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Abstract This study demonstrates the potential of the
electrochemical methods for the characterization of dissolved
organic mat ter (DOM) in the drainage water of
hydroameliorated agricultural areas. A study of drainage
water could lead to a better understanding of the distribution
and fate of terrestrial DOM in the freshwater systems. We
have applied the voltammetric techniques which were devel-
oped by our group for the characterization of organic matter in
the natural waters in general. Studied samples were collected
in the experimental amelioration fields in the Sava river valley
(45° 33′ 52″ N/16° 31′ 33″ E, 100 m above sea level), in the
hydroameliorated agricultural areas in Croatia. The
rough characterization of the type, nature and reactivity
of DOM was done through the study of surface activity
(SA) of dissolved organic carbon (DOC), copper
complexing capacity (CuCC) and apperent stability
constants, and measurements of organic and inorganic
reduced sulfur species (RSS) fractions. The results
confirm that the electrochemical approach gives a valuable
and comprehensive insight into physicochemical

characteristics of DOM in the drainage water and could be
successfully applied to temporal studies in different terrestrial
ecosystem.

Keywords Voltammetry dissolved organic carbon surface
active substances copper complexing capacity reduced sulfur
species

Introduction

Dissolved organic matter (DOM) is the most important form
of organic carbon transport from terrestrial to aquatic ecosys-
tems, with wide-ranging ecological impacts [1]. The compo-
sition of DOM is considered to be too complex to allow com-
plete characterization. A number of techniques can be used for
the characterization of DOM in the water samples.
Electrochemical measurements along with chromatographic
(HPLC) are the most used but challenging approaches in the
speciation of DOM in natural water samples. These methods,
especially voltammetry, have appropriate features to be used
for monitoring (early warning tools) for assessment of water
quality in aqueous systems in general [2]. Electrochemical
techniques offer increasing degree of accuracy, decreasing
detection limits and enabling prompt response. Their cost is
dramatically lower compared to other more sophisticated tech-
niques. Electrochemical methods—voltammetric techniques,
simple, rapid and nondestructive, that were developed by our
group, were used as tool for rough physicochemical charac-
terization of DOM in different aquatic environments including
seawater, freshwater and atmospheric water [2–15]. The
biogeochemistry of different environmental compartments
also needs to be considered in this kind of investigation. In
the frame of the actual project The Sulphur and Carbon
Dynamics in the Sea- and Fresh-water Environment
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(SPHERE), we are studying sulfur (S) and carbon (C) dynam-
ics between different environmental compartments of the
seawater and freshwater environment. In the International
Year of Soils 2015, we were focused on the characterization
of DOM in the drainage water of the experimental ameliora-
tion fields in the Sava river valley in Croatia [16].

Dissolved organic carbon (DOC) is the measurable
elemental organic carbon (OC) content of DOM [17] and is
generally defined as compounds that can pass through a
0.45 μm or 0.7 μm filter. Soil organic matter (SOM) includes
non-humified fraction, that consists of compounds such as
carbohydrates, amino acids, protein, and low molecular
weight organic acids, and humified fraction (humic acids,
HA, fulvic acids, FA, and humin), which is the complex of
largely unidentifiable organic compounds [18, 19]. In the soil
solutions DOC, the content of FA and HA are by far the most
abundant. The fraction of carbon in low molecular weight
(LMW) carboxylic acids (mainly aliphatic mono-, di-, and
tricarboxylic acids and substituted benzoic and cinnamic
acids) constitutes a maximum of 10 % of DOC in soil
solutions [19]. In addition, microbial biomass itself provides
an important pool of potential DOM [20]. The release of
carbon to the potentially soluble organic carbon pool is
controlled by the decomposition of plants by bacteria and
fungi, leaching from the soil of the drainage basins by
precipitation and formation of soluble substances [21]. The
solubility of SOM is highly dependent on the structure of
the organic compounds and the pH of the environment [22].
A large portion of sulfur (S) in soil is bonded to carbon (C).
Sulfur in dissolved natural organic matter (DNOM) occurs as
reduced (sulfide and thiol) or as oxidized species (sulfonate
and sulfate). Organic sulfur is important in transport and
leaching of sulfur (S) especially in soils that contain little
inorganic S and receive little atmospheric inputs of
SO4

2− [23]. Wang et al. [24] investigated dissolved
organic sulfur (DOS) in the streams draining forested
catchments in southern China and determined DOS in
the concentration range 0–13.1 mg dm−3.

