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NITROGEN AND PHOSPHORUS
POLLUTION IN GORIČKO

NATURE PARK
Darijo Ilić, Jože Panjan

Ledava River at Domajinci.
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Nitrogen and Phosphorus Pollution in Goričko Nature Park
ABSTRACT: This article deals with the impact of diffuse and point sources of nitrogen and phosphorus
pollution on the environment in Goričko Nature Park. The park was divided into three parts: the Ledava,
Big Krka (Velika Krka), and Kobilje Creek (Kobiljski potok) basins, which were then compared. The sur-
face waters were monitored and their chemical composition was examined. All three areas are characterized
by elevated levels of nitrogen and phosphorus compounds in the water. Nitrogen and phosphorus pollu-
tion results from unregulated manure pits on livestock farms, unregulated sewage systems, and runoff of
nitrogen and phosphorus compounds from farmland.

KEY WORDS: geography, nature protection, pollution, nitrogen, phosphorus, Goričko Nature Park, Slovenia

One sna že nje z du ši kom in fos for jem v Kra jin skem par ku Gorič ko
POVZETEK: Čla nek obrav na va vpliv raz pr še nih in toč kov nih virov na obre me nje va nje oko lja z du ši kom
in fos for jem na območ ju Kra jin ske ga par ka Gorič ko. Kra jin ski park Gorič ko smo raz de li li na tri dele: porečja
Leda ve, Veli ke Krke in Kobilj ske ga poto ka ter med območ ji izved li pri mer jal no ana li zo. Z mo ni to rin gom
povr šin skih teko čih voda smo preu či li nji ho vo kemij sko sta nje. Za vsa tri območ ja so zna čil ne povi ša ne
kon cen tra ci je duši ko vih in fos for je vih spo jin v vodi. One sna že nje z du ši ko vi mi in fos for je vi mi spo ji nami,
je posle di ca neu re je nih gnoj nih jam na živi no rej skih obra tih, neu re je na kana li za cij ska infra struk tu ra in
izgu be duši ko vih in fos for je vih spo jin s kme tij skih zem ljišč.

KLjUČ NE BESE DE: geo gra fi ja, vars tvo oko lja, one sna že nje, dušik, fos for, Kra jin ski park Gorič ko, Slo ve nija

Darijo Ilić
Public communal enterprise Šalovci, d. o. o.
darioilic@yahoo.com

Jože Panjan
University of Ljubljana, Faculty of Civil and Geodetic Engineering
joze.panjan@gov.si
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Ured niš tvo je pre je lo pris pe vek 6. ju ni ja 2013.
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1 Introduction
Factors that alter the chemical, biological, physical, and hydromorphological properties of water are those
that pollute water and thus have an impact on its condition. Nutrient sources of water contamination (pri-
marily nitrogen and phosphorus) can be divided into point and diffuse sources (Novotny 1988). The point
sources of one or more pollutants can be defined and illustrated as points on the map from which pollu-
tion spreads into the surrounding areas; the impact decreases with distance. Point sources include industrial
and domestic wastewater, direct discharges from livestock farms, and so on. Diffuse pollution sources, which
cannot be defined as a single point but rather originate from a specific area, include settlements, agricul-
ture, and traffic infrastructure. Diffuse pollution is the leading form of pollution that is difficult to control
(Novotny 2003; De Wit and Behrendt 1999). Intensive agriculture is especially problematic in this regard,
because increased fertilizer use and intensive livestock farming increase nutrient inputs.

Healthy drinking water (ground or surface) is recognized as one of the fundamental environmental
problems. Water is a partially renewable resource, but excessive contamination, especially by inorganic
matter, can turn it into a health risk. In order to prevent this type of contamination as much as possible,
water pollution sources must be determined to the greatest possible extent. This is an especially big chal-
lenge in the case of diffuse water pollution because the sources must be defined locally. An expressly local
approach is required because each area has its own special features.

