ia.~ Illay introduce erro rs in the measurement of 
the maximum of emission o r a spectral band as large as 
Ihose showed by rulvic acid nuorescence spect ra (Fig. 1). 
Thesc errors mOly also be enhanced by the correclion ~ teps. 
For the first se t of cx pe rimcllt s (pH effec ts al one) we 

• 
Figure 1 

.... R. w . PtK:tfum 

...,... Glvcogene solution apeet....,. 

- COr.-..: ted .pectnm 

·,Po_UIon 01 MuLmum InftlnsUy 

Em;Js;n" .(,.,rlra 'if a 5 " " '(111111'1' ". ... , [rllur " l'id .JolmÎt", fol .J "'11 fA 
.1",1: Jj 8 Nael ((m '); pli 8: E.n': J70 1I/IIIINf"'t' u",1 ,,/1 .. , ,'()frt'rlir", 
fv' Rm"'''' u",/ Ty",/,,1I5rUllffit'lI . 

Spectres d 'émission d'une solulinn d'ad<.le fu lvittuc Suwannee River 
(4 .5 mg FA dm" : 35 Il NaCI dm'J; pli iC; elle: 370 nml avam el aprh 
corrl'l·. ions ' t nalll c01l11"e de la diffu ~ ion Raman 1'1 dl' ta d;ffu,ion 
Tyndall. 
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considcred a possibility of ex pcrimental crror of ± 5 nm 
for cath measuremcnt. This experimerual error is mai nI y 
due 10 Ihe impor!ant gl)'cogcn correct ion nceded 3! high 
pH values. For the second set o f experimenls. the dcgree 
of reproducibilit)' is dctined Ily the resullS obtained wi th 
four repl icate solulions. In Ihis case. incrca~ing a~·(·uracy in 
the data processing and shoner pH range reduced Ihe crror 
to ± 2 nm (Tab. 2). 

Faclurial experime nl 

For the faclOria! cxpcrimenl. the parameter level s were 
ehosen 10 coyer the range of variation nonnall)' round in 
eSluaries and open sea walers: ionic s trength variations 
were represented by solut ions of NaCI ofO. 17.5 and 35 g 
dm -) arbitrarily dcsigned as low (-). medium (0). and high 
(+) levels . respectively: o rganic matter concentration s 
were simulated by ful vic IIcid solutions (lf 1.4.5 and 8 mg 
dm-) (-. O. + levcls): pH of solutions were adjusted to give 
values of 6. 7 and H (-. o. + Icvcls) units of pH (Tab. 1). 23 

soluti ons were prepared using all possible combinat ion s 
betwcen high- and low- Ieve l parameters. Four Teplicate 
solutions with paraJ1leters at medi um Icvcl (0) were a[so 
prepared fOT reproduc ibility. For eac h so lution. 
fluore scence and absorption s pectra were t he n 
syslematieally recorded and spec troscopic par"meters 
measured. Experi ments were done in random order to 
avoid systematic errors such as those duc to personal bias 
or the aging of solutions. 

Table t 

r",IUJ"I"I.·.l/"",Ùllt·/11 ,le.,iil.lIl""w'It'ln., "Cftllili"" . IS. i"",", ~/"·"gt". 
FA: fl//ric Iwill COII("fIlIl·mÙm il/II/g dll/ ·J. 

Defini1ion ùc~ ?~r~mèlr~ .~ ÙU plan d'expérience faC10rict.lS : force 
ioni<lu~: FA: mocenlr.nion d'acidc fut viquc en mg dm-3. 

Paramelers 

t$ (g or NaCt dm-3) 
FA (mg dm--\) 
pH 

RESULTS 

pH against wa'·elenglh 

Lc\'c ls of variation 

o 
LU 
6.0 

o • 

175 35.0 
4.5 8.0 
7.0 8.0 

The emission speClra of the SR FA solutions werc recorded 
with increasing pH values bclween 2 and 12. for 313 and 
:no nm excitation wavelenglhs. r:i gurc~ 2 li and h show 
Ihese ~pcctra. E,n:h figure presents two maxima indicaling 
that the pH indiv idually Illodific~ the !luorescenee speClra 
both with rc~pcC I 10 lntensltie$ ;"Ind tO the position of the 
maximum of e rni ~~ ion. Th e two maxima for spectra 
recorded with a 31-' nm excitation wavelength (Fig. 2 a) 

are o btained wi th p H 5 and Rand Ih ose for spenra 
rccordcd wi lh a 370 nm excitation wavelength with pH 5 
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and 9 (Fig. 2 b). The variation of 5 nm measured on the 
position of the maximlllll for sl>cctra recorded with a 370 
nrn excitation wavclength is within the cxperimental error. 
Th e most sig nificant modilï~·ation s with respect to the 
position of the maximum of emi ss ion afe observed on 
speetra reeorded with ;In excitation wavelength of 313 !lin: 

thcrc is a shift of 20 mn (± 5 nm) between the spectrUlll 
recorded at p H 5 and that recorde d at p H 8. T hi s 
wavelenglh has already hccn proven to be se nsitive to 
modification s in the spec troscopie ch.uacteristics of 
dissolved fluorescent matter (Donard el al, 1989). 

l-"acturia l expcrimellia i design 

Table 2 shows the evolut io n of spectroscopie paramctcrs 
recorded during the factorial cxpcriment. The major result 
obtained is a blue-shi ft of 9 nm bctween simulated fresh 
water (ex perimcnt 3) and marine water (experimcnt 5) 
condition s. with a 3 13 nm excitation wavelenglh. 

