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Abstract

The level of contamination of the environment in the past few decades is largely influenced by the
anthropogenic activity. The tailing pond, where is stored landfilled flotation sludge with the high content of
mercury (more than 46 mg/kg), is located about 500 metres from the main processing plant. In the present
work, we have focused on the assessment of the level of contamination of the upper horizon (0-0.1 m) of
agricultural and forest land in the cadastral territory of MarkuSovce, where is located the emission source
and the pond. We determined 28 sampling points by GPS method on areas of our interest. All soil samples
have been subjected to the analyses for the detection of active and exchange soil reaction, the content of
humus (%), total concentration of Hg and the concentrations of Cd, Pb, Cu and Zn (mg/kg) in the solution
of the aqua regia. The results confirmed an extremely high level of soil contamination by the studied
elements. Mercury concentration was in the range of 0.69-90.7 mg/kg, while the median value exceeding
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Mercu.ry smelter the standard established by applicable legislation over 30 times. The content of other heavy metals closely
SPlOHutl?n correlated with contaminant concentration, which varied in wide intervals as evidenced by high relative
ovakia

standard deviations (Cd: 1.62 + 34.2 mg/kg; Pb: 37.6 + 60.7 mg/kg; Cu: 23.5 + 124 mg/kg Zn: 108 + 40.4
mg/kg). Even in the case of these two elements (Cd and Pb) we have in excess of the limit value at the level
of the averages. The results observed that heavy metal concentrations indicate a high level of soil
contamination in the study area, which will be reflected to the contamination of other components of

environment and food chain.

1. Introduction

The level of environmental contamination with risk elements
represents a significant risk in relation to the quality of the food
chain. In the last decades a significant increase in the
concentration of contaminating elements such as cadmium,
mercury and arsenic in all components of the environment was
reported (Granero & Domingo, 2002; Li et al, 2008). It is
mainly due to continuous increase of industrialization of human
society (Govil et al., 2008; Huang et al., 2007; Li et al., 2008).
Increasing demands for raw materials result in adverse
interventions in nature. Thelevel of environmental
contamination on the local scale is also amplified by
metallurgical industry, which increases the level of
contamination of topsoil in forest and agricultural ecosystems
mainly through atmospheric deposition (Biester et al., 2002;
Jiang et al, 2006). Heavy metals are ubiquitous part of the
environment as a result of mutual natural and anthropogenic
activities causing increased exposure of human populations to
their effects through various channels (Poty et al. 2012).
Increasing concentrations of certain risk elements, especially
their mobile forms can cause serious environmental concern
about contamination and accumulation in soil, vegetation,
animals, respectively, surface and ground waters (Chopin &
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Alloway, 2007). The primary source of environmental
contamination is mainly metals, whose main part is particularly
lead, zinc or copper, in addition, antimony, arsenic, mercury,
cadmium, thallium, gallium, and others. In addition to the
production of metals is a very important source
of environmental contamination with metals and burning of
fossil fuels, especially coal. Fly ash from the incineration of
atmospheric leakage through polluted soil (Steinnes et al.,
2005). Increasingly important source of environmental
pollution with heavy metals is becoming a burning municipal
waste streams and pollution effluents containing elevated levels
of toxic metals (Bencko et al., 1995). Soil contamination reveals
itself as overreaching the limit value of at least one risky
substance. In case of the risk elements we talk about their overall
content. The available data regarding the total content (after the
soil decomposition using potent mineral acids, especially Aqua
regia used in the Slovak Republic since 2004) may give us the
necessary information in accordance with the valid legislation
(including the approved maximum content of risk elements and
the level of contamination). Relationships between the risk
element contents in the soil and their concentrations in plants
have been observed only in case of overreaching their
established total concentrations in soils. Analyses the transport
of the risk elements to the plants, the interactions soil - plant are


mailto:julius.arvay@gmail.com
https://office.scicell.org/index.php/AE

Arvay et al./Archives of Ecotoxicology (2019) 1-6

especially crucial and studied by a variety of authors (Castaldi
et al., 2009). On the other hand, low concentrations of risk
elements in soils, e.g. in acid soils, are related to their exceeded
limits in plants (Kobza et al., 2007).

