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Abstract

The light absorbing fraction of dissolved organachon (DOC), known as chromophoric dissolved
organic matter (CDOM) showed wide seasonal variatia the temperate estuarine zone in front of
the Po River mouth. DOC concentrations increasaa fivinter through spring mainly as a seasonal
response to increasing phytoplankton production #ramohaline stratification. The monthly
dependence of the CDOM light absorption by saliratyd chlorophylla concentrations was
explored. In 2003, neither DOC nor CDOM were limgagorrelated with salinity, due to an
exceptionally low Po river inflow. Though the CDO&bsorbance coefficients showed a higher
content of chromophoric dissolved organic matte2@4 with respect to 2003, the spectroscopic

features confirmed that the qualitative nature BfOB/A was quite similar in both years.



CDOM and DOC underwent a conservative mixing, cafer relevant Po river freshets, and a
change in optical features with an increase of dpecific absorption coefficient was observed,

suggesting a prevailing terrestrial origin of dissd organic matter.

1. Introduction

The general circulation in the Northern AdriaticaS®&lA) is characterized by a northward current
along the eastern coast and a Western Adriatice@urfWAC) flowing southwards along the
western coast. Near the Po River delta the stratiin persists throughout most of the year
(Artegiani et al., 1997). The structure of the peurdepends on the discharge rate and the
stratification of the water column, resulting in xmaum offshore extension under high runoff,
strong Bora wind forcing and summer stratificatigviauri and Poulain, 2001). The Po River
freshwater may flow southward along the shelf giteening the WAC (Malanotte-Rizzoli and
Bergamasco, 1983) or cross the shelf extending ribvigtria in the central basin (Mauri and
Poulain, 2001). In particular, during periods ofakestratification, in absence of wind forcing,
vortices constrain fresh Po river waters to a seatll flow along the Italian shelf (Otliet al.,
1992). In contrast, during periods of stratificatigarticularly in spring-summer, the Po freshwater
plume spread across the basin to the Istrian doaftrm a front that divides the northern basin
(Franco and Michelato, 1992; Jeffries and Lee, 200he extent of Po River inflow and wind
forcing, therefore, modulate fresh water (FW) peatadn in the NA (Kourafalou, 1999; Jeffries and
Lee, 2007). Dilution processes are the main factortrolling dissolved and particulate organic
matter concentrations in the mixing zone of Po R{Pettine et al., 1999 and references therein).
Many efforts have been devoted to understand tbsohlied organic carbon (DOC) cycle and the
role of chromophoric dissolved organic matter (CDQNI the marine environment (Blough and
Del Vecchio, 2002 and references therein). Thetaba®ne, especially in areas adjacent to the
estuaries of major rivers, is a marine environm&here key biogeochemical processes occur

(Hansell and Carlson, 2002). DOC represents th@migction (60%) of riverine organic matter



(Spitzy and Ittekkot, 1991); in addition, a localusce of autochthonous DOC from phytoplankton
and bacterial activity may be observed in the negidluenced by freshwaters (Sempéré et al.,
2000; Raymond and Bauer, 2001). The estuariesfar oharacterized by high mixing rates that
make it difficult to discriminate between differeBfOC sources (e.g.: Stedmon and Markager,
2003). As CDOM is the most important sunlight-absog substance in the sea especially in the
UV and blue region of thepectrum (Ferrari, 2000 and references thereinpptgcal properties
provide information on DOM as a whole and on DO&cfions which are fundamental for studies
on organic matter and carbon fluxes in aquatic ystems (Bacastow and Maier-Reimer, 1991). A
fraction of CDOM consists of a mixture of aliphationd aromatic substances deriving from the
degradation of terrestrial and aquatic plants (Ki%94). This material contributes to form the tigh
absorbing fraction of DOM and its absorption isosgest in the UV region, restricting the
penetration into surface waters of biologically @@mg UV radiation and protecting phytoplankton
and other aquatic organisms (e.g.: de Mora eR@00) but, at the same time, limiting the in depth
production because of its shading effect (Stedni@h ,e2000).

The aim of this work was to investigate the wirtespring variations of dissolved organic matter
and its chromophoric fraction in the temperate a&ste zone of the Northern Adriatic in two
periods (during 2003 and 2004) characterized bwyifstgntly different Po river inflows, in order to
elucidate its origin and composition. Correlatimmong DOC, CDOM and physical-chemical

parameters were also discussed in terms of praxéessaved.



