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Abstract 
The immobilization of soil contaminants (as one of the regulating ecosystem 
services) plays very important role in environment. This regulatory service 
prevents groundwater contamination and the entry of contaminants into the 
food chain. The evaluation as well as the spatial distribution of this regulatory 
service is important for optimal land management in a specific region. Map-
ping system combining input layers—slope topography, soil texture, climate 
region and land use (arable land, grassland)—were created for the analysis 
and the evaluation of potential of agroecosystem services. Filtering potential 
was calculated as accumulative function of soil sorption potential and poten-
tial of total content of inorganic pollutants evaluated according to The Slovak 
Soil Law. Calculated potential was categorised into five categories: very low, 
low, medium, high and very high. Four model areas were selected for the analy-
sis of pollutant filtration, as one of the regulatory agroecosystem services, which 
are located in different climatic areas and different soil-ecological conditions 
of Slovakia. The greatest differences among model regions can be found in 
relation to climatic conditions, land use and diversity of soil types. The warm, 
dry, and lowland region has a higher potential for pollutant filtration than the 
moderately warm or cold region. These results are consistent with the loca-
tion of the soil, its properties, processes and functions within the concept of 
agro-ecosystem services. Based on the results, we can state that the high risk 
of inorganic contaminants is inherent in soils with low content and quality of 
organic substances, low pH value and high concentration of contaminants. 
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1. Introduction 

Agroecosystem services are the multiple goods and services provided to human-
kind by nature (Dominati, 2013; Burkhard, & Maes, 2017) in combination with 
additional anthropogenic inputs in agricultural systems. Regulating services are 
defined as the benefits obtained from the regulation of ecosystem processes, in-
cluding the regulation of climate, water, and some human diseases (MEA, 2005). 
All these services are not directly consumed by people as goods, but regulating 
services also bringing many direct benefits in form of keeping safe and habitable 
environments, supporting food production systems or processing and removing 
waste and pollution (Dominati, 2013; Burkhard, & Maes, 2017). According to 
Dominati (2013), water regime regulation, soil erosion control, climate regula-
tion and soil pollutant filtration belong to the main regulatory services in 
agroecosystems. 

Inorganic contaminants, mainly potential risk elements, are serious problem 
in all environmental compartments. Inorganic contaminants negatively affect 
the health of the agroecosystem, the production of agricultural land as well as 
human health (Ahmad et al., 2021). Inorganic contaminants reduce soil fertility, 
soil biodiversity, nitrogen fixation, increase erodibility, affect larger loss of soil 
and nutrients, reduce crop yield, and affect imbalance in soil and flora (Campo, 
2017; Houšková et al., 2021). The sources of heavy metal contamination of soil 
include atmospheric deposition (e.g. from fossil fuel combustion), organic and 
mineral fertilisers and lime, pesticides, sludge, and waste material from house-
hold and industry (e.g. metallurgical). In addition, all soils have a natural con-
tent of heavy metals inherent from the parent material. Background levels of soil 
elements depend on both, the nature of the parent materials and the soil texture 
since many elements are associated with the fine particles which have the ability 
to adsorb or form solid solutions with the element of interest (Naidu et al., 
1996). 

The immobilization of soil contaminants (as one of the regulating ecosystem 
services) plays very important role in assessment the soil function. The soil 
processes, which control the fate and distribution of heavy metals and metalloids 
in the terrestrial environment, include several fundamental physical, chemical 
and biological processes. Immobilisation of the soil contaminants means ability 
of soil to keep substances and prevent them from leaching and contamination of 
groundwater, or entrance into the food chain (Yong et al., 1992). It allows leaching 
(chemicals may be transported through the soil by solvents as water or with soil 
movement) and runoff (a movement to contaminate air, water, soil, plants and 
animals, as well as chemical moving across a surface with a solvent or with the 
soil). The filtering capacity of soil refers to its ability to retain contaminants 
bonding them with varying intensity (from weak to strong) to organic or min-
eral soil constituents, and thereby preventing their release into water passing 
through the soil profile (Boruvka & Drabek, 2004; Burkhard & Maes, 2017). Soil 
pH, together with organic matter, is one of the most important soil parameters 
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that affect the bioavailability of elements in the soil (Yong et al., 1992; Naidu, 
1996; Makovníková et al., 2007; Makovníková & Barančíková, 2009). This phe-
nomenon is related to soil sorbents charges depending on the value of soil reac-
tion. At low pH, the sorption of potential risk elements is also relatively low with 
respect to competition of adsorbing sites by proton (H+). Inappropriate land 
management can lead to land degradation and thus can reduce the provision of 
all agroecosystem services (Dendoncker et al., 2018). However, in the present 
widespread scenario of multiple problems including land degradation and land 
pollution, there is a need to study regulating services in an objective manner, in-
cluding soil filtration. 

