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Abstract: \Worsened condition of living environment with a diverse degree of
devastation in individual regions contributes negatively to a state of health of
population and to a general ecosystem quality. Land presents a crucial natural
resource and at the same time, an economic and eco-social potential of a country.
Soil pollution is one of the major environmental problems. The presence of
contaminants in soil environment has a considerable impact on land resources
and can result in high values of exposure for people living in the vicinity of a
contaminated site. Therefore, the evaluation of hazardous elements of soil pollution
is one of the most important tools for overall assessment of the contaminated area.
In addition to the properties and nature of land, also an actual attitude and
approach of society to the problems of land protection influence significantly
overall condition and development of land. For a remediation determination,
additional information about utilisation and protection of land, a type and scope
of agricultural land contamination is needed in connection to a spatial layout.
It is possible to achieve a reduction of transport of pollutants into a food chain
and crops by application of remediation methods for decontamination of specific
pollutants from lands exposed to an anthropogenic pollution.

By this reason, hazardous contaminants, based on which a layout of agricultural
land was formed according to overall degree of its contamination, were the object
of the research in this paper. Within the agricultural land contamination, elements
As, Cd, Cr, Cu, Ni, Pb and Zn were assessed as hazardous ones taking percentage
of contaminated soil into account in analysed samples from 63 districts, in order
to obtain results about overall condition of the area contamination of agricultural
land in Slovakia. The mutual dependence of individual monitored hazardous
elementsin sampling depth of 0- 10 cm and 35 - 45 cm was determined. Within the
research of the area contamination of agricultural land in the Slovak Republic, the
multidimensional statistical methods and method of multiple comparisons were
used. The analysis of monitoring of agricultural land contamination by heavy metals
shows that regosols have the lowest content of almost all hazardous substances.
On the contrary, agricultural land with higher degree of contamination by heavy
metals occurs in various Slovak regions depending on a land type as well as a result
of non-ecologic management in the past, e.g. due to application of fertilisers and
pesticides and a nature of anthropogenic pollution, especially natural raw materials
extraction, surrounding industry, transportation and so on.
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1. Introduction

One of the most important current environmental problems that affects all the
components of living environment is a global contamination of living environment.
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The contaminants are organic or inorganic
compounds which naturally do not occur in
living environment and we call them xenobiotics,
or they occur in particular components of living
environment in unnaturally high concentration,
e.g. heavy metals. Due to the global contamination
of living environment, the content of heavy metals
increase also in a land ecosystem. In contrast
to natural contents of heavy metals that are
relatively inaccessible under suitable conditions,
their anthropogenic contents are mostly in a
mobile form, what presents a considerable risk
for contamination of vegetal production or
underground water [2,14].

Soil, unlike other components of living
environment, has a specific position in living
environment, since here we come into contact
with both organic and inorganic components,
reversible and almost reversible parameters of land
properties [20]. At present, a modern definition
of land that recognize a broader extent of the
land meaning is accepted in Slovakia, however,
also higher responsibility for its protection that
is stated in recommendation of the Council of
Europe R(92) 8 on land protection. According to
its recommendation the land is an integral part of
ecosystems of the earth and it is situated under
surface and parent rock. The land is defined as an
irreplaceable natural source with several natural
functions that are worth of protection the highest
degree in Act no. 34/2014 Coll. changing and
amending Act No. 220/2004 Coll. on protection
and utilization of agricultural land and, at the same
time, it declares the significance of agricultural
land as unrecoverable natural source and basic
component of living environment.

By course of law, all the protection of agricultural
land is based on six principles: (1) attention
to agricultural land, its protection against (2)
degradation, (3) erosion and (4) firming, (5)
balances of soil organic material and (6) protection
of agricultural land against dangerous substances.
The attention of experts, as well as laymans is
focused especially on dangerous substances, i.e.
substances that are difficultly degradable in nature,
have high persistency and often show toxic effects
to living environment and human [5, 6]. Among
priority danger contaminants belong elements
like arsenic, cadmium, cobalt, copper, nickel, lead,
chromium and zinc. The contamination nature
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(anthropogenic or geoghenic) determines a
remediation, further utilization and protection
of land [8]. It ispossible to reach a reduction
of pollutants transport into food chain and
crop by an application of sanition methods for
decontamination of specific pollutants from
soils that were exposed to anthropogenic
pollution [13]. Several experts deal with the soil
contamination and its anthropogenic pollution
refers to risks connected with the contamination
of danger substances as a danger contaminant
[21, 22]. The risks connected with an application
of the pesticides (fytopharmaceuticals), i.e. organic
compounds intentionally used in agriculture, are
given in study [7]. The influences of heavy metals
on soil acidification and development of soil
types are analysed in other knowen researche
studies [1, 19]. Therefore, the research object in
this study includes priority risk contaminants,
based on which the arrangement of agricultural
land was carried out according to a total degree
of their contamination by methods of multiple
comparison. The solution also includes a spatial
identification of soil contamination by monitored
risk factors.

