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ANALYSIS OF THE EUTROPHICATION FACTORS IN THE SUTLA RIVER BASIN

Gorana Cosi¢ Flajsig, Barbara Karleusa, Ivan Vuckovié, Matjaz Glavan

The Sutla River forms the border between Slovenia and Croatia. The area of Sutla river basin is 590.6 km® of which
78% is located in Slovenia, and the rest in Croatia. The nature retention function for flood control purposes and wetland
ecosystems have developed on the edge and at the bottom of the nature retention/reservoir. The area of the entire
reservoir as well as the entire riverbed of the Sutla River was declared NATURA 2000 site. For the planning of
remediation measures according to the WFD and reducing the risk of eutrophication, the DPSIR approach with use of
spatial data, quantification of nutrients by Soil Water Assessment Tool model (SWAT), the analysis of physico-
chemical and biological indicators for good water status and measures within integrated water management are
analysed.
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ANALYZA EUTROFIZACNYCH FAKTOROV V POVODI RIEKY SUTLA. Ricka Sutla tvori hranicu medzi
Slovinskom a Chorvatskom. Rozloha povodia rieky Sutla je 590,6 km?, z toho sa 78 % nachadza v Slovinsku a zvysok
v Chorvatsku. Prirodzena reten¢na funkcia na regulovanie povodni a systémy mokradi sa vyvinuli na kraji ana dne
prirodzenej retencie/rezervoaru. Oblast’ celej nadrze ako aj celé koryto rieky Sutla boli vyhlasené za lokalitu NATURA
2000. Pri planovani sanaénych opatreni podl'a Ramcovej smernice o vode (RSV) a znizovani rizika eutrofizacie bol
analizovany spdsob DPSIR s vyuzitim priestorovych tdajov, kvantifikacia zivin pouzitim modelu na hodnotenie kvality
pody (SWAT), analyza fyzikalno-chemickych a biologickych ukazovatel'ov dobrého stavu vody a opatrenia v ramci

integrovaného vodného hospodarstva.

KEUCOVE SLOVA: DPSIR, eutrofizécia, SWAT, dobry stav povrchovych vod, opatrenia

Introduction

For all river basins of the EU Member States water
management must be organized in terms of the imple-
mentation of the European water policy and objectives
of the Water Framework Directive (WFD). The Sutla
River forms the border between the Republic of Slove-
nia and the Republic of Croatia. The area of the Sutla
river basin is 590.6 km®. The Sutlansko Lake (Vonarje
Reservoir) and dam, with a volume of 12.4 million m’,
was built in a natural retention and filled in 1980 for the
purpose of public water supply, irrigation and flood
control. Shortly after filling, the water quality has
extremely deteriorated in the reservoir, which reduced
the possibility of water use. Increased eutrophication in
the reservoir was found in 1987. Further, other extreme
water quality problems have been detected not only in

the lake water but also in the river water downstream.
Due to a high risk for the population and environment
caused by inadequate management of the reservoir and
in the absence of better remediation measures, the
reservoir was completely emptied in 1989. It now ope-
rates only as a dry retention basin for flood protection.
Since wetland ecosystems have developed on the edge
and at the bottom of the reservoir, the area of the entire
reservoir as well as the entire riverbed of the Sutla River
was declared a NATURA 2000 site (Cosié-Flajsig et al.,
2014). Related to the exceptional biodiversity of the
Sutla River, it has become a tourist and recreational area
in the past decade. Presently, there are a number of
initiatives to reuse the reservoir, which indicates a ne-
cessary improvement of water quality for the purpose of
achievement the good water status and redefinition of
the Sutlansko Lake (Cosié-Flajsig et al., 2015). Both
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Slovenia and Croatia, being the new EU Member States,
are now faced with the big challenge to achieve not only
the good ecological and chemical status of the Sutla
Lake and the river Sutla (as directed by WFD), but also
to achieve good or excellent quality for bathing and
protection  from  adverse effects of  water
(http://ec.europa.eu/environment). Furthermore, they
also have to deal with tourist, recreational, fishing and
irrigation needs at the same time. But firstly, they have
to guarantee that emissions from urban areas and
agricultural activities in the catchment are reduced and
managed accordingly. Therefore, the challenge to
achieve good ecological and chemical status of the river
Sutla is today even higher than it has been in the past.
Slovenia and Croatia are expected to apply for new
development and cohesion funds to develop environ-
mental and other infrastructure in the catchment. It is
important to mention that Slovenia and Croatia had two
different national institutional systems of water manage-
ment and different economic developments in the past
two decades, but also strong cultural ties between local
communities on both river sides.