2. Material and Methods

2.1 Sampling

Water samples were collected at 6 stations onrsér from the Po Prodelta eastwards (Figure 1)
from February to May 2003 (ten cruises) and frorbriary to June 2004 (ten cruises). Surface
waters were sampled using 5 L Niskin bottles. Watanples for DOC and POC analyses were
filtered through Whatman GF/F, precombusted at @8@t 4 h. 100 pL of HgGKl g L) were
added to 10 ml of the seawater sample for DOC cwasen (Cauwet, 1999). About 2 L of
seawater were filtered on Whatman GF/F for chloytiph (Chl a) analyses. All samples were

stored at —20 °C until analysis.

2.2 Analytical procedures

Temperature, depth and salinity were determined 6D probe (Conductivity, Temperature,
Depth, SEA BirdElectronics - SBE 25). Vertical Cpibfiles were performed at all stations during
cruises in 2003 and 2004.

DOC concentrations of seawater samples were mehsisiag a Shimadzu TOC 5000 Analyzer
and a 1.2 % Pt on silica catalyst at 680°C. Paias$iydrogen phthalate was used as standard. The
reproducibility of the analytical procedure washiit 2-3 %.

POC was determined with a CHN Elemental AnalyzetdClarba Mod. EA1110, after acidification
with HCI (1N), to remove the inorganic carbonatacfron. Acetanilide was used as standard. The
reproducibility of the analytical system was lower than 2 %.
Chl a was extractedn acetone 90 % and determined by UV-VIS ATI Uniceivi2 double beam
spectrophotometer (Parson et al., 1984).

UV-Visible spectra of CDOM in waters were recordedm 280 to 800 nm by UV-VIS ATI
Unicam UV2 double beam spectrophotometer with quadils (5 cm) using Milli-Q water as

blank. Data were expressed as absorption coeftsiar 2.303A/L, where A is the absorbance



at a given wavelength and L is the path length gtems. A baseline correction was applied by
subtracting the absorbance average value at 650 nm.

The absorption coefficient of CDOM at 355 nm (aCD&dwas chosen (Blough and Del Vecchio,
2002), as the specific wavelength of 355 nm coesidith the pulsed frequency tripled Nd:YAG
excitation laser currently used in shipborne antiasnhe laser fluorescence spectroscopy sensing
(Ferrari and Dowell, 1998).

aCDOMgy at 280 nm was chosen because it is the speem@m where aromatic substances
(Traina et al. 1990), which are mainly of terrestadrigin as lignin, absorb.

The slope of the absorption spectfpowm, describing the rate of decrease of CDOM absanmptio
with increasing wavelength, was extracted from ahsorption data using an exponential decay
curve fitted to the plot of absorption, (™) versus wavelengti\J over the range 350-480 nm. The
Scpowm parameter was calculated according to Green amaigBl (1994):

)= Bpr)E SeooutAo

where A, = 480 nm is the initial wavelength, a®powm is the fitted parameter (rith for the
exponential decay of,avith increasing\.

Nutrients (ammonium-NH, nitrite-NOy, nitrate-NQ", orthophosphate-P® and orthosilicate-
Si(OH),, were analysed spectrophotometrically (Parsomas,e1984) by a Technicon TRAACS 800
autoanalyzer. Dissolved inorganic nitrogen (DIN)svealculated as the sum of the NHNO, and
NOs™ concentrations.

The salinity is expressed on the basis of the UNEB®$€ctical salinity scale (PSS 1978).

For the graphical representations Grapher 7 (Gol8eftware Inc, USA) was used. Statistical

analyses were performed using Statistica 6 (Stald&A).



3. Resultsand discussion

3.1 Poriver inflow

During the period 1918-2004 it has been observad tthe Po river flow regimen was generally
characterized by two main periods of high rateaite Ispring (May-June) and autumn (October-
November) and by a minimum in summer (July-Augusbjese variations are due to the seasonal
rainfall in the drainage basin and to the meltihgrws on the mountains in late spring. The mean
daily inputs of the Po River in 2003 and 2004 amorted in Figure 2long with the average flow

in the period 1918-2004.

