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ARTICLE INFO ABSTRACT

The region of Upper Nitra has been influenced for several decades by the intensive activity ofthe industry. T he Nitraisariver with the
most polluted water ecosystems. It was caused by anthropogenic activities in the past decades. Inthe upper reaches of the river in the
cadastral territory ofthe village Zemianske Kostol'any is located the thermal power plant. There is the sedimentation reservo ir, which
caused the ecological disaster in 1965. During thisaccident therewas a bursting of the dam and the downstream sedimentation of sludge
spill, which contaminated the entire water catchment area of the Nitra river. Asaresult of an ecological accident occurred to a longterm
contamination of thestream but also theadjacentalluvial areas by heavy metals (Hg, As, Pband others). Inthe present work, we have
focused on ascertaining the level of contamination the adjacent plot of land and seeds of corn in the cadastral territory of Malé
Krstenany. We ascertained the excess of the limit values in the case of Hg on the south side of the agricultural land in Malé Krstenany,
which borderswith the stream of theriver. The Cd content has exceeded the limit value at the five sampling places, |n the case of lead,
content does not exceed the limit value. Theaverage mercury concentration in the grain of maizewas 0.095 mg.kg™, which exceeds the
limit value by 90.5%. Theaverage cadmium content in maize grain reachedthe value 0f0.06 mg.kg™. This value does not exceed the
limit value. Average lead accumulation in the grain of maize was 0.54 mg.kg™, which exceeds 2.7 times the limit value. The results of
analyzesindicate an increased level of land contamination by mercury and cadmlum which was reflected in an increased level of
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contamination by monitored metals of crops.
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INTRODUCTION

The environment creates natural conditions for the existence of living organisms.
The primary sources of pollution are natural and anthropogenic activities. The
heavy metalsare theimportant part of these emissions. T he heavy metals are not
subject to naturaldegradation process and become a permanent component of
nature. (Cibulka et al., 1991).

The heavy metals in soils are often unavailable to plants. Due to the processes
takingplace in the soil, part of heavy metal passes into biologically available
forms and is received by plants and results in the contamination of crop
(Petiikova, 1990). Distribution of contaminants in the plant is given
physiological nature of plants. Some plants tend to accumulate contaminants in
certain organs. The distribution is dependent on the mobility of the contaminant
in plant tissues and conditions of its growth (Ernst et al., 2004). The
acceptability metal by plants depends on many factors e.g. chemical form in
which it isbound metal, its solubility e.t.c. The important factorsis soil pH. Most
metals in a neutral to alkaline medium is not available to plants. In the slightly
acidic andacid soils, at soil pH values>5, the metals come into acceptable form
for plants (Baker, 1981).

Cadmium is a nonessential element for plants. It received mostly rooted plants,
but there are also foliar cadmium directly from the atmosphere through
contaminated leaf surface (Hovmand, 1983). Cadmium intake by plantroots is a
linear dependence on the concentration of free Cd* ions in the soil solution
(Domazlickaetal., 1989). T he mobility of cadmiumtothe roots takes place by
diffusion and mass flowof soil. In theimmediate vicinity of the roots occurs to
the metal chelation with organic acids secreted plant, increases the diffusion
gradient and speeds receiving metal (Mullins et al., 1986). Cadmium has similar
geochemical and environmental characteristics such as zinc, said association of
Cd and Zn in the environment and their chemical similarity can lead to mutual
interactions while receiving plants, transport fromthe roots tothe aerial parts of
plantsor accumulationin the edible parts and the Cd may enter into the food
chain (Merian, 1991). In some cases, Zn suppresses bioaccumulation of Cd a
reduction in its income, whereas in other cases supports Zn increase Cd
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bioaccumulation its income. Accumulation of Cd and Zn in plants and
subsequent phytotoxicity depends on the plant species and varieties (He et al.,
2004). It is generally believed that the interaction of Cd - Zn is based on
phenomenon competitive inhibition, where cadmium and zinc compete for a
similar active centers vector (Cibulka, 1986).

Leadis one of the least mobile elements of heavy metals. Naturally tends to
accumulate in thesurface soil horizons, primarily in connection with an increased
incidence of organic matter, partly due to atmospheric pollution (Tessier et al.,
1979). Itbindsto humic acids and fulvic acids by bacterial action and subject to
the alkylation (Rapantetal., 1996). Lead isa widespread soil contaminants. Its
solubility and mobility are not low. Yet many environmental concentration
values are high enough to raisethe potential risk to health, particularly near large
plantsusingPbandin large cities. Lead can affect microbiological activity in
soil, and thus cause a decrease in soil productivity (Alloway, 1990). Lead occurs
naturally in all plants as well as in soil, air and water. Availability lead to
terrestrial plants is limited because it tends to produce highly insoluble salts and
complexes with various anions. Translocation of the lead ion is limited and most
of lead remain on the roots or on the leaf surface. (Mitchell, 1963).
Concentrations of mercury worldwide in surface soilsare in the range of 0.003 —
4.6 yg.g™ (Steinnes, 1997). Locally the mercury concentration can be several