The implementation of the WFD is the starting point for
the integrated water management. Small rural river
basins, together with the lack of sanitation in agglome-
rations of less than 2000 PE and agricultural activities,
present a challenge to water quality management for
each state. These river basins are sources of organic
pollution and nutrients, and the methodology to solve
such problems is specific and dealt with at the national
level, while the European water policy is conducted
primarily in terms of achieving good status of all water
bodies and environmental objectives for the river basin.
In case of transboundary basins with high biological
diversity and numerous NATURA 2000 areas, it is
particularly necessary to apply an innovative approach
to water quality management. This paper will analyse
the conditions for water management using the DPSIR
(D — driving forces, P — pressures, S — state, I — impact
and R — responses) approach and taking into account the
principle of sustainability. Successful management of
rural river basins includes various measures, from very
expensive to low-cost measures to protect water bodies.
Using appropriate mathematical models can help in the
assessment of environmental impact and implemen-
tation of optimized measures. Through a preliminary
selection of appropriate models for rural river basins,
the mathematical model SWAT (Soil and Water Assess-
ment Tool) was found to be appropriate (Cosi¢-Flajsig
et al., 2014). It can be upgraded for specific needs, such
as changing the trophic status of reservoir (ETC/ICM
Technical Report, 2016). SWAT also fits in the frame-
work of integrated modelling, and thus allows the use
extensions for economic analysis and ecosystem servi-
ces and human well-being (Cosi¢-Flajsig and Karleuga,
2015). This paper is structured in seven parts. After the
Introduction, the importance of eutrophication assess-
ment is given in Section 2. Section 3 deals with the
description of DPSIR approach and the indicator sys-

tem. Section 4 deals with Material and methods of the
research while Section 5 describes Results of the
research. Finally, the paper ends with the Discussion in
Section 6 and the Conclusion.

Eutrophication assessment

European policy has consistently identified eutrophica-
tion as a priority issue for water protection, in particular
through the Urban Wastewater Treatment Directive
(UWWTD) and the Nitrates Directives (ND), as well as
the more recent WFD adopted in 2000 and a number of
international conventions on river basin management.
The general objectives of European and national poli-
cies, such as good ecological status under the WFD
need to be broken down to more specific objectives and
quantitative targets to guide eutrophication abatement.
In addition to the EU Directives, the 7™ European
Environmental Action Program (EAP) has amongst
others the objective to ensure that by 2020 ,,the nutrient
cycle (nitrogen and phosphorus) is managed in a more
sustainable and resource-efficient way. This requires, in
particular: taking further steps to reduce emissions of
nitrogen and phosphorus, including those from urban
and industrial wastewater and from fertilizer use,
through better source control, and the recovery of waste
phosphorus® (ETC/ICM Technical Report, 2016). The
exceeding of nutrient standards in water bodies must be
translated into objectives for nutrient load reductions,
because it is more ecologically sound than targets set
with respect to some reference year. The input of
nutrients in upstream areas causes the changing of the
water status and load objectives for downstream area
(ETC/ICM Technical Report, 2016). The environmental
policies and legislation have the common objectives to
reduce eutrophication and thereby securing healthy
ecosystems, safe bathing or drinking waters, and the
monitoring of the eutrophication as the widely used
tool, for planning water management measures. The
objectives represent a common understanding of the
potential nutrient reduction measures that would be
sufficient to provide recovery from eutrophication
(ETC/ICM Technical Report, 2016). Requirements to
assess eutrophication are included in the EU water
policy through some directives, as it is described in
document ,,European assessment of eutrophication
abatement measures across land-based sources, inland,
coastal and marine waters*, ETC/ICM Technical Report
— 2/2016. Minimum monitoring WFD requirement
relevant for eutrophication are: phytoplankton, aquatic
flora, macroinvertebrates, fish, physiochemical quality
elements (N and P), and hydromorphological elements.
Nutrients can sometimes cause changes in the taxono-
mic composition of plants or algae, without causing the
biomass to increase to a level where is secondary on
flora, fauna or water quality in general. There is no
unique approach and relevant policy that aim at
controlling the pressures from human activities with an
impact on the natural condition of the ecosystem, status

291



Acta Hydrologica Slovaca, ro¢nik 18, ¢. 2, 2017, 290 — 300

of water body and nutrient enrichment which cause

eutrophication (ETC/ICM Technical Report, 2016).

Eutrophication of natural and artificial lakes is a prob-

lem that needs the preventive and continuous work in

order to be solved. This paper presents an innovative

approach for the eutrophication assessment which is

based on:

 the application of DPSIR approach to the analysis of
human activities in the catchment area and the input
of nutrients in the water with the use of spatial data
(GIS);

« the quantification of input pollution in water using
a mathematical model SWAT;

» the analysis of the condition of the water ecosystem
in relation to the climatological-hydrological condi-
tions, abiotic and biotic factors.

