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ABSTRACT
The study on dissolved organic ligands capable to complex copper ions (LT), surface active substances (SAS) and dissolved organic carbon (DOC) in the Northern Adriatic Sea station (ST 101) under the influence of Po River was conducted in period from 2006-2008. The acidity of surface-active organic material (Acr) was followed as well. The results are compared to temperature and salinity distributions. On that way, the contribution of the different pools of ligands capable to complex Cu ions could be determined as well as the influence of aging and transformation of the organic matter. The LT values in the investigated period were in the range of 40-300 nmol l-1. The range of DOC values for surface and bottom samples were 0.84-1.87 mg l-1 and 0.80-1.30 mg l-1, respectively. Total SAS concentrations in the bottom layer were 0.045-0.098 mg l-1 in equiv. Triton-X-100 while those in the surface layer were 0.050-0.143 mg l-1 in equiv. Triton-X-100. The majority of organic ligands responsible for Cu binding in surface water originate from new phytoplankton production promoted by river borne nutrients. Older, transformed organic matter, possessing higher relative acidity, is the main contributor to the pool of organic ligands that bind copper in the bottom samples. It was estimated that ~9 % of DOC in surface samples and ~12 % of DOC in the bottom samples are present as ligands capable to complex copper ions. 
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1. Introduction

Organic ligands present in natural waters consist of largely uncharacterized organic material, resulting from the combination of biological and geochemical activities as well as pollution (Buffle, 1988). The other smaller portion of organic matter is identified and classified into particular groups of compounds, such as carbohydrates, amino acids, proteins, fatty acids, lipids and hydrocarbons (Lee and Wakeham, 1988; Hansell and Carlson, 2002). Formation of organic complexes with copper ions influences the availability of copper to aquatic organisms and its association with particles and sediments in the system. All these properties are directly related to the bioavailability and toxicity of copper to biota (Bruland et al., 1991; Buck and Bruland, 2005). The abundance of these inert complexes in natural waters determines the apparent complexing capacity for copper ions (LT) (van den Berg, 1982; Plavšić et al., 1982). The term apparent signifies that the value determined is valid only under the selected experimental conditions. 
The concentration of the dissolved organic matter in natural waters is measured as a general parameter i.e. dissolved organic carbon (DOC), expressed in mgl-1 (or μM) of carbon. This parameter alone does not provide information on the type of organic matter present. A part of the aquatic organic matter exhibits the property of surfactant activity and is named surface-active substances (SAS), thus accumulating on different phase boundaries (air/water; water/sediments; water/biological membranes). Surfactant activity originates from structural groups that are repulsed from water (hydrophobic groups) and structural groups that have strong affinity for water (hydrophilic groups). Hydrophilic substances may possess surface-active properties that originate from their high molecular weight, as it is the case for polysaccharides (Plavšić and Ćosović, 2000; Gašparović and Ćosović, 2003). Clear evidence of surfactant production by marine phytoplankton cultures based on laboratory and field experiments is also available (Žutić et al., 1981; Zhou et al., 1989; Plavšić et al., 1990, Gašparović et al., 1998). Due to the specific reactivity of SAS at natural phase boundaries, their distribution and fate in the sea could be different, compared to those of organic matter pool values, i.e. dissolved organic carbon (DOC) (Ćosović et al., 2000).
Regarding the SAS, range typical for the North Adriatic seawater samples expressed in equivalents of calibration substance, is from 0.04 to 0.18 mgl-1 in equiv. of Triton-X-100. Eighty-six percent of North Adriatic seawater samples have SAS concentration ≤ 0.13 mg l-1 in equiv.Triton-X-100, which was concluded based on the monthly measurements in year 2000, on eight sampling stations in the North Adriatic covering the area from western to eastern region of the transect Po River – Rovinj, by the method with o-nitrophenol as an electrochemical probe (Gašparović and Ćosović, 2003).The same method of SAS measurements was applied in this investigation.Complexation of copper ions was not sistematically investigated in the area of North Adriatic so, the data on LT could be regarded as first set of data for the area. Data for LT and Kapp for North Adriatic station are in agreement with the data obtained for the saline layer in the Krka river estuary in the middle Adriatic area (Plavšić et al., 2009) , where the results for LT are in the range 60 to 130 nM., while log Kapp values were in the range from 7.4 to 7.9.
Recently, the multivariate statistical methods applied in the paper by Tepić et al. (2009) showed importance of the surface layer for the dynamics of the organic matter in the northern Adriatic. The strong separation of the statistical data groups was observed showing important effect of different depths and processes occurring there. The bottom layer data make a more homogeneous group than the surface layer data, pointing on smaller concentration ranges there than in the surface layer. That is why this investigation was concentrated on the four characteristic parameters used for the organic matter characterization, namely DOC, SAS concentration, acidity (Acr) and LT in surface and bottom layer, on a single station in northern Adriatic Sea, expecting to evaluate the differences regarding the new biological production in the surface layer and the aging of organic material as well as its transformation in the bottom layer on capability to complex Cu.. The study was conducted on the surface (0.5 m depth) and at the bottom of the station (~ 31m depth) in different seasons in the time period of two years (2006-2008).