Increasing DOC concentrations in surface waters have
been observed for many areas in the Northern Hemisphere
[25]. High DOC concentrations in surface waters have
negative effects on the water quality and water habitats [26].
In the biogeochemical processes in aquatic environment, the
physicochemical properties of organic matter are often more
important than the amount present. The fraction of DOC
which possesses surface active properties may be very impor-
tant for natural freshwater. Organic surface active substances
(SAS) are concentrated by adsorption processes at the inter-
face of all natural water bodies, thus modifying interboundary
layers and influencing mass and energy transfer through them.
The investigation of the DOC-metal-biding properties can
give information about the possible binding sites on the
organic matter. The capacity of organic ligands to complex

metal ions is of special interest for understanding the role of
DOC components in the transport and reactivity of metals in
natural waters. This study focused on copper-binding ligands.
Characterization of dissolved sulfur fraction in the water sam-
ples was based on measurements of inorganic and organic
reduced sulfur species (RSS) [8]. Reduced SS comprise a
group of compounds that contain sulfur in nominally −2 and
0 oxidation states. Some of the most important members of
this group in natural waters include sulfide, organic thiols,
inorganic and organic di- and polysulfides or polysulfanes,
and dissolved molecular S° [6].

In this study, qualitative and quantitative investigation of
DOM in the drainage water was done by the determination the
surface activity (SA) of DOC, copper complexing capacity
(CuCC) and reduced sulfur species (RSS). The applied
electrochemical methods are sensitive, rapid, and quantitative
with appropriate calibration. These methods are combined
with measurements of dissolved organic carbon (DOC) by
high temperature catalytic oxidation (HTCO) [27].

The objective of this study was to demonstrate the potential
of the electrochemical methods for the rough characterization
of DOC composition and its reactivity in the drainage water
samples of the hydroameliorated agricultural areas in Croatia
after very intensive rainfall and during snowmelt (i.e., in the
case of preferential flow).

Experimental

Sampling procedure

Drainage water samples were collected in the experimental
amelioration fields in the Sava river valley (45° 33′ 52″
N/16○ 31 ′ 33″ E, 100 m above sea level), in the
hydroameliorated agricultural areas in Croatia. Soil was
drained in four different drainpipes that differ in water flows
as described earlier [28]. Samples of drainage water were
taken at a drainpipe outlet into a channel and into high density
polyethylene (HDPE) bottles (0.5 dm−3), filled to the top and
previously cleaned with nitric acid and rinsed with Mili-Q-
water. Each set of samples were collected after precipitation
events: December 2014; February 2015 (snowfall) and
May 2015 when large precipitation events (up to
60 mm day−1) were recorded. The data for the amount of
precipitation were obtained from the Meteorological Station
Sisak, which is approximately 15 km far away from the
experimental field (Fig 1). Upon collection, samples were
transported to the laboratory and were immediately filtered
(Whatman GF/F filters pore size 0.7 μm) and divided into
several aliquots, according to the needs of each analytical
technique that was later applied. For DOC measurement
s amp l e s we r e p r e s e r v ed w i t h HgC l 2 so l u t i o n
(10−5 mol dm−3). Without pretreatment, samples for SAS,
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CuCC, RSS, and pHwere analyzed within 48 h. Until then the
samples were kept in the cold (4 °C) and in a dark place.

Methods and analyses

Electrochemical measurements were performed with μ-
Autolab voltammeter that was PC controlled, using GPES
4.6 Windows software (Eco Chemie B.V., The Netherlands),
in a three electrode cell using a hanging mercury drop
electrode (HMDE), Ag|AgCl (3 mol dm−3 KCl) and a Pt wire
as auxiliary electrode.