2. Monitoring of Soil in Slovakia

The monitoring of living environment in
the Slovak Republic is provided by an integral
monitoring system based on the operation of
partial monitoring systems (air, water, geological
factors, soil, biota, forests, radiation and other
physical fields, foreign substances in foodstuffs and
feed, population burden by environment factors),
which able to provide data and information about
condition and development of living environment
and affecting influences [9]. Soil monitoring is
understood asanintegral part ofliving environment
monitoring. Soil monitoring and evaluation of the
condition and development of soil properties
according to a specific threat (soil contamination,
soil salinisation and sodification, organic matter
decline, compaction and erosion of soil) is carried
out in accordance with the European strategy
of soil monitoring [11, 12]. The most important
parameters are permanently monitored within
the soil monitoring, by EC recommendations for
assessment of actual condition and development
of soils [23]. In the context of the proposal of
the European Commission, there is a systematic
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monitoring of soil variables in relation to their
changes in quality, as well as soil protection and
for provision of environmental control.

The monitoring network of soil in Slovakia is
proposed on ecological principles and contains
data on all major types and subtypes of soil,
soil substrates in particular climatic areas in
dependence on a contamination and utilization
of soil. The complex monitoring of the soil in
the Slovak Republic was carried out as a partial
monitoring system. Soil was provided by the Soil
Science and Conservation Research Institute in
Bratislava. The partial monitoring system is of an
area-wide nature, by which the development
of agricultural soil, forest soil and soil above the
forest border was monitored in entire Slovakia. The
main goal of the soil monitoring is a systematic
monitoring of the condition and development
of the soil within the entire territory of the Slovak
Republic with such spatial allocation of monitoring
locations that describe the land fund of the
Slovakia as a whole. On the basis of soil monitoring,
data about its parameters and production as well
as environmental functions of soil in space and
time with the aim to determine and predict its
developmental changes [24]. Presence of organic
and inorganic contaminants is determined in
soil samples by monitoring. At the monitoring,
the attention is primarily focused on hazardous
matters that are difficultly degradable, with high
persistency and often have toxic impacts on living
environment. Priority hazardous contaminants
include the elements such as arsenic, cadmium,
cobalt, copper, nickel, lead, chrome and zinc [3].
Agricultural land fund of Slovakia is characterised
by long-term gradual decrease of agricultural
land fund area, production arable land reduction
into other soil categories, decrease of area of all
categories of agricultural surfaces and considerable
increase in an excess of fallow area of agricultural
land (Report 2009-2013). Development of the land
fund in the Slovak Republic within 1995 — 2010 is
givenin Tab. 1.

Total area in SR is approximately 4 903 531 ha.
In 2013, agricultural land referred to share of 49%
of total land area, forest land referred to share of
41.1% and nonagricultural and nonforrest land
referred to share of 9.9%. Slovakia is typical by high
diversity of soil types, what is the consequence
of differentiated geological, geographical and
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Table 1: Development of the land fund in the Slovak Republic (SR)
within 1995 — 2010.

Part of total land area (%)

Land type
1995 2000 2005 2010
Agricultural land 4990 | 49,80 | 49,62 | 49,24
Forest land 40,60 | 40,80 | 40,89 | 41,02
Water land 190 1190 |1,91 1,93
Built-up land 260 | 450 461 |470
Other 490 |3,00 |297 |31

climatic conditions. There are typical soils of
lowlands and hilly area (chernozems, phaeozems,
fluvisols, gleys), hilly areas (brown earth, regosols,
pseudogleys), foothills (cambisols, rendzinas)
up to typical mountain soils (podzols, leptosols,
rankers). Andosoils are also rare within the territory
of Slovakia. Saltmarshes and black alkali soils, as
well as smonitzas, grey soils and organosols also
occur rarely [12]. Hazardous substance loading in
agricultural soils in SR is monitored directly within
a partial monitoring system “Soil’, as well as within
its subsystem of area survey of soil contamination
[17]. The monitoring system is provided by three
subsystems: monitoring of soils in basic network,
area survey of contamination of agricultural soils,
monitoring of soils in selected key locations.The
monitoring of soils in basic networks is carried
out by Soil Science and Conservation Research
Institute in Bratislava and Forest Research Institute
in Zvolen and serves for permanent monitoring
of the most important properties of soils in the
entire territory of SR in regular, 5-year intervals. The
area survey of contamination of agricultural soils is
carried out by the Central Controlling and Testing
Institute in Agriculture in Bratislava in connection
to agrochemical testing of soils on selected plots
of agricultural soils in cadastral territories of SR
municipalities. The monitoring of soils in selected
key locations serves for more detailed monitoring
of development of soil properties and is carried out
in the network of 21 monitoring locations in 1-year
intervals.