2. Materials and methods

2.1. Northern Adriatic sampling station (station ST 101)

The northern Adriatic is a shallow basin, with a maximum depth of less than 50 m, which exhibits a strong eutrophic gradient along transect from the west to the east coast (Degobbis et al., 2005). The western part of the basin is occasionally eutrophic as a result of inputs from Italian rivers, particularly the Po River, which has a mean runoff of 1520 m3 s-1 and a maximum runoff of 6000 m3 s-1 (Hopkins et al., 1999). The eastern part of the northern Adriatic is generally oligotrophic, owing to the predominant cyclonic current system, which brings oligotrophic waters from the central Adriatic (Orlić et al., 1992). In addition to the regular climate-driven and seasonally dependant stratification, the water column is additionally influenced by large inputs of freshwaters, often leading to a significant transversal advection of freshwaters towards the Istrian peninsula. As a consequence of the large amounts of river born nutrients (load of total nitrogen is 15.5x1010 gyr-1 (Pettine et al., 1998) the northern Adriatic is among the biologically most productive areas (120-260 g C m-2 year, Zoppini et al., 1995) of the Mediterranean Sea. The phytoplankton community structure is dominated by diatoms, while dinoflagellates are abundant during June-July, the period of nutrients depletion (Aubry et al., 2004). Enhanced eutrophication is coupled with an intensive remineralization of newly produced organic matter in the basin. It was estimated that approximately 10-20 % and 27-50 % of the daily average primary production were mineralized in sediments in March and August, respectively, which indicated a tight benthic-pelagic coupling (Giordani et al., 2002). 
Water samples for analysis were taken approximately monthly in the period from September 2006 to December 2008, in the western part of the northern Adriatic (station ST 101; 44o59’N, 12o19’E; Fig. 1). Samples were collected using research vessel ‘‘Vila Velebita’’, at the depths of 0.5 m and 2 m above bottom (~31 m) with 5-l Niskin bottles.

