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ABSTRACT
Mining bodies as remains of mining activities are a source of risk elements that
contaminate individual components of the environment and may seriously danger
human health. The mining area of Dubnik opal mines (Eastern Slovakia) is known
for mining gold, silver, and antimony, but above all, it is a world-famous opal
deposit. The study aims to determine the content of risk elements (As, Cd, Cu, Fe,
Hg) in soils taken from mining bodies (6 heaps of mining material, 6 open mining
pits) and to evaluate their impact on the activity of soil enzymes (urease, acid, and
alkaline phosphatase, fluorescein diacetate, and β-glucosidase), nutrient content
(Na, K, Mg, Ca) and soil reaction (pH). The aim of the research was also to
compare the state of pollution between two types of mining bodies and the
influence of pollution on selected soil characteristics. The content of hazardous
substances in the soils reached extremely high and above the limit values,
especially on the heaps of mining material. Urease was evaluated as the most
sensitive soil enzyme while ß-glucosidase showed the highest resistance to
contamination. The content of Na, K, and Mg was significantly higher on the heaps
of mining material compared to open mining pits.
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INTRODUCTION
Current and former mining activities in Slovakia focused on ore processing, have
significantly affected the quality of the environment. In Slovakia, a total of 68
probable and 310 confirmed environmental loads are registered, of which 21 are
sludge ponds and 78 localities are affected due to mining or processing activities.
Polluted localities affect all components of the environment and the health of living
organisms, including humans. Risk elements from mining activities have been
shown several times to cause carcinogenic, mutagenic, and respiratory diseases
(Agyemang and Duah, 2016). The spread of dust particles from heaps of the waste
material, the leaching of acid mine waters and emissions from ore processing
plants contribute to the reduced quality of the soil, which is nevertheless
economically exploited by the population. Such contaminated soil loses its quality,
which is reflected in its reduced fertility (Kelepertzis, 2014), and is also a source of
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hazardous substances that enter agricultural products and are stored in the bodies of
consumers (Kowalska et al., 2018). Soil enzyme activity is an important indicator
of soil quality because it can respond very quickly to environmental stress. Several
studies have shown that increasing content of risk elements in the soil, has a
negative effect on the activity of soil enzymes (Wyszkowska, 2010). For this
reason, enzymes are often used as bioindicators of soil quality (Demková et al.,
2015). Soil enzymes are also heavily involved in the nutrient cycle in the soil and
their subsequent transformation to be acceptable to plants (Li et al., 2016). The
nutrient content in the soil is changing very rapidly depending on external factors
(Alghobar and Suresha, 2017). The object of the study was the former mining area
Dubnicke opal mines. The area is characterised by a number of open mining pits
and heaps of waste material.
The aim of the study was to determine the content of risk elements in soils in the
Dubnicke opal mines area and their impact on the activity of soil enzymes, the
content of nutrients in the soil, and the soil reaction.

MATERIAL AND METHODS
The research was realized during the summer of 2020 in the area of Dubnik opal
mines (East Slovakia). Soil samples (5-15 cm) were taken from 6 heaps of waste
material and 6 open mining pits. Approximately 500g of soil was taken at each
sampling point, which was transported to the laboratory in plastic bags. A part of
soil was frozen and then used fresh to determine soil enzyme activity. The second
part of the soil was dried at room temperature and sieved through a sieve with a
mesh size of 2 mm. The pH of the soil in 0.01 M CaCl2 solution was determined
using a pH meter inoLab pH 720 WTW. Soil urease activity (URE) was
determined according to Khaziev (1976). Acid (ACF) and alkaline phosphatase
(ALF) activity were determined according to Grejtovský et al., (1991). Fluorescein
diacetate (FDA) activity was determined according to Green et al. (2006). Β-
glucosidase (BG) activity was determined according to Eivazi and Tabatabai
(1988). The content of risk elements (As, Cd, Cu, Hg, Fe) as well as the content of
nutrients (Ca, Na, Mg, K) was determined using an ICP-OES Agilent 720
instrument (Agilent Technologies, Germany). All statistical operations were
performed using the R studio program (R studio Team, 2016). The data were
logarithmically transformed before analysis. The Spearman’s correlation
coefficient was used to determine the relationship between risk elements, soil
enzyme activity, nutrients, and soil reaction. Mann-Whitney U test was used to
determine the differences in soil characteristics between two types of sampling
sites.