Thc tirst four cxperi mems. which have high fulvie acid 
concentrat ion. present the highest values of fluorescence 
and absorbance intensity, as expected. In relation to the 
position of the maximum of the fluore scence spectra. 
major differences are observed with spectra recorded with 
a 313 nm exci tation wavelength. The lowest value is 426 ± 
2 11111 for experimcnt 5 and the highest value is 436 ± 2 nm 
for e);perîment 2, giving a significanl diffcrence of 10 nm. 
For a 370 nm excitation wavelength. this differencc is of 7 
11111. being the highest val ue of 457 ± 2 nnt for experi mcllt 
1 and the lowesi value of 450 ± 2 nm for expcrimcnts 3. 7 
and 8. No noticeable fealUres are fou nd in the Rayle igh 
intensity SCI of values. 

Table 3 gives the ANQVA resul ts and the signHïcance of 
parameters of the factor ial de s ign for maximum of 
emission. fluore sce nce and absorbance inte ns ity and 
Rayleigh and Tyndall scattering intensity. Underlîned (F) 
va lues are significant at the 95 % confidence level and 
reflel·t the imponance of the factor for the spectroscopie 
parameter corbidcred . The litcrature F value for 95 % 
confidence [evel is 10.13. 

FA 

FA (fu lvic acid concentration ) values are hi gher than 
10.13 ror almost a il the parame te rs measured. being 
cX lremely hi gh for fluorescence intensi ty and very high 
for :thsorbance int ens it y. These results confirm that 
ful vic add concentr:llion i .~ the most significant factor 
for fluo rescence and absorbance inten sities. Fulvi e ncid 
concentration a lsa plays a role in the pos ition of the 
maximum. fo r both 313 and 370 nm excit ati o n 
w:welcngths. It can be seen in Table 2 that for a J 13 mn 
excitatio n w a vc length. dec rea s in g fulvic acid 
concentrations generate a slight blue -shift in emission 
spectra. Solution s 5. 6. 7 and 8 (low ful v ic ac id 
concentration s) ha ve the position of maximum emiss ion 
bl ue-shi ftcd in comparison to ~o lulions Il ith high and 
medi um fulvic aci d concentrations . For the 370 nm 
excitation wavelength. (ulvlc acid concentra tio n has 
lin le effeel. 
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Figure 2 

Thfl', -4iml'nJùllllll plm offlu(/ffsu1I("1' ('m;ssüm $Mf"/ru {}fS"" ·u",,t<' Ri!',f f"Mf" acid Jalt"iQlts (4 mg f ""), d",J) as afltnf"/;QlIlIf pH for {} J I J /lm (la ) Ulld 
a J70 nm (2b1l'XâIllIlO .. '<"In·r/ms/h. fl'spn·f; rl'I)". Spt'rlfa afl' f"(J,rn'ftdfor Raman blanl: wrd Sfra)' liglrf $( (l/ft'f;/lg . EUl"h fi/( llrr prr S/'ms / ... 0 nuuima: Z 
a/A: "-u"rll'/lg/h • ·/.10 /lm ; (F.I . / '" 1./.5: (pli) .. 5: 8 : .. "lIlY/mg/h '" 420 IIm : (F.I .) '" 15.1: (pli) '" 8: 1 b) C: " ·(II·,lmg/h .. 445 nm: /F.!.J '" 17.IJ: (pli) 
. 5: 0 : ,,·{}I·l'll'ng/h . 450 /lm : (F.!.) '" 15 .4: (pli )'" 9. 

H.cpn!sentalion en ,mis dintcmions des specu'e ~ de fl uoresccnce d' une solulion d'uc itlc fulvique Suwulllw:e H.i ver (4 '1\g FA dm-J) cn fone,ion du pli pour 
rC~ci l arion à 313 11111 (2 Il) Cl 11 370 mn (2 IJ). Lc.ç specl res ont élé corrigés pour la diffusion Rallran Cl pour la diffu.~ion Tyud~11. Chaque fi gure pn!senle 
deux ma~imums : 2 al A: w~ve lengrh '" 44() 11/11: (F.! .) '" 13.5: (pH) .. 5: B: wa\"clcnglh '" 420 11/11: (E l.)" 15.2: (pH) '" R : 2 b) C: wa"elcl1glh" 44:'i nm: 
(F.! .) '" 17.8: (pH ) _ 5 : D: wil\"clengrh '" 450 IIm: CF.! .) '" 15.4: (pH) '" 9 

fS 

15 (ionic strength) hm; a statist ically significant effect on 
the pos il io n o f Ihe maximum of spec lru m fo r bot h 
excitation wavelengths. Fl uorophors exci tcd with 370 nm 
see m 10 be re lati vcl y more sensi ti ve to loni c slrength 
changes: F = 54.55 for 370 nm againsl 12.50 for 313 om 
(Tab. 3). Table 2 shows Ihat for Ihe four solutions with low 
fulvic acid conce ntration . at the sa me pH cond itions 
(solutions 7 and 5: solutions 8 and 6) . an increase of the 
ionic strcngth (rom 0 (-) to 35g (+) NaCI dm-3, gcnerates a 
slight blue-shi ft (4 nrn) in Ihe position of the maximum of 
speclra recordcd with a 3 13 nm excitlltion waveiength. On 
the olher hand, spcctra recorded wi th a 370 mn excitation 