Adsorption effect of SAS from samples was measured at
the HMDE using phase sensitive alternating current voltamm-
etry (AC voltammetry) out-of-phase mode as described previ-
ously [12]. The measurement of the electrode double layer
capacity changes offers the possibility of direct investigation
of adsorption characteristics of a complex mixture of naturally
present organics at the electrode-electrolyte interface. Solution
of 0.5 mol dm−3 NaCl was used as a electrolyte in all electro-
chemical measurements. For the quantification of the SAS
content in samples a calibration plot of the nonionic surfactant
Triton-X-100 was used. Such calibration plot is in fact the
apparent adsorption isotherm for the model surfactant at a
selected accumulation time. The detection limit of SAS
determination is 0.02 mg dm−3 eq. Triton-X-100. The relative
standard deviation obtained for multiple analyses of the same
solution containing SAS at the level of 0.1 mg per liter is less
than 5 %. The method enables a rough characterization of
SAS present in an aqueous medium, through comparison of
the shape and intensity of the electrochemical responses
obtained by AC voltammetry and those obtained with
different model substances [2, 12].

Copper complexing capacity (CuCC) was determined by
using differential pulse anodic stripping voltammetry
(DPASV) [13].

Reduced sulfur species (RSS) were characterized and
quantified by using cyclic voltammetry on the mercury

electrode following the work of Ciglenečki and Ćosović [29]
and Bura Nakić et al. [14]. The characterization of dissolved
sulfur fraction in the water samples was based on measure-
ments of inorganic and organic RSS that deposit HgS layer
during an accumulation step at the deposition potential,
followed by scanning potential from positive to more negative
values at the HMDE [8, 30]. In solutions containing sulfide
anions insoluble HgS layer at Hg electrode surface can be
formed by the reversible process of two electron oxidation
of Hg at potentials more positive than −0.5 V vs. Ag|AgCl.
Organic sulfur compounds, (thiourea, thiols, oxines),
thioanions, labile chalcogenide nanoparticles (CuS, PbS,
HgS, FeS), polysulfides, and dissolved and colloidal S° are
also found to deposit HgS layer by anodic oxidation of Hg at
sufficiently positive potentials, around 0 V [6, 8, 11, 29, 30].

The DOC concentrations were determined by using a
sensitive, high temperature catalytic oxidation (HTCO)
technique. AModel TOC-5000 System (Shimadzu) with high
sensitive Pt catalyst and non-dispersive infrared (NDIR)
detector for CO2 measurements was used.

pH was measured by standard electrode methods with a
digital pH-meter, either a Model Delta-OHM HD 86–02 or a
Metrohm digital pH-meter.

Results and discussion

Concentrations of DOC, SAS, CuCC, and RSS in the drainage
water samples of hydroameliorated agricultural areas in
Croatia are presented in Table 1, together with pH values
and dates of sampling.

Characterization of dominant SAS

Voltammetric curves for two filtered drainage water samples
taken from the same drainpiper (denoted No. 2) during
different precipitation events and in the different seasons
(February and May 2015, Table 1) are presented in Fig. 2.
All curves were recorded for the increase of deposition times.
The decrease of the AC current (i) value at the initial deposi-
tion potential −0.6 V (vs. Ag|AgCl) with respect to the base
line of the pure electrolyte (0.55 mol dm−3 NaCl) is the result
of the SAS adsorption. It can be seen that the voltammetric
curves for both investigated samples shows similar shape
(characteristic hump, same position of desorption waves,
without sharp and well-defined peaks) indicating no signifi-
cant difference in properties of adsorbable organic substances
between investigated samples. Qualitative characterization of
SAS was done by comparing the obtained adsorption curves
to those of different model substances. In our previous studies,
a number of adsorbable organic substances (nonionic, anionic,
and cationic surfactants, polyaromatic hydrocarbon, monocar-
boxylic, dicarboxylic acids, HA and FA, polysaccharides,

Fig. 1 Monthly total precipitation in the investigation period
(http://klima.hr)
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proteins, and lipids), representing either naturally occurring
substances in the aquatic systems or potential pollutants, have
been studied under same condition as natural water samples
[2, 3, 7, 9, 12]. In general, there are differences in adsorption
behavior between strongly adsorbable, relatively small mole-
cules and hydrophylic large polymer molecules. The high,
sharp, and well-defined desorption peaks are characteristic
for relatively low molecular mass substances while the low
and extended desorption waves indicate the presence of
macromolecular organic substances. In view of the above
discussion, we have concluded that the DOC of drainage wa-
ter samples consists mainly of high molecular substances. The
low and extend wave around −1.4 to −1.7 V suggests a partial
desorption of segments in the surfactant molecule. Similar
effects were detected in the humic/fulvic acid isolated from
lagoon sediments. In addition, in the case of HA, lower
desorption wave have been observed [7]. Perhaps this is not
surprising because in most soils, humic substances represent a
predominant class of organic material. It is important to keep
in mind that the surfactant activity is a collective parameter,
i.e., all present adsorbable substances take a part in adsorption
on the electrode in a competitive manner [3]. Therefore, the
adsorption effect of other adsorbable compounds present in

