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Abstract

Areal or pointed extension of soil contamination by risk elements was determined in samples from 47
locatoins of agricultural soils in “pollution-loaded” regions of eastern Slovakia during 2006 and 2008. These
regions were primarily the areas of middle Spis§ and northern Gemer, where soils were under long-term con-
tamination by solid polluting elements containing risk elements. A source of contamination was metallurgi-
cal plants located in the broken terrain with unfavorable dispersion conditions. Risk elements Cd, Pb, Cu, Zn,
Ni, Cr, and As were determined in the lixivium of Aqua regia and their accessible (mobile) forms in the lix-
ivium of 1 mol-dm® NH,HNOj;. To consider the solubility of the risk elements the lixivium of 0.05 mol-dm
* EDTA (mobile and mobilizable forms) and the lixivium of 2 mol-dm” HNOj (potentially releasable con-
tents) was used. Ascertained contents of the risk elements in the lixivium of Aqua regia correspond with the
results regarding risk elements that were obtained by reduction in the mixture of inorganic acids before 1990.
Then values of the solid polluting elements containing risk elements were the highest. The results confirm
the large areal character of soil contamination by Hg and As in the emission areals of metallurgical plants
where the natural endegeneous geochemical abnormalities now exist. Extremely high values of Pb, Zn, and
Cd in close proximity to the former shaft-furnace (without any possibility of dispersion) are the result of solid
polluting elements from Pb, Sn, alloys and ZnSO, production facilities. A considerably larger area of conta-
minated soils by Cu is connected to refined flame furnace copper production and convertors and its disper-
sion into the wider areas. Some isolated locations with Cd, Cu, Ni, Hg, and As excesses are connected to geo-
logical-petrographical conditions where polymetallic mineralizing of old environmental loads is characteris-
tic. In the samples with high contents of risk elements in Aqua regia, there were also over limit values for
accessible plant risk elements. In the sum of mobile and mobilizable forms with relatively the highest con-
tent of Cd (36.57%) and the lowest Cr (0.36%) were determined in the following decreasing order Cd > Pb
> Cu > Ni > Zn > Cr. The relevant prevalence of risk elements in residual fractions is apparently connected

to their emission origin from thermic processes as predominantly insoluble risk element oxids.

Keywords: burdened areas, soil contamination, risk elements

*e-mail: j.vilcek@vupop.sk



1430

Vilcek J., et al.

Introduction

Soil as a component of the environment is contaminat-
ed with industrial, energy and transport emissions, but also
with risk elements of agrochemical residues, a wide range
of waste material, etc. Eastern Slovakia also sees occur-
rences of various ore formation processes with regional dif-
fusive contaminations of natural (geochemical) characteris-
tics. Elements contained in ores have been mined there for
a long period, thermally generated, modified and processed,
and dispersed in the aluvial areas as clastogenic as well as
dissoluble forms [1]. In the Rudnany-Gelnica burdened
area it was mainly emissions from a mining and modifica-
tion complex of iron-ore mines in Rudiany (mining and
production of mercury, barite) and Kovohuty in
Krompachy (long-term production of copper, manganese,
lead, zinc). In the southern parts of the JelSava-Lubenice
area magnesite enterprises process natural magnesite by
thermal decomposition in rotary and pit furnaces and pro-
duce solid Mg emissions that are highly alkaline and con-
tain caustic magnesium oxide (areas of alkaline rains). In
the northern part, in Nizna Sland, it was long-term mining
of iron ore and production of furnace pellets of siderite
from local deposits of our most important iron-ore
deposits. In the Kosice-Presov area, the main place of solid
polluting material with a high risk element is the produc-
tion of raw iron with metallurgical production (U.S. Steel
Kosice) as well as the energy systems and old residue of
the high dust-producing magnesite industry in Tahanovce.
In the southern part of the Zemplin area includes the
Vojany thermal power station, a major source of fly ash in
Slovakia. The northern part of this area the environment is
impacted especially by the heat stations of chemical and
wood processing industries in Strazske, Vranov nad
Topl'ou, and Humenné.