2.2. Measurements of complexing capacity for copper ions (LT )

The experiments were performed on the electrochemical system consisting of a 663 VA-Stand (Metrohm, Herisau, Switzerland) connected via an IME663 module to a computer controlled voltammeter (EcoChemie, Utrecht, The Netherlands). The working electrode was a static mercury drop electrode (SMDE, drop surface area 0.54 mm2). The reference electrode was a double-junction Ag/AgCl (3 M KCl) electrode, and the counter electrode was a glassy carbon rod. The solutions were stirred by a rotating teflon rod during deposition step of measurements. Potential of deposition was -0.6 V vs. Ag/AgCl ref. electrode, while the deposition time was 60 s. The complexing capacity was determined in untreated seawater samples. Determination was performed by the direct titration method of the sample with increasing amounts of copper ions and their electrochemical response was measured by the method of DPASV (Plavšić et al., 1982; Plavšić, 2003). The peak currents, resulting from the oxidation of voltammetrically labile copper, previously reduced to form amalgam with Hg electrode, are plotted against the added copper concentration yielding a titration graph. The labile copper fraction detected by this technique is hydrated Cu2+ or Cu ions bound to inorganic or organic complexes whose dissociation kinetics are so rapid for the applied method (depending on the electrode diffusion layer thickness) that they are detected to be electro-active. Inert copper–ligand complexes do not dissociate and are not reduced at the chosen fixed potential. This provides for labile/inert discrimination data. To obtain complexing capacity values and conditional stability constant, titration data are linearly transformed assuming 1:1 metal to ligand complexes (Ružić, 1982; van den Berg, 1982). The equation used for calculation is: [Cu]/[CuL] = [Cu]/LT + 1/KLT, where Cu is the copper ion detected by anodic stripping voltammetry, CuL is the copper ion bound in a complex, LT is the total concentration of binding ligands (i.e. complexing capacity) and K is the apparent stability constant. [Cu] and [CuL] are calculated from the titration data, where [Cu] = Ip/S and [CuL] = [CuT] − [Cu]. In these equations, Ip is the height of DPASV detected copper peak, S is the sensitivity of the DPASV method to labile copper which corresponds to the slope of the linear portion of the titration graph after all complexing sites are saturated with copper ions, [CuT] is the concentration of copper ions added + copper ions originally present in the sample. The plot of [Cu]/[CuL] vs. [Cu] yields a straight line with a slope of 1/LT and intercept 1/KLT. The detailed procedure and calculations have been described elsewhere (Plavšić et al, 1982; Ružić, 1982; van den Berg, 1982). The same method of calculation is applied in other papers (Scoullos et al., 2004; Andrade et al., 2006).
2.3. Determination of surface-active substances

Total surface-active substances (SAST) were determined by non-destructive electrochemical phase-sensitive alternating current (a.c.) voltammetry by in-phase measurements using o-nitrophenol  as an electrochemical probe. When using the ONP electrochemical probe, the SAS concentration (surfactant-activity) in natural seawater samples is expressed as the equivalent concentration of the nonionic detergent Triton-X-100 (T-X-100). The relative acidity (Acr) of SAS, which derives from the presence of carboxy, phenol and sulphate groups, was determined from the increase of the ONP pre-peak height (Gašparović and Ćosović, 2003). It is an arbitrary unit obtained after normalization of acidity to the surfactant activity. SAS in the samples were measured as total SAS and after filtration (through GF/F filter with pores 0.7 µM). The difference represents the SAS in particulate phase. This is usually a smaller part of total SAS (see Table 1). 
2.4. Dissolved organic carbon (DOC) determination

The DOC concentrations were analyzed in duplicate using the sensitive high temperature catalytic oxidation (HTCO) technique. A Model TOC-VCPH (Shimadzu) with platinum silica catalyst and nondispersive infrared (NDIR) detector for CO2 measurements was used. Samples acidified with hydrochloric acid (pH(2) were purged with organic free air for 10 min. prior to analysis to remove inorganic carbonate fraction. DOC concentrations were calculated by subtracting the measuring system’s and Milli-Q water’s blanks. Potassium hydrogen phthalate as a standard was used. The concentration was calculated as an average of three to five replicates. The average instrument and Milli-Q blank correspond to 0.03 mg l-1 (n = 32) and the reproducibility was high (<1.6 %). 

2.5. Data analysis

The data analysis in this paper was performed using SAS/STAT® software, Version 9.1 of the SAS System for Windows , Cary, NC, SAS Institute Inc. Potential outliers were tested with %OUTLIER macro program (Michael Friendly, Version 1.5, October 2 2003), while bivariate normality testing was performed by %MULTNORM macro (SAS Institute Inc., Version 1.3, January 13, 2005). Since some of the data deviate from the normal distribution, appropriate transformations were used to achieve normality. Generalized Durbin-Watson tests did not show necessary for autocorrelation correction of any order. The significance level criterion used for rejecting the null hypothesis was α=0.1.The data for correlation coefficient (R) and p-values given in the Result section and on the figures are the ones obtained from the data after appropriate statistical transformation of results to achieve normal distribution. The data on figures are presented without transformation, i.e. as raw data, to keep the simplicity of presentation. 
3. Results 
All results on investigated parameters are given in Table 1.

