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Abstract

Urban soil survey is necessary in terms of asses the life quality of their inhabitants. From this point of view the detection of the
ecological risk in urban soils was done. At first fifteen samples were collected from a depth 0-30cm, in Kosice city, Eastern
Slovakia around the lake located in the residential zone. In collected samples potential toxic trace elements were established and
also the presence of soil organic matter (SOM) was studied, because at present the SOM was recognized as an indicator of
sustainable development in the frame of the UN Agenda 2030. SOM and soil organic carbon (SOC) have a positive effect on
soil chemical, physical and biological properties. The pH of all studied samples was estimated in the range 6.83-7.42. For rapid
screening were used following methods: X-ray fluorescence spectrometry (XRF) and total organic carbon (TOC) analysis.
SOM was determined by calculation from the SOC amount. On the basis of XRF analysis it was found that the permitted
limits for the elements Co, Ni, Cu, Zn, As were largely exceeded.
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Introduction

During recent years, soil quality and sustainable soils have become more appreciated as key factors in the long-term
development of society. Urban soils research in cities has currently gaining importance especially in connection with the
enormously growing urban population (UN 2018). Large cities are increasingly exposed to the risk resulting from the global
impacts of climate change, drought or loss of biodiversity. Land occupation and degradation related to urban population growth
increase this risk and cause obstacles to future development [1]. Urban park soils are one of the most important media for
contaminants. It is needed to study this type of soil because they also represent an environmental risk. Especially children are
exposed to health risks, when they come into the contact with pollutants in these soils. Therefore, more and more, the emphasis is
on exploring urban soils in terms of their potential risk to human health, since person is with these soils in direct or indirect contact.
Urban land, as well as other components of the environment, they should fulfill a basic environmental function and thereby ensure
healthy development of the city population. Therefore, it is necessary to study the characteristics of urban park soil pollution. The
urban park soils of Eastern Slovakia should be contaminated with inorganic and also with organic pollutants, which come from
various anthropogenic activities including industrial activities, transport network, household waste and sludge coming from urban
areas as well as fertilizers, pesticides, insecticides, which are dispersed in soil environment [2]. In our previous study we described
the characteristics and seasonal variations of atmospheric deposition (AD) of selected elements in the urban and industrial
environment of Kosice. Detailed analysis of AD showed that in addition to Fe, Mn, and Cr, the ironworks complex is a source of
dust particles, aluminum and other observed elements in descending order of lead, zinc, copper, arsenic and cadmium [3] and
deposition fluxes at the site KoSice-lake were significantly affected mainly by the nearby heating plant (TEKO). Also, it is evident
that contamination varies in each city, mainly due to geochemical changes, population density, industrial, and traffic density [4-6]
and the pollution sources have a negative impact on fauna, flora, and human health. For the rapid screening of urban park soils in
Kosice city, specifically soils around the Kosice-lake lies in the middle of housing development, X-ray fluorescence spectrometry
(XRF) coupled with C,H,N,S and total organic carbon (TOC) analysis were used, because these methods can be used to assess
inorganic as well as organic pollutants. It is well known that the X-ray fluorescence spectrometry is a general analytical method
which is used to analyses major and trace elements in many materials and also in rocks, minerals, sediments and soils. This method
many authors used also to describe urban park soil contamination [7-9] and we also used it because it is a non-destructive method.
Obtained results could provide a scientific reference for inorganic and organic risk levels in urban park soils of Kosice and find
potential pollution sources in the studied urban park area.

Study Area

The town Kosice is bordered on the northwest by the massif of Black Mountain and Volov’s hills. To the east, it is surrounded
by the Slanske hills wall with volcanic origin. The Kosice basin is located in a tectonically lowered area, where quaternary
sediments of greater thickness occur. It has a lowland character and development began at the end of the Paleogene, and the
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beginning of the Neogene. The geological composition and river relief were created by the rivers Torysa, Hornad, Bodva, and Ida
[10]. The study area is one part of Kosice, in the concrete Kosice - city district called above the Lake. Its name is derived from the
water reservoir called Lake, which was originally excavated for the mining of gravel-sands. Initially, the lake was fed by the waters
of nearby river Hornad, after modifications it is fed by groundwater. Geographically it is positioned at latitude 48° 41’ 21.48"” North
and longitude 21° 17’ 3.84" East. The studied samples were collected from five sampling sites around the lake. The geographical
coordinates are as follows: the first sampling site (Si) lies at N48°41°38.6304"", E21°16'54.8616"", the second (S2) at
N48°41°32.2908"", E21°17°00.0564 ", the third (S3) at N48°41°12.4188"", E21°17728.8312", the fourth (S4) at N48°41720.8032",
E21°17°26.6784 and the fifth (Ss) at N48°41°46.6656"", E21°17°12.4656"".