The principle of monitoring of soils in SR
consists in an ecological approach based on the
network of monitoring locationswith pedological
probes placed, representing all included soil
types, subtypes, all manners of their utilization. In
addition, they represent their occurrence in major



climatic regions and in all territories of major types
of contamination. The samples are taken from each
monitoring area of agricultural soil from depth of
0-10 cm and 35 — 45 cm. The basic monitoring
network is created by 318 monitoring locations
on agricultural soils and soils above upper forest
border.

The 1st soil monitoring cycle in Slovakia was carried
out from 1991-1995. There were the samples
analyzed from totally 19,257 land tracts, what
presents 782,905 ha, in this period. From the
analyses point of view, totally 21,332 soil samples
were analyzed and 107,314 analyses were made
while monitoring 40 parameters - 10 inorganic,
30 organic ones [15]. The 2nd soil monitoring cycle was
carried out from 1996 to 2000. During the cycle,
8,921 soil samples were analyzed, in which 105,351
analyses were made while 56 parameters were
monitored 13 inorganic and 43 organic ones [9].
Within the 3rd soil monitoring cycle, which was carried
out from 2001 to 2005, there were 7,605 soil
samples analyzed in which 96,665 analyses were
carried out, while 56 parameters -13 inorganic and
43 organic were monitored [10]. The 4th monitoring
cycle was carried out from 2006. In order to fulfill
the task, it was necessary to continue monitoring
contents of contaminants in soils in selected
cadastral territories. The samples were selected on
the basis of results of previous monitoring cycles
[11, 12]. The results of the 2nd monitoring cycle
with sampling in 1997 showed that, compared
to the 1st monitoring cycle, the condition of
agricultural soil hygienically moderately improved
[18]. A migration of hazardous components in a
soil profile was proved and published in the Report
on the state of the environment of the Slovak
Republic in years 2009- 2010. [26].

The results of the 3rd monitoring cycle with
sampling in 2002 showed that the content of the
majority of hazardous components in selected
agricultural soils of SR was below the limit,
especially in the case of arsenic, chromium, copper,
nickel and zinc. For cadmium and lead, above
threshold values appeared in the soils situated in
higher altitudes (podzols, andosoils). Chemical
analyses of monitored soils were completed in
2010 (sampling year 2007) for selected monitored
groups of agricultural soils: chernozems, brown
earth, rendzinas, pseudogleys, kambisols, regosols,
that create almost 65% of soil types in Slovakia.
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Actual state of the analyzed soils was evaluated for
the first time in the 4th monitoring cycle pursuant
to Act No. 220/2004 Coll. and therefore it is not
possible to make a comparison of a contamination
with previous monitoring cycles. In 2013, the soil
samples of new sampling cycle were taken so as to
process and evaluate them gradually (published in
the official report on the state of the environment
of the Slovak Republic in years 2013) [26].

At analysis and evaluation of the contamination
state of the agricultural land of the Slovakia by
hazardous elements, basic statistical methods,
multidimensional statistical methods and methods
of multidimensional comparison were used. The
utilization of multidimensional statistical methods
within the monitoring of soil contamination we
can find in many works [4, 16, 25].

3. Model of calculation

3.1. Contamination of Agricultural Land

Within monitoring and analysis of contamination
of agricultural soils, the contents of hazardous
elementsin soil were monitored by adecomposition
by aqua regia for arsenic (As), cadmium (Cd), Cobalt
(Co), chromium (Cr), copper (Cu), nickel (Ni), lead
(Pb) and zinc (Zn). The measured minimum and
maximum concentrations of particular hazardous
elements in analyzed soil samples of the most
spread types of agricultural land gained in the 4th
sampling cycle (year of sampling 2007) are given
in Tab. 2 — Tab. 5 (in mg.kg-1in aqua regia). Mutual
dependence of monitored hazardous elements
in the sampling depth of 0-10 cm a 35-45 cm s
determined by correlation table given in Table 6 and
Table 7.

Table 2: Concentrations of As, Cd, Co, Cr (v mg.kg™) in analyzed soil

samples (sampled year 2007, sampling depth 0-10 cm).