DPSIR and indicator system

With problem oriented DPSIR approach, according to
the WFD, all types of pressures (pollution, water use
and hydromorphological pressures) can be analysed to
assess the risk of not achieving a good ecological status
of a water body (Cosié-Flajsig et al., 2015). This paper
aims to show the model of eutrophication process in
order to implement measures that could avoid a possible
new occurrence of eutrophication, which is one of the
biggest challenges in water management. In the case of
transboundary river basin, the challenge is even higher
because of a range of factors related to diversity of
water management, backgrounds, approaches, interests
and development scenarios for the defined area. The
DPSIR framework distinguishes driving forces (D),
pressures (P), state (S), impact (I) and responses (R) -
programmes and measures (ETC/ICM Technical Re-
port, 2016). The eutrophication conceptual framework
provides an effective mean for identifying the critical
processes that can be adapted to processes specific to
different water body categories. Using the indicator
system, which explains causal relationship of the eutro-
phication process, special emphasis will be given on the
analysis of biological indicators (elements of water
quality) that are critical in the assessment of the state of
aquatic ecosystems. Direct effects of nutrient enrich-
ment are on indicators: phytobenthos, phytoplankton,
macrophytes, increase turbidity and decreased light
transparency. Indirect effects of nutrient enrichment are
on indicators: change of habitats, algae toxins and orga-
nic matter that have impact on the macroinvertebrates
and fish. Indicators are a widely used instrument for
monitoring the eutrophication status and to document
the distance to target and the progress of policy
implementation over time. Eutrophication indicators for
nutrient pressure, state and impact in rivers, lakes and
transitional waters are: Pressure indicators: nutrient
emissions, nutrient loads — for all water bodies, State
indicators: phosphorus concentrations (Total — P, ortho-
phosphate), nitrogen concentrations (Total N, NO;) - for
all water bodies, Impact indicators: Ecological status

and Macrozoobenthos (community composition, bio-
mass) — for all water bodies; Phytoplankton (chlorophyll
a, biovolume) and Secchi depth — for water bodies of
lakes; Macrophytes (lower growing depth) and (commu-
nity composition)- for water bodies of lake; Phytobentos
(benthic algae community composition) — for water
bodies of rivers and lakes; Bottom water oxygen
concentrations — for water bodies of stratified lakes only
(ETC/ICM Technical Report, 2016). The impact indica-
tors used in connection with eutrophication vary
depending on the water category, but they are generally
sensitive to nutrients, either directly (biological indica-
tors) or indirectly (physico-chemical indicators affected
by biological processes) (Cosi¢-Flajsig and Karleusa,
2015). Nutrient emissions or load indicators are impo-
rtant performance indicators. Load indicators show how
much nutrient loads have been reduced and whether the
nutrient load reduction targets have been achieved.
Nutrient emissions are assessed per sector and provide
a direct link to the respective polluters. Data on sectoral
nutrient emissions and the need for load reductions in
each sector are gained by source apportionment. This is
useful to identify the main contributors to the loads and
where further measures would be most effective
(ETC/ICM Technical Report, 2016).

Material and methods

Knowing the catchment hydrological and hydraulic cha-
racteristics, sources of pollution, pollutants' flow, va-
rious chemical parameters decomposition patterns and
existing aquatic ecology is crucial for proposing reme-
diation measures and setting economically sound envi-
ronmental protection management measures. To face
these challenges authors have developed conceptual wa-
ter quality management model for the Sutla river catch-
ment using the DPSIR approach and the SWAT model.
It should initiate common approach for both countries to
control water quality on catchment level and manage
aquatic ecosystem to fulfilling environmental goals.

Study area

The river Sutla originates at the altitude of 717 meters
below the Macelj hill and flows into the Sava River
southeast of Brezice town. The terrain of the catchment
area ranges from approx. 1000 meter above sea level to
100 meter above sea level (see Figure 1). It is 91 km
long. After 3 km of headwater section, it becomes
a national border between Slovenia (right side of the
river) and Croatia (left side of the river). At the
downstream section, before it flows into the Sava River,
the national border is laying on the river Sutla and
former course (before the regulation). Its catchment area
is 590.6 km? large, of which 78% is located in Slovenia,
and the rest in Croatia. The most significant two right
shortly “Bistrica”). The only lake that existed shortly on
the river Sutla was the Sutla Lake, the artificial lake
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behind the Vonarje dam. Area of the former reservoir,
which was emptied in 1988 due to eutrophication, was
1.95 km?, and is currently being used as retention in
case of high water. Reservoir capacity is 12.4 million
m’, out of which 3.7 million m® is required for 100-year
flood protection. The average annual precipitation in the
Sutla river catchment is 1200 mm, and evapotranspi-
ration is about 650 mm. The river Sutla has the
Pannonian flow regime with two identical peaks, one in
early spring and the other in late autumn. Low flows
occur in summer and winter. Measuring stations that
monitor the quantity and quality of water on river Sutla
are presented on Figure 2 (Cosi¢-Flajsig et al., 2014).