Soils sampling

From each sampling site, three times were soil samples taken, collectively 15 samples. Sampling was performed from horizon
A (humic horizon, the topsoil horizon of arable land or grassland, the sample depending on the horizon depth) 30 cm depth and the
samples were saved into plastic bags. Then samples were dried at laboratory temperature, quartered, sieved into fractions under 200
um. Consequently physicochemical properties of five representative urban park soils marked as UPSi, UPS2, UPS3, UPS4 and
UPSs were studied. The soil types were established according to the Reference Base for Soil Resources (IUSS Working Group
WRB 2015) [11] and the Slovakia soil types (VUPOP 2019) [12], in this area it is ANTHROSOLS.

Methods

The screening of urban soil potential toxic trace elements and organic matter was done at 5 representative samples, in which
starting material was finearth 1. Fineearth I is earth, that passes through a sieve with circular holes with a diameter of 2 mm.
Fineearth II, was used for all down mentioned analysis. Fineearth II mean that the samples are sieved under the 0.25 mm. In all
samples pH was measured with a potentiometric glass electrode in H20 and KClI solution (ISO/DIS10390).

The risk-element concentrations were determined by SPECTROXEPOS X-ray fluorescence spectrometer (range of
elements:Na(11)-U(92), scattering target Mo, Co, AlzO3, Pd, HOPG-crystal, X-ray lamp (typeVF50): Pd with Be window,
resolution:145keV on lineKa Mn). For XRF analysis 5g of powder sample was homogenized with 1g of Clariant micropowder C
(CEREOX BM-0002-1) and pressed with 15 tons pressure to get a pellet with a 32-mm diameter.

Soil total C, H, N, S content was identified by an elementary analyzer Vario MACRO cube (Elemantar Analyse systeme
GmbH, Germany) using a thermal conductivity detector. A combustion tube was set up at 1150 °C and the reduction tube at 850
°C. Sulfanilamide (C =41.81%, N = 16.26%, H = 4.56%, S = 18/0.62%) was used as the C, H, N, S standard.

Organic share (OS) and carbonates content (CC) were established by mass loss annealing to 550 °C and 850°C, respectively.
Total organic carbon (TOC) in all samples was determined using TOC (marked as SOC-soil organic carbon) by company Ekolab
s.r.0., KoSice, Slovakia according to Norm. STN EN 13137.

Results

The soil type was determined based on the representation of soil particles according to their size, i.e. representation of grain
size fractions of soil particles by sieve analysis. This analysis was also done because based on soil texture, which is the most stable
soil characteristic, it decisively affects a number of soil properties. In our studied samples, according to the CSN ON 736518, it
was found three fraction types known as sand marked as the fraction IV (100-2000 pm) which represents 70.6-89.1%, the second
one is called silty-sand marked as the fraction III (50-100 um), which represents 7.4-12.3% and the third fraction found in our
samples was silt fraction II (10-50 pm) which represents 0.5-17.1% (Figure 1). The fraction IV was the most represented in all
samples. In the classification scale according to Novak (1949), the % representation of particles < 0.01 mm is also used to
determine the soil type [13]. According to this classification, the soil type of the studied samples is as follows: samples, both soil
types fall under the classification of light soils.
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Fig. 1. Grain size samples distribution (wt.%).
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Methodology for ecological risk assessment
For the evaluating the ecological risk of single pollutants, the single factor pollution index was used:

Pi=Ci/S; )

where P; is the environmental quality index of pollutant i in the soil, C; is the concentration of pollutant i in the soil (mg/kg), S: is
background value [14]. The classification standard of the environmental quality index:
P;< 1 means non-contamination
1< P; <2 means slight contamination
2< P;< 3 means medium contamination
P:> 3 means heavy contamination.