Soil types
Element

As  xp , , ’ , , 37

Rv 149-66 | 18820 | 242-55 | 15531 | 538-21 | 4330

Xp 0,18 021 041 0,24 0,30 0,10

Rv 038-0,03 | 0,28-0,16 | 0,78-0,1 | 050-0,14 | 13-0,1 0,30-0,07

Xp 88 1,7 10,0 10,0 102 20

Rv 109-66 | 181-79 | 220-38 | 20836 | 283-49 | 4510

Xp 456 245 458 45 42,1 292

Rv 53,0-357 | 340-17,2 | 762-30,8 | 741-108 | 101,1-55 | 50,1-185
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Legend of the Tab. 2 — Tab. 5 Rv= Xmax - Xmin, Xp
- average, | — chernozems, Il — kambisols, Il -
rendzinas, IV — brown earth, V - pseudogleys and
luvisols, VI - regosols.

Table 3: Concentrations of Ni, Pb, Zn (v mg.kg’) in analyzed soil

samples (sampled year 2007, sampling depth 0-10 cm).

Soil types
v

Element

U xp K 229 18,0 22,6
M 372-150 | 304-155 | 375-11,1 | 80,7-13,8 | 447-95 585-9,.2
b 07,8 92 31,7 326 253 150
A 315-229 | 133-44 72,7-130 | 455-143 | 100,0-02 | 20,5-10,0
pONl 16,8 248 21 20,2 244 93
A 223-94 452-136 | 352-157 | 47455 | 199578 | 17950
pON 66,5 80,2 76,5 68,8 673 458
A 112,0-504 | 1249-581 | 1339-485 | 89,6-486 | 198,7-420 | 62,4-357

In agricultural land, in depth of 0 to 10 cm, arsenic
was cumulated in the concentrations ranging from
2 -53.8 mgkg’, with average of 8.8 mg.kg™. Arsenic
showed predominantly stronger positive correlation
to other monitored hazardous elements (Cd, Co, Cr,
Ni, Pb, Zn) excluding Cu, at which a weak negative
correlation was detected. In the depth ranging from
35t045cm,aconcentration of Asranging from 1.8 to
49.4 mg.kg'with average of 8.9 mg.kg™. In this depth,
As showed very strong positive correlation only for
Co, Cr, Pb and Zn. Very strong negative correlation
was found between As and Cu. The dependence
between As content in the depth ranging from 0 —
10 cm and in the depth ranging from 35 — 45 cm is
not statistically significant. The average content of
As for particular groups of analyzed soils shows that
itis moderately increased in the depth ranging from
35— 45 cm, excluding the group of chernozem. The
order of accumulation of arsenic for particular types
of soil in the depth ranging from 0 to 10 cm and also
in the depth ranging from 35 to 45 cm, as it follows:
regosols < kambisols < brown earth < chernozem <
pseudogleysand luvisols < rendzinas.

In agricultural land, in depth to 10 cm, Cd was
cumulated in the concentrations ranging from
0.03 - 1.3 mgkg’, with average of 0.24 mgkg™.
Cadmium showed predominantly very strong
positive correlation to other monitored hazardous
elements excluding copper, at which a weak
negative correlation was detected. In the depth
ranging from 35 to 45 cm, a concentration of
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Table 4: Concentrations of As, Cd, Co, Cr (v mg.kg™') in analyzed soil

samples (sampled year 2007, sampling depth 35-45 cm).

Soil types

Element

As  xp JEAI 8,6 12,7 91 98 39
UM 14,4-45 17,0-2,0 20,7-5,6 15630 | 49418 | 7718
xp 0,07 027 0,18 031 0,07
[\ 048-001 | 013002 | 065006 | 048005 | 354006 | 0,12-0,01
POI 8,0 13,0 89 10,1 10,1 6,5

A 124-54 158-104 | 19.2-29 0546 | 27650 | 142-18
bO 46,0 280 46,8 459 473 29,2
[\ 625-325 | 420-154 | 77,7-265 | 949-50 | 813-69 | 40,1-20

Table 5: Concentrations of Cu, Ni, Pb, Zn (vmg.kg™') in analyzed soil
samples (sampled year 2007, sampling depth 35-45 cm).

Soil types
Element
Cu xp [ 1838 228
A 39,1-12,1 283-128 | 367-69 314110 | 41,2-98 531-55
PO 2684 10,6 319 36,3 309 199
A 32,8-22,1 17,6-4,0 739-10.9 | 51,2-169 | 1410-81 | 559-7,2
xp EN 152 18,2 16,6 178 85
U 19,5-79 31794 | 34174 30,6-50 | 74871 17,2-5,0
Xp M 674 67,2 68,0 64,4 59,0
U 129,2-41,0 | 1153-457 | 1350-212 | 68,5-420 | 111,0-42,4 | 106,0-218