2. Material and methods
2.1 Study area

In the present work we have focused on determination the level
of contamination of top soil in the cadastral territory of
Markusovce, which is located about 10 kilometres south-east
from the district of Spi§ska Nova Ves. In the southern part of the
territory is an old environmental burden (tailing pond, areal of
the former mercury smelter and heaps of pyrites). The history of
mining and processing iron ores containing Hg industry dates to
the 2nd half of the 19t century. About 52 small mercury smelters
were worked and were processed mined cinnabar and
tetraedrite till the year 1963. According to estimates several
hundred tons of elemental Hg had been issued to the
environment during this period. New plant on the surface was
launched into operation in 1963. The major sources of mercury
were the heat of operation, agglomerations, mercury smelter,
tailing pond and heaps of roasted material. The main mercury
smelter was launched into operation in 1969. The summary of
Hg emissions from all sources was 142 tonnes for the years
1963 - 1993 (Svoboda et al, 2000). The mercury smelter
emitted to the atmosphere 2.60-4.64 tons of mercury per year,
during the period of 1980-1988 (Hanculak et al., 2006;
Hronec et al, 1992). The emitted mercury subsequently
contaminated the area located in the direction of prevailing
winds (north-south), which is strongly reflected in the level of
pollution of all elements of the environment within 5 kilometres
from the mercury smelter. The study area is of volcanic origin,
characterized by frequent occurrence of geochemical anomalies,
which penetrate up to surface. The substrate consists of
naturally high concentration of mercury, copper, lead, zinc and
cadmium, which sometimes occurs in the elemental form
(Angelovicova & FazekaSova, 2014). The study area,
indicating the emission source and sampling points is shown in
Figure 1.

* Sampling points
[ District
Tailings pond
Forest

B site

Rivers

Figure 1. The study area, indicating the emission source
(sampling point No. 1) and sampling points.

2.2 Sampling

Sampling and pre-analytical procedure. Soil samples (n = 28) of
studied area were taken by randomly using pedological probe of
depth 0.0-0.1 m in 2013. Sampling points were determined
using GPS navigation device at regular intervals of 1 km from the
emission source (sampling point 1). Each sample consisted of a
mixed sample of soil from the sampling point (5 samples were
taken from each sampling point and mixed together).

2.3 Pre-analytical procedure

The samples were dried at room temperature to constant weight
and sieved through a sieve with a mesh diameter of 2 mm before
all analyses. We carried out an analysis to determine the active
(pH - H20) and exchange (pH - CaClz) soil reaction, humus
content (%), total concentration of mercury and total
concentration of monitored heavy metals (Cd, Cu, Pb, and Zn) in
extract of Aqua regia (ISO 11466). High purity chemicals for all
operations were used. Mineralization of soil samples was done
by 10 cm3 of Aqua regia (2.5 mL HNOs and 7.5 mL HCl, Merck,
Germany) using microwave digestion unit Mars X-press 5 (CEM
Corp., USA) in closed PTFE vessels. Digestion conditions for the
applied microwave system were as follows: the heat was run up
to 180°C for 15 minutes and kept constant for 15 minutes. A
blank sample was carried out in the same way. The digests were
subsequently filtered through a quantitative filter paper Filtrak
390 (Munktell, Germany) and filled up with deionized water to a
volume of 100 mL (Arvay et al., 2013).

2.4 Analytical procedure

The element determinations were performed ina Varian
AA240Z (Varian, Australia) atomic absorption spectrometer
with Zeeman background correction. The content of copper and
zinc were determined by Atomic Absorption Spectrometry
device with flame AA240FS Varian (Varian, Australia). The
graphite furnace technique was used for the determination of Cd
and Pb. The total mercury concentration was determined in the
homogenized dried soil samples (0.005-0.01 g) using a cold-
vapour AAS analyser AMA 254 (Altec, Czech Republic) with
a detection limit of 0.5 ng/g. Mean difference between duplicates
were up to 5% (Arvay et al., 2015; Svoboda et al., 2006).

