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ABSTRACT

The rich mining history in Slovakia has significantly influenced the extent and
nature of the current environmental pollution. Owing to insufficient remediation,
numerous mine works remain a threat to human health and the surrounding
environment. Technical soil samples from two mining bodies (heaps of waste
material and open mining pits) from two mining areas were evaluated for Hg
content. Technical soil samples were collected directly from the heap surface and
from the inside of the mining pits (entrance, middle, and end). The mercury content
was determined using an AMA-254 mercury analyzer. Soil pH was determined for
all samples. To evaluate the level of pollution, the contamination factor (Cs) and the
index of geoaccumulation (lge,) were determined. The aim of this study was to
evaluate the technical soil mercury content and compare the mercury content
between mining bodies. The mercury content in the soil samples exceeded the limit
values set for Slovak soils. Heaps of waste materials showed significantly higher
mercury pollution than open mining pits. Soil pH was significantly negatively
correlated with soil mercury content. The values of the contamination factor and
index of geoaccumulation showed serious pollution of the mining bodies.

Keywords: contamination factor, index of geoaccumulation, mercury, soil
pollution, heaps of waste material, mining bodies.

INTRODUCTION
Mining and related industrial activities aimed at processing ore material are among
the anthropogenic activities that have the greatest impact on environmental
pollution (Ispas et al. 2018). A serious current problem, even in former mining
areas, is the presence of numerous mining bodies, which are becoming so-called
environmental loads because of the lack of efforts for rehabilitation or reclamation.
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The danger of environmental loads lies primarily in the high content of risk
elements (heavy metals, polycyclic aromatic hydrocarbons (PAHs), persistent
organic substances (POPs), etc.), which often reach extremely high values, several
times exceeding the limits established by law. Soil is necessary as a basic
component of terrestrial ecosystems, as plant growth and life cycles depend on it
(Alloway, 1996). It is an irreplaceable natural resource that is important to produce
food and timber; therefore, it is necessary that its productive capacity is not
disturbed (Bhattacharyya & Pal. 2015). Most studies agree that the soil
environment in former mining areas is highly contaminated and poses risks to both
human and ecosystem health (Kumar et al. 2020). At the same time, the results of
these studies indicate that the content of risk elements in the rhizomes of plants
growing directly on mining works or in their immediate surroundings is correlated
with their content in the soil environment (Vaculik et al. 2013, Aihemaiti, et al.
2018). If we consider the fact that old mining bodies are often found near human
settlements, arable land or vegetable gardens, the danger of contaminants entering
the food chain is high (Stefanowicz et al. 2014).

MATERIAL AND METHODS
Samples of technical soil (hereinafter referred to as soil) were collected from two
former mining sites (Gelnica and Zlata bana). In Gelnica, 10 soil samples were
collected from open mining pits and three heaps, and in Zlata bana, five samples
were collected from open mining pits and four from heaps. Soil samples were taken
from a depth of 0-10 cm, placed in plastic bags, and transported to the laboratory,
where they were air-dried at room temperature for two weeks. Subsequently, the
samples were sieved (mesh size of 2 mm) and stored in plastic bags for analysis.
The total mercury content in the soil samples was determined using an AMA-254
analyzer (AlTec spol. s.r.o. (Prague, Czech Republic). The exchange pH was
measured using an InoLab pH 720 device. To evaluate the state of pollution in the
technical soils, two coefficients were used. Contamination factor (C;) and index of
geoaccumulation (lge,) were used to evaluate the degree of soil pollution. The
contamination factor (Hakanson, 1980) was calculated as follows:
Cf =2 (),
where: Cé_l is the mercury content measured in the soil and C} is the background
value of mercury in the soil environment, which is set at 0.06 mg/kg for the Slovak
soils (Seftik et al., 2008). The state of pollution expressed by contamination factor
is evaluated using categories showed in Table 1. The index of geoaccumulation
(lge0) established by Miiller (1969) was calculated as follows:
lgeo = log,(Cn/1.5xBn) (2)

where Cn is the measured concentration of mercury (or another element) in the
soil, and Bn is the background value of mercury (0.06 mg/kg) (Seftik et al. 2008).
lgeo values are divided into 7 categories (Muller 1969) showed in Table 1. The
PAST statistical program (Hammer et al. 2001) was used for statistical data
processing. Data were log+1 transformed before analysis. The non-parametric

89



AGROFOR International Journal, Vol. 8, Issue No. 3, 2023

Mann-Whitney U test was used to compare the mercury content between locations
(Zlata bana and Gelnica), as well as between types of mining bodies (mining pits,
heaps). Spearman’s correlation coefficient was used to determine the relationship
between mercury content in the soil and soil pH.