cadmium ranging from 0.01 to 3.54 mgkg'with
average of 0.174 mgkg™. In this depth, it showed
very strong positive correlation only for arsenic,
chromium, lead and zinc. The negative correlation
was found between cadmium and copper, similarly
like for arsenic. The dependence between cadmium
content in the depth ranging from 0 — 10 cm and in
the depth ranging from 35 - 45 cm is not statistically
significant. The average content of cadmium for
particular groups of analyzed soils shows that there
is less cadmium in the depth ranging from 35 to
45 c¢m than in the depth ranging from 0 to 10 cm.
The order of accumulation of arsenic for particular
types of soil in the depth ranging from 0 to 10 cm
was as it follows: regosols<chernozems<kambisol
s<brown earth<pseudogleys a luvisols<rendzinas
and in the depth ranging from 35 to 45 cm it was
as it follows: kambisols<regosols<chernozems
<brown earth<rendzinas<pseudogleys and luvisols.
The dependence of arsenic content in the depth
ranging from 0 to 10 cm and in the depth ranging
from 35 to 45 cm is not statistically significant.



Cobalt was cumulated in the concentrations
ranging from 1 - 28.3 mg.kg'in the depth to 10 cm,
with average of 8.783 mg.kg™. In this depth, cobalt
showed very strong positive correlation lead and
zinc. It showed a weaker positive correlation also
to arsenic and cadmium. Similarly, like for previous
two cases, it showed a weak negative correlation
for copper. In the depth ranging from 35 to 45
cm, a concentration of cobalt ranging from 1.8 to
27.6 mg.kg'with average of 9.683 mgkg”. In this
depth, it showed very strong positive correlation
with arsenic, cadmium, lead and nickel. Very strong
negative correlation was found between cobalt
and copper. Similarly, like for previous two cases, a
mutual dependence between the concentration of
cobalt in the depth ranging from 0 — 10 cm and in
the depth from 35 to 45 cm was not confirmed. The
average content of cobalt for particular groups of
analyzed soils shows that there is increased content
of cobalt in the depth ranging from 35 to 45 cm
compared to the one in the depth ranging from
0 to 10 cm, excluding the groups of agricultural
soils of chernozem, rendzina. The order of cobalt
accumulation for particular types of soil in the depth
ranging from 0 to 10 cm was as it follows: regosols<
chernozems<rendzinas<brown earth< pseudogleys
and luvisols<kambisolsand in the depth ranging
from 35 to 45 cm it was as it follows: regosols<ch
ernozems<rendzinas<brown earth<pseudogleys
and luvisols<kambisols. The mutual dependence
between the concentration of cobalt in the depth
of 0 - 10 cmand in the depth of 35 — 45 cm was not
confirmed.

In agricultural land, in depth ranging from 0 to
10 cm, chromium was cumulated in the concentrations
ranging from 10.8 - 101.1 mgkg', with average
of 38117 mgkg'’. Chromium showed positive
correlation to all elements excluding copper. There
was very strong positive correlation found to only
two elements (As, Ni). In the depth ranging from 35
to 45 cm, a concentration of chromium ranging from
2 10 94.9 mg.kg'with average of 40.533 mg.kg" was
detected. In this depth, chromium showed positive
correlation for almost all elements, except cobalt and
copper. There was very strong correlation measured
between chromium and nickel. The average content
of chromium for all particular groups of soils shows
that there is increased content of chromium in the
depth ranging from 35 - 45 cm compared to the
content in the depth ranging from 0 — 10 cm. The
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order of chromium accumulation for particular
types of soils in the depth ranging from 0 to
10 cm was as it follows: kambisols<regosols<brown
earth<pseudogleys and luvisols<chernozems<ren
dzinasand the one in the depth ranging from 35 -
45 cm: kambisols<regosols<brown earth<chernoze
ms<rendzinas<pseudogleys and luvisols.

Copper was cumulated in the concentrations
ranging from 9.2 do 80.7mgkg’, with average of
21.817 mgkg' in agricultural land in the depth
ranging from 0 to 10 cm. This element showed a
weak negative correlation in all cases except zing,
at which a weak, statistically not significant positive
correlation was detected. In the depth ranging from
35to 45 cm, a concentration of copper ranging from
5.5t041.2 mg.kg'with average of 20.033 mg.kg " was
detected. In this depth, copper showed negative
correlation with all monitored hazardous elements.
Statistically not significant negative correlation
dependence was also confirmed between Cu-As,
Cu-Co, Cu-Pb and Cu-Zn.

In this case, a mutual dependence between
concentrations of copper was not confirmed in
the depth ranging from 0 — 10 cm nor in the depth
ranging from 35 — 45 cm. The average content of
copper for particular groups of analyzed soils show
that there is lower content of copper in the depth
ranging from 35 — 45 cm compared to the content
of the same in the depth ranging from 0 - 10 cm,
except the group of agricultural soils pseudogleys.
The order of accumulation of copper for particular
types of soils in the depth ranging from 0 to 10
cm was as it follows: pseudogleys and luvisols<ch
ernozems<kambisols<regosols<rendzinas<brown
earthand in the depth ranging from 35 to 45 cm:
pseudogleysand  luvisols<kambisols<rendzinas<
brown earth<regosols<chernozems.