2.5 Statistical analysis and risk assessment

All statistical analyses were carried out using the statistical
software Statistica 12.0 (Statsoft, USA). Descriptive data analysis
included a minimum value, maximum value, median and
standard deviation. The obtained data on the concentration of
risk elements we have compared with the limit values that define
the legislative norm Act No. 220/2004. Graphical outputs of
spatial interpolation of monitored parameters are isoline maps
that were created by the program ArcView 9.1 environment,
which are depicted the concentration of monitored
contaminants.

3. Results

According to our findings relatively small study area of cadastral
territory MarkuSovce (19.2 km?) is in all parameters
significantly heterogeneous. Active but also exchange soil
reaction as the basic chemical parameters, which have a
significant influence on the behaviour of contaminants in the soil
environment, varied in wide intervals. Active soil reaction varied
in the range 6.40+1.34 (median*st.dv). Exchange soil reaction in
CaClz solution with ¢=0.01 Mol/L was at the level of the median
value in the range 6.07+1.31. A wide range of both parameters is
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probably due to the different morphology of the territory, the
nature of the samples and the long-term effects of immission
fallout, which correlates with the long-term prevailing winds
(north-westerly and westerly).

Our findings show that 3.51 km?2 of area (18.3%) is strongly
acidified (pH<4.5), which can affect the which can affect the
mobility and subsequent bioavailability of monitored
contaminants. The content of humus (%) varied in a wide range
(2.72£3.41), which is caused by the different nature of the
samples (Table 1).

Statistically significant effect of soil parameters on the level of
contamination of topsoil with heavy metals is also confirmed by

correlation coefficients (P<0.05, P<0.01) and these results are
shown in Table 2.

Table 1. Basic characteristics of sampling points and monitoring
parameters of soil samples

SP - sampling point; D-ES - distance from emission source; SC - sample
characteristic; ES - emission source; AS - agricultural soil; F - forest; UA
- urban area; XXX - exceed the limit value that is defined by law; *Act
No. 220/2004.

Soil parameters

Sp ]()kﬁls) SC pH pH Humus  Hgo.  Cd Pb Cu Zn
H20 CaClz__ (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

SP-01 0 ES 6.81 5.93 3.75 63.2 3.52 54.0 300 126
SP-02 1 AS 6.58 5.16 2.06 9.13 1.69 33.2 40.6 82.2
SP-03 1 AS 6.05 4.83 242 7.25 1.16 234 36.5 99.3
SP-04 1 AS 6.01 5.21 1.45 7.03 1.56 26.4 29.5 71.5
SP-05 1 AS 5.61 493 2.72 11.3 0.97 25.1 36.5 104
SP-06 1 F 7.06 6.48 11.2 104 3.73 125 136 253
SP-07 1 F 3.82 2.85 14.8 73.1 1.14 47.6 7.40 40.7
SP-08 5 F 4.30 3.26 5.63 6.74 1.29 35.8 33.7 38.8
SP-09 6 F 4.47 3.60 6.29 15.7 1.85 443 37.5 68.7
SP-10 1 AS 8.02 7.16 1.57 3.08 3.85 64.0 48.2 173
SP-11 2 F 491 4.01 3.15 6.65 1.74 43.6 38.1 57.2
SP-12 3 AS 6.17 5.41 4.05 1.26 3.00 56.2 26.9 151
SP-13 1 AS 5.94 7.04 1.45 1.35 1.02 249 525 78.7
SP-14 2 AS 5.08 591 1.82 1.05 1.34 27.9 36.6 84.5
SP-15 3 AS 6.67 7.35 3.81 1.81 5.15 43.7 39.1 88.6
SP-16 1 AS 8.13 7.32 1.33 2.74 3.01 45.3 38.2 94.3
SP-17 2 UA 7.94 7.19 2.72 0.70 3.17 47.7 105 387
SP-18 3 UA 7.94 7.27 1.57 0.72 1.68 25.6 24.0 86.2
SP-19 4 AS 8.13 7.16 3.27 0.69 1.80 259 18.9 79.3
SP-20 1 AS 7.22 7.34 4.30 90.7 1.94 45.8 331 189
SP-21 2 AS 5.40 6.33 1.88 1.64 1.29 271 47.9 112
SP-22 4 F 7.61 6.82 12.3 9.36 3.24 133 46.1 364
SP-23 5 AS 6.85 6.05 3.51 1.45 0.94 29.2 19.7 127
SP-24 6 F 6.38 5.34 1.82 2.27 1.07 27.4 20.3 282
SP-25 5 F 7.78 6.91 1.94 16.3 1.06 25.2 52.2 125
SP-26 5 AS 4.33 6.08 2.54 1.01 1.06 394 35.0 152
SP-27 6 AS 6.41 6.84 3.93 0.70 1.51 41.2 55.8 270
SP-28 7 AS 4.10 5.48 1.51 0.45 1.52 32.7 29.6 191
Limits value and descriptive statistics