lower concentration in the samples could be overshadowed.
The results of the SAS measurements from drainpipe No. 2 in
May 2015 by dilution 1:2 showed stronger adsorption effect in
diluted sample pointing to the presence of strongly adsorbable
compounds. Adsorption effect of more predominant humic/
fulvic material was probably diminished by dilution, and more
strongly adsorbable compounds (more hydrophobic in its na-
ture), present in lower concentration range were measured in
the diluted sample. It seems that the high precipitation event
can result in the increased concentration of strongly
adsorbable/hydrophobic substances in the drainage water.

The surface activity of all investigated samples was pH
dependent [12]. Natural pH values of the drainage water sam-
ples ranged from 7.35–7.96, respectively. Upon acidifying, a
stronger adsorption effect was observed (11–50 %). This can
be explained by the presence of the organic ligands which due
to protonation become more hydrophobic and more adsorb-
able on the Hg electrode [12]. These observations were in
agreement with the fact that organic matter of the soil is a
major source of negative charge. Tipping and Woof [31]
reported that protonation of functional groups might reduce
the solubility (or mobility) of DOM in the soil resulting from a
low pH. Such behavior has been attributed to polyfunctional

Table 1 Data for drainage water
of hydroameliorated agricultural
areas in Croatia. Data on the dates
of sampling, pH values, dissolved
organic carbon, DOC
(mg C dm−3), surface active
substances, SAS (mg dm−3 eq.
Triton-X-100), copper
complexing capacity, CuCC
(μmol Cu2+ dm−3), the
corresponding log K, and reduced
sulfur species, RSS, organic and
inorganic fraction (μmol dm−3)

No. d. Date of sampling pH DOC SAS CuCC log K RSSorg RSSinorg

1 01.12.2014 7.40 5.17 0.37 0.48 7.71 n.m. n.m.

2 01.12.2014 7.60 3.95 0.27 0.10 – n.m. n.m.

1 19.02.2015 7.63 3.01 0.45 1.40 7.09 n.m. n.m.

2 19.02.2015 7.67 9.93 0.42 0.11 – 0.09 0.19

3 19.02.2015 7.79 4.14 0.35 0.41 – 0.06 0.18

4 19.02.2015 7.86 1.07 0.11 0.10 8.04 0.13 0.23

1 26.05.2015 7.64 6.62 0.39 0.62 6.53 n.d. n.d.

2 26.05.2015 7.35 8.01 0.42 n.d. – n.d. n.d.

3 26.05.2015 7.96 4.37 0.41 0.20 7.33 n.d. n.d

4 26.05.2015 7.76 5.37 0.41 1.33 7.35 n.d. n.d

d. drainpipe,. n.d. not detected, n.m. not measured, (–) not possible to calculate

Fig. 2 AC voltammetric curves
of 0.55 mol dm−3 NaCl and
filtered drainage water samples
taken from drainpipe (No. 2) at
different time: a February 2015
and b May 2015. All curves of
water samples were recorded at
different and increasing
deposition times (tD = 15; 30; 60
and 120 s) at deposition potential,
ED = −0.6 V vs. Ag|AgCl in
0.55 mol dm−3 NaCl solution.
Experimental conditions: AC
phase angle 90°, AC amplitude
10 mV, and frequency 75 Hz
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organic acids whose charge characteristics depend on the
extent of dissociation of the acidic functional groups. At high
pH these acids are negatively charged due to dissociation of
carboxyl and phenolic hydroxyl groups whereas at pH < 3,
these acids behave as uncharged polymers [32].

A quantification of adsorbable organic substances was
performed by using a calibration plot of Triton-X-100.