During 2003, except in January and February, theivg flow was lower than the 1918-2004
average, whereas in 2004 there were two main fteshd=ebruary {3000 nis') and May (>5000

m® s%): this implied that higher salinities were obserdairing 2003 than in 2004,

The stratification in front of the Po mouth wasitea to the coastal waters during the winter-spring
period of 2003, whereas in 2004 the plume reachwd dentre of the NA basin and the
discontinuous discharges caused the advection op&d16 offshore. Therefore the salinity vertical
gradients (Fig. 3) were more marked in 200& (= #4) than in 20034S = 3t4). The situation
observed in front of Po delta is in accordance withstronger warming of stratified surface waters
observed in spring 2004 in the NA with respect @2 which determined also a higher stability
(De Lazzari et al., 2008). Moreover, the highereridischarge of 2004 caused a more relevant
eastwards spreading of the plume than in 2003 awerl salinities (<35 psu) were observed near
the Po prodelta. Lower rainfall precipitation andher salinities during spring-summer of 2003
were observed also in other areas of the Adriaieli¢ et al., 2006; Grbec et al., 2007) and are
supported by the more than 50% lower than averd@&3t2004) Po inflows in spring of 2003 (Fig.
2) and by the lower content of fresh waters obskemehe station in front of Po delta (fig. 4a).

The surface water temperatures ranged betweemd.3&2 °C in 2003 and between 5.5 and 21.8
°C in 2004. The colder temperatures were obsemvdeebruary in the less saline waters of the Po
river plume as usually observed in the Northern i#dr (Russo et al.,, 2005). The highest

6



temperatures due to the seasonal warming werededoon May 2003 and June 2004 in the
shallowest coastal station. The descriptive stesigbr the parameters measured in surface waters

are summarized imable 1.

3.2 Chlorophyll aand nutrients

The average and standard deviation of &bbncentrations with statistically significant @ifénces
between the two years are reported in Table 1.

Chl a concentrations were on average 4 fold higher bd2@an in 2003 when an increased nutrient
availability sustained a more relevant phytoplankiomass (Table 1). The monthly distribution of
Chlain the 2003 and 2004 (Figure 4b) years showed tagitentrations in the last period of 2004.
The highest value of the Chlin the last period of 2004 was probably due to gqlankton
bloom of Cerataulina pelagica, stimulated by the nutrients carried by the P@ri{Socal et al.,
2008). The monthly Cha concentrations plotted as a function of salinity2003 and 2004 (Figure
5) showed a negative linear relationships betwddra@nd salinity in March 2003 and 2004, April
2004 and May-June 2004. This situation is typicalbserved in the NA when thepring runoff
determines an increase of Ghtoncentrations (Barale et al., 2005, Mauri et24Q7).

Relevant relationships were found between &€bhd orthosilicate concentrations in March, April
and May-June 2004 (Table 2) but were not obsem&D03. Considering that the influence of the
Po River was weaker in 2003 than in 2004, the rimputs significantly increased the primary
production and consequently the amount of orgarmittenin the basin.

The concentration of dissolved inorganic nitrogBiN) was on average higher in 2004 than in
2003, reaching the highest values in winter 200/ Bad the same trend of NOwhich was > 76
% of the nitrogen forms. Higher NHconcentrations were found in 2003 (Table 1) whichld be
due to a more intense bacterial degradation, emldamy the higher winter temperatures. A
significant negative relationship (p<0.05) has bemmd between DIN concentrations and salinity

showing that the major amount of nutrients wassjpanted by riverine waters.



3.3 Dissolved Organic Carbon

The main fraction of total organic carbon in theteva was the dissolved form both in 2003 (mean:
86 %; range: 67-95 %) and in 2004 (mean: 78 %;eanf-95 %); the lowest values in 2004 were
observed in February when the Po flow was low. Mbnvariations in DOC concentrations in
2003 and 2004 showed lower concentrations in wiater higher in spring (Figure 4c) following a
trend typical for the northern Adriatic Sea (Giaati al., 2005). The gradual build up of DOC
accumulation proceeds from spring to summer whénbsisin scale seasonal circulation structures
link the eutrophic western part with the oligotrapleentral part of the basin. The cyclonic re-
circulation cause the transport of DOC producethecoastal areas to the off-shore regions where
the system has low bacterial growth efficiency dmy DOC utilization time (Polimene et al.,
2007). Significantly higher DOC concentrations2i@04 with respect to those observed in 2003
(Table 1)could be a consequence of the major input of Pelrag well as of the exudation/release
from the more intense phytoplankton blooms assediatith a higher retention of FW in the NA.
Mixing diagrams of concentrations along the sajimgitadient were used to infer the net effect of
estuarine processes. Concentrations of DOC wetteg@las a function of salinity for the different
periods of sampling (February, March, April and Maye) in 2003 and 2004. The fairly linear
plots corresponding to March 2003, March 2004 amyNune 2004 indicate a conservative mixing
of the dissolved organic matter during these perigagure 6).