Enterprises in Krompachy, Rudnany, Nizna Slana,
Jelsava, and Lubenik are situated on uneven terrain or
depression bases, and a cause of bad conditions for the dis-
persion of risk elements. U.S. Steel KoSice and Vojany ther-
mal power station, as considerably larger pollution sources,
have relatively good dispersion conditions in their wide sur-
roundings [2]. The location of burdened areas of east
Slovakia are shown in Fig. 1.
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Fig. 1. Location of burdened areas of eastern Slovakia.

Besides the identified air pollution sources, secondary
pollution sources are present in eastern Slovakia such as old
environmental burdens following mining, dumping
grounds, and settling pits [3]. Today’s most significant
source of PM,, pollutants (solid polluting material up to 10
um) are small pollution sources of wood combustion (the
reason is the price increase of natural gas).

The un-degradable mineral substances of alkaline and
metallic contaminants have culminated in soils for a long
time, and may cause their contamination or even deteriora-
tion.

For the objective evaluation of agricultural soils with
risk elements in Slovakia, there is a necessary focus on the
results of the complex environmental and geological pro-
gram, within which the Geochemical Atlas of the Slovak
Republic as a part of the international geological program
“International Correlation Geological Program No. 259”
(approved by ENUSCO in 1988) was accepted, as priority.
The results or source information enables researchers to
submit an integrated image of the areal distribution of over-
all contents of risk elements in A (humus) and C (soil-for-
mation): geogenically and antropogenically-based higher
concentrations including remote transmission and an image
of the determination of background values for individual
soil types [4]. Monitoring of the attributes of main soil
types is carried out by the Soil Science and Conservation
Research Institute in Bratislava. A subsystem of the moni-
toring is the “Areal Research of Soil Contamination;” which
is carried out by the Central and Testing Institute in
Agriculture in Bratislava for selected areas. This monitor-
ing has been carried out since 1992 in regular 5-year cycles
in the lixivium of HNO; with ¢=2 mol-dm”. Through this
potential, mobilizable content of risk elements has been
observed. According to soil monitoring results [5] about
15,000 hectares of contaminated soils have been deter-
mined — in which at least one risk element exceeds a limit
value of legislation. The results of the examination of con-
taminated soils in the individual cycles were oriented on
detailed monitoring of those areas in which soil contamina-
tion had been discovered before. Vertical transmission of
risk elements in soil profiles has been proved and a number
of areas exceeding the limits in the lixivium of HNO; with
¢=2 mol-dm™ has decreased.

Poland

Hrnmfacn\f

—
R

Hungary



Risk Elements in Soils of Burdened...

1431

In research in areas of eastern Slovakia the effort was to
bring a more complex view on the state of soil hygiene with
the inclusion of economic analyses, legislative and juridical
aspects in evaluating damage of soils, and crops caused by
industrial emissions. Special attention was paid to the possi-
bilities of decreasing risk element penetration into plants
from soils. The results have been published in monographs
and in other works [6-8, 21, 22].

This article is the result of the agricultural soils research
in the areas of their potential deterioration. Source data
were obtained for the project “Identification of Changes of
Environmental Components in Problem Areas of Eastern
Slovakia” funded by the Slovak Research and
Development Agency in 2006-08.

Materials and Methods

In the identified areas of eastern Slovakia research
methods quantified cadastral areas and parcels with rela-
tively the most disturbed production and ecological quali-
ties according to the results of soil contamination research
submitted by the Central and Testing Institute in
Agriculture in Bratislava and previous long-term results of
research on soil contamination. The parcels were character-
ized by soil and ecological parameters, parameters of soil
deterioration, and resistance against chemical degradation
[9, 22]. The sites of soil sampling on forty seven parcels in
2006-08 were selected in places of prevailing emission
extension from the sources of solid polluting material and
known natural geochemical anomalies. The positions of the
sampling sites of the A horizon (0.00 m-0.20 m) samples
were recorded by GPS to be identifiable in the future and
were designated by the coordinates and photo documenta-
tion according to the individual emission areas:
(Krompachy 11 samples, Nizna Slana 16 samples, Jelsava
4 samples, Kosice 8 samples, Strazske 4 samples, and
Vojany 4 samples).