Nitrogen is an important element of the global ecosystem and a component of many organic and inor-
ganic substances (Williams 2001). Water contains low levels of nitrogen in the form of organic or inorganic
compounds (Ibanez et al. 2007). The most important inorganic forms of nitrogen include ammonium (as
the ammonium ion NH4

+ and ammonia or NH3, which are in balance in a water solution; they have an oxi-
dation number of –3), nitrate (NO3

– with an oxidation number of +5), and nitrite (NO2
– with an oxidation

number of +3). These ionic forms play an important role in the nitrogen cycle.
After nitrogen, phosphorus is the second most important element in primary production (Green etal. 2007)

and it is the most important nutrient to cause the eutrophication of fresh water (Lemmunyon and Daniel 1998),
which stimulates algal growth, decreases dissolved oxygen levels, and reduces water transparency (Wood 1998).
Excess phosphorus in water from both point and diffuse sources can result in increased primary production
and eutrophication, with the potential for seasonal toxic algal blooms, which can have a major negative
impact on global water quality (Worsfold 2005). The majority of phosphorus is washed from farmland
into surface waters, whereas only small amounts are washed into the groundwater (Bryant 2004). Phosphorus
losses from farmland amount to 0.97–1.85 kg/ha a year (Baker 1984). Phosphorus losses from farmland
in Goričko Nature Park can be up to 8.2 kg/ha (Karta presežkov fosforja 2006) as a result of surface runoff
(Karta površinskega odtoka 2003).

2 Methods
Water quality in Goričko Nature Park was monitored through field measurements and laboratory analy-
ses. Field research included measurements of water and air, pH, electrical conductivity, redox potential,
turbidity, and oxygen. Sampling was carried out in line with the Slovenian Standard (Kakovost vode…2007).
Eleven sites were used for sampling, which was carried out once a month from May 28th, 2008 to May
20th, 2009. Discharge was measured using the float method (Brilly 1992), and chemical parameters (i. e.,
ammonium, nitrate, nitrite, total nitrogen, orthophosphate, total phosphorus, potassium, chemical oxygen
demand (COD), five-day biochemical oxygen demand (BOD5), and undissolved matter) were determined
using standard methods (Eaton et al. 1995).

2.1 Description of the study area
Goričko Nature Park is located in the extreme north-east of Slovenia. Most of the area (96%) is a Natura 2000
site (Uredba … 2004). This is a hilly area with an average elevation between 300 and 350 m above sea level
and intermittent valleys at an elevation of 220–260 m (Digitalni … 2001).

Acid to neutral soil developed on noncarbonate bedrock (Internet 3). Average annual air temperature
is 9.7 °C and the average annual precipitation is 761.8 mm (Meteorološki podatki … 2009). According to
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Gabrovec and Kastelec (1998), the annual quasi-global radiation energy (the sum of direct and diffuse solar
radiation) on inclined surfaces ranges from 3,300 Mj/m2 at lower elevations of the central and eastern parts
of Goričko Nature Park to around 4,000–4,800 Mj/m2 in the remaining parts.

Goričko Nature Park was divided into three parts: the Ledava, Big Krka (Velika Krka), and Kobilje Creek
(Kobiljski potok) basins.

The Ledava Basin (Internet 1) covers 21.4 km2 (46.3%) of Goričko Nature Park, the Big Krka Basin
covers 14.6km2 (31.6%), and the Kobilje Creek Basin covers 7.9km2 (17%). The total length of all watercourses
in the nature park is 664 km: 309 km in the Ledava Basin, 95 km in the Big Krka Basin, and the rest in the
Kobilje Creek Basin. These three basins cover a total of nearly 95% of the area of Goričko Nature Park.

There are differences (Internet 4) in the land use structure (Figure 1) between individual basins. The
share of forest increases from the west; it accounts for 42% of land use in the Ledava Basin, 49% in the Big
Krka Basin, and 52% in the Kobilje Creek Basin in the east. The Kobilje Creek Basin has a significantly small-
er share of grassland (9%) compared to the Big Krka and Ledava basins, where the percentages are 16% and
18%, respectively. There are no significant differences between the basins in other land use categories.

3 Results
Pollution sources are studied in relation to discharge. In watercourses with predominantly diffuse pollu-
tion sources, pollution increases with discharge (Novotny 1988). The opposite is typical of point pollution
sources, where pollutant concentration decreases with increased discharge.