Nickel was cumulated in concentrations ranging
from 0.2 to 100 mg.kg'in the depth to 10 cm with
the average of 23.600 mg.kg . Similarly, like arsenic,
nickel showed a positive correlation to other
monitored hazardous elements (Cd, Co, Cr, Ni, Pb,
Zn), except for copper, at which a weak negative
correlation was detected. There was far higher
concentration of nickel detected in the depth
ranging from 35 to 45 cm (from 4 to 141 mgkg™,
the average of 26.333 mgkg’). Also in this case.
Nickel showed a positive correlation with almost
all elements, except cobalt and copper, at which
a negative correlation was detected. The average
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Table 6: Correlation matrix of monitored hazardous elements (sampled year 2007, sampling depth 0-10 cm).

Cd 0,906* 1

Co 0,754 0,628 1

Cr 0,733 0573 0,257 1

Cu -0,207 -0,226 -0,132 -0,375 1

L[] 0,679 0,568 0,243 0,945** -0,195 1

] 0,703 0,697 0,949** 0,153 -0,281 0,129 1

In 0,757 0,665 0,952** 0,159 0,086 0,148 0,900* 1

*p- value <0,05, **p- value <0,01, ***p- value <0,001

Table 7: Correlation matrix of monitored hazardous elements (sampled year 2007, sampling depth 35-45 cm).

Cd 0,719 1

Co 0410 0,110 1

Cr 0,702 0,825% -0,050 1

Cu -0,807 -0,540 -0,827* -0,445 1

Ni 0,482 0,728 -0,268 0,917%* -0,140 1

Pb 0,918** 0,769 0617 0,661 -0,885% 0,483 1

In 0,222 -0,312 0,847*% -0,430 -0,552 -0,601 0,309 1

*p- value <0,05, **p- value <0,01, **p- value <0,001

contentof nickelforall groups of analyzed soils shows
that there is increased content of nickel in the depth
ranging from 35 to 45 cm, compared to the content
of the same in the depth ranging from 0 to 10 cm.
The order of nickel accumulation for particular types
of soils in the depth ranging from 0 — 10 cm was as
it follows: kambisols<regosols<pseudogleys and luv
isols<chernozems<rendzinas<brown earth and the
order of the same in the depth ranging from 35 to
45 cm was as it follows: kambisols<regosols<cherno
zems<pseudogleys and luvisols<rendzinas<brown
earth.

Lead concentrations were cumulated from 5 to
199.5 mg.kg™ in the depth ranging from 0 — 10 cm,
and the averageamountedto 19.6 mg.kg™'.The lower
concentration of lead ranging from 5 to 74,8 mg.kg™!
with the average of 14,967 mg.kg' was detected
in the depth ranging from 35 to 45 cm. In both
depths, lead showed a positive correlation to other
monitored hazardous elements, except for copper,
at which a negative correlation was detected. The
average content of lead for groups of analyzed soils
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show that there is considerably lower content of lead
in the depth ranging from 35 to 45 cm compared
to the one in the depth ranging from 0 to 10 cm.
The order of the lead accumulation for particular
types of sails in the depth ranging from 0 to 10 cm
was as it follows: regosols<chernozems<brown
earth<rendzinas<pseudogleys a luvisols<kambisols
and in the depth ranging from 35 to 45 cm:
regosols<chernozems<kambisols<brown
earth<pseudogleys and luvisols<rendzinas. There
were high concentrations of zinc detected. In the
depth to 10 cm, zinc cumulated in concentrations
ranging from 35.7 to 198.7 mg.kg™, with the average
of 67516 mgkg'.This element showed positive
correlation in all cases, while very strong correlation
dependence was confirmed between Zn-As, Zn-Co,
Z/n-Pb and Cu-Cd. Somewhat lower concentration
was detected in the sampling depth ranging from
35t0 45 cm (from 21.2to 129.2 mg kg, the average
of 64.95 mg.kg™). In this case, a positive correlation
with almost all elements was detected, except
copper, at which a strong negative correlation was
detected.The average content of zinc for particular



groups of analyzed soils show that there is lower
content of zinc in the depth ranging from 35 — 45
cm compared to the depth ranging from 0 — 10 cm,
except for the group of agricultural lands containing
kambisolsand regosols.The order of accumulation
of zinc in particular types of soils in the depths
ranging from 0 to 10 cm and from 35 to 45 cm was
as it follows: regosols<chernozems<pseudogleys
and luvisols<brown earth<rendzinas<kambisols
and in the depth from 35 to 45 cm: rendzinas<reg
osols<chernozems<brown earth<pseudogleys and
luvisols<kambisols.