Techniques that are often used to evaluate and map ecosystem services are 
expert-based estimations, expert-scoring, implementing land use classes and 
land use cover (Burkhard et al., 2009) or participatory GIS mapping (Maes et al., 
2018). The concept of natural capital and agroecosystem services are widely ac-
cepted and their potential contribution to better environmental management is 
also acknowledged (MEA, 2005). However, their practical applications such as 
distribution and mapping are still insufficient and limited. Biophysical indicators 
(soil quality indicators) as well as localization and changes over space and time 
due to human induced land cover and land use are used by many authors to 
evaluate ecosystem services (Alam et al., 2016; Dominati et al., 2010). The quan-
tification and mapping of ecosystem services distribution is considered as one of 
the main requirements for the implementation of the concept of ecosystem ser-
vices into institutional decision-making. However, in the present widespread 
scenario of multiple problems including land pollution, there is a need of ad-
dressing regulating service (immobilization of pollutants) for a specific region, 
in an objective manner. This is only possible by linking its assessment with spa-
tial mapping system, which we designed for Slovakia.  

The aim of this study was to evaluate and map one of the regulating agroeco-
system service (filtration potential for inorganic pollutants/immobilization) sup-
plied by soil in different climatic regions of Slovakia.  

2. Material and Method 
2.1. Evaluation of Filtering Potential for Soil Pollutants 

Filtering potential for soil pollutants (as one of the regulating agroecosystem 
services) was determined from actual state of soil contamination and the poten-
tial of soil sorbents that are sensitive to the sorption of risk elements (potentially 
toxic elements as Hg, Pb and Cd; essential important elements in optimal con-
centration range as Cu, Ni, Mn, Zn, Co, Cr, Se). The subject of our study was the 
group of risk contaminants in total.  

Filtering potential was calculated according to Equation (1). 

FP (Filtering Potential) = SP (Sorption Potential of soil) + K    (1) 

where K—Potential of total content of inorganic contaminants was evaluated 
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according to The Slovak Law No. 220/2004.  
The evaluation of Sorption Potential of soil (SP) was calculated as a sum of 

quality factors (pH, Q4
6) and quantity factors (Cox, H-depth of humus horizon) 

according to Equation (2):  

SP = F(pH) + F(Q46) + F(Cox) * F(H)              (2) 

This method is described in detail in our previous article Makovníková et al. 
(2007). 

Based on the point evaluation of input parameters, the summary values were 
categorised into five categories: 1) very low relevant capacity, 2) low relevant ca-
pacity, 3) medium relevant capacity, 4) high relevant capacity, and 5) very high 
relevant capacity.  

2.2. Mapping the Filtering Potential 

The mapping of regular grid (one cell of 100 m resolution) was created by com-
bining four input layers: 1) climatic region (categories: moderately cold, moder-
ately warm, warm and very warm), 2) slope topography (categories: 0˚ - 2˚, 2.1˚ 
- 5˚, 5.1˚ - 12˚ and more than 12˚), 3) soil texture (categories: soil particles < 
0.01 mm less than 20%, 20% - 45%, more than 45%), and 4) land use (arable 
land, grassland and other cultures like sets, vineyards, hops). This regular grid is 
compatible with the spatial units in international database Corine Land Cover. 
For better explanation, we divided the total layer of agricultural land on the basis 
of possible combinations of the above mentioned layers into 100 mapping units 
and each of these mapping units has its ecosystem service value based on the 
evaluated soil parameters. The resulting values of immobilization potential were 
converted into spatial mapping units of 100 × 100 m. We then calculated the 
weighted average for the individual mapping units (from all mapping units that 
belong to a model regions). Software package of the geographic information sys-
tem ArcGIS® was used for processing the input geo-referenced digital data and 
the resulting maps.  

For the analysis of pollutant filtration (as one of the regulatory agroecosystem 
services), four model areas located in different climatic areas and different 
soil-ecological conditions were selected reflecting the diversity and possibilities 
the natural capital usage in Slovakia (model regions illustrates Figure 1: Krupina, 
Michalovce, Piešťany and Brezno).  