SWAT model

The SWAT model, daily time step semi-distributed
process-based catchment model, was developed to help
water resource managers in evaluating the impact of
agricultural activities on waters and diffuse pollution in
river catchments (Arnold et al., 2012; Tuppad et al.,
2010). For the purpose of this study, SWAT 2012
model, Geographic Information System (GIS) ESRI
ArcGIS 10.3 software and the ArcSWAT interface have
been used. The SWAT model is extensively used in the
world for modelling hydrology, water quality and
climatic change (Gassman PW et al.,, 2007) and it is
compared favourably with other runoff models and
water quality models (Kronvang, B. et al., 2009). The
model defines the river network, the main point of
outflow from the catchment and the distribution of sub-
catchments and hydrological response units (HRUs).

Fig. 1. The Sutla River Basin (Cosic¢-Flajsig et
al., 2014).

Obr. 1. Povodie rieky Sutla (Cosic¢-Flajsig et al.,
2014).

Sub-catchments are spatially related to each other.
HRUs are the smallest landscape components of SWAT
with a unique combination of land use, soil, slope and
land management, and those are not spatially related
(Tuppad et al., 2010). The use of HRUs allows
modelling of different evapotranspiration (ET), erosion,
plant growth, surface flow, water balance, etc., for each
sub-catchment or HRU, thus increasing the accuracy of
the simulations (Moriasi DN et al., 2012). Erosion and
sediment yield are estimated for each HRU with the
Modified Universal Soil Loss Equation (MUSLE).
Runoff erosive energy is calculated by a hydrology
model that supplies estimates of the runoff volume and
peak runoff rate for the sub-catchment area. The model
uses a soil erodibility factor. The cover and crop
management factor is recalculated every day that runoff
occurs and is a function of the above ground biomass,
residue on the soil surface, and the minimum C factor
for the plant (Neitsch SL et al, 2005). SWAT tracks the
movement and transformation of several forms of
nitrogen and phosphorus in the soil profile, shallow
aquifer, reach, reservoir, pond and wetland.

Database and data analysis

Table 1 provides an overview of the SWAT model input
data.

Model set up and evaluation

The River Sutla catchment was subdivided into 11 sub-
catchments and 1970 HRUs.

Fig. 2.
quantity and quality of water on river Sutla — right
(Cosicé-Flajsig et al., 2014).

Monitoring stations that monitor the

Obr. 2. Monitorovacie  stanice  kontrolujiice
mnozstvo a kvalitu vody v rieke Sutla (Cosic-
Flajsig et al., 2014).
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Table 1. Model input data sources for the river Sutla sub-basin
Tabul’ka 1. Zdroje vstupnych tidajov do modelovania pre ¢iastkové povodie rieky Sutla
Data Type Characteristics Source Data description
Topography Slovenia: 25 m Copernicus land services - European Elevation
(DEM raster) Austria: 1 m Environment Agency
Ministry of Agriculture, Forestry and Food of
Soils Slovenia: 1:25000 the Republic of Slovenia; Biotechnical Faculty Spatial soil variability,
Croatia: 1:25000 (University of Ljubljana), Faculty of soil types and properties
Agriculture (University of Zagreb)
Slovenia, Croatia: .lm Slovenia: Ministry of Agriculture, Forestry
vector data (Graphical . .
. . and Food of the Republic of Slovenia Land use, Land cover
Units of Agricultural Land) . . . . . .
Land Use . - Croatia: Paying Agency for Agriculture, classification and spatial
Croatia: 100 m Corine L . .
Fisheries and Rural Development; Copernicus representation
Land Cover (CLC) 2012, . .
. land services - European Environment Agency
Version 18.5.1
Crop rotations
Land Chamber of Agriculture and Forestry of (harvesting, planting,
Management / Slovenia - Agricultural advisory service; Field management), fertilizer
information trip application (rates and
time)
Daily precipitation,
. . Environment Agency of the Republic of Temperature (max.,
Weather Slovenia 9 an d Croatia 3 Slovenia (ARSO), Croatian Meteorological min.), relative humidity,
stations . . . .
and hydrological service wind, solar radiation
from 2001 -2014
River 1 monitoring point (CRO - Env1r0.nment Agency of the Rep U blic of Daily flow data (m’/s)
. . Slovenia; Hrvatske vode — Croatian legal
discharge Zelenjak) . from 2001 - 2014
entity for water management
Waste water . Environment Agency of the Republic of Average dall}./ discharge
Slovenia: 10 . . of orgP, sediment and
treatment . Slovenia; Hrvatske vode — Croatian legal
Croatia: 2 . orgN and other
plants entity for water management
parameters
. 1 monitoring point (CRO - o TSS, NO5, PO>, TP,
Water quality Zelenjak) monthly monitoring TN (2001 - 2012)