The obtained SAvalue for samples from February (Fig 2a)
and May (Fig 2b) was the same corresponding to
0.42 mg dm−3 eq. Triton-X-100 while DOC was different
(DOC = 9.93 mg C dm−3 in February and 8.01 mg C dm−3

in May (Table 1). The relative concentrations of SAS values
for all investigated drainage water samples (N = 10) were in
the range from 0.11–0.45, with the average value of
0.36 ± 0.10 mg dm−3 eq. Triton-X-100. These results are very
close to the ones obtained for SAS in the Sava River water
samples (average value of 0.36 ± 0.14) [10]. In comparison,
concentrations of SAS obtained for the continental rainwater
samples in Croatia were in the range 0.06–0.45 mg dm−3 eq.
Triton-X-100 (average concentration of 0.14 ± 0.06) [33]. The
range of DOC values is extended from 1.07 to 9.93, with an
average value of 5.16 ± 2.53 mg C dm−3. These DOC
concentrations are higher than those measured in the surface
freshwater systems of the Sava River, where DOC concentra-
tions were reported to be in the range of 1.57–3.30, with an
average value of 2.49 ± 0.66 mg C dm−3 [10]. Concentrations
of DOC in natural freshwater range from ~1 to 60 mg C dm−3,
but are commonly from 1 to 5 mg C dm−3 [34]. Dissolved OC
concentrations in the soil solution are commonly in the range
from 2 to 35 mg C dm−3 [35]. The DOC concentrations in the
drainage water sampled from different drainpipes at the same
time varied, which was probably caused by different amount
of drainage water flowing through pipes [36]. The DOC
concentration in the sample taken from the drainpipe No. 2.
was lower by the factor 2–2.5 in December (3.95 mg C dm−3)
than in the February (during snowmelt) and in May (after
heavy rainfall), Table 1, indicating that large precipitation
events/hydrological conditions may be an important factor in
the controlling of DOC levels. Dissolved OC flux resulting
from water transport, is partly controlled by sorption/
desorption processes [37]. Several studies, summarized by
Kalbitz [21], have shown that after heavy rainfall events and
during snowmelt in the early stages, preferential flow through
macropores in structure soils can affect DOC output by
reducing contact time between the solid and solution phase.
According to the laboratory experiments of Yu et al. [38], in
the absence of water, organic compounds adsorb on the
mineral surfaces in such a way that contact area is maximized.
In the presence of a sufficient amount of water, some organic
molecules can adsorb via a single functional group to mineral
surfaces, while the bulk of themolecular structure is immersed
in the aqueous phase. Many water molecules form a layer,
excluding organic adsorbates from the mineral basal plane.

In the drainage water samples, there is no significant
correlation between DOC and SAS concentrations
(p > 0.05). This indicates that the total SA depends on the
nature of the organic molecules in the samples. The graph in
Fig. 3 is useful for rapid and rough DOM characterization in
the studied samples based on comparison of its SAS/DOC
content/ratio, with those of the model substances [2, 3, 12].
Model substances which were taken here are relevant for
organic constituents in the soil: humic-like substances (HA
from Aldrich and FA isolated from lagoon sediments in
Perpignan, France), lipid-like material (oleic acid), protein-
like material (albumin), polysaccharide-like material
(xanhtan). The differences in the slopes of the curves in
Fig. 3 are reflected in the ratios SAS/DOC, which are corre-
lated to hydrophilic/hydrophobic substances. As can be seen,
the data for drainage water samples are grouped between the
lines for humic acid (SAS/DOC = 0.04) and fulvic acid (SAS/
DOC = 0.17), pointing to the similar hydrophilic/hydrophobic
nature of surface active material present. Furthermore, SAS/
DOC values for different natural samples ranged 0.04–0.15
and do not preclude the presence some monocarboxylic acids
[12]. This diagram also show that very small amounts of very
strongly adsorbable compounds could increase surfactant ac-
tivity of the complex mixture of organic mater in the drainage
water samples.