A positive correlation between DOC and @hin February, March and May-June 2004 (Table 2)
highlights the contribution of the intense phytadn biomass, following which extracellular
polysaccharides probably represent a relevantidractf dissolved organic carbon (Decho, 1990).
This is supported also by the increase of dissobartiohydrate concentrations which are observed

during diatom blooms in the NA (Ahel at al., 20G%laeferences therein).



3.4 Chromophoric Dissolved Organic Matter

Values of chromophoric dissolved organic matte2®4 were on average higher than those found
in 2003 (Table 1), with the highest values in Mayd 2004. The absorption coefficients showed a
significant statistical difference between the tygars (Table 1). The mean aCD@jlylabsorbance
coefficients significantly (p<0.001) increased frabt6 m' in 2003 to 2.2 i in 2004; these
aCDOMgpvalues were similar to those found in coastal veatérTuscany by Seritti et al. (1998).
Similarly the mean aCDOMsabsorbance coefficients also increased from 0'3m2003 to 0.5 m

1 in 2004 (Table 1). These values for aCD@Mall in the range (0.4 - 1.1 ™) reported by
Rochelle and Newall (2002b), for coastal areafitnGhesapeake Bay.

Sub-monthly variations in aCDOM in 2003 and 2004 (Figure 4f) could reflect thesprece of
considerable amount of chromophoric dissolved aoyaratter of continental origin derived from
fluvial input. Nevertheless the contribution of texa@lly transformed algal exudates, especially in
the April and May—June, during the strong rivemi$o(Figure 2) and intense phytoplankton growth,
cannot be excluded.

The analysis of monthly data revealed significamreations in May—June 2004 among salinity,
DOC, aCDOMg, aCDOM;ss and Chla samples collected after the Po freshets (Table He
same was not observed in the previous months (&epApril, Table 2). The trend of aCDQOM

is related to land proximity as the highest aCD@Ms usually observed in freshwaters and
estuaries and decrease in coastal and offshorersv@Btough et al., 1993). aCDOM and
aCDOM;ss were inversely correlated with salinity in May—&u2004 (Table 2). The linear
dependence between aCDOM and salinity (Figure @)dcbe interpreted as the result of the
conservative mixing of terrestrial CDOM. A similaehaviour is usually observed in periods of
higher river input, lower solar irradiance and sfiGation breakdown (Blough and Del Vecchio,
2002).

Despite the fact that a significant fraction of th®C is not associated with CDOM, a positive

correlation was observed between DOC values andOM[h May—June 2004 (Table 2). This



observation was also reported by several authooslgvek et al., 1995; 1997; Chen., 1999). The
amount of non-absorbing DOC in May—June 2004, pxleded by the intercept on the DOC axis
from the positive correlation between aCDgdyand DOC at aCDOMs = 0, contributed to 86 %,
of the average DOC concentration of this periocer&fore the incidence of the absorbing fraction
was assumed to be 14 %. The estimation from aCR@Bave a 23% of incidence of the
chromophoric fraction on total dissolved organithom in the same period of 2004.

Considering all of the monthly cruises, there was significant relationship between CDOM
concentration and Cla concentration in almost all periods of 2003 an@4£@xcept for May-June
2004 when both aCDOM, and aCDOMss were correlated with Cld (Table 2) and salinity (r = -
0.932, p<0.001). These strong relationships weobgbly a consequence of the mixing process,
both due to the input of fluvial-terrestrial chrophmric organic matter and possibly to bacterial
reprocessing of the algal organic matter producethb phytoplankton. Recent research pointed
towards a microbial source of CDOM in the aquatnwimnment and led to the hypothesis that
phytoplankton is not a direct source of CDOM buttbacterial reprocessing of DOM of algal
origin is an important source of CDOM (Rochelle-Ndivand Fisher, 2002a). The lack of observed
relationships between aCDOM and @htoncentration has been reported in other workés(ixeet

al., 1998; Rochelle-Newall and Fisher 2002b) and slupports the hypothesis that CDOM is not
directly released by phytoplankton.