Table 1. Categories of contamination factor (C;) and index of geoaccumulation

(1geo)-

Contamination factor (Cy) categories (Hakanson, 1980)

(C1) low contamination
(1=C<3) medium contamination
(3<C<6) significant contamination
(Cx6). high contamination factor
Index of geoaccumulation (l4,) categories (Miiller, 1969)
14eo<0 background value
0< lgeo <1 uncontaminated
1< lgeo <2 uncontaminated or slightly contaminated
2< lgeo <3 slightly contaminated
3< geo <4 moderately contaminated
4< lgeo <5 heavily contaminated
lgeo =5 very heavily contaminated

RESULTS AND DISCUSSION

The mercury content in Zlata bana soils (min-max (averagetstandard deviation))
ranged between 0.18-0.38(0.28+0.06) mg/kg for mines and 26.6-31.3 (28.4+2.06)
mg/kg for heaps. The mercury content in Gelnica soils ranged between 0.14-1.22
(0.74+0.0.31) mg/kg for mines and 27.8-63.7(45.7£17.9) mg/kg for heaps. The
limit value of mercury for Slovak soils is set according to the Act. no. 220/2004
Coll. of Laws to 0.5 mg/kg (Aol, 2004). This value was exceeded for all evaluated
heaps of waste material, and more than half of the samples from open mining pits
(mines). The results of the non-parametric Mann-Whitney U test showed
significantly higher values of soil mercury in Gelnica than in Zlata bana (p<0.05)
(Figure 1a). From the results of the non-parametric Mann-Whitney U test, we can
conclude that the mercury content in the soil samples originating from open mining
pits reached significantly higher values compared to heaps (p<0.001) (Figure 2b).
Meyers (2006) stated that it is highly likely that the heaps of waste material will
contain risk elements in concentrations that threaten the surrounding environment.
Pollution in open mining pits is associated predominantly with acidic water
pollution from acid mine drainage (Abdul-Wahab & Marikar 2012; Singovszka et
al. 2016).
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Figure 1. Comparison of mercury content determined in soil from two former
mining sites and two mining bodies (a logarithmic scale was used to visualize the
data).

The soil pH in Zlata bana soils ranged between 2.79-4.88 (3.79+0.67) for open
mining pits and 2.65-2.99 (2.87+0.15) for heaps. The mercury content in Gelnica
soils ranged between 5.42-6.82 (6.46+0.26) for mining pits and 6.42-
6.49(6.45+0.03) for heaps. Spearman’s correlation coefficient was used to
determine the relationship between soil mercury content and soil pH. The results
showed that soil pH was significantly negatively correlated with soil mercury
content. It has been found in earlier studies that soil pollution by heavy metals
significantly influences not only soil pH, but also many other physical, biological,
and chemical soil properties (Khan et al., 2021). It has also been found in previous
studies that an increased content of risk elements in the soil environment leads to a
decrease in soil pH (Artiola et al., 2019). The contamination factor (Cy) reflects the
anthropogenic input of elemental pollution and is often used to assess soil quality
worldwide (Yaylali-Abanuz, 2011). In our study, all samples from the heaps of
waste material were found to be highly contaminated with mercury. Soil samples
from open mining pits were found to be medium to very highly contaminated with
mercury (Figure 1). Based on the results obtained, we conclude that the soil
pollution in the evaluated areas is serious. The results of the index of
geoaccumulation showed that open mining pit soils were evaluated as
uncontaminated to moderately contaminated by mercury. In the case of heaps, very
heavy contamination was observed in all samples.

91



AGROFOR International Journal, Vol. 8, Issue No. 3, 2023

L]
154 a] 12004 }_‘I'JI
1050 .
= M =
g $ 2
= =]
— tl‘ F
Z P *E 903
= =
= : g
: :
=1
E 10 t L]
® 620+
e L ]
L
54 ‘ 4504 ] .
L J
@
5301 L ]
Zlata bana  Gelnica Zlatabana  Gelnica
low contamination significant contamination -
medium contamination lugh contamination

Figure 2 Values of contamination factor (Cs) determined for a) open mining pits
and b) heaps of waste material soil samples from two former mining areas.
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pits and b) heaps of waste material soil samples from two former mining areas.

Serious mercury pollution was detected at both evaluated locations, and the main
source of this pollution was the heaps of mining waste material. At some sampling
points, the Hg values were extremely high and exceeded the permitted limit value
by more than a hundred times. The impact of pollution is also manifested in the
acidification of the soil environment. Because several mining works are located
near areas that are inhabited or used for agriculture, this pollution poses threats to
both environmental and human components. Because it was only a pilot study that
focused only on mining works, we consider it necessary to expand the research and

CONCLUSIONS

monitor the nature of pollution in the wider vicinity of mining works.
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