1-(/I"/Or;<l1 e.IJlu;'IW/II ' ·l'J,dls. IS: iUII;e JO'(,I/glh ; 1-"A :flll,k m'icl '·l)IIf"I'III,'(uitm . 

wavelength are red-shifted (5 and 3 nm . respectively). For 
the four solutions wi lh high fu i vic ac id content. changes in 
th e pos il ion o f the ma xi mum fo r bo th excitation 
wavciength are not significant. 

pH 

pH is only stati stically signifi canl with respect 10 the 
position of the maximum of spec tra recorded wilh a 370 
nm excitation wave length and 10 the intensi ty of spectra 
rccordcd wilh a 313 nm excitation wavelength. Rcasons 
fOf the nonsignificancc of pH in rellltion to the posit ion of 
the maximum of spectra recordcd with a 313 nm exc itation 
wavelenglh as we il to the inlensi ly of spcctra recorded 

H. 6 uhalHk: r expéricrwx racrurielle.IS: roree iooi'lue: FA: <"orlt.·cntrnliOIl d'3Ci,k: (Illviqlle. 

Max . E m issÎo n Fl uorescen ce Jnl . Ray leigh i\ bsorban l"t 

Exp l FA 15 p li (nm ) (A rb. Unils) ( ATb. Un itsl (t\ r b . Uni tsl x 10-' 

EXf: ,1 13 n m Eu: 370 /lm Exe: 3 \.1 nm 1'::\(: 370 nm E:\c: ,\70 nm 313 nm ,J7U um 

+ + + '" '" 63. 1 76.1 22.0 73.2 3 1.0 
2 + + 436 452 6$.1\ 75.6 15.U 7H.2 31.U 
3 + 435 '30 66 .• 75.7 17.U 80.4 32.2 

• + + 435 455 62.7 70.6 21.5 82.4 35.2 , + + 426 '" 95 10.4,1 17.0 6.4 1.2 
6 + 4211 453 9.1 10.5 16.0 9.2 3.' 
1 + 4Ji) 45. ' .1 9.' 22.0 9.' 4.' 

• 432 45. 9 .1 10.0 16.U 11.4 , .. 
9 CI CI • 432 45' 36. 1 41.2 12.5 42.0 16.11 

JO • u U ' 30 453 37.6 4U 15.0 42.8 16.8 
Il • CI U 432 '" 36.2 40.6 13.5 32.0 11.8 

" • • • '32 453 311.4 42.9 10.0 43.0 17.X 
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SI,III<lù',,1 ji~"ifi,mln' IIf Imrlll/lr/t'rJ. 1.\ . 1",,,1 Ilrr",~I". FA fi"'" Il' 1// ""'''''''''1"1/11//11 Ul/lkrll/wd \",,/,,1'< IIIdl""t' ~1!<'IIJf("III/("" III liw I,J.~ r .. "Ulrjil/"lIrr 
1""1'1. Tlrr lil"rtl/w'i' f '"lI/III'fnl" 95 'N cmrjid,'m·('!t·,·(·I'J /0./3. 

S'gnificauon ~1 ~muqllC de~ Jl;lram~l res. IS: fore~ ,on'<lu~ : FA: conccnrmliOf/ d'a/:ilk fuh ''Ill<:. Lc ~ chiffrt" <QUlign~, mdiqllt'IH un ime .... ·alk de confiaOCt" 
de 95 <f. Uan, la "ntroll/rt la • alt'ur F polir un mre .... allc de cOf/ fia/lee dc 95<. C<;I 10.1 3. 

Plrr:l lllcter i\lax. Emb~iu ll Fluor.1 n' t' n s il~' Ra~ l ci~h Absorbance 
EH! JO nm En: J70 nm E~c: ,, 1.\ nlll b ... : J70 nm EH: J70 11 111 JU /lin J70 '"11 

F. A. Jill!! J.:!M i.22l!.2.\ ~ 1).57 JiZ,.ll ~ 
,. S. !2.~n ~4 ~~ IUt 6.71 1.19 1.3-1 H16 
pli 800 1ill ;l;.;.l 2 . 1~ 9.68 0 .25 0.111 

"A·'S ·uo '.06 1.15 2.2t! Il.35 O •• ~ 0.00 
FA· pH 0.r.1 2-1.2-' lM! 2.75 0.57 U.OI 0.1..\ 
IS · pli 2.00 LSl 0.37 5.-15 0.18 0.]1 0 . .10 

l'A· IS·pH H IO 1.n 0.05 .HS 1.59 0.10 U.03 
Lacl: of fi r 0.17 -I . S~ 0.1-1 l .17 = 168 1.97 

Ull/lulll/i'lt \"II/ur< ;'/(111"111" siw,iji"umi' 1111111' 95 'N r mrjid ... ",·., I," ·rl. Thi' Nlrrlllw't' F l'I'/lIr fi,r 95 rA r mrjidi'lIr .. I ....... 1 'J 10./3. 