The number of HRUs in each sub-catchment was set by
a minimum threshold area of 0%:0%:0% for land use,
soil and slope classes, respectively. High number of
HRUs is correlated with step topography, dispersed
agricultural areas and 39 soil types of the study area.
River flow daily time step sensitivity analysis and
calibration were performed for the sub-catchment
6 outlets for the period 2009-2014, with a three-year
warm up period (2001-2003) and one validation periods
(2004-2008). Sediment, nutrients (NO3-N, PO4Y)
monthly time step and river flow daily time step
sensitivity analyses and calibrations were performed for
the water quality monitoring point at the sub-catchment
6 outlets for the period between 2004 and 2012. The
first step in the calibration and validation process in
SWAT is to determine the most sensitive parameters for
a given basin. For the sensitivity analysis and calibre-
tion, special software called SWAT-CUP is used, and
within it the Sequential Uncertainty Fitting (SUFI-2)
algorithm (Arnold et al., 2012; Abbaspour et al., 2007).
The sensitivity analysis was performed using measured
data for the river Sutla. The analysis was carried out for
average daily flow and monthly sediment, nitrate and

phosphorus. The default lower and upper bound para-
meter values for all parameters was used (Neitsch SL et
al, 2005). Defined stream flow was identified to be
sensitive to changes. It has the greatest impact on the
model output when changed. The most sensitive para-
meters were used to perform model calibration. In this
study, calibration of the model was performed for flow
on daily basis and sediment, nitrate nitrogen and
phosphorous on a monthly basis.

Results
Calibration and Validation

Objective functions show that the simulated total flow is
within the acceptable range (Table 2). To achieve
acceptable calibration and validation results, a list of
model parameters was changed from default to final
values. Table 2 lists the calibration and validation va-
lues for the model performance for flow. Negative per-
cent bias (PBIAS) values indicate a small overestima-
tion of the simulated values. Nash-Sutcliffe efficiency
(Ens) on daily time steps are in the acceptable range
(Moriasi et al., 2007), however, the Eys coefficient is
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very sensitive to values that stand out from the average
(Krause P. et al., 2005). The SWAT model simulated
the streamflow trends good and very good, as simulated
streamflow values do not exceed the measured
streamflow data by more than 15% (Moriasi et al.,
2007). Comparing simulations run under different time
steps shows that this element is important for
understanding model performance (Krause P. et al.,
2005). After the base model calibration was completed,
the parameters remained fixed for further use in
scenario modelling. The results of the validation in this
study are in line with the calibration results. Objective
functions for monthly time step sediment, nitrate-
nitrogen and phosphorus calibration (Table 2, Figure 3)
show that the model is acceptable for predicting all of
them. The Nash-Sutcliff coefficient (Eys) is in the range
of very good results for sediment, nitrate-nitrogen and
satisfactory for phosphorrus and PBIAS in the range of
satisfactory model performance for sediment and very
good for nitrate nitrogen and phosphorus (Moriasi DN
etal., 2012).

Base scenario results

Through analysis of the base scenario, the critical
source areas (CSAs), i.e. where the source and transport
areas that are connected to water bodies, have been
determined. HRUs where the annual average sediment
yield exceeded 0.5 t/ha and average nitrate nitrogen
loading from groundwater exceeds 5 kg/ha are consi-
dered to be CSAs (Figure 3). These areas have in terms
of erosion unstable geology and soil types susceptible to
soil erosion, and for that reason are strongly subject to
the action of weather forces. The spatial variability of
sediment yield is influenced by many factors, particular-
ly land use, management practice, slope and soil charac-
teristics. The impact of land management on erosion
and nitrogen leaching and its graphical representations

greatly depend on the accuracy of the spatial and attri-
bute data used in the modelling process. The average
annual sediment and nitrogen yields at the HRU level
were divided into six classes (Figure 3). The source of
sediment in this river basin is spatially heterogeneous
and on average 0.76 t/ha/year. This study shows that in
certain HRUs, sediment yield can reach up to
31.61 t/ha/year (Table 2, Figure 3). This value can be
exceeded during periods of heavy rainfall. The highest
amount of sediment is transported from vineyards
(3.5 t/ha/year), followed by arable fields (186 t/ha/year)
(Figure 4).

The areas with arable fields and especially the one on
shallower soils and on lowland sandy soils are exposed
to nitrogen and phosphorus leaching which ends in the
main river channel. Their sources in groundwater in this
river basin are spatially concentrated on agricultural
land and are on average 1.97 kg N/ha/year and 0.59 kg
P/ha/yr. This study shows that in certain HRUs, nitrate
nitrogen and soluble phosphorus yield can reach up to
54.53 kg/ha/year and 12.99 kg/ha/year, respectively
(Figure 4). This value can be exceeded during periods of
heavy rainfall. The highest amount of nitrate nitrogen is
on average transported from orchards (4.5 kg/ha/year),
amount of soluble phosphorus in mineral forms is on
average transported into the main channel from arable
fields (1.7 kg/ha/year), followed by orchards
(0.8 kg/ha/year) and vineyards (0.7 kg/ha/year). Mo-
delling results for the study period between 2004 and
2014 also showed that on average it can be expected at
the main catchment outlet at confluence with the river
Sava almost 14.000 tons/year of sediment,
1741 tons/year of total nitrogen and 125 tons/year of
total phosphorus. Results show that main point sources
(waste water treatment plants) in normal conditions
contribute very small quantities of N (10.75 tons/year)
(0.62%) and P (4.29 tons/year) tons of (3.43%) on
average daily basis.