Michalovce region 
Part of the East Slovak lowland (Figure 1) which is homogeneous in height, 

with a predominantly warm (99.4% of the area) to moderately warm climate with 
the area of 1019.26 km2.  

Krupina region 
The location is in the south of central Slovakia (Figure 1) with an area of 548 

km2. The climate varies mostly from very warm (58.9%) to moderately warm 
(36.6%).  

Brezno region 
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Figure 1. Geographical location of model regions.  
 

The location is in the middle of central Slovakia (Figure 1). With an area of 
1265 km2 is the sixth largest district in Slovakia. The majority of the district is 
located at an altitude of over 600 meters above sea level (88.6%) with the lowest 
point at 406 meters above sea level. This is related to the predominance of cold 
climate (86.9% of the area).  

Piešťany region 
The location is in the south-western part of Slovakia with an area of 381.12 

km2. The Piešťany model region is located on the northern edge of the Danubian 
Lowland in a part of the Trnava Uplands (Figure 1) with very warm climate in 
most of the region.  

2.3. Data Sources 

Data from the Geochemical Atlas of Soils of Slovakia, data from the Digital Soil 
Map of Slovakia and data of Soil Monitoring of Slovakia were used to evaluate 
the potential of total content of inorganic contaminants in soil and sorption po-
tential of soil. The basis for a classification of agro-climatic regions were pro-
vided by the Information Service of the National Agricultural and Food Cen-
tre/Soil Science and Conservation Research Institute (NAFC-SSCRI, 2015), Land 
Parcel Identification System (LPIS) and Digital Soil Map of Slovakia. 

3. Results and Discussion 

The filtering potential of agroecosystems depends on two main factors, the total 
amount of potential risk elements in soil (risk element according to Decree 
59/2013 of the Ministry of Industry and Trade of the Slovak Republic, which 
amends the Land Act No. 220/2004), and the potential of soil sorbents which are 
sensitive to the risk elements sorption. Soils have natural content of risk ele-
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ments released from parent rock in the process of pedogenesis, which can be in-
creased by inputs of risk elements by anthropogenic deposition (Makovníková, 
2001; Čurlík, 2011). Almost any soil has been affected by human activities, e.g. 
through atmospheric deposition. High potential for contamination reduces the 
filtering potential because the sorption sites are already occupied and thus the 
free sorption capacity, which can contribute to the immobilization of risk ele-
ments, is reduced (Makovniková et al., 2007; Makovníková & Barančíková, 2009; 
Ryzhenko & Kavetsky, 2015; Yong et al., 1992). Categories of filtering potential 
as % of used agricultural land in model regions are in Table 1. 

The distribution of the filtering potential in model regions of Slovakia is illus-
trated in Figures 2-5.  

 
Table 1. The filtering potential of agroecosystems in model regions. 

Region 
Category of filtering potential in % of used agricultural land 

Very low Low Medium High Very high 

Michalovce 0.19 79.89 19.92 0.00 0.00 

Krupina 0.00 46.19 2.21 22.07 29.53 

Brezno 30.22 65.83 3.95 0.00 0.00 

Piešťany 0.00 0.51 0.06 12.16 87.27 

 

 
Figure 2. The filtering potential for inorganic soil pollutants in Piešťany region (authors: Makovníková J. and Pálka B.; green dot 

means localization of capital city of the region). 
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Figure 3. The filtering potential for inorganic soil pollutants in Brezno region (authors: Makovníková J. and Pálka B.; 

green dot means localization of capital city of the region). 
 

 
Figure 4. The filtering potential for inorganic soil pollutants in Michalovce region (authors: 

Makovníková J. and Pálka B.; green dot means localization of capital city of the region). 
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Figure 5. The filtering potential for inorganic soil pollutants in Krupina region (authors: Makovníková J. and 

Pálka B.; green dot means localization of capital city of the region). 
 