The distributions of temperature and salinity for the surface and bottom layer of ST 101 in the investigated period are presented in Fig. 2. The surface samples are more prone to the influence of the Po River which brings the oscillations in salinity, while bottom samples are more uniform regarding the salinity, as well as temperature variations. 

The copper complexing capacity (LT) values in the investigated period were in the range 40-300 nmol l-1 with average of 126 nmol l-1 for the surface waters, while for the bottom waters the values were very similar, i.e. they were in the range 50-300 nmol l-1 with average of 118 nmol l-1 (Table 1). The highest values in the surface layer were measured in June 2008, while in the bottom layer the highest value was measured in November 2006. Observed LT values are higher in the surface layer than in the bottom layer during summer, while during the winter period due to vertical water column mixing, aided by strong Bora winds (Jeffries and Lee, 2008), there were small differences in LT values between surface and bottom layer.

For the surface samples statistically significant inverse correlation (ln LT=-0.00127 S2+6.31213; R =-0.42499; p=0.0618) between salinity and LT was detected (Fig. 3a). This imply significant influence of Po river waters to surface layer of the ST 101 by promoting in-situ phytoplankton production of OM capable to complex Cu or by bringing new ligands to bound Cu. In addition, a significant positive correlation (ln LT=0.00162 T2+4.11578; R=0.62403; p = 0.0033) between LT and temperature is determined (Fig. 3b). The general characteristics of the distribution of the surface-active organic matter for the northern Adriatic is a rather regular seasonal fluctuation of SAST during the investigated period, with the lowest values obtained in winter and the highest values during summer. SAS concentrations (Table 1) in the bottom layer (0.045 to 0.098 mg l-1 in equiv. T-X-100) were lower than those in the surface layer (0.050-0.143 mg l-1 in equiv. T-X-100) and show a great degree of similarity with annual temperature cycle. 
 The DOC values in the investigated period were in the range of 0.84-1.87 and 0.80-1.30 mg l-1 C in the surface and bottom layer (Table 1.), respectively with the average concentration higher in the surface layer (1.46 mg l-1 DOC) than in the bottom layer (1.01 mg l-1). The distribution of DOC showed similar trend to SAS distribution with lowest values detected in winter, February, and highest values found in high summer, July-August. 