On the basis of the single factor pollution index (Table 1) it was found that the contamination of samples by toxic elements is
as follow: Ni<Co<Zn<As<Cu. The non-contamination was found in the case Cr and heavy contamination was in the case of As and
Cu. According to pollution factor it is evident that sampling sites S1 and S5 were the most contaminated mainly with Cu and As.
In the case Zn, Co, Ni there was slight contamination in all studied samples. This is assumption was confirmed by XRF
spectrometry as it is seen from table 2.

Tab. 1. The single factor pollution index characterizing the ecological risk of single pollutants.
Single factor

pollution index (P:) Cr Co Ni Cu Zn As
PUS: 0.5 1.2 1.3 33 1.3 4.5
PUS: 0.5 1.7 1.5 2.8 1.5 2.2
PUS; 0.5 1.7 1.3 2.8 1.2 0.9
PUS4 0.5 1.7 1.3 2.7 1.1 0.9
PUS:s 0.5 1.5 1.2 34 1.8 2.2

The contamination of samples were assess according to the limit risk element values (LV) in agricultural land due to law No.
508/2009 coll. act of the National Council of the Slovak Republic 220/2004 coll. on the agricultural land protection (Ministry of
Agriculture 2022) and also according to mean concentrations of WAV (World average values), and EAV (European average
values) described by Kabata-Pendias [15]. Also the contamination was assessing due to background values of soils which were
calculated from geochemical database of uncontaminated Slovakian soils [16]. Exceeded concentration limits according to law No.
508/2009 were in the following order: Co<Ni<Zn<As<Cu. The most contaminated localities were locality S2 and Ss with all
mentioned toxic elements except for Cr. The highest concentrations were in the case Cu and As, approximately two and three times
more than limit value.

Tab. 2. Descriptive statistics of risk element concentrations (mg/kg) in park urban soils (PUS) around sites S,-Ss and those in other worldwide

sites.

Cr Co Ni Cu Zn As
PUS:
min 73.5 9.5 60.7 185.7 184.1 110.7
max 74.9 18.3 65.3 217.8 193.9 113.9
mean 74 13.3 63.1 199.8 188.3 1124
PUS:
min 67.1 11.5 67.9 134.3 191.7 394
max 86.2 273 85.2 187.4 236.1 63.4
mean 75.9 18.7 75.1 167.9 220.2 54.0
PUS3
min 63.9 14.4 56.7 143.2 154.9 22.5
max 86.0 24.5 68.5 186.4 190.9 26.1
mean 75.5 194 63.9 167.8 178.7 24.7
PUS4
min 69.9 154 64.0 164.4 149.6 21.0
max 87.0 243 67.8 160.5 185.3 25.3
mean 81.0 19.7 65.7 163.3 161.8 22.7
PUSs
min 63.7 13.4 57.5 181.1 254.9 45.8
max 82.4 20.5 66.8 217.1 270.8 60.3
mean 71.7 16.8 62.2 203.2 265.3 54.8
Background 82.2 - 26 18 60 6.8
LV 150 11.3 50 60 150 25
WAV 59.5 - 29 38.9 70 6.8
EAV 94.8 - 37 68.1 11.6
[17] 31.5 - 24.7 355 86.9 -
[18] 10.9 5.6 17.9 12.6 62.4 6.3

*Min-minimun, Max-maximum, “Background * - median background soil values according to Seféik et al. [16], LV-limit value
according to law No. 508/2009, SR 220/2004, WAV-World average value, EAV- Europan average value
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Above mentioned law applies only for agricultural soils and not for park urban soils. But up today there is not a law for urban
soils in Slovakia and in Europe, so we adhered to the aforementioned law. The concentrations of toxic elements were also done in
all studied samples in individual grain size fractions. As it was mentioned above the main fraction was sand. In this fraction in all
studied samples the toxic elements concentrations were lower than in the silt fraction as you can see from Figure 2, where was
shown only two example samples, because this trend was found in all studied samples. Comparing concentrations in silt and sand
fraction it was found that in all studied samples the concentrations of Cr, Cu, Zn, As were approximately 1.5 times higher than in
the sand fraction. Only Cu silt concentration was 2-3 times higher than sand concentration in the all case.
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Fig. 2. Comparison of concentrations in samples PUS: and PUS: in individual particle size fractions.