Distribution of the categories of filtration potential in % of used agricultural 
land in the model regions are as follows: 

Very low potential Brezno > Michalovce = Krupina = Piešťany 
Low potential Michalovce > Brezno > Krupina > Piešťany 
Medium potential Michalovce > Brezno > Krupina > Piešťany  
High potential Krupina > Piešťany > Michalovce = Brezno 
Very high potential Piešťany > Krupina > Michalovce = Brezno  
Differences can be seen between all model regions. Agroecosystems in the 

Piešťany region have a very high filtration potential (immobilization of inorganic 
pollutants) (Table 1, Figure 2). There are a high proportion of very productive 
arable lands in the Piešťany region. Mostly ecosystems of arable land with soils 
developed on loess, located in the Danube and the Eastern Slovak Lowland 
without any anthropogenic and geochemical deposition, are the main contribu-
tors. These ecosystems which are located on Chernozems and Cutanic Luvisols 
(on soils characterized by high carbonate content with a neutral or slightly alka-
line pH value and with high organic matter content; Kobza et al., 2014) have the 
highest filtering potential. These soils belong to soils with optimal soil parame-
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ters with respect to the filtering ecosystem service. Ecosystems of low filtering 
potential (Table 1) are predominantly located on Fluvisols (along Hron River in 
Brezno region, Figure 3, and Laborec and Ondava River in Michalovce region, 
Figure 4). The low filtering potential of these ecosystems is mainly due by a 
higher content of risk elements in alluvial sediments (caused by anthropogenic 
deposition as well as the low potential of soil sorbents—low soil pH value, low 
carbonate content and low content of lower quality organic substances; Makov-
niková, 2001; Makovniková et al., 2007; Donisa et al., 2003; Boruvka & Drabek, 
2004; Makovniková & Barančíková, 2009). The mountain soils on grassland 
(Podzols, Dystric Cambisols located predominantly in Brezno region, Figure 3) 
are also strongly involved in the very low and low category of filtering potential. 
These soils are developed on substrates with higher content of risk elements 
(geochemical anomalies; Čurlík, 2011) due to predominantly parent material. 
Ecosystems of permanent grasslands are mostly at higher altitudes as well as on 
higher slopes, on soils with low sorption potential developed on substrates with 
higher content of risk elements (Makovniková et al., 2007; Kobza et al. 2014). 
Our results showed that the high risk of inorganic contaminants is inherent in 
soils with low content and quality of soil organic matter, low pH value and high 
concentration of contaminants. 

In the Krupina region (Figure 5), there are higher represented agroecosystems 
with very high and high filtration service, especially brown earth, soils whose soil 
reaction value ranges from neutral to weakly alkaline area (Kobza et al., 2014) 
with high content of organic matter in surface horizon (Barančíková & Ma-
kovníková, 2003), which have the highest potential for soil cleaning. The higher 
representation of the low potential category in this region is due to combination 
of geochemical and anthropogenic contamination. Anthropic contamination is 
caused by intensive mining and processing of various ores in the region.  

It is important to note that agroecosystems are significantly affected by hu-
man activity and are not able to provide ecosystem services without any human 
intervention (human and social capital). Based on the correlation analysis 
(Table 2), we can state that climate and altitude belong to the attributes with a 
statistically significant impact on the potential of this regulatory service. In the 
case of arable lands, the influence of climate on the filtration service is more 
pronounced in comparison with the agroecosystem of grasslands, where the in-
fluence of altitude is more pronounced. Climate, together with the substrate, is 
also one of the main factors that also influence the genesis of the soil formation 
process (Bujnovský et al., 2011; Kanianska et al., 2016).  

 
Table 2. Correlation coefficients between filtering potential for agroecosystem and cli-
mate, and altitude.  

Correlation coefficient Agricultural land Arable land Grassland 

climate −0.72*** −0.78*** −0.66*** 

altitude −0.36** −0.39** −0.44*** 

Significance labels: *** p < 0.001, ** p < 0.01, * p < 0.05, ns: non significant. 
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The provision of ecosystem service depends on biophysical processes in eco-
system, land use and climate (Burkhard et al., 2014; Smith et al., 2013; Makov-
niková et al., 2007), therefore the distribution of this service is geographically 
different. The greatest differences among regions were found in relation to cli-
matic conditions (Table 2), land use type and diversity of soil types. Greiner et 
al. (2017) confirmed the significant contribution of soils to ecosystem services. 

4. Conclusion 

Our results showed that climate has the most significant impact on the potential 
of filtration agroecosystem services. The warm, dry, lowland region has a higher 
potential for pollutant filtration than the moderately warm to cold region. These 
results are consistent with the location of the soil, its properties, processes and 
functions in the concept of agro-ecosystem services. 

The proposed mapping system can be used to monitor changes in regulating 
ecosystem services due to land use, spatial planning as well as for the implemen-
tation of the evaluation of the potential of natural capital services within so-
cio-economic planning of regions and country. The mapping of ecosystem ser-
vices and their integration into regional decision making including the optimi-
zation of ecosystem services potential can contribute to the sustainable use of 
ecosystems. 
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