Copper complexing capacity

In Fig. 4 the copper complexing capacity (CuCC) determina-
tion in the filtered drainage water sample taken from drainpipe
No. 4. in February 2015 (Table 1), is presented. In Fig. 4a the

Fig. 3 Correlation of SAS concentrations equivalent to Triton-X-100 and
DOC values obtained in the drainage water samples collected in the
hydroameliorated agricultural areas in Croatia 2014/2015. The lines
correspond to the model substances as representatives for DOM in soil
and soil solution
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recorded voltammograms of the increasing copper additions
to the sample at natural pH are presented (the additions were
from 0 to 480 nmol dm−3 of copper ion). In Fig. 4b the results
of direct electrochemical titration are presented as the depen-
dence between the added copper ions concentrations and the
corresponding current in the acidified sample (black circle;
pH = 2.31) and in the sample of natural pH (red diamond;
pH = 7.86). In Fig. 4c the results from Fig. 4b are presented
after transformation (by dividing all the concentrationswith the
slope of the acidified solution); they are presented as copper
ion added on the x-axis vs. copper ion found on the y-axis. In
Fig. 4d, the data from Fig. 4c are linearized by the method of
calculation by Ružić-van den Berg [39, 40], which enables the
calculations ofCuCCvalue from the slope of the line (slope=1/
CuCC) and the apparent stability constant (Kapp) from the in-
tercept on the y-axis (intercept = 1/CuCC·Kapp). For the sample
presented, the CuCC was 0.1 μmol Cu2+ dm−3 while log Kapp

was 8.04. Copper complexing capacity of drainage water sam-
ples varied between 0.1 and 1.4 μmol Cu2+ dm−3. The highest
CuCC value wasmeasured during snowmelt (about three times
higher than in December and twice higher than in May in the
drainage water from drainpipe No. 1). Similar values of CuCC
were obtained for the atmospheric bulk precipitations in the
urban areas of Croatia (up to 1 μmol Cu2+ dm−3) [13, 33].
The values CuCC in the investigated samples were not corre-
lated with concentrations of DOC or SAS. Additional informa-
tion on the organic ligands characteristics was obtained by

examining the complexing capacity values data normalized
to DOC concentrations [41]. The values of CuCC/DOC indi-
cate the partition of DOC copper ligands in the bulk organic
matter. Determined values CuCC/DOC (μmol Cu2+ dm−3/
mg C dm−3) were in the range from 0.01–0.47. The
complexing capacity values data normalized to surfactant
activity (CuCC/SAS) provide the information on the
complexing capacity of the part of the organic matter,
exhibiting surface active properties at the same time. The pres-
ence of organic ligands with surface active properties is very
important as they influence the distribution between heavy
metal species in the bulk water and their fractionation at phase
boundaries. Obtained values were in the range of 0.38–
3.25 μmol Cu2+ dm−3/mg dm−3 eq. Triton-X-100. The relative
stability of the Cu complexes could be compared through the
apparent stability constants (log Kapp) values. The calculated
(log Kapp) values for all samples were in the range of 6.53–
8.04. The stability constants determined for model humic,
fulvic substances and melanoidins were in the same range of
6.5–8.4 [42]. Fulvic and humic acid are effective in cation
complexation reactions due to the presence of carboxyl and
phenolic hydroxyl groups as it was discussed above.

Sulfur fraction

In Fig. 5 the cyclic voltammograms obtained for different
deposition potentials (ED), in the filtered drainage water

Fig. 4 a Voltammograms of
increased copper ion additions
(0–480 nmol) to the filtered
drainage water sample taken from
drainpipe No. 4. February 2015:
pH = 7.86; DPASV was applied
under the following conditions:
modulation time 0.04 s; interval
time 0.31 s; modulation
amplitude 25 mV, and step
potential 5 mV. The deposition
time, tD = 60 s at deposition
potential, ED = −0.6 V vs.
Ag|AgCl; bDirect titration curves
of drainage water sample (black
circle: pH = 2.31; red diamond:
pH = 7.86) copper concentration
added vs. current measured; c
Titration curves from b presented
as copper ion. concentration
added vs. copper ion
concentration found;
d Calculated data from c (black
diamond) accoding to Ružić-van
den Berg method
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sample taken from drainpipe No. 2, on February (Table 1) are
presented. The peak which appears at around −0.6 V is a
measure for the presence of reduced sulfur species that deposit
HgS layer at the Hg surface [8, 29]. Deposition at −0.2 V
usually reveals HgS reduction peak from some organic (thio
compounds) and inorganic sulfur species (sulfur, sulfide,
polysulfide) while decrease of the same peak after the
deposition at −0.4 V, indicates prevalence of organic sulfur
compounds [8]. It is important to note that recorded peaks
remained after purging with nitrogen in the acidic solution,
which is characteristic of non volatile sulfur species [14].
For quantification of the mainly organic sulfur (organic,
inorganic and non volatile) species in the samples, a
calibration plot with sodium sulfide (Na2S) was used.
The RSS were investigated in the samples from
February and May, but RSS were detected only in the
samples from the winter month. One possible reason for
this could be anaerobic conditions in the soil during
snowmelt. Another potential explanation is that the large
precipitation in the spring diluted the sulfur fraction in
the drainage water to concentration lower than our
detection limit (1 nmol dm−3). The concentrations of
RSS, including inorganic and organic fraction, were in
the range between 0.24 and 0.36 μmol dm−3. The
organic sulfur fraction in the total RSS was lower
(23–36 %) than non volatile inorganic fraction (64–77 %).
For comparison, measured values of RSS in anoxic freshwater
systems (Visovac lake, Croatia) are up to 0.32 nmol dm−3 RSS