RESULTS AND DISCUSSION
The content of risk elements determined at sampling localities together with the
limit values (Act no. 220/2004 Coll. of Laws) is given in Table 1. The limit value
of Cd, Fe, and Hg was exceeded at all sampling sites, both open mining pits and
heaps of waste material. High contents of As, but also Ni were found in 2007 in the
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sediments of the water reservoir located in the west direction of the evaluated area
(Brehuv, 2007). Pyrite (iron ore, Fe2S) is one of the main iron ores in the area and
is usually separated from precious metals as unnecessary (waste) material and is
deposited on heaps of waste mining material (Willis, 2006). Salomon and Foster
(1984) stated in their study that the release of Fe into the soil environment
contributes to the low pH that was found on all heaps of mining material (Table 2).
Arsenic is very often released from sludge, but also from dust particles that enter
the air during the smelting of ores containing Cu, Zn, Pb, Au, or Ag (Molnár et al.,
2010).

Table 1. Descriptive statistics expressing the content of the risk elements
determined at two types of mining bodies.

Open mining pits
(min-max(average±st.dev)

Heaps of waste material
(min-max(average±st.dev)

Limit value*

As 6.35-27.3(13.4±9.42) 5.10-464(213±189) 25
Cd 2.08-12.9(5.75±4.34) 5.31-17.2(10.9±4.82) 0.7
Cu 5.91-21.7(12.8±6.11) 6.59-38.3(22.7±12.9) 60
Fe 6708-32039(15505±10384) 15558-38737(27103±9453) 550
Hg 13.4-27.4(21.6±5.05) 32-91.2(55.1±25.7) 0.7

*Act no. 220/2004 Coll of Laws.

The soil reaction in open mining pits ranged between 3.60 to 7.42 and on the heaps
between 3.20-3.40 (Table 2). According to the classification by Čurlík and Šefčík
(1999), the soil in the mining pits can be characterized as extremely acidic to
alkaline, while the soil on the heaps of waste material was in all cases extremely
acidic. Soil enzymes showed lower activity on the heaps compared to mining pits,
which is closely related to the higher content of risk elements on the heaps (Table
2.). Hinojosa et al. (2004) confirmed that the impact of soil pollution has a
significant effect on decreasing enzyme activity. Gao et al. (2010) found that
compared to other enzymes, soil URE and phosphatase activity responds more
significantly to the presence of risk elements in the soil system.

Table 2. Descriptive statistics expressing the values of soil properties determined at
mining bodies.

Open mining pits
(min-max(average±st.dev)

Heaps of waste material
(min-max(average±st.dev)

Ca 344-3605(1543±1464) 308-2365(1272±844)
Na 211-409(303±85.1) 260-736(529±199)
K 1012-2327(1766±540) 2065-9534(5015±3244)
Mg 631-1081(879±199) 1464-4191(2614±1153)
URE 0.37-0.73(0.59±0.15) 0.07-0.22(0.13±0.06)
ACP 42.8-241(107.2±69.8) 29.1-105(74.7±32.8)
ALP 28.0-169(62.9±47.9) 32.8-96.6(63.5±26.1)
FDA 8.90-57.4(17.3±17.9) 0.00-2.44(0.81±1.15)
BG 11.7-158(101±63.8) 38.7-86.6(61.5±19.6)
pH 3.6-7.42(5.25±1.55) 3.20-3.40(3.34±0.04)
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According to the results of the nonparametric Mann-Whitney U test (Table 3.), the
content of Hg was significantly higher on the heaps of waste material. Other risk
elements reached higher values at heaps compared to mining pits, but the
differences were not significant. URE and FDA reached significantly higher values
at open mining pits comparing heaps. Soil URE is closely related to the presence of
plants, and both types of mining bodies are characterized by a very rare occurrence
of vegetation (Polacco, 1977). The contents of other risk elements reached higher
values at heaps of mining material compared to mining pits, but the differences
were not significant. Heaps of mining material are highly likely to contain risk
elements that pollute and threaten the surrounding environment (Rasemann, 2015),
while pollution in open mining pits is often associated with water pollution - in
terms of acid mine drainage waters (Singovszka et al., 2016). Han et al. (2018),
who studied the content of the soil in areas polluted by rail transport found
increased content of Ca and Mg in the most polluted localities. Alghobar and
Suresca (2017), who monitored soil properties under the influence of different
amounts of sludge, also confirmed that while the content of K and Na did not
change significantly, the content of Ca and Mg increased with increasing sludge
content. In our case, the more polluted heaps of waste material showed
significantly higher values of N, K and Mg comparing open mining pits.