Examining the soil contamination according to Act No.
200/2004 was in compliance with EU norms (working out
the situational plan, plan of sampling, protocol of sampling,
executing analyses, analyses of risks). The content of risk
elements was determined after a method with NH,NO was
used. For the evaluation of soil contamination with regard
to the elements penetration into the food chain and biolog-
ical cycle, the contents of mobile, mobilized, and potential-
ly mobilized contents in extracting solvents of different
aggressiveness were determined.

Methods for determination (Supplement No. 2 to Act
No. 220/2004) [10] were as follows:

» Extraction of risk elements by Aqua regia — STN ISO

11466
» Extraction of risk elements by NH,NO; s ¢ = 1 mol-dm™

(for the determination of the content of risk elements

accessible for plants — DIN 19730:06.95)

» Extraction with 0.05 mol-dm® EDTA (10 g sample
added to 10 ml redestilated water and shaking cold for

1 hour); determination by means of AAS method —

mobile and mobilizable forms of risk elements

» Extraction by means of HNO, with ¢ = 2 mol-dm” (10
g sample added to100 ml redestilated water, shaking
cold for 6 hours), the analytical end point was AAS —
potentially mobilizable content of risk elements

* Cd, Cr, Cu, Pb, Ni, and Zn were determined by AAS
method (ISO 11047), As (STN N 373), and Hg — over-
all content (STN 465735).

For evaluating the determination of the risk elements in
soils, the limits of the risk elements in the lixivium of Agua
regia for clay soils and clay-sandy soils and limits in the
extraction solvent of NH,NO; s ¢ = 1 mol-dm" according to
Supplement No. 2 to Act No. 220/2004 were applied.

Comparing the contents of the risk elements in the bur-
dened areas of eastern Slovakia with those for the Slovak
Republic the following statistical values — average, modus,
median, standard deviation) were applied. For the graphic
expression of element accessibility in percentages, mobile
forms — A, mobile and mobilizable forms — B, potentially
mobilizable contents — C, and residual fractions — D from the
content in Aqua regia lixivium column graphs were used.

Results and Discussion

Tables 1 and 2 show the results of determining risk ele-
ment contents in agricultural soils after the dissociation in
Aqua regia and ammonium nitrate lixiviums are displayed.
The contents after the dissociation in Aqua regia lixivium are
in compliance with the results of the evaluation of overall
risk element contents according to the Decision of the
Ministry of Agriculture of the Slovak Republic No.
531/1994 after the dissociation by a mixture of the following
inorganic acids: HF+HNO;+HCIO,, realized within the
areal research of soil contamination. The determined con-
tents of the risk elements in agricultural soils are as provid-
ed by permitted deviations valid for the determination meth-
ods prior to 1990. It is also caused by a decrease of several
production processes in the areas but also by a reconstruction
of separating systems, optimization of combustion regimes,
installations of ecological systems, and other factors [§].
According to the data of the Ministry of the Environment the
emissions of individual risk elements have been decreasing
since 1990. The most apparent was the decrease of the emis-
sions from the thermal processes in metallurgical industry. In
1990 it was 675.55 t, in 2006 it was only 287.77 t. In com-
parison with 1990 in 2006 the emissions of risk elements
decreased to 8.20%, Hg to 13.00%, Cd to 75.98%, Pb to
31.18%, Zn to 48.31%, and Ni to 37.89%.