l.cs chiffre_ <QUlignoi, mdiqu.enl un iunte .... al!e dc confiallCc de '15 'N. Dan. la IllIérJlure. la "alcllr F pour un inro: .... ·aJlc de (onr,a/leo: de 9~ 'N 1"1 'U. IJ . 

wÎlh a 370 mn cxcitation wavelength (oppo!>Îlion of results 
bctv.cc n sel of experimcnls 1 and 2) are nOl complclcly 
clear. but Ihis result could be biascd duc 10 the increasing 
diftïculty of rncasuring p;uameters on speclra l'rom very 
dilulcd solutions and wilh \'Cry large bands. Table 2 show~ 

Ihat speclr.l rccorded with a 370 nm exdtation wavelenglh 
arc red-shifled with Ihe Încrea1<oe of Ihe pl i. In contras' wilh 
ionic sirength effecls. pH cffecls arc o nly observed in high 
ful vic acid COIlICIlI 1<oolut ions (solulion 2 10 J: 5 nm . :md 
solution .110 4: 5 nm. Tab. 2). 

Combilletl fi/cio!'.\" 

Among comb ined factors Ihe onl y combinalion which 
seems to have ~Iati s ti cal s ignificance fo r fluorescence 
paramele rs is the FA -pH pair. Ils e ffccts arc similar 10 

Ihmc gcnerHled by pli alonc. 

"'gure 3 

.-• '" 

43. 
~. 

432 

428 

' .. 

·'· .. C 

"""" 

"' . ... 
""" 

• 
424 '-'----~--_,-::" 

0.0 17. 5 35.0 
Sal inlty (g NaCI dm ' l ) 

One of Ihe mOSI curious findings of Ihis expcrirncllI is Ihat 
Ihe combin:uions FA· IS . IS -pH :lItd IS-pl-I-FA arc nOI 
significam for any of the paramctcrs (:onsidcred. 

Exccpl for ful 'l ie acid l:oncc nlr:nio n. rlOll l" of the factors 
affect ab~rb:mcc intensity for Ihe wavclenglh chosen. 

T he --Iack of fi . ". which ori g inalcs from ANQVA 
calcula. ions. pe rmit s a les .ing o f the curvature of 
experimelilai response surfaces. Significance of Ihe --Jack 
of fiC' lerm means Ihal Ihere is not a lincar response to 
Ihe par:ulll!ICr tesled (Cochr:1I1 and Cox. 1957). Rayleigh 
llnd Tyndall scallering inlensÎty has a signilï canl "Jack of 
fil". indicaling Ihat Ihere i ~ no linearit )' be,wccn pH. IS. 
ltnd FA inereasc or dec reasc :Ind the Ra yle igh ;Ind 
Tyndall illlensÎly. 

Eac h of Ihe abo'le me ntiOlled ractors and/or ph }'~ Î c al 

chcm ical efrecb will he :maIY7.cd and di~{;Usscd sepanltcly. 

E ". 

455 ··--------7'"1 . .... , 
c ..... , 

... •... ,-.. 
449 

0. 0 17.5 35.0 
Sallnit) (g NaCl dm · a ) 

1/l rÙlll(m III ,hi' l'ml//(III f>} 111t' /l1(/'/II/IIIII"f I·III'.U/(/II of ,lrt' f1/1t>rrsi fIIH J/It'Ilra /J a. r .r ./13 "/l'. 3 h. ".1(". Jm '''''1 "1,!Ji' SU"""I1t't' Hi,·t'r fi ,I'R a, Id 

.wI'III'ms 1"1(11'1" llllll.t"'t'd fl"(lll ,,·alrr ... " ",trIllr uml J(""Ulrr {"(mdll/llllj If'" /t.nal r.,."rrllll,,111 r"SIII,s/. 3 ,,' IS = 0 .~ ,\"CI dm'" /. 1 - l'II . .. fA 1.\ .. 
17j ~ SuCI d"'·.! ·"1 0,,11. 0 FA IS = 35 ~,\lIn rlm··1 1_ / - f,I{.· FA. J h · f.\ .. 1) ~ VACI ri",' f . }· JlIf. - f il. ' . 1 "l,If . .. r;.\ . fS" 17.5 ~ .\'tJCl dm 

.. "IU"If .O F/lfS .. '/5~"'<lC/dm".f 1. /-1-pll .· rA . 

V:lrW!lOn dr la IXNlIun du O1:iXnnu01 dc . '1l«l r~. do: nuure-ccllCc (3 (/. r~e.: JU n01: ~ h. e~c.: HO /l1ll 1 d~ l'al'Ide ruh';qllc SU"JlUl<-., fI. ,,·c r dan_ de_ 
'l)IUliol1~ "l11ulam le> condlliOlh dc "~au Uou,·c. de l'cau eSluane"uc cl dc "~JU de mer (r("u ll iu> du plJn d'txpéncncl' faclondl. J ai lS .. (/ E- "aCi dlll 1: 