Table 2. Statistical values for the calibration of for river flow (m3/s) (2004 — 2014) and
sediment concentration (mg/l), nitrate nitrogen concentration (mg/l) and load
(kg/day) and mineral phosphorus load in the river Sutla (2004 — 2012)
Tabulka 2. Statistické hodnoty pre kalibraciu toku rieky (m%/s) (2004 — 2014), koncentracia
sedimentov (mg/l), koncentracia dusika (mg/l) a zat’aZenie (kg/day) a zat'aZenie
mineralnym fosforom v rieke Sutla (2004 —2012)
Objective function
Ens | PBIAS
River flow (daily)
Calibration (2009 — 2014) 0.59 -10.58
Validation (2004 — 2008) 0.54 0.59
Sediment (monthly)
Load Calibration (2004 —2012) 0.72 34.35
Nitrate nitrogen (monthly)
Concentration Calibration (2004 —2012) 0.82 -1.96
Load Calibration (2004 — 2012) 0.65 31.30
Mineral phosphorus (monthly)
Load Calibration (2004 —2012) 0.41 2.32
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Fig. 3. A comparison of the simulated and the calculated sediment, nitrate-nitrogen and

phosphorus in the river Sutla for station Zelenjak at sub-basin 6 outlets between 2004 and 2010.
Obr. 3. Porovnanie simulovaného a vypocitaného sedimentu, dusika a fosforu v rieke Sutla pre
stanicu Zelenjak na 6 vytokoch ciastkového povodia v rokoch 2004 az 2010.
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Fig. 4. Average annual sediment yield (t/ha/yr) and nitrate-nitrogen yield (kg N/ha/yr)
transported into the main channel from the HRU.

Obr. 4.  Priemerny rocny vynos sedimentov (t/ha/yr) a vynos dusika (kg N/ha/yr) transport-
vaného do hlavného kandla z HRU.
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Results of indices analysis for biological water quality
elements, algae as eutrophication indicators

Analysing the SWAT model results and the available
water quality data based on the surveillance monitoring,
which is carried out by Croatian Waters, as well as the
results of the investigative monitoring, an analysis of
the indexes for the biological elements of water quality
and the presence of algae as an indicator of eutrophi-
cation was made. The Trophic Diatom Index (TDI) is
a parameter that points to the load of the water body on
the nutrients and the water temperature, i.e. its level of
trophies based on the presence of diatom species (algae)
(Rott et al., 1999). The saprobic index (saprobity) (SI) is
a multimeter index that indicates the amount of nutrients
in the watercourse. SI (Pantle & Buck, 1955; Zelinka
& Marvan 1961) was calculated according to the revised
saprobic values for each diatom species (algae)
according to the Croatian HRIS (Croatian Saprobic
Index) indicator system (Primc-Habdija et al., 2003).
The non-Diatom index (NDI) gives information on the
presence and percentage of all groups of algae (except
diatoms) in a single sample. Namely, the presence of
Cyanobacteria and Chlorophyta may significantly imply
an increase in the level of trophy / saprobity. Because of
this biological quality assessment only on Diatom index
can be questionable, especially at degraded sites. For the
classification of the biological state it is important to
define Ecological Quality Ratio (EQR). Namely, the
values of each index used differ significantly and it was
necessary to transform these values into comparable
form, i.e. the actual values of the index are transformed
into values between 0 and 1 (1 is highest quality and 0 is
the worst).The EQR values for the TDI and SI index for
the Sutla-PriSlin sampling station for 2012 (Figure 2),
when regular monitoring was conducted by Croatian
Waters, were 0.38, which indicated poor water status,
while values for Slpg and Slygr;s were 0.74, indicating
the good water status. EQR values for the TDI and SI
index for the Sutla-Zelenjak sampling station for 2012
(Figure 2), when regular monitoring was conducted,
were 0.69, which indicates good water status, as values
for Slpg and Slygris, which amounted to 0.77 and also
indicated on the good water status. The EQR values for
the TDI and SI index for the Sutla-Harmica sampling
station for 2012 (Figure 2), when regular monitoring
was conducted were 0.68, which indicates good water
status and values for SIPB and SIHRIS were 0.75 and
also indicated on the good water status. EQR values for
NDI for all three sampling stations were 0.3 and
indicated poor water status.