Whereas in both years a seasonal increase of D@Cwiinter to spring is evident (t test, p< 0.05),
the same is not true for aCDOM which has a strorngeability on the ten days and monthly time
scale (one way ANOVA, p<0.05). This suggests thate is probably no seasonal accumulation of
CDOM in the surface waters as this fraction is mabéle than most of bulk DOM.

The specific UV absorption at 280 nm can be usedirasndex of the proportion of humic
compounds as a strong linear relationship exidisdsn the molar absorptivity at 280 nm and the
aromatic content of water-soluble fulvic and huramds (Chin et al., 1994). On this basis, the

riverine transport of terrestrially derived CDOM1#fn Po River was probably the dominant delivery
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mechanism by which CDOM entered in estuarine ardtad waters of northern Adriatic Sea. Also
in other marine environments, the contribution bfoenophoric matter could derive from a large
fraction of humic compounds of fluvial or terreatrorigin (Blough et al., 1993), even if the role o
bacteria in reprocessing DOM of algal origin andducing CDOM is not excluded. According to
Twardowski et al., (2004in situ production of CDOM in terrestrially dominated watenay be
evident only under a relatively stable water masstaining a high level of phytoplankton but a
relatively low background of terrestrial CDOM.

A significant positive relationship between aCDgdand DIN (Table 2) found in May-June 2004,
could derive from DOM photoproducts (Moran and Zed®97) or by intense microbial
degradation (Coble et al., 1998 and referencegitileiCDOM, when photolytically degraded, can
be a source of dissolved organic and inorganic camgs such as Nffand PQ* (Bushaw et al.,
1996): actually a strong relationship between aCD&@M NH (Table 2) was observed in May-
June 2004. The absence of linear relationship tv@DOM and phosphate in all the investigated
periods of 2003 and 2004 could be due to the loncentrations of phosphate in both years.
Though the riverine inflow was higher in 2004, tiréhophosphate concentrations did not increase
as they were probably immediately taken up by piigiakton. In 2004 the DIN/PQratio (Figure

4) was much higher than in 2003 probably becausge pihosphate consumption limited the
assimilation of the DIN. The reduction of the phosfus load in the Po River water (Pagnotta et al.,
1995) and a significant increase in the DINjR@&tio in the NA surface waters was observed by
different authors (Rinaldi et al., 1998; Degobbisak, 2000). Earlier research indicated that
phosphorus was also the primary limiting elementhea NA prior to the reduction of its load
(Chiaudani and Vighi, 1982; Degobbis and Gilmarif90). The lack of P§ could play a role in
the CDOM accumulation by limiting its microbial degation, as it was shown that phosphorous
exerts a limiting role on bacterial DOC degradatiorthe NA (Zoppini et al., 2005 and references
therein) or, by favouring, its transformation doghie enhanced alkaline phosphatase (lvancic,et al.

2009).
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Probably a concerted action of phytoplankton areddsa concur to form CDOM as phytoplankton
provides substrates that heterotrophic bacteriaga®into coloured compounds (Rochelle-Newall
and Fisher, 2002). Moreover, the presence of bicébdpy-products (e.g. nutrients) could stimulate
primary production (Bricaud et al., 1981) and se@og productivity (Nelson et al., 2004).

The spectral slopeS{pom) was determined to improve the information abdwt nature of DOM
chromophores and quite similar values in 2003 &@#i2vere observed (Table 1). The values in the
study area are similar to those reported by Babial.e(2003) for the Adriatic Sea. The high
variability of Scpom values in the two years and the absence of liredationship betweeBcpom

and salinity suggest a non conservative behavib&gsom. This type of wide variability irs at

low CDOM concentrations has also been reporteditiee studies (Blough et al., 1993; Stedmon et
al., 2000). Possible reasons for the increasdaindard deviation in the slope coefficients S are
photodegradation and bacterial utilization of CDCdd,both these processes have been reported to
have a flattening effect on the slope (Stedmon.a2@00 and references therein).