(with mainly volatile inorganic sulfur fraction, i.e., sulfide
species, from 80 to 95 %), while RSS concentrations (mainly
sulfide) in seawater systems such as marine lake, Rogoznica
Lake, Croatia, could bemeasured in range ofmmol dm−3 [14].

Conclusion

We have shown that electroanalytical techniques are suitable
for the investigation of physicochemical properties of DOM in
the drainage water. The technique is sensitive, rapid, and
quantitative. Additionally, such research generally deepens
our knowledge and understanding of the electrochemistry,
particularly voltammetry in the investigation of organic matter
in natural waters.

In the drainage water samples taken after different precip-
itation events, SAS, CuCC, RSS, and DOC concentrations
were measured. Although seasonal variations of the DOC
characteristics in the drainage water samples need to be further
studied, some differences in the properties of DOC in the case
of different precipitations regime were observed.

& Some organic constituents of drainage waters DOC have
surface active properties which can be studied by AC
voltammetry (out of phase), on the basis of the adsorption
effects at the Hg electrode. Relative SAS concentrations
(mg dm−3 eq. Triton-X-100), were very similar to those
obtained in the surface waters of River Sava and atmo-
spheric water. The SA of all investigated samples was pH
dependent which indicates the presence of polyfunctional
organic acids.

& Large precipitation events affect the DOC fluxes by in-
creasing DOC concentrations. There is no significant cor-
relation between DOC and SAS concentrations, implying
that the SAS concentration depends on the nature of the
organic molecules. On the basis of the AC voltammetric
curves and the surfactant activity normalized to the organ-
ic carbon content, it was concluded that the SAS in the
drainage water samples corresponds to mainly humic/
fulvic type of the material. However, higher precipitation
events can influence the appearance of the different
organic material with more adsorbable/hydrophobic
characteristics.

& Copper complexing capacity of drainage water samples
varied between 0.1 and 1.4 μmol Cu2+ dm−3. The highest
CuCC value was measured during snowmelt. The organic
ligands responsible for complexing copper were not pro-
portional to DOC and SAS concentrations. The calculated
apparent stability constants (logKapp) for all samples were
in the range from 6.53–8.04. The obtained log Kapp were
similar to the ones determined for model humic/fulvic
substances and melanoidins.

Fig. 5 Cyclic voltammetric curves for drainage water samples taken
from drainpiper No. 2, February, 2015. The peak at around −0.6 V
(deposition potential, ED = −0.2 V) is a measure for the presence of
reduced sulfur species (group of compounds containing sulfur in
oxidation state from −2 to 0). Decrease of the same peak after the
deposition at the potential ED = −0.4 V, indicate presence of organic
sulfur compounds. Experimental conditions: accumulation time with
stirring, tD = 120 s at ED = −0.2 V and ED = −0.4 V (vs. Ag|AgCl),
scan rate 100 mV s−1
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& The non volatile organic sulfur fraction in the samples
from February was lower (23–36 %) than the inorganic
fraction (64–77 %). The presence of the measurable
concentration of RSS only in the winter samples was
speculated to be a consequence of anaerobic conditions
that probably prevailed in the soil during snowmelt.
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