Limit value* - - - 0.50 0.70 70.0 60.0 100
Minimum 3.82 2.85 1.33 0.45 0.96 23.4 7.40 38.8
Maximum 8.13 7.35 14.8 90.7 5.15 133 331 387
Median 6.40 6.07 2.72 291 1.62 37.6 37.8 108
Standard deviation 1.34 1.31 341 23.1 1.11 26.5 76.1 92.3
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The highest levels of humus content were detected in the
southern part of the territory. There is located forest, which is
characterized by a higher content of organic matter in the top
layer of soil compared with agricultural land. There is a
significantly higher level of oxidation and the consequent
degradation of organic matter occurs due to periodic aeration of
topsoil. Data of the pH and humus in the study area are shown in
Table 1 and their graphical interpolation on Figure 2.

« Sampling points
[ District
Active soil reaction

3.52-3.91
3.91-431
4.31-47
4.7-5.09
5.09-5.48
B 5.48-587
B 5.87-6.26
B 6.26 - 6.65
B 6.65-7.04
B 7.04-7.43
Il 743-7.83
I 783-822

« Sampling points
[ District
Exchange soil reaction

2.59 - 3.01
3.01-3.42
342-3.84
3.84-4.26
4.26-4.68
I 4.68-5.09
B 5.09-5.51
B 551-593
Il 5.93-6.35
Bl 6.35-6.76
Hlc7c-7.18
W s-76

«  Sampling points

[ District

Humus ( %)
ND-1.2
12-26
26-4.1
4.1-55
55-6.9

B 69-83

B 83-97

13915

Figure 2. Spatial interpolation of active, exchange soil reaction
and humus content of soil samples from study area

4

The total mercury concentration in the study area varied in a
wide range. The level of the median value was 2.91+23.1 mg/kg.
Figure 3 shows strong local contamination of soil within a radius
of 1 km from the emission source in the direction of the
prevailing winds. From the hygienic point of view, it is necessary
to emphasize that in an area of more than 15 km? (78.5%) was
detected an excess of the mercury limit value (0.5 mg/kg). The
results of mercury content in the soil closely correlate with the
results of other authors, who pointed to the high level of
contamination of all environmental elements (Arvay et al.,
2017; Bobro etal.,, 2006; Demkova et al.,, 2017; Dombianova,
2005; Takac et al., 2008). It represents a significant risk of
possible contamination of agricultural production and food and
feed chains (Arvay et al., 2014).

The cadmium content of study area varied in the range 1.62 +
34.2 mg/kg. Exceeding a limit value of 0.70 mg/kg was recorded
at the level of the mean more than two times. High level of
topsoil contamination is shown by isoline map (Figure 3). We
can state that study area is contaminated with risk elements. The
highest concentration of the contaminant was ascertained at the
sampling point SP-15 and in the north-eastern part of the study
area. The limit values were exceeded for almost 96% of the
study area. The lead content exceeds the limit value of 75 mg/kg
at two sampling sites (6 and 22). These points were located at
the northern part of the area. The median values of the lead
contentvaried in the range 23.4 + 60.7 mg/kg. The concentration
of heavy metals exceeded the limit value by 10.3 % of total area.
It does not pose any risk to contamination of the agricultural
products, because it is a forest soil. Between the lead content of
the topsoil and humus content is a high positive correlation
(Table 2) and it demonstrates a high level of affinity of the
monitored parameters, what is confirmed by the results of other
authors Arvay et al. (2017).