The low values of specific absorption coefficie(@CDOM), at 280 and 355 nm, obtained by
normalizing the absorbance at the specNiper unit of DOC (Table 1), could be due to the
occurrence of low molecular weight compounds and &womatic carbon content as found by
several authors (Chin et al., 1994). Similar valoésa*CDOM at 280 and 355 nm have been
reported by Seritti et al. (1998) for the estuaane coastal waters of the Tyrrhenian Sea. Changes
in the optical properties become evident only inyM#04 when the low salinity of waters

determined a 30 % increase in specific absorbtioefficient of DOM (1.80.1 m?gC* for

a*CDOMygoand 0.40.1 nmi’gC* for a*CDOM;ss, respectively).

4. Conclusions
The Northern Adriatic waters in front of Po Riveeaharacterized by variations in hydrological
and physical processes which strongly influence dissolved organic matter dynamics on a

monthly and sub-monthly time scale. A seasonaleiase from winter to spring of DOC was

12



evident in both years of study, whereas the chrdmnop fractions did not show a seasonal trend
similar to that of DOC, possibly because of itsligb

The relatively scarce riverine input in 2003 magamt for the less significant relationship found
between DOC and nutrients concentrations, whereashigh values of DOC were probably a
consequence of the increased freshwaters inpues.nidrked depletion of inorganic phosphorus
probably limits the microbial degradation of DO@yduring its accumulation. CDOM values were
much higher in 2004 than in 2003 and the spectmecéeatures showed that the average
gualitative nature of CDOM was quite similar in Ibotears. Only after relevant freshets can an
increase of the specific absorption coefficienetalace.

The contribution of UV-VIS absorbing DOC in May-&8004, after the Po freshet, was estimated
to be 14-23% of DOC. The lack of relationships esw CDOM and Chh concentrations in both
years, with the exception of May-June 2004, couhgply that the phytoplankton is not a direct

source of CDOM, whereas bacteria could play a eglexole in the CDOM production.
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FIGURE CAPTIONS

Fig. 1 - Sampling stations.

Fig 2 - Daily average inflow of Po River in 2003daP004. Av 1918-2004 = average inflow in the
period 1918-2004; av 1918-2004+sd = average inflowthe period 1918-2004 + standard

deviation.

Fig. 3 - Variation of the vertical salinity gradie(between bottom and surface) at increasing

distances from the coast.

Fig. 4 - The seasonal distribution of Fw, DOC, @hDIN/PO,;, aCDOM,gp aCDOM;s5in 2003 and
2004.

Fig. 5 - Plots of chlorophykh (Chl a) vs salinity (2 m) in different months of samplimy2003 and
2004.

Fig. 6 - DOC (L-left) and aCDOMs (R-right) plotted as a function of salinity in tlgfferent
period of sampling (February, March, April and Mayune) in 2003 and 2004.

Table 1. Average values for salinity (S), freshwdtew), temperature, dissolved organic carbon
(DOC), chlorophylla (Chl a), nutrients and spectroscopic characteristics DO®! in 2003 and

2004, highlighting the significant differences beem the two years.

Table 2. Linear correlation coefficients betweenaCBOC, salinity (S) and absorption coefficients
(aCDOM) during winter-spring of 2003 and 2004. $igant correlation (p<0.05) is in bold.
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2003 2004
Parameter Units n Average SD n Average SD t test
p-value
S 59 36.3 4.4 60 34.6 2.3 <0.001
Fw % 59 4.9 4.6 60 10.1 6.0 <0.001
T °C 59 10.3 3.0 60 10.8 4.9 ns
DOC UM 59 114 36 60 155 31 <0.001
POC UM 59 18.3 9.7 60 50.6 43.7 <0.001
Chla pg L 59 1.06 0.76 60 4.27 5.49 <0.001
P-PQ* HM 59 0.08 0.06 59 0.05 0.07 <0.05
Si-Si(OH), HM 59 3.80 2.53 60 6.65 5.25 <0.001
N-NH,* ny 59 1.47 1.35 60 0.71 0.90 <0.001
N-NO, HM 59 0.41 0.23 60 0.76 0.37 <0.001
N-NO;y HM 59 8.86 8.90 60 14.92 10.83 <0.001
DIN pM 59 10.74 9.52 60 16.39 11.16 <0.001
aCDOMgo mt 56 1.6 0.6 56 2.2 0.9 <0.001
aCDOMsss mt 47 0.3 0.2 56 0.5 0.3 <0.05
a*CDOM,s m?gC* 48 1.2 0.6 55 1.2 0.4 ns
a*CDOMass m?gC* 48 0.3 0.2 55 0.3 0.2 ns
Seoom - 10° nm? 31 20.4 5.9 34 20.7 5.2 ns