Risk elements from a group of heavy metals and metal-
loids as components of input ore raw material and fossil
fuels undergo thermal dissociation and oxide reduction
processes during combustion. They concentrate in fractions
smaller than 10 pm, most often in the forms of oxides and
chlorides, especially chalkophilous elements (As, Cd, Pb,
and Zn) and lipophilous elements (Mg, Ca, K, and Na).
Most of the emitted solid fractions have a diameter from 0.1
um to 10 um. Hg and Se are partially accessible in the
forms of steam, Cu and Zn are in the steams in a carbonyl
form, Pb and Cd in the forms of dissolving steams.
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Table 1. Contents of heavy metals in mg-kg' in soils of areas in eastern Slovakia determined after dissociation by Aqua regia.

Area of;‘;‘;; cd Pb Cu Zn Ni Cr As ( tgfl)
Krompachy 11 221 | 19177 | 268.19 | 39894 | 37.16 | 4438 | 101.85 | 8.05
Nizna Slan 16 065 | 6270 | 5243 | 9471 | 3646 | 4723 | 13237 | 2.54
Jelava 4 050 | 2365 | 2425 | 5615 | 3085 | 4735 | 1605 | 026
Kogice 8 065 | 3914 | 4070 | 7563 | 3048 | 4288 | 1754 | 034
Strazske 4 045 | 2085 | 1815 | 5025 | 3515 | 3490 | 558 0.19
Vojany 4 063 | 2740 | 2675 | 67.65 | 4645 | 5055 | 3.64 0.08
Statistic
Minimum 036 | 1540 | 1460 | 3920 | 118 29.8 0.00 0.00
Maximum 1226 | 1238.00 | 546.00 | 134440 | 75.00 | 12120 | 1147.00 | 30.10
Median 066 | 3320 | 3320 | 7780 | 3200 | 41.00 | 2480 | 0.57
Standard deviation (n-1) 173 | 179.83 | 13502 | 23816 | 1534 | 1505 | 17999 | 584

Table 2. Contents of heavy metals in mg-kg' in soils in eastern Slovakia determined after dissociation by 1 mol-l" ammonium nitrate

lixivium.

Area Olf\ls‘;‘;lf:ii . cd Pb Cu Zn Ni Cr As
Krompachy 11 0.13 0.70 4.87 5.38 0.22 0.08 0.13
Nizna Slana 16 0.04 0.17 0.48 0.12 0.15 0.06 0.11
Jelsava 4 0.03 0.04 0.09 0.06 0.11 0.07 -
Kosice 8 0.04 0.08 0.28 0.08 0.15 0.05 -
Strazske 4 0.03 0.05 0.09 0.15 0.18 0.04 -
Vojany 4 0.06 0.06 0.19 0.18 0.39 0.08 -
Statistic
Minimum 0.02 0.02 0.05 0.02 0.06 0.02 0.01
Maximum 0.78 5.07 10.16 17.87 0.78 0.19 0.22
Median 0.04 0.07 0.24 0.10 0.15 0.06 0.05
Standard deviation (n-1) 0.11 0.74 2.67 342 0.12 0.03 0.09

The fractions are part of remote cross-border transport.
Atmospheric deposition of risk elements is the most signif-
icant source of the soil contamination by undegradable risk
elements at the present time [11, 12].

The results of the soil studies from 2006-08 showed a
large-surface dimension of soil contamination by mercury.
This is evident especially in middle Spis and northern areas
of Gemer — in the emission areas of Rudnany, Krompachy,
and Nizna Slana, where there are also natural endogenic
geochemical anomalies of siderite lode systems (the sur-
roundings of Rudnany, Gelnica, Krompachy, Slovinky, and
Markusovce). One of the sources of Hg is also evaporation
from mining in the Rudnany-Pora¢ area, from stacks, set-
tling pits, etc.

The contamination of soil by arsenic is related to the
metallurgy industry in Krompachy, Nizna Slana, and
Rudnany, as well as with the natural resources in the ore
zones of the SpiSsko-Gemerské Rudohorie Mountains and
the transport of As by Hornad and Slana catchment areas.
Arsenic is concentrated in sub-micronic fractions of solid
polluting substances, where the efficiency of dissociation
devices is relatively low. These most subtle fractions of
arsenic are adsorbed in the form of As,0O;, As,Os, or as
Ca,;(AsO,),.