The amount of ligands (LT) expressed as the percentages of DOC can be calculated for the surface and bottom samples if we assume the approximate molecular weight of ligands (Vachet and Callaway, 2007). If we suppose the average molecular weight of ligands to be 1000 Da, the average DOC for surface samples of 1.46 mg l-1 (121.6 µM) and average of 0.126 µM for LT it leads to the result that app. 9% of DOC is present as LT in the surface water samples. The calculation for the bottom samples taking into account average DOC of 1.01 mg l-1 (84.2 µM) and average LT of 0.118 µM and the same molecular weight of 1000 Da for LT ligands shows that it would be app.12% of DOC in bottom samples present as ligands capable to complex copper ions. 
Our values for SAS/DOC (Table 1), which are in the ranges of 0.055-0.092 and 0.047-0.102 for surface and bottom samples, respectively, indicate the presence of more hydrophilic material. The relative acidity of SAS (Acr) found during investigated period ranged from 6.6 to 29.3 l mg-1. Moreover, Acr values in the bottom layer (8.9 - 29.3 l mg-1; mean 19.7 l mg-1) appear to be consistently higher than those detected in the surface layer (6.6 - 24.6 l mg-1; mean 17.1 l mg-1). Dissolved SAS in surface samples are very well correlated with DOC (DOC=11.5861SASdiss+0.19477; R=0.84689; p<0.0001) (Fig. 4a) indicating dissolved SAS as an important part of total content of dissolved organic matter in the northern Adriatic. It was of importance to evaluate which part of OM is important for Cu binding in the surface layer. Correlation of LT values with DOC and SAS for different seasons showed that LT in surface samples in spring/summer period are very well correlated with DOC values (DOC=0.32388 ln LT-0.04121; R=0.74654; p=0.0131) (Fig. 4b). LT values in spring/summer period do not show statistically significant correlation with SAS values in the same period. We believe that the reason for this is a relatively low number of data available for this correlation. This could also mean that not the whole newly produced pool of SAS in the samples contribute to the same extent to the complexation of copper ions in the samples. In the surface samples the maximum of Kapp value is 9.8 and minimum is found to be 6.5 with average Kapp= 7.4. For bottom samples maximum of Kapp is 7.8 and minimum is 6.6 with average Kapp= 7.1. This shows that in the surface layer ligands forming complexes with higher stability constant prevail in the comparison to the bottom layer.
For the bottom samples there exists no correlation of LT with DOC, meaning that the types of ligands present at bottom are different from the ones in the surface samples. It is of interest to judge which part of SAS, i.e. dissolved or particulate, contribute more to Cu binding. Also, with respect to seasons the quality of SAS is changing, so all these correlations for bottom samples are made. It is obtained that the correlation between dissolved SAS and LT exists for the periods autumn-winter, when the old, transformed OM is dominant in the bottom layer (ln LT=25.00877SASdiss+3.22089; R = 0.59896; p = 0.0673) (Fig. 5a). Also, the Acr of the bottom samples are very well positively correlated with the bottom LT values (Fig. 5b, ln LT=1.02315 ln Acr+1.70603; R=0.82558; p=0.0033), pointing to the fact that aged–transformed OM, rich in acidic groups (i.e. carboxy, phenol, sulfate groups), is important for bounding copper ions. On the other hand it is interesting to observe that at the same time the Acr of the bottom samples are negatively correlated with Kapp (Fig. 5c, log Kapp=-0.03190 Acr +7.74510; R=-0.78076; p=0.0001). This indicates that the abundance of acidic groups, i.e. higher Acr, means that concentration of binding places having higher Kapp is decreasing. There are found no such correlations for the surface samples regarding Acr and LT as well as Acr and Kapp. 
4. Disscussion
The abundance of Cu binding ligands in fresh waters are considerably higher than in seawater (van den Berg et al., 1987; Mounier et al., 1999; Plavšić et al., 2009), so the inverse correlation between complexing capacity and salinity is presumed and obtained for ST 101 station for the surface samples . Temperature is very often a triggering mechanism for the phytoplankton production and/or degradation of the organic matter resulting in more SAS which could be also ligands for copper ions (Gašparović and Ćosović, 2001).The positive correlation between LT and temperature indicate on important production of Cu complexing ligands during phytoplankton activity and growth in the basin promoted by increasing temperature and new nutrients (low salinity). Vachet and Callaway (2007), who examined two types of Cu-complexing ligands in seawater, i.e. weaker and stronger ones, have stated that the molecular weight of Cu ligands is below 1600 Da for weaker and 270 Da for stronger ones. If we assume the average molecular weight of ligands to be 1000 Da and our average DOC and LT values, we came to the result that 9% and 12 % of DOC is present as Cu ligands in surface and bottom samples, respectively. This shows that older bottom’s OM, which is transformed in the water column, posses more available binding sites capable to complex copper ions. Obviously, higher acidity of the bottom samples contributes to the Cu binding capacity.