Table 1



Table2

February 2003 March 2003 April 2003 May 2003
n r p |n r p |n r pIn r p
aCDOM 455 VS S 12 0.101 ns. |24 -0.042 ns. | 6 -0.153 ns. | 6 -0.382 n.s.
aCDOM g, VS S 12 -0.218 ns. |24 -0.345 ns. | 6 -0.799 ns. | 6 -0.965 <0.005
DOC vs aCDOM s 12 0.017 ns |24 -0.317 ns | 6 0.046 ns. |6 -0423 ns.
DOC vs aCDOM 4 12 0174 ns. |24 -0.116 ns. | 6 0.004 ns. | 6 0.013 n.s.
Chla vs aCDOM 355 12 -0.292 ns. |24 0.285 <0.05| 6 0.084 ns | 6 0.344 n.s.
Chla vs aCDOM 4, 12 -0177 ns. |24 0410 <0.005| 6 0.407 ns | 6 0.598 <0.05
DOC vsChla 17 -0.469 ns [24 0202 ns |12  0.307 ns. |6 0357 ns.
Chla vs P-PO,* 16 -0.449 ns |25 0442 <005(12 0421 ns. |5 0612 ns.
Chla vs Si-Si(OH), 16 0.49 ns [25 0524 ns |12 0416 ns. |5 -0.800 <0.05
Chla vs N-NH," 16 -0.373 ns |25 0.263 ns |12  0.159 ns. |5 -0.043 ns.
Chla vs N-NO, 16  -0.407 ns [25 0354 ns |12 0594 <0.05] 5 0.06 ns.
Chla vs N-NO;’ 16 -0507 <0,05|25 0.507 <0.05] 12 0.650 <0.05| 5 0.011 n.s.
aCDOM 455 vs DIN 11 -0.260 ns. |25 0.212 ns. | 6 -0.143 ns | 6 0.520 n.s.
aCDOMgssvs N-NH* |11  -0353 ns |25 0513 <001|6 -0652 ns |6 0.180 ns.
February 2004 March 2004 April 2004 M ay-June 2004
n r p |n r p |n r pIn r p
aCDOM355 Vs S 19 -0.307 ns [12 0026 ns |10 1608 ns [12 -0.853 <0.001
aCDOM gy VS S 19 -0.443 ns |12 -0.023 ns. |10 -0.150 ns [12 -0.946 <0.001
DOC vs aCDOM 555 19 2975 ns |12 -0.275 ns. |10 -0.365 ns |12 0546  <0.005
DOC vs aCDOM g 19 0346 <005|12 0.138 ns |10 0.185 ns |12 0544 <0.005
Chla vs aCDOM g5 19 0355 <005|12 -0.370 ns [10 0492 <005/12 0564 <0.005
Chla vs aCDOM 19 4969 <0.001f12 -0.059 ns [10 0.141 ns [12 0590 <0.001
DOC vs Chla 23 0577 <0.05| 12 0.886 <0.001] 11 -0.638 <0.05112 0.649 <0.05
Chla vs P-PO,* 24 -0.025 ns. |12 0128 ns. |11 -0029 ns |11  -0.05 n.s.
Chla vs Si-Si(OH), 24 0134 ns. |12 0.705 <0.05( 11 0.728 <0.05{11 0.858 <0.05
Chla vs N-NH," 24 -0.251 ns. |12 0.636 <0.05|11 -0.016 ns (11 0.822 <0.05
Chla vs N-NO, 24 0649 <0.005] 12 0.599 <0.05]11 0.604 <0.05{11 0.926 <0.05
Chla vs N-NO;y 24 0578 <0.005| 12 0.140 ns. |11 0.517 ns |11  0.241 n.s.
aCDOM 455 vSDIN 22 -0174 ns |12 0.364 ns |5 -0.013 ns |11  0.723 <0.05
aCDOM 55 vs N-N H* |22 -0.188 ns. |12 0.142 ns |5 -0.445 ns (11  0.888 <0.001

n.s.= not significative
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