Extremely high contents of lead and zinc in the soils of
the proximate surroundings of the enterprise in Krompachy
are the result of the solid pollutants emitted from the 20-40
m high chimneys in the pit furnaces, which contained about
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Table 3. Intervals of concentrations of risk elements determined in Aqua regia lixivium (mg-kg' and v %) in burdened areas, eastern

Slovakia.
Range of concentrations
Element Measurement unit
A B C D

mgkg! 0.30 0.31-0.69 0.70-1.40 1.41

« % 0.00 54.35 34.78 10.87
mgkg! 23.00 23.10-69.99 70.0-140.0 140.10

r % 17.39 60.87 10.87 10.87
mgkg! 16.00 16.10-59.99 60.0-120.0 120.10

c % 8.70 54.34 17.39 19.57
mgkg' 64.00 64.10-149.99 150.0-300.0 300.10

& % 32.60 45.66 8.70 13.04
) mgkg! 23.00 23.10-49.99 50.0-100 100.10

N % 19.57 63.04 17.39 0.00
mgkg' 35.00 35.10-69.99 70.0-140.0 140.10

“ % 13.04 82.61 435 0.00
mgkg! 6.90 6.91-24.99 25.0-50.0 50.10

A % 13.04 43.48 15.22 26.09

mgkg' 0.09 0.09-049 0.50-1.00 1.10

fe % 21.74 26.09 13.04 39.13

A — concentrations below background values for cambisols [1]

B — concentrations above background values to limit for sandy-clay, clay soils in SR (Supplement 220/2004 Z.Z [10])

C — concentrations within limit value-double limit excess
D — concentrations above double limit

60% Zn and 18% Pb (the production of zinc vitriol, elec-
trolysis of Mn, Pb-Sn alloys). And it is considerably higher
is the area of soils contaminated with copper. This is con-
nected with the emissions from copper concentrate pro-
cessing in the flame furnaces and converters with a content
of 30% Cu, which are (at the height of the chimney 200 m)
dispersed into a relatively large surrounding area. Isolated
locations contaminated with Cd, Cu, Ni, Hg, and As are in
a causative relationship with the geological and petro-
graphic conditions characterized by the polymetallic ore
formation processes and metallurgical and modification
processing of these ores in the past (e.g. around Nizna Slana
mining and processing of iron ore have more than a 70-year
tradition). Exceeded contents of Cd are the result of a phos-
phoric fertilizer application (especially phosphorites from
Morocco and Tunis).

In addition to the high values of the risk element con-
tents, after the dissociation by Aqua regia (Table 1), the
limit values of the risk elements accessible for plants (Cu,
Pb, Zn, and Cd) in the lixivium with NH,NO; s ¢ = 1
mol-dm?® were exceeded (Table 2). In comparison with the
identified elements of As in the samples of extremely high
contents after the dissociation by Aqua regia was under the
critical value 0.4 mg-kg" in the lixivium of NH,NO;sc=1
mol-dm” (Supplement No. 2 to Act No. 220/2004).

In Table 3 the intervals of the risk elements determined
by Aqua regia lixivium are submitted in mg-kg"' and % as
follows:

A background median values for cambisols as prevailing
soils in the burdened areas of eastern Slovakia

B concentrations above the background values to the lim-
its for prevailing sandy-clay and clay soils

C concentrations within the range of the limit value — dou-
ble excess of the limit

D concentrations above the double limits

The background (median) values of the risk elements
are shown according to the Geochemical Atlas of the
Slovak Republic for cambisols (prevailing soil types of the
examined soil samples). The values are determined in the
lixiviums in a mixture of inorganic acids, with the excep-
tion of Hg, which was determined directly from the sample.