3.1 Nitrogen compounds
The presence of ammonium nitrogen (NH4+) in river water is the result of faecal pollution (with people and
livestock farming being its main sources; Ibanez et al. 2007). The recommended ammonium levels of 0.04 mg/l
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Figure 1: Land use by basin in Goričko Nature Park.
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specified in the Decree on the Quality of Surface Waters for the Life of Freshwater Fish Species for Salmonid
Waters (Uredba … 2002) are regularly exceeded at all the sampling sites. It can be established that the aver-
age ammonium levels at the Ledava Nuskova sampling site before its inflow into Lake Ledava are lower
than at the Ledava Domajinci sampling site after its outflow from Lake Ledava. On the other hand, the
mean nitrate levels (NO3–) before Lake Ledava are higher than after Lake Ledava. Hence it can be concluded
that denitrification is taking place in the predominantly anaerobic conditions in the reservoir Lake Ledava.
Because the standard deviation for nitrate at the Ledava Domajinci sampling site is typically smaller than
at the Ledava Nuskova sampling site, this seems to be an ongoing process.

Nitrate is a soluble form of nitrogen that usually seeps into groundwater quickly and is then released into
the river water as base runoff. Table 1 shows the correlation coefficients for [NITRATE]/[DISCHARGE], r2 >0.4.
It can be concluded that this results from the nitrate being washed from farmland due to poor soil perme-
ability. The nitrate levels do not exceed the limits specified in the Rules on Drinking Water, but the levels
measured in the surface watercourses are nonetheless high. A seasonal impact of nitrate being washed from
farmland can also be observed, with excesses after spring or fall fertilization, depending on precipitation.

Based on what is known about the nitrogen cycle, nitrites result from nitrification processes. Compared
to the levels recommended in the Decree on the Quality of Surface Waters for the Life of Freshwater Fish
Species for Salmonid Waters (Uredba…2002), these levels are elevated, and they are constant. Some sampling
sites (Kobilje Creek, Bogojina Creek, Small Krka, and Big Krka) have a high correlation for [NITRITE]/[AMMO-
NIUM], r2 > 70, which may be due to nearby settlements, unregulated sewage systems, and livestock farming.
Such correlations were not established at sampling sites for which the impact of settlements is smaller.

Pollution by total nitrogen compounds is presented in Figures 2 to 4. The pollution curves indicate
a significant impact of diffuse sources on the watercourses in Goričko Nature Park. The impact is less pro-
nounced at the Ledava Domajinci sampling site, which is most likely due to the influence of Lake Ledava,
in which chemical processes and accumulation take place. This impact is also less pronounced at the Bukovnica
Creek sampling site, which is probably due to the creek's lower flow rate, which is regulated by the artifi-
cial reservoir Lake Bukovnica. This is a tourist area, where a large number of visitors can influence the current
conditions in the watercourse.
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Figure 2: Total nitrogen pollution in the Ledava Basin.
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Figure 3: Total nitrogen pollution in the Big Krka Basin.

Figure 4: Total nitrogen pollution in the Kobilje Creek Basin.
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3.2 Phosphorus compounds
The moderate correlation of [TOTAL PHOSPORUS]/[UNDISSOLVED MATTER], r2 >0.5 stands out. When
water erodes the soil, the phosphorus bound in the soil particles is washed into watercourses (the impact
of diffuse source pollution; Pierzynsky et al. 1994). During periods of low discharge, total phosphorus con-
centrations are typically smaller, but constant, and are the result of unregulated sewage systems and manure
pits on farms (the impact of point source pollution by total phosphorus). just like with total phosphorus,
the correlation for [ORTHOPHOSPHATE]/[UNDISSOLVED MATTER] is also high: r2 > 0.7 is typical of
the Ledava Basin, except at the Ledava Domajinci sampling site, where there is hardly any correlation. It
can be concluded that this is due to the accumulation of orthophosphate in Lake Ledava, which is a hyper-
trophic lake according to the OECD criteria (Poročilo … 2007).

Pollution by total phosphorus compounds is shown in Figures 5 to 7. The impact of point sources on
pollution in the Ledava Basin is small, but constant. Based on these results it can be concluded that unreg-
ulated sewage systems and farming (livestock breeding) contribute to both point and diffuse source pollution.