The concentration of copper and zinc in the topsoil was
compared to the level of mercury. It is not represent a significant
risk. The level of contamination of study area is showed in Figure
3. Detected concentration of copper (37.8+76.1 mg/kg) and zinc
(108+92.3 mg/kg) point to a high variability of monitored
contaminants in the study area (Figure 3). In the case of all
contaminants, we have seen local pollution in the vicinity of the
emission source, which is confirmed by the findings of the
authors Angelovicova & FazekaSova (2014). Two sampling
points (17 and 18) are an exception, where was measured higher
concentration of zinc compared to the other sampling points.
Our findings show that it is contaminated with copper 19.8% and
zinc 69.9% of the study area. Obtained data with descriptive
statistical evaluation are shown in Table 1.

Table 2. Correlation between risk elements and chemical
parameters

Hg Cd Pb Zn Cu
pH - H20 -0.08  0.46* 0.24 0.39* 0.25
pH-CaClz -0.17 0.41* 0.15 0.42* 0.27
Humus(%) 0.42* 0.20 0.70**  0.19 0.07
Hg 0.02 0.11 -0.09 0.72**
Ccd 0.61** 0.31 0.30
Pb 0.55**  0.24
Zn 0.23

*/** correlations are significant at P<0.05, P<0.01 level,
respectively
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+ Sampling points
[] District
Hg - total
ND-0.5
05-89
8.9-16.9
[ 169-256

« Sampling points

[ District
Pb (mglkg)

ND - 70

70-76.5

76.5-83
[ 83-895
[ 895-96
I 96 - 1025
B 102.5- 109
Bl 109- 1155
Bl 1155-122
I 122-1285
I 1285-135
Il 135-1418

Figure 3. Spatial interpolation of total concentrations Hg, Cd, Cu,
Pb, and Zn (mg/kg).

4. Conclusion

In the present paper, we aimed at detection of the level of
burdened topsoil at the area of the former metallurgical
company, which in 1993 was processing ore with a high content
of Hg and other monitored elements. According to the results, it
can be concluded that the area within 5 km from the emission
source is heavily contaminated with monitored heavy metals,
thus permitting passage of contaminants from the abiotic
environment to the food chain, which in turn reflected the
deterioration of health of the local population and thus to
increased mortality.

« Sampling points
[ District
Cd (mglkg)

ND-0.70
0.7-11
1.1-15
1.5-19
-23
-27
27-31
-35
-39

« Sampling points
[ District
Cu (mg/kg)

ND - 60

60 - 88

88-116
[ 116-144
I 144-172
B 172- 200
B 200 - 228
B 228 - 256
B 256 - 284
I 284 - 312
Il 312-340
I 340- 365

« Sampling points
[ District
Zn (mg/kg)

ND - 100

100 - 133

133- 168
L 168-194
[ 194 -239
I 239 - 265
B 265 - 295
B 295- 315
I 315- 339
B 339 - 350
I 350- 374
I 374 - 388

Acknowledgments
This work was supported by the project VEGA 1/0591/18
Declaration of interest

The authors report no conflicts of interest. The authors alone are
responsible for the content and writing of the paper.

References

1. Angelovicovj, L., FazekaSov4, D., 2014. Contamination of the soil and
water environment by heavy metals in the former mining area of
Rudniany  (Slovakia). Soil  Water Res, 9, 18-24.
http://dx.doi.org/10.17221/24/2013-SWR

2. Arvay, ], Demkova, L., Hauptvogl, M., Michalko, M., Baj¢an, D.,
Stanovi¢, R, Toma$, ]., Hrstkova, M. Trebichalsky, P., 2017.


http://dx.doi.org/10.17221/24/2013-SWR

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Arvay et al./Archives of Ecotoxicology (2019) 1-6

Assessment of environmental and health risks in former
polymetallic ore mining and smelting area, Slovakia: Spatial
distribution and accumulation of mercury in four different
ecosystems. Ecotox. Environ. Saf., 144, 236-244.
http://dx.doi.org/10.1016/j.ecoenv.2017.06.020