In comparison with Clark levels (background worldwide
values), the contents in the cambisols of Slovakia are con-
siderably higher for Cd and As (clark level of cadmium is
0.1 mgkg', As 1.5 mgkg"). In the soils of the Slovak
Republic as well as in those of the Czech Republic [13] and
other industrial countries, this is the result of long-term com-
bustion of fossil fuels. As for Ni, Hg, Pb, Cr, and Zn, the
background values in the Slovak cambisols are basically at
the Clark levels except for Cu, the content of which is lower
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with the exception of considerable geochemical anomalies
in middle Spis and the northern parts of Gemer [14, 21].

Below the background values of the cambisols, as evi-
dent from Table 3, in the case of Zn, 32.6% of the analyzed
samples; in the case of Hg 21.74%; Ni, 19.57%; Pb,
17.39%; As, 13.04%; Cr, 13.04%; and Cu, 8.7%. As for Cd
analysis, all the results are above the background values. In
the interval of the limit value concentrations — double
excess of the limits, a descending order of the risk elements
is as follows: Cd > Cu>Ni>As 1 >Hg>Pb 1>Zn>Cr.
The concentrations exceeding the double are in this order:
Hg > As > Cu>Zn > Cd > Pb. The areal distribution of the
exceeding content limit of the risk elements, except for a
few isolated samples, is present in the area of middle Spi§
and northern Gemer around the metallurgical and natural
geochemical anomalies in the middle and eastern parts of
the Slovenské Rudohorie Mountains. In comparison of the
risk elements in the agricultural soils of the areas in the
northwestern part of the Czech Rebublic [15], the charac-
teristic for intensive mining of coil processed by power sta-
tions, numerous metallurgical enterprises, local heat sta-
tions, and other sources of risk elements, the situation in
middle Spi§ and northern Gemer is unfavourable from the
point of view of soil hygiene. The soils of these areas are
within Slovakia, but also in Europe, among the most cont-
aminated with Hg, As, Cu, Zn, and Pb.

100 -

The current conditions in these areas should require reg-
ulatory intervention to protect agricultural soils [16, 22].
When the values of risk elements contents are exceeded,
there is the obligation to decrease the dissolubility of dan-
gerous elements by petrification to transform them into an
indissoluble compound (by calcification of acid soils,
increasing humus content, applying certified organominer-
al sorbents, etc.). After exceeding a double hygiene limit it
is necessary to take into account the exclusion of a contam-
inated surface for growing crops for foods or fodders and to
find substitute methods for the exploitation of contaminat-
ed soils (e.g. production of technical crops, crops for pro-
duction of biofuels, etc.).

A significant problem are the gardens in the intravillains
of the villages that have not been the subject to some
research or monitoring. The result of the analyses of the
samples collected from the gardens in northern Gemer
(seven samples) showed that the influence of risk elements
is generally higher than in the other examined areas.

For the evaluation of the accessibility of Cd, Pb, Cu, Zn,
and Cr according to their dissolubility in extraction, sol-
vents of various levels of average percentage contents of:
mobile forms — A, mobile and mobilized forms — B, poten-
tially releasable forms — C, and residual fractions — D from
the content of the risk elements in Aqua regia lixivium (Fig.
2). In mobile forms we determined from 5.97% Cd to
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Cd Pb Cu Zn Ni Cr
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Cd Pb Cu
Statistic
A B C D A B C D A B C D
Minimum 3.44 3090 | 43.40 | 29.90 0.07 11.25 | 35.60 | 52.20 0.28 12.84 | 29.00 | 54.10
Maximum 11.11 | 40.25 | 70.10 | 58.85 0.41 17.65 | 45.10 | 64.40 2.30 18.40 | 4590 | 71.00
Median 597 | 36.57 | 55.50 | 4450 | 0.22 | 1490 | 40.01 | 59.99 | 0.74 | 14.33 | 38.40 | 61.60
Standard deviation (n-1) 1.68 2.30 6.62 6.87 0.07 1.52 2.63 2.87 0.53 1.29 4.51 4.51
Zn Ni Cr
Statistic
A B C D A B C D A B C D
Minimum 0.03 426 | 20.64 | 4420 | 0.08 4.01 16.60 | 68.35 | 0.01 0.14 098 | 94.28
Maximum 1.45 920 | 55.80 | 79.36 | 1.43 11.92 | 31.65 | 83.40 | 0.40 0.71 572 | 99.02
Median 0.14 6.45 | 30.06 | 69.99 | 0.49 721 | 23.71 | 76.30 | 0.14 0.36 290 | 97.06
Standard deviation (n-1) 0.45 1.30 6.74 6.74 0.28 1.98 4.12 4.11 0.07 0.13 1.08 1.07