Total order of accumulation of particular
hazardous elements in agricultural land in the
sampling depth ranging from 0 to 10 cm was as
it follows: Zn>Cr>Ni>Cu>Pb>As>Co>Cd. Similar
order was in the sampling depth ranging from 35 to
45 cm: Zn>Cr>Ni>Cu>Pb>Co>As>Cd.

Particular types of agricultural soils were ordered
by methods of multiple comparison according
to total degree of contamination by hazardous
elements. The order of total contamination
was determined by three methods of multiple
comparison — ordering method, scoring method
and method of standardized variable. All
monitored hazardous elements were considered as
destimulating variables (a positive demonstration
is their decrease). The resulting average order of
contamination of selected types of agricultural
land in the depth ranging from 0 to 10 cm and as
well as in the depth of 35 — 45 cm is as it follows:
regosols<kambisols<chernozems<pseudogleysa
nd luvisols<brown earth<rendzinas.

3.2. Contamination of Soil in Selected Districts in Slovakia

We have characterized the level of contamination
of soil by heavy metals in selected districts in
Slovakia by six variables, which present the content
of respective heavy metal in a soil sample (in
mg/kg): Cr (chromium), Ni (nickel), Cd (cadmium),
As (arsenic), Hg (mercury) a Pb (lead). Evaluating
the area soil contamination, we took into account
63 districts, while measured values of particular
variables present the average values of the first years
of the 4" monitoring cycle.We did not consider zinc
(Zn) and copper (Cu) in our analysis, since these
parameters were monitored in some districts only
during the given period of time. The survey did not
include the districts, in which soil sampling was
not carried out during the monitored period of
time (Bratislava (BA), Banovce nad Bebravou (BN),
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Bytca (BY), Kosice (KE), Partizanske (PE), Revuca (RA),
Tvrdodin (TS), Zarnovica (ZQ)).

Based on chromium concentrations ascertained in
particular districts, it results that Zilina (ZA) district
is the most contaminated district. The order of five
districts with the highest chromium content is as it
follows: Zilina (ZA) > Myjava (MY) >ZiarnadHronom
(ZH)>Cadca (CA)>DunajskaStreda (DS).

Nickel highest value that exceeded the permitted
limit value 3.8-times was measured in Myjava
(MY) district. The order of five districts with nickel
highest concentration is as it follows:Myjava (MY)
>NovéZamky (NZ)>Galanta (GA)>Puchov (PU)>TT.

Cadmium highest value that exceeded the limit
value 3-times was measured for the given period
of time in Cadca district.The order of districts with
highest contamination of cadmium is as it follows:
Cadca (CA)>Puchov (PU) > SL > BB >Zilina (ZA).

High above-threshold value of arsenic (185.90
mg.kg') was measured during the given period of
time in Banska Bystrica district. This value exceeds
the permitted limit value (5 mg/kg) 37.2-times.
The order of five districts with highest arsenic
concentration is as it follows: BB > GL > ZH > RV >
KS. Mercury highest value, amounting to almost 27-
fold of permitted limit (0.3 mg.kg™) was measured in
Gelnica district during the monitored period of time.
The order of districts with highest concentration
of mercury is as it follows: GL > SN > RV > ZH >LE.
During the monitored period, the value of lead
exceeded the permitted value almost 5-times in
Banska Stiavnica district. The order of the districts is
as it follows: BS > BB > ZH > CA > GL.

We obtained the analogical result by the method
of analysis of major components. We replaced
three input independent variables the values of
which presented the average values of indicators
in particular districts during the monitored period
of time by three independent variables. The first
component (explains 40.8% of data variability) is
created predominantly by Cdand Pb parameters.The
second component (explains 26.5% of variability)
consists of Cr, Ni and As. The third component
(14.4% of variability) is created especially by Pb
element. These new variables (the first three major
components) cover together almost 80% of total
variability in data.

Graphical representation of data of original
variables in a coordinate system of one main
component in relation to another main component
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is shown on Fig. 1. It results from the diagram
obtained by the analysis of main components
that Banskd Stiavnica district (BS) and Ziar nad
Hronom (ZH) district contains a large share of Pb
variable. Cadca (CA) district has a arge share in
another element — Cd, Banska Bystrica (BB) in As
variable and Myjava (MY) district in Ni variable. The
diagram distributed the districts equally, on the
basis of similarity of contamination degree, into
several clusters. The large cluster is mainly created
by districts with lower degree of soil contamination
by heavy metals. The Gelnica (GL) district, Banska
Bystrica (BB) district, Myjava (MY) district appear as
strongly deviating districts.
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Fig. 1: Main components graph (biplot).