Seasonal variations of SAS in the surface water are impacted by nutient-rich freshwater inputs (salinity decrease) (Gašparović and Ćosović, 2001; 2003). Also, the seasonal variability of SAS in the northern Adriatic shows a great degree of similarity with the seasonal distribution of dissolved polysaccharide material (Tepić et al., 2009). It was concluded that in the surface layer, where new organic matter production dominates the organic matter pool,carbohydrates  should be taken into account as major contributors to the overall surfactant-activity (Ahel et al., 2005). Moreover, it was shown that in the simulated phytoplankton bloom experiment with natural phytoplankton populations from the northern Adriatic Sea, polysaccharides were the major surface-active material formed during the experiment (Gašparović et al., 1998; Fajon et al., 1999). Organic matter in the northern Adriatic is mainly found in the dissolved fraction (Giani et al., 2005). Long-term investigations (1989–1993) of DOC values in the North Adriatic Sea showed that DOC concentrations are in the range of 1.13–3.06 mgl-1 (Vojvodić and Ćosović,1996).The seasonal variations in DOC concentrations are significant, doubling in summer (up to 150µmoll-1 ) with respect to winter (Giani et al., 2005). The average DOC in the Po River is 2.1 mgl-1 (Pettine et al., 1998).
Valuable information on the organic matter characteristics may be gained by studies of the adsorption properties of the organic matter, expressed as SAS normalized in terms of DOC concentration (SAS/DOC) (Ćosović and Vojvodić, 1998). Higher SAS/DOC ratio indicates prevailing contribution of hydrophobic substances to the OM pool, while lower SAS/DOC ratio indicates the presence and contribution of the OM of more hydrophilic nature.  The normalized surfactant activity values obtained for different model substances representative for natural waters are as follows: linoleic acid (2.39), humic acid (0.34), polysaccharide Dextran T-500 (0.30), protein (albumin) (0.19), and microbial polysaccharide Xanthan (0.04) (Ćosović and Vojvodić,1998; Gašparović et al., 2007). Our  SAS/DOC values  point to the hydrophilic nature of SAS pool in the basin, mainly of the polysaccharidic type (i.e. having SAS/DOC values comparable to polysaccharide Xanthan model substance. This was to be expected, as northern Adriatic is the most productive region in the Mediterranean (Harding et al., 1999) indicating higher contribution of biogenic organic substances to surfactant activity that are less hydrophobic.We determined a higher relative contribution of polyelectrolyte humic-type substances in deeper layers as a consequence of lower production of new OM and/or enhanced transformation and remineralization processes (Tesi et al., 2007, Gašparović et al., 2003) . Increasing acidity (Acr) of the surface–active organic material from the surface to bottom layer is caused by the biogeochemical processes of OM transformation leading to the formation of acidic, humic-type substances that are abundant in carboxylic and phenolic groups. This OM fraction with high acidity dominates SAS pool in bottom layer and during the winter period. The processes of degradation of OM and acidification (higher Acr values for bottom samples) have influenced its properties and therefore binding capacity for Cu ions. Autochthonous, freshly produced OM is characterized by low acidity is predominant during spring/summer period (Gašparović and Ćosović, 2003). The correlation between SAS and LT, for the samples taken from the same depth as our surface samples (i.e. 0.5 m depth), in western Mediterranean (French and Spanish coastal waters) was found (Plavšić et al., 2007). In that paper the mean value for LT normalized to SAS values (LT/SAS) of 2.8 and LT normalized to DOC values (LT/DOC) of 0.15 were determined. For the North Adriatic seawater samples mean value for LT/SAS was determined to be 1.2 and mean value for LT/DOC was determined to be 0.09. This point to the fact that in North Adriatic seawater samples there exist less available binding sites for copper ions when normalized to DOC and SAS values than in the area of western Mediterranean. 

5. Conclusions

In this study it was shown that dissolved organic ligands capable to complex copper ions differs qualitatively and quantitatively for the surface and the bottom layers. The main contributor to copper binding in the surface layer is fresh, biological OM produced during productive period of year whose production is promoted by temperature and inputs of new nutrients. The aged–transformed organic material in the bottom layer efficiently bound copper ions due to the richness in the acidic groups. The apparent stability constants are lower for the bottom than for the surface samples, indicating more stable complex to be find at surface waters. About 9 % of DOC is present as ligands capable to complex copper ions in the surface samples. The calculation for the bottom samples has shown that ~12 % of DOC is present as ligands capable to complex copper ions, but as DOC pool is lower at bottom altogether the average concentration of Cu ligands for surface waters (126 nmoll-1) was higher. Statistically significant and positive correlation between SAS and DOC values in all samples imply important contribution of SAS in binding Cu ions.
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Figure captions

Fig. 1. Map of the the northern Adriatic Sea with indicated sampling station (ST 101). 