times higher (e.g. up to 557 mg.kg * nearthe electrolytic production equipment
hydroxides in Ganju in India (Lenka et al., 1992). We can currently source
contamination of theenvironment with mercury divided into theprimary source,
of which isnot directly related to human activity and secondary source, which is
directly or indirectly theresult of human activity (Zavadskaetal., 1999). Many
studies have shown that plant roots accumulate Hg from contaminated soils
(Bersenyietal., 1999; Kalac etal., 2000). Mercury is present in contaminated
soil can affect all physiological and biochemical processes in plants (Patra et al.,
2000). Hg cations have a high affinity for sulfhydryl groups (-SH). Because
almost all proteins contain sulfhydryl groups or disulfide bridges (-SS-), Hg
cation can disrupt almost all plant functions associated with proteins (Clarkson,
1972).
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MATERIAL AND METHODS

The reference locality that was chosen borders with river Nitra the agricultural
area Malé Krstenany. At the whole area we have chose 17 sampling sites in
which Cd, Pb and Hg contents were determined. The samples of alluvial soil
from these places were taken by pedological probe GeoSampler (Fisher, USA).
Pseudototal content of Cd and Pb including all of the forms besides residual
fraction of metals was assessed in solution of aquaregia. From the same places
were taken samples of maizegrains. The contents of monitored contaminants
were set in plant material and in the soil samples after mineralization in the
environment of concentrated nitric acid of microwave assisted decomposition.
T he flame atomicabsorption spectrometry (Varian 240 FS/240Z, USA) was the
used as the analytical method for heavy metal levels determination. T he obtained
results were evaluated according to Law 220/2004 of the Slovak Republic.

RESULTS AND DISCUSSION

Based on measured values of pH/KCI in soil of locality Malé Krstenany we can
confirm theneutral till alkali exchangeable soil reaction (the determined values
of pH/KCI ranged in interval 6.99 — 7.46). The content of humus ranged in

interval 1.09 % - 2.84%, e.g. the supply of humus was low till medium. The
average value of humus content was 1.85%.

In locality Malé Krstenany the soil content of Cd was higher than limit value only
in 5 samplingsites unlike river bank sediments, where determined values of Cd
content exceeded thelimit value in all samplingsites. T he interval of enhanced
valueswas 0.72 ma.ka™ (samplingsite no. 8)— 0.95 ma.ka™ (sampling site no.
10), which represents 2.9 — 35.7% exceeded limit value (0.70 ma.kg™). The
average value of Cd concentration in all sampling sites was 0.56 mg.kg™.
The Pbcontent determined in soils was belowthe limit value 70 mg.kg™ given by
the leaislation in all samplingsites. The highest determined Pb content was only
36.0 mg.kg? .

The determined Hg content exceeded the limit value in samples taken from 3
samplingsites (13,16 and 17) ofthe observed locality. The lowest determined
value of Hgcontent 1.093 ma.kg™ exceeded by 118.6% the limit value given by
the legislation (0.5 mg.kg™) in sampling site no. 16. The highest Hg content (1.60
ma.ka™) was determined in smaplingsite no.17. And exceeded the limit value by
220%. The average Ha concetration in all observed sampling sites was 0.33
ma.ka™. Theaverage Ha concetration in all observed sampling sites was 2.92
mg.kg™ and exceeded the limit value by 484% . All monitored values from soil
are in table. 1.

Table 1. Soil reaction, humus and heavy metals content in soil extract by aqua regia (mg.kg™) in the alluvial soils Malé Kritehany

oH Aqua regia AMA_1 HUMUS
No. (KC) (mg.kg™) (mg.kg™) %)
cd Pb Hg
1. 7.23 0.33 35.9 0.060 1.51
2. 7.35 0.74 31.1 0.067 1.75
3. 7.30 0.73 32.8 0.060 1.88
4. 7.36 0.52 36.0 0.056 1.09
5. 7.46 0.56 34.3 0.099 1.82
6. 7.40 0.53 30.2 0.082 1.69
7. 7.19 0.92 26.0 0.110 2.12
8. 7.38 0.72 29.6 0.109 1.75
9. 7.36 0.63 304 0.102 2.00
10. 7.20 0.95 30.5 0.102 2.12
11. 7.26 0.25 20.5 0.399 1.94
12. 7.36 0.42 24.7 0.222 2.00
13. 7.41 0.42 21.3 1.283 1.94
14. 7.35 0.56 21.7 0.097 1.69
15. 7.30 0.38 20.4 0.097 1.39
16. 7.19 0.41 22.0 1.093 1.88
17. 6.99 0.40 22.7 1.600 2.84
Limit value* - 0.7 70 0,5 -