Arvay, ], Tomas, J., Hauptvogl, M., Kopernicka, M., Kovacik, A., Bajcan,
D. Massanyi, P, 2014. Contamination of wild-grown edible
mushrooms by heavy metals in a former mercury-mining area. J.
Environ. Sci. Health Part B 49, 815-827.
http://dx.doi.org/10.1080/03601234.2014.938550

Arvay, ], Tomas, J., Hauptvogl, M., Massanyi, P., Harangozo, L., Téth,
T., Stanovi¢, R., Bryndzova, S., Bumbalov4, M., 2015. Human exposure
to heavy metals and possible public health risks via consumption of
wild edible mushrooms from Slovak Paradise National Park,
Slovakia. J]. Environ. Sci. Health Part B 50, 833-843.
http://dx.doi.org/10.1080/03601234.2015.1058107

Arvay, ], Stanovi¢, R., Baj¢an, D., Slavik, M., Missik, J., 2013. Content
of heavy metals in soil and crop from middle Spi$ area. J. Microbiol.
Biotechnol. Food Sci., 4(2), 1988-1996.

Bencko, V. Cikrt, M., Lener, ], 1995. Toxic elements in human
working environment. Grada Publishing, Praha, Czech Republic, p.
288. ISBN 80-7169-150-X (In Slovak)

Biester, H., Muller, G., Scholer, H.F., 2002. Estimating distribution and
retention of mercury in three different soils contaminated by
emissions from chlor-alkali plants: part L. Sci. Tot. Environ., 284(1-
3),177-189. https://doi.org/10.1016/S0048-9697(01)00884-1
Bobro, M., Macekovs, J., Slanco, P., Hanéul'ak, J., Sestinova, 0., 2006.
Wastes from mining and metallurgical activities in the water
reservoir of Ruzin. Acta Metal. Slovac., 12: 26-32.

Castaldi, P., Melis, P., Silvett, M., Seiana, P., Garau G., 2009. Influence
of pea and wheat growth on Pb, Cd and Zn mobility and soil
biological status in a polluted amended soil. Geoderma, 151(3-4),
241-248. https://doi.org/10.1016/j.geoderma.2009.04.009
Demkova, L., Arvay, ], Bobul'sk3, L., Tomas, J., Stanovic, R., Losak, T.,
Harangozo, L., Vollmannova, A., Bystricka, ]., Musilova, |., Jobbagy, .,
2017. Accumulation and environmental risk assessment of heavy
metals in soil and plants of four different ecosystems in a former
polymetallic ore mining and smelting area (Slovakia). ]. Environ. Sci.
Health Part A 52, 479-490.
http://dx.doi.org/10.1080/10934529.2016.1274169

Dombianov4, R., 2005. Mercury and methylmercury in plants from
different contaminated sites in Slovakia. Plant Soil Environ., 51(10),
456-463.

Govil, P.K, Sorlie, ].E., Murthy, N.N,, Sujatha, D., Reddy, G.L., Rudolph-
Lund, K, 2008. Soil contamination of heavy metals in the Katedan
Industrial Development Area, Hyderabad, India. Environ. Monit.
Assess., 140(1-3), 313-323. https://doi.org/10.1007/s10661-007-
9869-x

Granero, S., Domingo, ].L., 2002. Levels of metals in soils of Alcala de
Henares, Spain: Human health risks. Environ. Internation., 28(3),
159-164. https://doi.org/10.1016/S0160-4120(02)00024-7
Hancul'dk, J., Bobro, M, Sestinova, 0., Brehuv, J., Slanco, P., 2006.
Mercury in the environment of old mining areas of Rudfiany and
Mernik. Acta Montan. Slovac., 11, 295-299.