l. r· pH. - FA IS .. 17.5 g 'aCI dm'.': "10 pli. 0 f,\ IS " J~ ~ ' an dm'\ ,. , _ pl'.·1 A . ~ hl IS .. 0 ~ " ACI dm" (. 1' pH. - fA. ( . ... pH.
FA. IS = 17.5~ 'a(ldm·l . :l,O pll.OfA. IS ... 15g"aCldm' •• I-pll. ·h\. 
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T)'pical frcs h W(l ter and seawater condit ions are simulated in 
Table 2 b)' experiments 3 (pH 6. Og NnCI dm') ,.md H mg FA 
dm ' 3) and 5 ( pH K, 35 g NaC I dm '), 1 mg FA dm ')) 
respectivel)'. Specl ra rccordcd wilh a 313 nm exci tation 
wavelength arc blue-shifted by 9 nm from experiment 3 (435 
nm) tu experimem 5 (426 nm). while Ihose rccorded with a 
370 nm excÎt:tlion wavelenglh are red-shifted b)' 5 nm (450 
nm for experiment 3 and 455 nm for expcrirnem 5). These 
variations arc visualil.ed in Fig. 3 Il and b. In these figures 
wc ha ve also representcd the resuh s from cxpc rimcnt 4 
which simulates general fresh walcr conditions al pH 8. For 
a 313 nm excitation wavclcngth. resul ts from cxpcrimems 3 
and 4 are similar (Fig. 3 li). The point at 17.5 g NaCl dm'} of 
salin ity corresponds to Ihe arithmctical average of the rcsuhs 
from experimenls 9. 10. II and 12 and rcprescnt s typic:,1 
mid·cstuarine conditions. 

DISCUSSION 

pH effect ulone 

Fulvie acids are weil known tO exh ibit Iypical weak acid 
1>oIyelectrolYIc propcrties in aqueous solu tion (GambIe. 
1970). The ion ization of the functional groups responsible 
for the fluorescence signal. resulting from changes in pH. 
allers the molccular geometry in the excited Slales (P:trker. 
1(68) and Ih is phenomcnon could bc rcsponsible for Ihe 
modification ~ in the inten s it y and/or pos ilion of the 
ma:dm:l observed in Figures 2 fi :'Inn h. The raet Ihat Ihe 
two maxima a re not al Ihe sa me pH values for both 
excitat ion wave leng lh s could indi cllle tha t diffe rent 
fluo rophors ,Ire bcing excited with these IWO differe nt 
wavclengths. We will discuss reasons for Ihe occurrence of 
Ihese IWO 1l1a .~iJlla. 

Laan c ( 1982). working wit h a 365 nm Cx<:iJ llli o n 
wavelenglh, has :ll ready found s imilar relationships 
bctwccn fluorescence and pH for eSlUarine walcr~. He 
observed two slopes in the plol of nuorc~cence intcnsity 
vel'lius pH. al pli 3 and 8. ,lIld :llIribmed Ihe occurrencc of 
Ihc firSI slope around pH ~ to the ionizatior1 of ammonium 
and/or phenol groups and Ihe second ~Iope around pH 3 to 
thc ionization of s ulphonyl and/o r e:lrboxylic acids. 
Schn itzcr and Kahn (1972). u~ing chcmica l and physieal 
melhod s of charac teril.:lli on, ha\'e '\hown Ih al humic 
s ubs tan ces co n!> i!> 1 of a Ihrce ·tl imens ional arrl!y of 
aromal ic ring s with numerou s func tiona l grou ps of 
differenl :u. __ id strcngth 'Hld side cha i us. These periphcral 
group." are responsiblc for specifie chemieal rcaetivity of 
Ihe organic maller, and control ilS geochemic<tl bch<tviour. 
By I>otentiometric acid·base and nonaqueous tilrations. 
o the r aulhors (Gambie. 1972; Pobiner. 1983: Andres ('/ li/.. 
19K7: Ephr<tim. 19H9) hilve shown Iha t among these 
functional groups, two general Iypes of c.!rboxyl group.~ 
arc present: ca rboxy l groups which :I re on the :lrol1l:uic 
rings ortho to hydroxilic group.~ and arc <luite ac idie: antl 
morc weak ly aeidic carboxyl groups. which arc not ortho 
10 phenolie groups. The pKa values for hydroxybcnmie 
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acids are as follows: orthohydroxybcnzoic acitl. 2.97 and 
13.40: melah ydrox ybenzoic ac id. 4.06 and 9.92: and 
parahydrox ybenzoic :lCid. 4.4R and 9.32 (Hand book of 
Chem ist ry and Physics. 1969170). The rirst values are 
relative tu the dissoc iation of Ihe c:trbox)'lic group and the 
second to the di ssocialion of Ihe phenolic grou p. It is 
beyond Ihe purpose of Ihis work tO specify which of those 
chemical structures are responsible for the fluorescence 
s ignal cmincd by fulvic ac ids: but compari son belwee n 
thesc values of pKa and the maxim:! observed in Figures 2 
(1 and b ind icate that fl uore sce nce paramelers are 
influenced by Ihe pH of dissociation of al least IwO selS of 
major functional groups. taking into account the em. .. cts of 
ncighbouring grou ps interaction on the numerical values 
of thesc weak ae id constants. 