Fig. 2. Variations of temperature (T) and salinity (S) in the northern Adriatic sea for the period from 2006 to 2008 for ST 101. Temperature: Δ-surface and ▲-bottom layer and salinity: o-surface and ●-bottom layer.

Fig. 3. LT vs. salinity (a) and LT vs. temperature (b) for surface samples.
Fig. 4. DOC vs. SAS for all the data set (a) and DOC vs. LT for spring-summer periods (b).All data represents the surface samples. 

Fig. 5. LT vs. SAS for autumn-winter periods (a), LT vs. SAS relative acidity (Acr) (b), and apparent stability constant (log Kapp) vs. SAS relative acidity (Acr) (c). All data represents the bottom samples.
Table 1. Total surface-active substances (SAST), dissolved SAS (SASdiss), relative acidity of the SAST (Acr ), dissolved organic carbon (DOC), Cu complexing capacity (LT), SASdiss/DOC, apparent stability constant of Cu complexes(log Kapp), LT/DOC and LT/SAST values. Results are given for the surface and bottom layer of ST 101.
	
	SAST
	SASdiss
	Acr
	DOC
	SASdiss/DOC1
	LT
	log Kapp
	LT/SAST2
	LT/DOC3

	dates
	mg l-1 T-X-100
	mg l-1 T-X-100
	lmg-1
	mgl-1
	
	µmol Cu2+l-1
	lmol-1 Cu2+
	µmolmg-1
	µmolmg-1

	
	surface
	bottom
	surface
	bottom
	surface
	bottom
	surface
	bottom
	surface
	bottom
	surface
	bottom
	surface
	bottom
	surface
	bottom
	surface
	bottom

	21.09.06
	0.104
	0.080
	0.092
	0.067
	13.4
	23.6
	1.31
	1.00
	0.070
	0.067
	0.18
	0.14
	7.1
	7.1
	1.8
	1.8
	0.14
	0.14

	17.10.06
	0.108
	0.084
	0.104
	0.076
	14.2
	22.6
	1.26
	1.09
	0.082
	0.070
	0.10
	0.12
	7.3
	7.2
	0.9
	1.4
	0.08
	0.11

	13.11.06
	0.082
	0.072
	0.082
	0.072
	22.7
	29.3
	1.29
	1.06
	0.064
	0.068
	0.15
	0.30
	6.5
	6.6
	1.8
	4.2
	0.12
	0.29

	12.12.06
	0.076
	0.058
	0.070
	0.058
	13.9
	21.0
	1.03
	0.93
	0.068
	0.062
	0.12
	0.12
	7.0
	7.2
	1.5
	2.1
	0.11
	0.13

	31.01.07
	0.088
	0.052
	0.088
	0.052
	16.1
	28.7
	1.00
	0.86
	0.088
	0.061
	0.20
	0.14
	6.7
	6.7
	2.3
	2.7
	0.20
	0.16

	22.02.07
	0.056
	0.058
	0.050
	0.056
	15.7
	18.8
	0.84
	0.83
	0.059
	0.067
	0.13
	0.11
	6.7
	6.9
	2.3
	2.0
	0.15
	0.14

	14.03.07
	
	
	
	
	
	
	1.07
	1.27
	
	
	0.08
	0.05
	7.1
	7.8
	
	
	0.07
	0.04

	10.05.07
	0.138
	0.098
	0.126
	0.098
	19.0
	12.2
	1.64
	1.13
	0.077
	0.087
	0.15
	0.08
	9.8
	7.2
	1.1
	0.8
	0.09
	0.07

	08.06.07
	0.113
	0.068
	0.109
	0.068
	23.5
	14.9
	1.44
	1.05
	0.076
	0.065
	0.09
	0.08
	7.3
	7.2
	0.8
	1.2
	0.06
	0.08