Hronec, O., T6th, ], Holobrady, K., 1992. Air pollutants in relation to
soil and plant of eastern Slovakia. Priroda, Bratislava, p. 194. ISBN
80-07-00546-3. (In Slovak)

Huang, S.S,, Liao, Q.L., Hua, M., Wu, X,, Bi, K.S,, Yan, C.Y., 2007. Survey
of heavy metal pollution and assessment of agricultural soil in
Yangzhong district, Jiangsu Province, China. Chemosphere, 67(11),
2148-2155. https://doi.org/10.1016/j.chemosphere.2006.12.043
Chopin, E.LB., Alloway, B.J., 2007. Distribution and mobility of trace
elements in soils and vegetation around the mining and smelting
areas of Tharsis, Riétinto and Huelva, Iberian Pyrite Belt, SW Spain.
Water Air Soil Pollut,, 182, 245-261.
https://doi.org/10.1007/s11270-007-9336-x

Jiang, G.B., Shi, ].B.,, Feng, X.B., 2006. Mercury pollution in China.
Environ. Sci. Technol.,, 40(12), 3672-3678.
https://doi.org/10.1021/es062707c

Kobza, ], Bezdk, P., Hriviidkova, K., Medved, M., Naciniakova, Z.,
2007. The criteria for the identification of risk areas by
contamination of agricultural soils, methodologies and their
evaluation. The Soil Science and Conservation Research Institute
(SSCRI), Bratislava. (In Slovak)

Li, Y, Gou, X., Wang, G., Zhang, Q., Su, Q., Xiao, G., 2008. Heavy metal
contamination and source in arid agricultural soil in Central Gansu

21.

22.

23.

24.

25.

26.

Province, China. ]. Environ. Sci., 20(5), 607-612.
https://doi.org/10.1016/51001-0742(08)62101-4

Péty, P., Pajor, F., Bodnar, A., Bardos, L., 2012. Accumulation of some
heavy metals (Pd, Cd and Cr) in milk of grazing sheep in north-east
Hungary. ]. Microbiol. Biotechnol. Food Sci., 2(1), 389-394.

Steinnes, E., Sjrbakk, T.E., Donisa, C., Brannvall, M.L, 2005.
Quantification of pollutant in forest soils. Soil Sci. Soc. Amer. J., 69(5),
1399-1404. https://doi.org/10.2136 /sssaj2004.0095

Svoboda, 1., Havli¢kova, B., Kala¢, P., 2006. Contents of cadmium,
mercury and lead in edible mushrooms growing in a historical silver-
mining area. Food Chem,, 96(4), 580-585.
https://doi.org/10.1016/j.foodchem.2005.03.012

Svoboda, L., Zimmermannova, K., Kala¢, P., 2000. Concentrations of
mercury, cadmium, lead and copper in fruiting bodies of edible
mushrooms in an emission area of a copper smelter and a mercury
smelter. Sci. Tot. Environ., 246(1), 61-67.
https://doi.org/10.1016/S0048-9697(99)00411-8

Takac, P., Kozakovi, L., Val'kova, M., Zelenak, F., 2008. Heavy metals
in the middle Spis soils. Acta Montan. Slovac., 13, 82-86.

Vilcek, J., Hronec, 0., Tomas, ], 2012. Risk elements in soil of
burdened areas of eastern Slovakia. Pol. ]. Environ. Stud. 21(5),
1426-1436.



http://dx.doi.org/10.1016/j.ecoenv.2017.06.020
http://dx.doi.org/10.1080/03601234.2014.938550
http://dx.doi.org/10.1080/03601234.2015.1058107
https://doi.org/10.1016/S0048-9697(01)00884-1
https://doi.org/10.1016/j.geoderma.2009.04.009
http://dx.doi.org/10.1080/10934529.2016.1274169
https://doi.org/10.1007/s10661-007-9869-x
https://doi.org/10.1007/s10661-007-9869-x
https://doi.org/10.1016/S0160-4120(02)00024-7
https://doi.org/10.1016/j.chemosphere.2006.12.043
https://doi.org/10.1007/s11270-007-9336-x
https://doi.org/10.1021/es062707c
https://doi.org/10.1016/S1001-0742(08)62101-4
https://doi.org/10.2136/sssaj2004.0095
https://doi.org/10.1016/j.foodchem.2005.03.012
https://doi.org/10.1016/S0048-9697(99)00411-8