The analogical results we obtained by hierarchical
agglomerative clustering by the method of average
linkage. The district similarity dendrogram, which
we have obtained as a result of the cluster analysis
is shown on Fig. 2. The results of analysis referred to
the fact that Gelnica (GL) district, Banska Bystrica (BB)
district and Myjava (MY) district differ considerably
from other districts. These districts are indisputably
separated and create separate groups.

Another separate group is created by PT and SN
districts. A larger cluster is created by CA, ZA, BS,
PU and ZH districts. As in the previous districts,
also these belong to the districts with higher
values of parameters, which are typical for higher
contamination below heavy metals. Additional three
large clusters are created gradually by districts, in
which the average values of monitored parameters
below limit values were measured.
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We arranged the monitored districts by the
method of multiple comparison according to
resulting degree of heavy metal contamination.
We determined the level of a contamination by
the method of standardized variable. All indicators
were regarded as destimulating variables (a positive
exhibition is their decrease). The resulting order
of the first 10 districts with highest degree of
contamination is as it follows: GL>BB > PU >ZH >ZA
>CA > BS > MY > NZ > SN and 10 districts with the
lowest degree: MA > SP > SI>TR > VK > NM > RS >
PK > ZM> SV.

Fig. 2: Dendogram — Cluster analysis (Average linkage method).

4, Conclusion

The living environment contamination became
one of the major social problems recently. The
agricultural land presents the part of the land fund
of the country which man consciously reshapes and
utilizes so as to satisfy his/her needs. By this reason,
as a natural component of living environment, it
becomes the object of its interest, consideration
and research. The land research focused on its
identification and evaluation is the necessary
prerequisite for reasonable utilization and protection
of productional and nonproductional functions
of land in SR, including modeling and creation of
optimization programs of protection and efficient
utilization of land as one of the basic components
of living environment.

Hazardous substances belong among pollutants
which are monitored in various components of living
environment, including land. These substances
belong to nondegradable contaminants, while their
risks consist in ecotoxicity as well as in a cumulation
in biotic and abiotic components of living
environment. They participate in the circulation of
substances what get them into the food chain and



thus they may present a potential health risk for
human. Within the contamination of agricultural
land by hazardous elements, elements As, Cd, Cr,
Cu, Ni, Pb and Zn were evaluated.

Total order of accumulation of particular
hazardous elements in agricultural land in the
sampling depth ranging from 0 to 10 cm was as it
follows: Zn>Cr>Ni>Cu>Pb>As>Co>Cd. The order
was similar in the sampling depth ranging from 35
to 45 cm: Zn>Cr>Ni>Cu>Pb>Co>As>Cd. It follows
from the results of agricultural land contamination
monitoring analysis that regosols have the lowest
content of almost all hazardous substances. It relates
primarily to a low value of sorptive capacity of this
soil type.On the contrary, higher concentration of
hazardous substances are in the soil types with high
to very high content of humus (e.g. rendzinas). The
resultant average order of contamination of selected
types of agricultural soil in the depth ranging from
0 to 10 cm and also in the depth ranging from
35 to 45 cm is as it follows: regosols<kambisols<
chernozems<pseudogleys and  luvisols<brown
earth<rendzinas.

Within the survey of area contamination of
agricultural land in SR, multidimensional statistical
methods were applied. The research was oriented
to monitoring of land contamination by six most
important heavy metals (chromium, cadmium,
nickel, arsenic, mercury and lead) taking a
percentage amount of contaminated soil in
analyzed samples in 63 districts into account. The
results of multidimensional statistical methods refer
to the fact that Gelnica (GL), Banska Bystrica (BB) and
Myjava (MY) districts seem to be deviated districts
within the monitored period of time. These are the
districts which had the highest measured values
of monitored parameters. Districts Gelnica (GL),
Banska Bystrica (BB), Puchov (PU), Ziar nad Hronom
(ZH), Zilina (ZA), Cadca (CA), Banska Stiavnica (BS),
Myjava (MY), Nové Zamky (NZ) and Spisska Nova
Ves (SN) belong, according to results of the methods
applied, to the distristcs with highest degree of
land contamination. On the other hand, Svidnik
(SV), Zlaté Moravce (ZM), Poltar (PT), Pezinok (PK),
Rimavska Sobota (RS), Nové Mesto nad Vahom (NM)
districts belong to five districts with the lowest
degree of land contamination by the occurrence of
heavy metals.

It follows from the results of the research that
the districts with higher degree of contamination
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of agricultural land by heavy metals are located
in various regions of Slovakia and this degree
of contamination depends for example also on
soil type, extraction of mineral raw materials,
surrounding industry, transport, application of
fertilizers and pesticides. Total condition of land is
considerably influenced by not only land properties
and actual standpoint and society approach to the
given problems, but, predominantly a treatment
and careless conduct in the past.
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