Measures

The planning and implementation of measures for
reducing the risk of eutrophication has to be based on
respecting the interests of all users of the river basin,
and if is it possible, the ecosystem service and human

well-being. The program of measures to reduce nutrient
pollution pressures is the central element of an
integrated water resources management plan that ideally
fulfils the requirements of different water related poli-
cies like WFD, UWWTD, ND and national legislation
(ETC/ICM Technical Report, 2016). Nutrients are a key
factor in eutrophication and should be included in moni-
toring programmes for the assessment of eutrophication.
Basically, two different monitoring concepts can be
applied: monitoring of biological quality element(s)
including supporting quality elements and monitoring of
nutrients (and possibly other physico-chemical quality
elements) as a screening tool. Generally, monitoring of
nutrients will be at a higher frequency than for biolo-
gical quality elements. (ETC/ICM Technical Report,
2016). In the case of Sutla River monitoring of biologi-
cal quality elements is not sufficiently developed
according to the requirements of the WFD. The analysis
of total nitrogen and total phosphorus is the basis for
budget calculations and overall assessments have been
done by using the model SWAT. By using additional
extensions for the model, this budget can be improved.
For a detailed analysis of eutrophication processes all
fractions of nutrients (dissolved and particulate, organic
and inorganic forms of nitrogen and phosphorus) should
be monitored to allow a better understanding of the
status and the factors explaining the status. Such a de-
tailed analysis can be part of an investigative monitoring
programme, as it can be in case of Sutla river basin
(ETC/ICM Technical Report, 2016). The programme of
measures may be established when the most significant
pressures have been identified and nutrient reduction
objectives have been set. While the WFD, ND and
MSEFD give more space for the selection of specific and
site adapted measures, the UWWTD defines clear
technical and managerial measures to be taken. Manda-
tory measures, according to UWWTD, have been imple-
mented for agglomerations bigger than 2 000 PE, but
waste water in other settlements is collected in indivi-
dual permeable septic tanks if not emitted directly into
small creeks and rivers. Out of a total of 54 839 resi-
dents living in the Sutla river basin, only 11 070 inha-
bitants are connected to the sewage system and WWTP.
The EU-WFD planning process distinguishes three cate-
gories of measures: basic measures, supplementary
measures and additional measures. The program of
measures has to be cost-effective and consulted with
stakeholders to become operational and includes better
cross-sectoral integration of water policies burden
sharing between sectors, innovative approaches, and
alternative concepts such as payment for ecosystem
services.

Discussion
The challenge to secure good ecological and chemical

status of the river Sutla is today even higher that it has
been in the past. For this purpose, it is necessary to
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know the catchment hydrological and hydraulic charac-
teristics, sources of pollution, pollutants' flow, various
chemical parameters decomposition patterns and exis-
ting aquatic ecology. Only then pollutant’s impacts on
aquatic ecosystems and other quality parameters under
different development scenarios can be analysed.
Knowing these processes is crucial for proposing reme-
diation measures and setting economically sound envi-
ronmental protection management measures. To face
these challenges authors have developed conceptual
water quality management model for the catchment.
Related to the quantification and spatial presentation of
input pollution in water using a mathematical model
SWAT, modelling results for the study period between
2004 and 2014 showed that on average it can be
expected, at the main catchment outlet at confluence
with the river Sutla, the increase in the level of trophy,
which is particularly visible from the non-Diatomindex,
likely due to the presence of the representatives of the
algae groups Cyanobacteria and Chlorophyta. The
Sutla-Prislin sampling station shows worst water quality
due to nutrients load, and this is probably the result of
the impact of two larger settlements (Hum na Sutli in
Croatia and RogaSka Slatina in Slovenia) with the
corresponding industry located upstream from the
sampling station. The influence of these settlements is
even stronger because only 20% of the catchment
population is connected to the public drainage system
related to the requirements of the UWWTD and the fact
that mostly inhabitants live in the small settlements. The
main source of nitrogen pollution is run-off from
agricultural land and forest. Based on the analyses of the
spatial presentation of the N and especially the sedi-
ments in the Sutla catchment area, with a large forest
and agriculture area, whereas most phosphorus pollution
comes from agriculture and WWTP’s contributed
3.43% of the total P only, the connection between the
input N, the sediment and water quality was established.
The data from water quality location PriSlin confirms
this assumption. The similar situation occurs with the
introduction of a sediment in the area of the Bistrica
stream to the Sutla River. At the location mentioned
there is no measurement station, Zelenjak is upstream,
and Harmica runs downstream and does not signify-
cantly register the pollutant input. Recommended
measures for reducing nutrient intake from agricultural
areas are: agro — environmental policies: protection
zone — buffer zone for river Sutla, financial support for
organic and ecological food production; management
plans for lower diffuse pollution loads; efficient organic
and artificial fertilizer use; control of manure and slurry
storage and re-use (Cosi¢-Flajsig et al., 2014).