Average 7.30 0.56 27.65 0.332 1.85
Min. 6.99 0.25 20.40 0.056 1.09
Max. 7.46 0.95 36.00 1.600 2.84
St. dev. 0.11 0.20 5.55 0.490 0.37
Median 7.35 0.53 29.60 0.102 1.88

Compared with the soil, wherethe limit value Cd exceeded only at fivesampling
sites, the content of Cd in the grain of maize was higher thanthe limit value in all
samples, except for two that contained 0.01 mg.kg™, which is the exact limit
value. T he lowest concentration of Cd exceeded (0.02 mg.kg™) was in the sample
11, the highest exceeded Cd concentration the value (0,15 mg.kg™") was in
samples 15 and 16, which represents 100to 1400% of theexceeding of the limit
value (0.01 mg.kg™). T he average value of the concentration of cadmium from all
points of supply is 0.06 mg.kg™.

Consequently, we focused on the lead content. In contrast to soil, where all
samplingsites were not exceeded limits on concentrations of lead, in samples of
grain corn was up 13 values above thelimit concentration of 0.20 mg.kg™. The
lowest exceeded concentration of Pb (0.3mg.kg™) was in the sample 9, exceeded
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the maximum concentration value Pb (1.0 mg.kg?) was in the sample 8,
representing 50 to 400% matching exceeding the limit value (0.20 mg.kg™). The
average value of lead concentrations from all sampling sites is 0.54 mg.kg™.
Finally, we measuredthe risk element that its concentration exceeded the limit
value in all samples of grain cornwas mercury. T he lowest concentration of Hg
(0.0678 mg.kg™), which exceeded the limit value (0.05 mg.kg®) was at the
sampling point number 12, which represents 35.6% of the exceeding of the limit
value. T he highest Hg concentration value (0.1256 mg.kg™) was at the sampling
point number15. Thisconcentration exceeds the limit value of 151.2%. The
average value of the mercury concentration at all samplingsitesis 0.0952 mg.kg’
! All monitored values from corn seed soil are in table. 2.
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Table 2. Heavy metals content in corn seed (mg.kg™) from Malé Kriteiiany

Heavy metals content
L =1

No. Cd Pb Hg
1. 0.09 0.50 0.0832
2. 0.04 0.50 0.0855
3. 0.06 0.90 0.0833
4. 0.09 0.50 0.1064
5. 0.05 0.90 0.0931
6. 0.03 0.90 0.1082
7. 0.05 0.90 0.0784
8. 0.01 1.00 0.0885
9. 0.05 0.30 0.0747
10. 0.07 0.40 0.0729
11. 0.02 0.10 0.1009
12. 0.01 0.70 0.0678
13. 0.04 0.40 0.1134
14. 0.08 0.80 0.0967
15. 0.15 0.10 0.1256
16. 0.15 0.10 0.1204
17. 0.08 0.10 0.1201

Limit value* 0.01 0,20 0,05
Average 0.06 0.54 0.0952
Min. 0.01 0.10 0.0678
Max. 0.15 1.00 0.1256
St. dev. 0.04 0.33 0.0181
Median 0.05 0.50 0.0931

CONCLUSION ERNST,W.H.O.,KNOLLE, F., KRATZ, S., SCHNUG, E. 2004. Aspects of

The study was focused on the contamination level of alluvial soil in Malé
Krsteniany cadaster bordered, with river Nitra and agricultural crops of maize
grown on thisparcel. The observed locality was hit by torrential wave due by
breakage of the dam in power plant Zemianske Kostolany. In this accident an
unspecified amount of sludge sedimentation has leaked, which significantly
contaminated alluvial area ofthe river Nitra. T he obtained results confirm the
high level of contamination of corn seed by cadmium, lead and mercury. The
exceeding of the limit value was even up to 1400%for Cd, evenup to 400% for
Pb andmore than 151% for Hg. Results of monitored heavy metal contents in
agricultural soil of chosen locality Malé Krstenany were more favorable in
comparison with corn seed, but the high risk of mercury transport from soil into
agricultural production was recorded on the southeast side of the locality
borderingthe river flow. The results confirm that, even at present, negative
consequences of old environmental burdens on theaquatic ecosystem ofthe river
Nitraaswell as on agricultural production concentrated near the river are evident.
The agricultural raw materials are exposed to potential risks of transfer of
investigated contaminants in soil-plant system.
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