Factnria l ex pcr imenta l design 

FA effecls 

One the most ev ident findÎngs of this expcrimenl 1S that 
sol utions with low ful\'ic acitl concentrati ons have the 
position of the maximum for a 3 13 nm exei l:.lIion 
wave lengt h bl ue-shifted in relation 10 those wit h hi gh 
fulvic acid content s. One poss ible explanalion for titi s 
phenomenon is Ih31 spect ral responsc!> are modified by 
interactions between ncighbouring fu ncliona l groups of 
fulvic acid macromolecule s in Solulion. Ghosh and 
Schnilzer (1980) reported thal above a c riti cal 
concentration (3.5 10 5.0 mg cm-]) humie and I"ulvic acids 
behave as rigi d polymers or spherocolloïdes due to the 
lack of space to ex pand Iheir stru ct ure . The hi ghes i 
concen lrmion (8 mg dm']) U!iCd in Ihe present work Is 
large ly bclow this critÎeal value. indicating that (when FA 
concentration is the on ly factor eoosidered). ful vic acid 
molecules are present in !>olulion as charged fl exi ble linear 
colloid s. At hiflh co nce ntrai ion s. a dcc rca se in Ih e 
intermoJecular diSlances of thcsc macromolecules cou Id 
favour in te raction s such as hydrogen bonding, Van der 
Waal's forces , and reac t io n ~ be tween free radical s. 
provoking aggregation. These aggreflates have rcd-shifted 
the pos ition of the maximum in relation tO the origina l 
structures. Berger (1984) and Ewald /'/ al. ( 19HH) work ing 
wi th fulv ic acid of microbiologieal origin havc observed a 
red-shi ft in Ihe posilion of Ihe masimum wilh illcrcasi ng 
rnolccular weight (exc.: 370 mn ) al' ter ul trafiltration. The 
red-shift. :II high concentrat ion!>. observed in Ihe rrc~ent 
work co u Id be .lI lribut ed 10 inlerna l quenchin g of 
nuorescence re~u lting from internai energy loss wi .hin Ihe 
FA molcculc!>, whose molecular wcighl has increased by 
aggregation. In tli lute so luti oJis. inle rm olccular charge 
effee ts cau~e thcse lllacrOlllolecuks to repeJ cach olher and 
li tt le lIggregate s are form ed (Swift. 1989). Origina l 
strUCIUTC!> then present an overatl :-.nt:lller molecul:!r weighl 
distribution Icading tu a slight blue ·shift again. Spcctra 
recorded with a 313 nm excitai ion waveJenglh seem 10 oc 
more affecled by FA effects than Ihose recorded wilh .. 370 
nm exci t:llion wa\'e lcngth . We h:lve alrcady rnentioncd Ihe 
hiflher sensi tivity (lI' the 313 nm excitation wilvclength 10 
delccting evenlUal qualitalive va rimions in fluorescent 
organic maller (Don:lrd 1' 11I1 .. 1989). The reason~ for this 
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could be Ihal differelll nuorophor" arc bc ing cxc iled by 
these two excitation wavelengths. 

' (J//Îe 51/'(,lIg ll1 ('.ff{,(,IS 

The !>Iati~tic al .. ignificance of IS could be explained in tenns 
of the modifications in Ihe :.il.e di:.tribution of fuh'ie ae id 
TIlolccule" in .. olulion caused by in termol eeular charge 
effecis. ln Ihe follo\1 ing t'ùll\i(]crations we have agOlin to 
a:' ."ullle Ihat fluo rophors cxe itcd at 313 and 370 nm are 
essentially differcnl. At:cording 10 Swift (1989). the addilion 
of an eleclrol)'lc in a solution of polyeleclrol)'lcs gen!;";.! tc:. 
Illolecu lar a:. ... oe i:l1i on. Thi s !;" ffec i rc:.ul t:. from Ihe 
ncutralization of Ihe negative charges and the come4ucnt 
rcduction in Ihe intemlolecular coulombic repulsion (Rashid. 
1985: Swift. 19X9). If salt concentration b :.ufticient ly high. 
precipiwtioll of ;tssoc iated macroll1olecules eall occur. l l tc-"e 
l'he nome non could ha ve spectrtl :->copic opposite effecls. 
Similar 10 tlw t::I...c of thc concelllraiion eITl .. '!;"'. an increase 
in moleeu le sizc cou ld induce an internai quenching or 
cncrgy los-" of f lu oresce nce wi th in the FA molecul es. 
resulting in a red·:.hift. On Ihe other hlmd. the di fferemial 
remol'al of longer w3ve lengt h ~ emilling fluo rophors by 
sculing will rc~ult in increasing the rclalil'e ctmc!;"nmuion of 
shoner waveJenglh emiuing fluorophors Ihus leading to an 
overall blue-shift. Spectra recorded wilh a ]70 ml! excitation 
ll'avelenglh SI.:em 10 bc more influenced by thc first effect. 
and SpcClr:l recordcd with a 313 nm excit:l1 ion w.tve length 
more by the second. One possibilit y is Ihat thi ), phenomenon 
affects onl)' pari of ful l';c acid macromolecules. Fulvic and 
humic acids are known 10 be polydi:.pcrsc molecules and 
then to exhibit a gmdient of rnolecu lar weight), in solulion 
(Reuter and Perdue. 19X I: Plech:mov. l C)R1). ror which 
differcnt:e-" in Ihe absorbance and Ouorc . ..ccllce propenies of 
th e variou s frac t io ns can be roun d (G ha s!.emi and 
Christman. 1968: Levesque. 1972). Components of IOll'cr 
molecular II'cight flu oresce more int cn:.e ly pc r uni t of 
absorbance (S lcW:lrt and Welze !. 1980) and havc th e 
emi~~ ion SpcClr:t blue-shi ftcd (Uerger. 198-1) in cornparison 
to Iho,e of highc,t molecular weighl. For Su\\allnee River 
full':ue. Beckelt ('1 al. ( IYX7) round a molecular Iwighl of 
860 \Vith a distribution betwccn 300 and up to 10.000. \Ve 