4 Discussion
Extensive surface water quality monitoring was performed in Goričko Nature Park in order to determine
the level of nitrogen and phosphorus pollution and other accompanying parameters. The study area was divid-
ed into three subareas or third-order basins: the Ledava, Big Krka, and Kobilje Creek basins. Measurements
were taken once a month over the course of 1.5 years. Pollution in relation to discharge was calculated for
each sampling site. The results show that the nutrient release dynamics in Goričko Nature Park are in high
correlation with precipitation events. Similar dynamics have also been established for the Krka River Basin
(Drolc 1998) and the Padež Basin (Rusjan 2008). The chemical composition of the waters included in the
study is poor at all sampling sites. During the study the total nitrogen concentrations were high and fair-
ly stable. Ammonium and nitrite (as an intermediate product of nitrification) stand out more than nitrogen.
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Figure 5: Pollution by total phosphorus compounds in the Ledava Basin.
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Figure 6: Pollution by total phosphorus compounds in the Big Krka Basin.

Figure 7: Pollution by total phosphorus compounds in the Kobilje Creek Basin.
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It can be concluded that unregulated manure pits on livestock farms are the main reason for the high lev-
els of ammonium release. In a study conducted by Lapajne (2006), no final conclusions were reached on
the high ammonium levels in the Ledava Valley, but the researchers did conclude that they were due to
emissions from the livestock farms or wastewater from unregulated sewage systems. The main reasons for
the high levels of nitrogen compounds lie in the chemical composition of nitrogen and the nitrogen releas-
es from intensively farmed land (Eickhout et al. 2006), as well as the low effectiveness of nitrogen fertilizers
(Strebel etal. 1989). Beaudoin etal. (2005) established that the levels of nitrates washed from farmland depend
primarily on the type of soil: low levels were determined in deep, poorly permeable clay soil and the high-
est levels were found in shallow, permeable sandy soil. ju et al. (2006) established a high correlation between
the intensity of farming and nitrate levels in groundwater. Another important factor in nutrient release is
the natural conditions that affect land use and the use structure of farmland.

The total phosphorus concentration is highly correlated with precipitation events, because it binds to sus-
pended particles and erodes into the drains. Likewise, the excessive levels of phosphorus compounds in the
Ledava River also result from farm runoff via precipitation (Lapajne 2006). Sharpley et al. (1999) also deter-
mined that the concentration of phosphorus compounds increases with precipitation, and Hanrahan etal. (2003)
concluded that the majority of phosphorus transfer takes place periods of intense precipitation.

Measures for reducing nutrient pollution in rivers should focus on decreasing the nutrient concen-
trations at the outflows through tertiary treatment at treatment plants and significant reduction of inputs
from agriculture. Drolc and Končan (2002) believe that by implementing all of these water management
measures, the total phosphorus emissions in river basins could decrease by 40%. In order to reduce the
nutrient release caused by diffuse pollution, certain measures have been proposed (Internet 2) to increase
fertilizer effectiveness and hence decrease erosion from farmland (Komac and Zorn 2005; Zorn 2009), and
to promote unconventional farming in environmentally more sensitive regions. Some measures for decreas-
ing diffuse sources of pollution do not comply with agricultural practice and economics. Tertiary treatment
of phosphorus and nitrogen at large treatment plants can also help reduce water pollution. Despite the work
carried out by large treatment plants, minor point sources of pollution still remain a problem. In order to
solve it effectively, tertiary treatment at small treatment plants should be introduced. These treatment plants
release water into small, environmentally more sensitive creeks in the countryside (Wheater and Daldorf 2003),
where tertiary treatment could help reduce the pollution of river basins.

5 Conclusion
The acquired data show that rivers have only moderate thermal potential and that weather has the most
significant impact on watercourse conditions. This is primarily reflected in the high correlations between
water and air temperature. Subsequently, the thermal potential of watercourses has a strong impact on the
concentration of dissolved oxygen in water. A comparative analysis was conducted using the data collected
from eleven sampling sites used to monitor the surface waters in Goričko Nature Park. Because the study
area was divided into three parts, the data obtained were also compared by river basin. All three basins
are characterized by increased concentrations of nitrogen and phosphorus compounds, which resulted in
poor chemical composition of surface waters at all sampling sites.

The results of this study show that the watercourses in the entire study area are polluted by nitrogen
and phosphorus compounds. A trend of significant nitrate increase can be observed in the Mura Basin and
the watersheds of Adriatic rivers, and orthophosphate pollution is increasing as well (Internet 5).