Fig. 2. Percentage contents of mobile (A), mobile and mobilizable (B), potentially releasable (C), and residual forms (D) of risk elements.
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0.14% Zn and Cr in the following descending order: Cd >
Cu > Ni > Pb > Zn > Cr. They are dissoluble interchange-
able cations of risk elements and easily dissoluble com-
pounds of organic chelates, accessible for plants, deter-
mined in a salt lixivium. They introduce danger for the
hydrosphere and in individual types of water their highest
concentrations are legislatively stated.

For the evaluation of soil concentrations with reference
to the risk element penetration into the biological cycle with
ISO recommendation, the determination of the risk ele-
ments in EDTA lixivium as a compound with complex-for-
mation attributes is verified. The determined contents, with
their mobile forms, represent immobilizable forms in which
the risk elements occur tied to amorphous manganese, iron
and aluminium oxides that are occluded on the surface of
the colloid material of clay minerals tied to less dissoluble
chemical compounds made accessible by microorganisms,
root excretion, increasing of soil acidity by acid immersions
and physiologicaly acid fertilizers, reductive soil processes,
etc. [17, 18, 22].

From the statistics to Fig. 2, in the sum of mobile and
mobilizable forms, it was determined relatively the highest
Cd content 36.57% and the lowest Cr content 0.36% in the
following descending order: Cd > Pb Cu > Ni > Zn > Cr,
with small differences of Pb and Cu and dissolubility of Ni
and Zn.

The determination of potentially dissoluble forms in the
lixivium with 2 mol-dm® HNO; is utilized in the areal
research of soil contamination. The determined limits rep-
resented reference (background) values of risk elements in
soils until 2004. In comparison with the lixivium of neutral
salt and EDTA it is a more aggressive solvent, in which
55.50% Cd, 40.01% Pb, 38.40% Cu, 30.06% Zn, 23.71%
Ni, and 2.90% Cr from the contents determined in Aqua
regia lixivium.

It is evident from the results of the high contents of the
risk elements in Aqua regia lixivium in mgkg', the per-
centage distribution of the risk elements in the extraction
solvents of different aggressiveness is not basically
changed. Also, high contents of mobile and mobilizable
forms as well as potentially mobilizable forms were deter-
mined.

Besides their physical and chemical attributes, the dis-
solubility of risk elements in soil depends on dynamic soil
qualities (soil reaction, content and quality of humus, con-
tent of clay particles), which causes the comparative het-
erogeneity of the attained results. Prevailing risk elements,
especially Cr, Ni, Zn, Cu, and Pb in residual fractions can
be connected with their immission origin from the thermal
processes in the burdened areas, mainly in the form of dis-
soluble oxides and silicates. In clay minerals risk elements
can be located to build in a crystal grid to increase their con-
tents in residual fractions.

According to more publicized information, the bioac-
cessibility of heavy metals is the result of interactions
among various forms of risk elements, soil attributes, and
mechanisms of plant reception [19, 20]. For the quantifica-
tion of different dissolubilities of transfer, coefficients
should be recommended. In emission conditions their

determination based on the content of risk elements in soil
and plants is deformed by a foliar absorption of atmospher-
ic deposits.
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