suggest thal lhe high macromolecu lar weighl Siruclure), are 
rclati\'cly more affected by ion;t· ),Irenglh changes and would 
contributc mmtly 10 fluo rophors ~e n :.i ti vc 10 370 nm 
excitation wal'elenglh. Fluomphors excÎted \V ith Ihe 3 13 mn 
excitation wal'elenglh would ralher he rdated to smaller ~ize 
distribution co mpon ent s. Table 2 s how :. Ihat these 
phenome na are on ly ob.,erl'l.'d in Ihe so lutions wi th low 
fu ll'ic acid C01l1ents. Reasons for thi s fact could bc due tO IS 
effects are ovcr îo.lnged al high fui vic acid concenlrations by 
the fuh'ie acid concentration effee'" Ihemsc lve ~. 

p l'I ('.ff1/('15 

Part nI' the explanation for the shilh ob<"erved eou ld once 
again be relaled to changes in the macrolTloll'cular ,ile 
di'Irihu tion of the full' ic .. cid in .. o lutioll. De Haan 1'/ al. 
( 1983) !'> ludying pH effecls on ~oil and :L4ual ic ful l' ic acids 
have round Ihat an incrca"e in pH illcreases ilS rnolecular 
IIcight and ,i/e. This effeet llla) tx: duc to Ihe fae l thal 
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undcr more alcaline cond itio ns the addi c runc tional 
gro up s ioniLe. produc in g nega l ilcly-charge d ~i te :.. 

re]lClIing cach other and maint:li ning thc nmll'(: ule in a 
stretehed ~hllpe ( R:l ~hid. 1985). Thi, effeet resuJt~ in the 
red·shift ob~I!TI'ed wilh a 370 nm exd tation wliveienglh . 
Change~ in the pos itio n of Ihe ma ,.; imum of ,peClra 
recorded \Ii lh a 313 nlll excitation wavelenglh are nOI of 
~I .. Ii stie;J1 importanc('. Al ail el'enlS. the rcsu lt ~ oncc more 
~ ugge:.l that different fluorophor, are bei ng exci led by 
these IWO diffcrt:n1 w:lvc lengl hs. Innuence of pH on the 
Illo lecu lar di mensions of ful l'ÎC aciels is confinned by the 
almo SI ~ ignifi c anl F va lu e of Y.oK fo r p li e ffec t on 
Ray leig h and Tyndall sc:tl1ering. T hi s ph olOphy sica l 
phel1omenol1 results frorn lhe incrca .. ing sile of l1luleculcs 
in solulion. 

Comhifled (1fi'av 

The non -s ignificance of combincd factors could be 
explained in tenns of competitive phenotllella. A par.!meter 
rnight oc rcg:lrded as nonsignificanl ei ther because il has no 
re.tl interaction in the process or becausc it has opposite 
rc-"ponses lI'il h res pect lU Ihe IWO olher variables . As 
menlioncd :Ibol'c, increasing IS . FA and pH seem to bc 
re-" pon s ibl e for lhe eonfor mation a l chan ges in humi c 
s ub slan ce .~ ei th er by coi ling or expandin g the 
macromolecules. or by promot ing ib agg regation. One 
could CXpcCI Ihe combi nation bctween thesc parameters 
rathe r to intensif)' the effecls. In practice. a blue-shi ft is 
obscrved wi th spe~·tra recorded wilh a 3 13 nm exc itation 
wavdcngth and a rcd- shift i:. ubM:T"I'ed in speelra recorded 
wi th a 370 nm eXt:itat ion wal'elenglh lI' ith Ihe increase of 
Ihe IS (rom 0 to Jj g N:LCI dm·3 and a red-shirt is ohserl'ed 
in spcctm rccorded with a 370 n111 excitation wlll'eienglh 
wi th the increa...c of the pH from 6 to X. Rcasons for th is 
have been discussed above. Paradoxiç;tlly. a blue-shift is 
observed in spectra reeorded wi th a 313 nm ex c ilation 
wal'e leng th wil h Ihe deerease of the fui vic acid 
conec lltr:ni on from 8 10 1 mg FA dm ·3. No noti ceable 
e ffect~ on 370 nm exc itation wa l'e length speclra arc 
nbscrved in thi s ca),e. Thesc faels can be intcrprcted in Ihe 
~ensc that fac tors considered do nm bchave in :t cumulati ve 
manner but arc rather competiti ve when expe riment a l 
cunditions are changed from low 10 high lel'el:.. l lib effcci 
could exphli n the non-signi fica Ll('e uf combinai ions like 
FA-IS. FA· IS-pH or el'en FA-l'II (wilh rcspct'I \Cl "pectra 
recorded with a 3 13 mil excilatiun wal'elenglh). IS and pH. 
on the other hand. ~eem to genemte Ihe saine kind of effect 
on Iluorescence speClra. Howel'er the IS-pl'I pair ha:. no 
Lllore statÎ"lit'al significance for lhe parameters considered. 
One possible reason for Ihis is tllat ionic slrt:ngth effecls are 
on ly ob~erl'ed in dilule ~oIUlion ~ \l'hil e pl-I e ffec ls art: 
observed in eonccntralcd solutions. The overall effeci of 
lhe !;Ouple i ~ Ihen m3sked hy Ihe full' ic acid concentration 
effeel. 