Conclusion

An innovative methodology for eutrophication assess-
ment using the DPSIR approach with GIS spatial analy-
sis and the SWAT model is presented in the paper. The
application of this methodology has proven to be

appropriate on Sutla river basin case study because it
enables the analysis of the eutrophication process in the
basin as well as the selection of the optimal set of
mitigation measures for prevention of the eutrophication
process. Further and widespread application of this
approach will enable wider acquisition of the basic
knowledge for the Sutla river basin, which includes the
natural processes, the generating pollution and
decreasing risk of eutrophication. All input data that are
used were provided by the official monitoring system,
but it is necessary to continue the collection of new data
and further development of the SWAT model for which
it has been proven that it can improve the quality of the
analyses, especially by using different extensions. In the
future, it is necessary to carry out more detailed research
of biological elements of water quality, especially
periphyton and macrophytic vegetation, which are
directly related to eutrophication. Research should take
place for at least three consecutive years in the warmer
part of the year during lower water levels in order to
obtain a complete picture of the state of Sutla Lake.
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ANALYZA EUTROFIZACNYCH FAKTOROV V POVODI RIEKY SUTLA

Objem nadrze Vonarje je 12,4 miliénov m®. Nachadza
sa na rieke Sutla, ktord je prirodzenou hranicou medzi
Slovinskou a Chorvatskou republikou. Priehrada a nadrz
boli postavené a naplnené v roku 1980 na ucely verej-
ného zésobovania vodou, zavlaZzovania a protipovodnio-
vej ochrany. V rokoch 1987 a 1988 bola v nadrzi zistena
zvySena eutrofizdcia a vroku 1989 bola nadrz tplne
vyprazdnend. Eutrofizacia je "obohatenie vody zivina-
mi, najmé zlu¢eninami dusika a/alebo fosforu, ¢o spdso-
buje zrychleny rast rias a vysSich foriem rastlin, ktoré
sposobujui neziaduce narusenie rovnovahy organizmov
pritomnych vo vode a ovplyviiuji kvalitu vody". Pocho-
penie "antropogénnej" eutrofizicie zodpoveda tomu,
ako RSV Kklasifikuje ekologicky stav povrchovej vody
vo vztahu k referen¢nym podmienkam Specifickym pre
dany typ. Vodné tutvary, ktoré nedosiahnu dobry ekolo-
gicky stav v dosledku ucinkov obohatenia zivinami
spdsobené l'udskou Cinnost'ou, sa moézZzu povazovat za
nepriaznivo ovplyvnené eutrofizaciou. Cielom tohto
¢lanku je ukézat’ model procesu eutrofizicie s cielom
zaviest' opatrenia, ktoré by mohli zabranit moznému
novému vyskytu eutrofizacie, ¢o je jedna z najvacsich
problémov vo vodnom hospodarstve. V pripade cezhra-
ni¢ného povodia je problém este VACSi, pretoze existuje
cely rad faktorov stvisiacich s rdznorodostou vodného
hospodarstva, prostredia, pristupov, zaujmov a scenarov
vyvoja pre vymedzenu oblast. Pre vSetky povodia ¢len-
skych statov EU musi byt vodné hospodérstvo organi-
zované z hl'adiska implementacie eurdpskej vodohospo-

darskej politiky a cielov RSV. V pripade cezhrani¢nych
povodi, ako je povodie rieky Sutla, je to obzvlast
dolezité. Problém eutrofizécie prirodnych a umelych ja-
zier je problém, ktory si vyzaduje preventivnu a neusta-
lu pracu na rieSeni problémov. Tento dokument predsta-
vuje inovativny pristup k hodnoteniu eutrofizacie, ktory
je zalozeny na nasledujucej analyze modelov:

» pristup DPSIR na analyzu l'udskych ¢innosti v ob-
lasti povodia a vstupu zivin do vody s vyuzitim
priestorovych tidajov (GIS),

» kvantifikacia vstupného znedistenia vo vode pomo-
cou matematického modelu SWAT,

+ analyza stavu vodného ekosystému vo vztahu k kli-
matologicko-hydrologickym podmienkam, abiotic-
kym a biotickym faktorom.

Pomocou indikatorového systému, ktory vysvetl'uje pri-
¢innu suvislost’ procesu eutrofizacie, sa kladie osobitny
doraz na analyzu biologickych ukazovatel'ov (prvkov
kvality vody), ktoré su rozhodujuce pri posudzovani
stavu vodnych ekosystémov. Planovanie a vykonavanie
opatreni na znizenie rizika eutrofizacie musi byt
zalozené na reSpektovani zdujmov vsetkych uZzivatel'ov
povodia a ak je to mozné, na ekosystémovych sluzbach
a ludskom blahobyte. Zelend infrastruktira, okrem
potrebnej Sedej infrastruktury, prispieva k vyuZivaniu
ekosystémovych sluzieb, ktoré zahfilaju sluzby, ktoré
poskytuje priroda zadarmo, a ¢lovek vyuziva na trvalo
udrzatel'né integrované riadenie povodia.
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