Considering the soil quality assessment, we also focused on monitoring the carbonate contents and soil organic matter, which
have a great importance in the element mobilization. Soil organic matter (SOM) has a significant part in the accumulation and
regulation of the nutrient regime, in the accumulation of water and regulation of its regime, in the thermoregulation of soils, and
participates in the binding of inorganic and organic substances. So from this point of view it is necessary to study also SOM.
Considering that a quantitative indicator of soil organic matter (SOM) in the soil is the SOC content, which is closely related to the
soil type, granular composition and degree of cultivation. But soil organic carbon (SOC) refers only to the carbon component of
organic compounds. Soil organic matter (SOM) is difficult to measure directly, so laboratories tend to measure and report SOC. In
this study the SOC share was also monitored. In studied samples SOC amount was in the range 2.41-3.72% (Table 3), which
represents strongly humus soils according to Sotdkova [19]. It is well known that about 58% of the all SOM exists as carbon. Based
on this fact it is possible to estimate the percentage of SOM from the SOC% using the conversion factor 1.72 (derived from
100/58).

Organic matter (%) = total organic carbon (%) x 1.72 (1)
This conversion factor may vary in different soils, but 1.72 provides a reasonable estimate of SOM for most purposes [20]
In the case of our samples it was found very high correlation between SOM and organic share (OS). The correlation coefficient

was 0.9534. So the amount of soil organic matter based on the equation 1 is in the case of our samples in very good correlation.

Tab. 3. Elemental CHNS, soil organic carbon (SOC), organic share (OS), carbonate contents (CC) in
(wt. %) and pH (mean values).

C H N S soc oS cc PHicy pHH20)
PUS: 3.34 0.70 0.33 0.15 241 6.0 9.2 7.45 8.11
PUS: 5.30 0.65 0.38 0.09 3.30 7.1 14.5 7.50 8.09
PUS; 4.30 0.74 0.43 0.07 3.72 7.8 10.7 7.52 8.00
PUS; 2.50 0.53 0.29 0.04 2.26 5.0 6.9 7.40 8.12
PUS; 3.35 0.65 0.38 0.06 2.75 6.6 8.8 7.36 8.03

The values of soil active and exchange reaction were in the interval 7.36-8.12, which indicates strongly alkaline soils. This
alkalinity can be caused by a higher carbonate contents (table 3), which are a very important part of the soil mineral content and are
a protection against constant acidification of the soil. The more carbonates the soil contains, the higher is its ability to resist
acidification. The total carbonate content of 6.9-14.5% indicates that the studied soils are calcareous.

Conclusion

The soils of the studied location are characterized by the A horizon, a strongly alkaline soil reaction with a predominance of the
sand fraction in their granular composition. Exceeded concentration limits according to law No. 508/2009 were in the following
order: Co<Ni<Zn<As<Cu. The most contaminated sites were Sz and Ss with all mentioned toxic elements except for Cr. The
highest concentrations were in the case Cu and As, approximately two and three times more than limit value. The studied samples
were strongly humus according to SOC amount 2.41-3.72% and calcareous according to total carbonate content 6.9-14.5%. Very
high correlation (0.9534) between SOM and organic share (OS) was found. Based on our previous study detailed analysis of
atmospheric deposition showed that in addition to Fe, Mn, and Cr, the ironworks complex is a source of dust particles, aluminum
and other observed elements in descending order of lead, zinc, copper, arsenic and cadmium and deposition fluxes at the site
Kosice-lake were significantly affected mainly by the nearby heating plant (TEKO). According to these results the atmospheric
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deposition results in high levels of heavy metals in heavily industrialized areas. Concentrations of certain heavy metals in park
urban soils, especially Zn, Cu, As, in humus layers show regional gradients reflecting patterns of atmospheric deposition.
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