	12.07.07
	0.108
	0.078
	0.092
	0.078
	18.4
	20.0
	1.61
	1.15
	0.057
	0.068
	0.11
	0.07
	6.9
	7.2
	1.0
	0.8
	0.07
	0.06

	27.08.07
	0.143
	0.086
	0.125
	0.086
	8.2
	16.3
	1.87
	1.26
	0.067
	0.068
	0.16
	0.13
	7.9
	7.1
	1.1
	1.5
	0.09
	0.10

	24.09.07
	0.101
	0.078
	0.096
	0.070
	16.9
	24.1
	1.44
	1.10
	0.067
	0.063
	0.08
	0.14
	7.3
	7.1
	0.8
	1.7
	0.06
	0.12

	17.10.07
	0.104
	0.067
	0.096
	0.067
	20.3
	26.7
	1.39
	1.11
	0.069
	0.060
	0.11
	0.14
	7.0
	7.1
	1.0
	2.1
	0.08
	0.13

	28.11.07
	0.094
	0.052
	0.082
	0.052
	14.3
	15.4
	1.11
	1.01
	0.074
	0.052
	
	
	
	
	
	
	
	

	21.12.07
	0.090
	0.062
	0.072
	0.056
	24.6
	27.4
	0.89
	0.88
	0.081
	0.063
	
	
	
	
	
	
	
	

	14.01.08
	0.076
	0.045
	0.064
	0.045
	18.3
	17.8
	0.96
	0.96
	0.067
	0.047
	0.07
	0.07
	7.4
	7.2
	0.9
	1.5
	0.07
	0.07

	14.02.08
	0.050
	0.062
	0.050
	0.052
	22.4
	8.9
	0.91
	0.85
	0.055
	0.061
	0.04
	0.05
	8.1
	7.7
	0.7
	0.9
	0.04
	0.06

	19.03.08
	0.119
	0.056
	0.090
	0.056
	6.6
	13.0
	1.03
	0.83
	0.088
	0.067
	0.04
	0.10
	7.6
	7.3
	0.3
	1.7
	0.04
	0.11

	24.04.08
	0.119
	0.078
	
	
	
	20.0
	1.30
	0.89
	
	
	
	
	
	
	
	
	
	

	06.06.08
	0.127
	0.072
	0.123
	0.068
	17.6
	15.0
	1.57
	1.04
	0.079
	0.065
	0.12
	0.10
	7.0
	7.2
	1.0
	1.4
	0.08
	0.10

	26.06.08
	
	
	
	
	
	
	1.86
	1.30
	
	
	0.30
	0.16
	7.2
	7.1
	
	
	0.16
	0.12

	25.07.08
	0.121
	0.094
	0.117
	0.092
	
	
	1.49
	1.08
	0.079
	
	
	
	
	
	
	
	
	

	19.08.08
	0.118
	0.092
	0.113
	0.090
	14.3
	19.1
	1.58
	0.88
	0.071
	0.102
	0.24
	0.14
	6.8
	7.1
	2.0
	1.5
	0.15
	0.15

	29.09.08
	0.107
	0.078
	0.090
	0.076
	21.0
	21.5
	0.98
	0.84
	0.092
	0.091
	
	
	
	
	0.0
	
	
	

	20.10.08
	0.112
	0.076
	0.090
	0.076
	13.2
	19.5
	1.01
	0.80
	0.089
	0.095
	0.06
	0.12
	7.6
	7.1
	0.6
	1.6
	0.06
	0.15

	08.12.08
	0.068
	0.056
	0.060
	0.056
	19.1
	18.6
	1.09
	0.97
	0.063
	0.058
	
	
	
	
	
	
	
	


1SAS normalized to DOC
2 Complexing capacity normalized to SAS value in mgl-1 eq. T-X-100
3Complexing capacity normalized to DOC value in mgl-1
Fig. 1. 
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Fig. 2. 
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Fig. 4.
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Fig. 5.
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