Table 3. The results of Mann-Whitney U test expressing the differences in the risk
element contents, activity of soil enzymes, soil nutrients and soil pH between two

types of mining bodies.
Soil
characteristics U Z p Soil

characteristics U Z p

As
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12.0 -0.88 0.37 Mg

B
et

w
ee
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m

in
in
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bo

di
es 0.00 -2.72 0.001**

Cd 8.00 -1.56 0.12 URE 0.00 2.80 0.003**
Cu 8.00 -1.53 0.14 ACP 12.0 0.88 0.37
Fe 8.00 -1.52 0.12 ALP 14.0 -0.56 0.54
Hg 0.00 -2.80 0.004* FDA 0.00 2.80 0.001**
Ca 16.0 0.24 0.80 BG 12.0 0.88 0.37
Na 6.00 -1.84 0.05* pH 0.00 2.80 0.002**
K 4.00 -2.16 0.03* BG 12.0 0.88 0.37

*p<0.05; **p<0.01

Correlation relationships between soil characteristics are listed in Figure 1. Risk
elements correlated significantly positively between themselves (Hg correlated
significantly only with As). As in the study by Árvay et al. (2017), also in our case,
it was confirmed that the high content of risk elements has an inhibitory effect on
the soil reaction. Soil pH gave a negative correlation with all evaluated heavy
metals. FDA and BG correlated positively with soil pH, even URE gave a
significant positive correlation with pH. ACP, ALP gave with pH negative
correlation. Nutrients correlated with pH differently, while Mg, K, and Na gave
with pH negative correlation, Ca correlated with pH positively. A significant
positive correlation was found between nutrients and risk elements. In the case of
Na, K the correlation with risk elements was significant. Between soil enzymes and
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risk elements, almost in all cases negative correlation was found. Additionally,
URE was found the most sensitive to environmental stress. In line with our
findings, Wyszkowska et al. (2010) have found that soil urease responded most
sensitively to the presence of risk elements in the soil system. Martinez-Toledo et
al. (2017) noted a strong correlation between the FDA, and URE, as well as
between KF, AF, and BG. In our case, significant positive correlation between
FDA – URE, and ACP-ALP was determined. The correlations between the other
enzymes (themselves) were not significant.

Figure 1. Correlation relationship between evaluated risk elements, nutrients, soil
pH and soil enzymes (regardless the type of mining body).

CONCLUSION
The high content of risk elements in the soil environment is a serious
environmental problem not only in former mining areas but also in the vicinity of
industrial plants or major transport hubs. Poor soil quality has a negative effect on
the quality of agricultural production, toxic substances enter the food chain and
endanger human health. Among the evaluated elements, Cd, Hg, and Fe exceeded
the limit values on all sampling sites. Soil enzyme activity decreased with the
increasing content of risk elements in the soil, which was confirmed by the
negative correlation between individual enzymes and risk elements. Soil reaction
values ranged from extremely acidic to alkaline, with the lowest (most acidic)
values were recorded at the most polluted heaps of waste material. The individual
nutrients reacted differently to the content of hazardous substances in the soil,
while the content of K and Na did not change significantly due to the influence of
hazardous substances, the content of Ca and Mg reached the highest values at the
most polluted sampling sites.
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