ACKNOWLEDGMENTS: This paper was co-funded by the European Union, European social fund and
by the Slovenian program »junior Researchers from the Business World 2007.«

6 References
Baker, D. B. 1984: Fluvial transport and processing of sediments and nutrients in large agricultural river

basins. Georgia.
Beaudoin, N., Saad, j. K., Van Leathem, C., Machet, j. M., Maucorps, j. Mary, B. 2005: Nitrate leaching in

intensive agriculture in Northern France: Effect of farming practices, soils and crop rotation. Agriculture,
ecosystems and environment 111. DOI: http://dx.doi.org/10.1016/j.agee.2005.06.006

134

58-1-Special issue_10p_727-Darijo Ilic_acta49-1.qxd  12.9.2017  7:59  Page 134



Acta geographica Slovenica, 58-1, 2018

135

Brilly, M. 1992: Osnove hidrologije. Ljubljana.
Bryant, D. 2004: The chemistry of phosphorus. Phosphorus in environmental technologies, principles and

applications. London.
De Wit, M., Behrendt, H. 1999: Nitrogen and phosphorus emissions from soil to surface water in the Rhine

and Elbe basins. Water science and technology 39. DOI: http://dx.doi.org/10.1016/S0273-1223(99)00325-X
Digitalni model višin 125. Geodetska uprava Republike Slovenije. Ljubljana, 2001.
Drolc, A. 1998: Integriran pristop k ocenjevanju virov dušikovih in fosforjevih spojin v porečju. Ljubljana.
Drolc, A., Zagroc Končan, j. 2002: Estimation of sources of total phosphorus in a river basin and assess-

ment of alternatives for river pollution reduction, Environmental International 28. DOI: http://dx.doi.org/
10.1016/S0160-4120(02)00062-4

Eaton, A. D., Clesceri, L. S., Greenberg, A. E. (eds.) 1995: Standard methods for the examination of water
and wastewater. Washington.

Eickhout, B., Bouwman, A. F., van Zeijts, H. 2006: The role of nitrogen in world food production and envi-
ronmental sustainability. Agriculture, ecosystems and environment 116. DOI: http://dx.doi.org/10.1016/
j.agee.2006.03.009

Gabrovec, M., Kastelec, D. 1998: Sončno obsevanje. Geografski atlas Slovenije. Ljubljana.
Green, C. j., johnson, P., Allen, V. G., Crossland, S. L. 2007: Treatment for Phosphorus Removal from Water

Derived from Cattle Feedyards. Internet: https://www.tcfa.org/assets/media/pdfs/research/92_treatment_
technologies_green.pdf (17. 11. 2007).

Hanrahan, G. Gledhill, M., House, A., Worsfold, P. j. 2003: Evaluation of phosphorus concentrations in
relation to annual and seasonal physico-chemical water quality parameters in a UK chalk stream. Water
Research 37. DOI: http://dx.doi.org/10.1016/S0043-1354(03)00265-3

Ibanez, j. G., Hernandez-Esparza, M., Doria-Serrano, C., Fregoso-Infante, A. 2007: Environmental chem-
istry: fundamentals. New York.

Internet 1: http://gis.arso.gov.si/atlasokolja/profile.aspx?id=Atlas_Okolja_AXL@Arso (12. 11. 2008).
Internet 2: http://www.defra.gov.uk/farm/environment/water/csf/index.htm (16. 3. 2006).
Internet 3: http://rkg.gov.si/GERK/ (2. 3. 2009).
Internet 4: http://rkg.gov.si/GERK/ (2. 3. 2009).
Internet 5: http://www.arso.gov.si/varstvo%20okolja/poro%C4%8Dila/poro%C4%8Dila%20o%20stanju%

20okolja%20v%20Sloveniji/vode.pdf (10. 10. 2014).
ju, X. T, Kou, C. L., Zhang, F. S., Christie, P. 2006: Nitrogen balance and groundwater nitrate contamina-

tion: Comparison among three intensive cropping systems on the North China Plain. Environmental
Pollution 143. DOI: http://dx.doi.org/10.1016/j.envpol.2005.11.005

