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Chemical status of groundwater bodies in 2012
Introduction to Slovenia

Size: 20,273 km2

Groundwater main source of drinking water

Groundwater bodies: 21

Poor cemical status: 3 GWB

70 % of consolidated rock aquifers

44 % of  the area Karst

58 % of the area is covered by forests

33 % of the area is used agriculturally

55 % waste water is treated

Water resources management

targets in Slovenia

Å Identify the relevant sources, the regional dominant 

input pathways and the hot spot areas for action

Å support the future design of programs of measures to 

reduce nutrient pollution of water resources

Å reach good status of water resources (in the long run)
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Modeling diffuse nitrogen fluxes with GROWA-

DENUZ-WEKU (interdisciplinary model network) -

Time scale 

All model analyses have been performed:

Å Area ïcovering for the whole territory of Slovenia

Å highly spatially resoluted ( grids 100 m X 100 m)

R&D Cooperation of ARSO 

and FZJ since 2008

Hot spot areas for

implementation 

of measures



Gross nitrogen balance (GNB)
(Agricultural Institute of Slovenia, Department for Agroecology and Natural Resources)

N balance (kg N/ha) = N inputs ïN uptake

N input :
N from mineral fertilizers
(Statisticalofficeof the RS,2011)

N from animalfertilizers
(Agencyfor agriculturalmarketsandrural devel.,
2012; Agriculturalinstitute of Slo,2012)

Biologicalfixation of N
(Comparablevaluesfrom other
EUmembers, 2012)

N from seeds
(Sowingratesin Slovenia, 2011)

Depositionof N from atm
(Slovenianenvirenmentalagency- EMEP,2010)

N output
Uptakeof N by crop
Statisticalofficeof the RS, 2011)

Agricultural N surplus:

24183 t N/a (2011)



Displacable N-input into soil

ÅDistribution

ÅN immobilisation in soil

(forest, pasture) 23750 t N/a

Atmospheric N deposition:

27000 t N/a

Agricultural N surplus:

24183 t N/a

High ammount on small area

Small ammount,b ut area-covering

Displacable N input into soil:

26980 t N/a

Source: Cooperative Programme for Monitoring and 

Evaluation of the Long-range Transmission of Air 

Pollutants in Europe (EMEP)



Modelling denitrification in the soil 
(DENUZ ïmodel, Kunkel & Wendland, 2004)

ü Quantitative assessment of 
denitrification in soil using 
a Michaelis-Menten 
kinetics:

ü Dependencies:

Á N-surpluses N(t0)

Á Denitrification conditions 
in the soil (Dmax, k) 

Á Residence time of 
leachate in the soil (t)

() ()
()

0max =
+

Ö+
tNk

tN
D

dt

tdN

Maximum yearly denitrification rate: 

Very low: 10 kg/ha a  (e.g. pozol)

Low: 20 kg/ha a  (e.g. luvisol)

Moderate: 40 kg/ha a  (e.g. pseudogley)

High: 60 kg/ha a  (e.g. gley)

very high: 100 kg/ha a (e.g. marsh soil) 

Å High denitrification rates can only be expected in 

soils displaying high organic carbon content and 

high water saturation



Residence times of leachte in 

the root zone (ts)

Effective field capacity of root zone  (Fki * di)

ts =  --------------------------------------------------------------

Residence times of leachte in the root zone(ph) 

Å Residence times in soil very low 

in general (<3 monhts) and 

eachate rate very high, hence 

dentrification rates low

Leachate rate 

(GROWA model result)

Data from soil map 



Displacable N input into soil:

26980 t N/a

N output from soil:

20940 t N/a

Dentrification in soil:
only of importance in basin 

areas; in total only ca. 6050 t 

N/a



N-reduction needed to guarantee 50 mg/l 

in the leachate

Backward calculation with 

(DENUZ model)

Assessment of necessary N 

reduction for the individual grids 

to reach target of  50 mg NO3/l in 

the leachate

Reduction need: for ca. 939km2 (ca. 7373 t/a)

For most areas of Slovenia N reduction is not needed to guarantee 50 mg/l 
in the leachate

Higher N reduction only needed in certain intensive agricultural areas. 

Implementation of measures can be directed to these ñhot spots areas "!!!!



Summary of nitrogen flux analyses with GROWA-

DENUZ-WEKU in t N/a (2011)
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Diffuse N N input into into surface waters according to 

pathways

via drainage systems:

2950 t N/a

via natural interflow:

9540 t N/a

from cesspools:

1600 t N/a

6.0 g N / permanent 

person of household and 

day  x number of persons

(according to FAO, 2007)

N input into aquifer

from cesspools with

outflow (164214 

houses)

via groundwater:
8450 t N/a