The abOl'e consideration .. reflec t the cornple>. it y of Ihe 
~y~tem. In fa ct we ma)' re~ume the gencral phenoLll!;"non " .. 
li compeli lion of t\\O ba\ic processes which .Ire ~eparate ly 

exemplified hy choosing: tll O differe nt Il ave lcngth .. . 
El erythitlg ~~'nh hehal'e around confonnalional change~ 



a nd macromomec ular wcight redislr ibu tion withi n the 
fui vic acid macromolecules. 

BiogeothemÎwl Împ!imfÎo/l s 

The spectral shifts observed in 313 and 370 nm exci tation 
wavele ng th spe c tra rould re s u lt fr o m co mpe titi ve 
phenomena oecurring with dissolved fluo rcsrent matter 
during estuarinc mixing. aggregation and conseq uen t 
precipitation. Humie substances comaitute 50 \() RO % of 
the organic malter in natural waters (Rash id. 1985) and are 
considered to be in great meas ure respons ib1c fo r thci r 
nntural f1uorescencc (Visser. 1983; [wald el al .. 1983). 
T hey arc heteropolycondensates wi lh molecular wcighls 
ranging from a fcw hundred to several hu ndred Ihousand 
(Rash id. 1985). After analysis of Ihe faclod'Il cxpcrimcnt 
results. we suggest that the fo llowing events eoncern ing 
the molecular weight distribution of fluorescent dissolved 
matter oceUT through estuaries. Simulation c hanges in 
ionic strength. pH and concent ration during eSlU arine 
mixing generate the aggregat ion and precipitation of the 
largest maeromoleeules leaving differentially the smaller 
ones in solution. Sholkovi tz (1976) had already observed 
flocculation and precipi tation of di ssolved organic malter 
during estuarine mixing . These phenornena have oPJX>site 
effects on fluorescence spectra. The firs t could accounl for 
the red-shi ft observed in 370 I1In exc itation w:tvelength 
spectra; while the second is rcsponsible for the blue-shift 
measured on 3 13 11111 excitation wavelength fluorescence 
spectra. ln natural samples. while no syslematic red-sh ift is 
observed in 370 nm exc itation wavelength speclra (even if 
shifts higher than 5 nm are found from one sample \0 

another) goi ng from frcsh waLer to 0iX'n st!:a water (Donard 
el al .. 1989). the blue·shift measured on spcctra recorded 
with a 313 nm excitation wavclength is as large as 30 nm 
(Donard el (JI .. 1989; de Souza·Sierra ('f al .. 1991). These 
results suggcst that abiotic pararneters considered here are 
only partially responsible for the differences observcd. In 
th e environment at hi g h pH. Ca++ and Mg++ 
concentration s s ho u ld enhance the organ ic matter 
f1 occulat ion processes (Ryilll and Weber. 1982; de Souza
Sierra e/ al.. 1990). 

CONCLUS IONS 

The results of the prese nt s lUdy indicate that pH is an 
impo rt a n t factor regulating the s pectroscopie 
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c hara cteris t ic s of di ssolved orga n ic malter bO lh 
qua litatively and quantitatively. These modifications 
should be relaled to the dissociation constant val ues of 
major func tional groups (carboxylic and phenolic) present 
in fLilvic acid structures. If the pH range is restricted 10 that 
found in cstuaries and open seawater (6.5 tu 8.3). these 
modificat ions are relatively less important. 

Major result s from factorial ex perimc n ts s how that . 
individLially. each of the abiotie parameters considered 
may induce sl ight modifications in the o rga nic matter 
spectra l c harac ter is ti cs but they d o not behave in a 
cu mulati ve manner. T hese modifi cati on s sec ms to he 
related to conforrnat ional changes and/or molecular weight 
redi stribution of fui vic acid structures. 

The blue-shift observed in spectra reeorded with a 313 nm 
excitation wavclength during facto rial expc riments is 
largely below thm measured in natural water sam ples. 
indi c:lt ing that the spectra l s hift observed betwee n 
continental and marine waters cannot accoun! only for the 
changes of the physico-ehernical envi ronmcntal conditions 
but could also be related tO d ifferences in the qua1ity of 
continental and open sea organic matter and/or important 
structural modifications duri ng estuaTÎ ne rnixing. 

Finally. due tO the high variely of chemical and physical 
factors present in cstuaries and which are likely tO modify 
organ;c matte r spec tral c haracterÎs ti es. res ult s from 
faetorial ex perimellls which take În account only thrce 
abiotic parameters cannol be consi dered as definitive. 
Howcve r the extens ion and the type of modifications 
observed in spectra recorded wi th a 313 and a 370 nm 
excitation wavelength when changing abiotic parametcr 
condilions emphasize the crit ical ilSiX'ct uf the dluin: o f 
the excitatio n wave length in nalUral waters Iluorcscencc 
analysis. Th e study of the e stuarine behaviour of 
fluore sce nt o rga n ic matte r should be bascd o n Ih e 
recon.J ing of the full emi ssion spectra ilnd using severa! 
excitation wavelengths, 
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