Kakovost vode – Vzorčenje – 6. del: Navodila za vzorčenje rek in vodnih tokov. SIST ISO 5667. Ljubljana. 2007.
Karta površinskega odtoka. Geološki zavod Slovenije. Ljubljana, 2003.
Karta presežkov fosforja. Geološki zavod Slovenije. Ljubljana, 2006.
Komac, B., Zorn, M. 2005: Soil erosion on agricultural land in Slovenia – measurements of rill erosion in

the Besnica valley. Acta geographica Slovenica 45-1.
Lapajne, S., Babič, M., Baskar, M., Štajnbaher, D., Kučan, L., Labovič, A., Cenčič Kodba, Z., Rošker Šajt,

A., jeretin, B., Rep, P., Vončina, E., Lobnik, S., Kosi, G., Urbanič, G. 2006: Strokovne podlage za načrt
upravljanja s povodjem Ledave in Ledavskim jezerom nad zajezitvijo v Kraščih (SPNU Ledave in jezera),
posnetek obstoječega stanja voda in načrt monitoringa. Zaključno poročilo. javni zavod Krajinski park
Goričko. Grad.

Lemmunyon, j., Daniel, T. C. 1998: Phosphorus management for water quality protection: A national effort.
Southern cooperative series, Bulletin 389.

Meteorološki podatki za vremensko postajo Veliki Dolenci. Agencija Republike Slovenije za okolje in prostor.
Ljubljana, 2009.

Novotny, V. 1988: Diffuse (nonpoint) pollution – a political, institutional, and fiscal problem, journal WPCF 60.
Novotny, V. 2003: The next step – incorporating diffuse pollution abatement into watershed management.

Diffuse pollution and basin management. 7th IWA international specialised conference on diffuse pol-
lution and basin management. Dublin.

Pierzynski, G. M., Sims, j. T., Vance, G. F. 2005: Soils and environment quality. Boca Raton.
Poročilo o kakovosti jezer za leto 2006, Agencija RS za okolje, Ljubljana, 2007.

58-1-Special issue_10p_727-Darijo Ilic_acta49-1.qxd  12.9.2017  7:59  Page 135



Darijo Ilić, jože Panjan, Nitrogen and Phosphorus Pollution in Goričko Nature Park

Road map towards the implementation of the United Nations millennium declaration, report to the sec-
retary general. United Nations general Assembly. New York, 2001.

Rusjan, S. 2008: Hidrološke kontrole sproščanja hranil v porečjih. Ljubljana.
Sharpley, A. N., Gburek, W. j., Folmar, G., Pionke, H. B. 1999: Sources of phosphorus exported from an

agricultural watershed in Pennsylvania. Agricultural water management 41. DOI: http://dx.doi.org/
10.1016/S0378-3774(99)00018-9

Strebel, O., Duynisveld, W. H. M., Bottcher, j. 1989: Nitrate pollution of groundwater in Western Europe,
Agriculture. Ecosystems and environment 26.

Uredba o posebnih varstvenih območjih (območjih Natura 2000). Uradni list Republike Slovenije 49/2004,
110/2004, 59/2007, 43/2008, 8/2012, 33/2013, 35/2013, 39/2013 in 3/2014. Ljubljana.

Uredba o kakovosti površinskih voda za življenje sladkovodnih rib. Uradni list Republike Slovenije 46/2002.
Ljubljana.

Wheater, H.S., Daldorf, P.W.G. 2003: Decision – support modelling for water quality management: a pre-pilot
case study for the EU water framework directive. 8th International conference on environmental science
and technology. Myrina.

Williams, I. 2001: Environmental Chemistry: A Modular Approach. Chichester.
Worsfold, P. j., Gimbert, L. j., Mankasingh, U., Omaka, O. N., Grady Hanrahan, G., Gardolinski P. C. F. C.,

Haygarth, P. M., Benjamin L. Turner, B. L., Keith-Roach, M. j, McKelvie, I. D. 2005: Sampling, sample
treatment and quality assurance issues for the determination of phosphorus species in natural waters
and soils. Talanta 66. DOI: http://dx.doi.org/10.1016/j.talanta.2004.09.006

Wood, C. W. 1998: Agricultural phosphorus and water quality: an overview. Southern cooperative series,
Bulletin 389.

Zorn, M. 2009: Erosion processes in Slovene Istria – part 1: Soil erosion. Acta geographica Slovenica 49-1.
Ljubljana.

136

58-1-Special issue_10p_727-Darijo Ilic_acta49-1.qxd  12.9.2017  7:59  Page 136




