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Abstract Motivation/Background: Metallic minerals mining and smelting are connected with the environment
degradation, including spoil heaps arising. Even after processing, spoil still contains high levels of the metals,
metalloids as well as other potential risk elements and became a potential source of air, water and soil
metalliferous contamination for dozens of years. Eastern Slovakia is well known for its mining history and
presence of old mining excavation, yet the spoil heaps represent almost the third of them.

Method: We surveyed potential risk elements, including metals and metalloids in the substratum from overall
nine spoil heaps (study sites) within the metal post-mining areas of Krompachy (KR) and Zlata Bara (ZB),
located in Eastern Slovakia. The paper deals with characterization of substratum metalliferous contamination,
with lay emphasis on the environmentally most relevant pollutants.

Results: At all study sites, iron and aluminium were in the highest content, at both localities, Fe exceeded
permissible limits and background values almost 43-times. Overloading of permissible limits as well as
background levels of arsenic, cadmium, lead and mercury was noticed too. Clustering indicates the identical
origin of risk elements, since iron and aluminium are supposed to be purely lithogenic and the rest of them are in
increased concentrations as a consequence of mining activities.

Conclusions: On the basis of results obtained, both of the areas could be characterized as highly polluted by
environmentally relevant elements including arsenic, cadmium, copper, lead and especially mercury, i.e. heavy
metals and metalloids found to be highly toxic even at low concentrations.
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INTRODUCTION

Areas of Krompachy (KR) and Zlata Bana (ZB), located in Eastern Slovakia, are both well-known for
their mining history. Intensive gold, silver, cooper and also iron mining with consequential smelting
activities started at the 13th century in Krompachy. At the 16th century, gold, antimony and colored
metals mining started at Zlata Bana area, which is also well-known for the largest and the oldest opal
deposits in the Europe. Although mining and smelting activities are significantly limited nowadays at
both of localities, huge amounts of waste from the excavating related activities are presently deposed
in a form of spoil-heaps. Spoil heaps are found to be environmental loads due to being potential source
of water, air and soil contamination with potentially risk elements including heavy metals and
metalloids. Negative consequences for local ecosystems persist for dozens of years, even after the
cessation of mining operations. Yet, the spoil heaps represent almost the third from the 17.000 old
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mining excavations which could be found in Slovakia [1], [2], [3]. Metals are of the natural origin and
several of them are found to be biologically essential components. But, if their levels increase after
anthropogenic activities, wide spectrum of negative impacts are observed: heavy metals affect fauna
behaviour, physiology or morphology; metalliferous pollution inhibits plants growth, cause chlorosis
and plant death, decelerate photosynthesis, biomass production and nutrient assimilation; change
quantity and species spectrum composition of affected flora and fauna; soil enzymatic production and
activity are negatively correlated with heavy metal pollution too. Different flora and fauna groups are
differently tolerable to metalliferous pollution. Humans intoxication is manifested by a wide range of
carcinogenic, teratogenic or mutagenic diseases [4], [5], [6], [7], [8], [9], [10]. Just the communities
within metal post-mining spoil heaps and in the surrounding environment are chronically exposed to
potentially lethal dozens of environmental hazardous elements including heavy metals and metalloids.
Thus, regular monitoring of risk elements sources is essential.

MATERIALS AND METHODS

Potential risk elements, including metals and metalloids were determined in the substratum from
overall nine spoil heaps i.e., study sites: four spoil heaps were situated within the metal post-mining
areas of Krompachy and five spoil heaps situated within Zlata Bana. Heaps are under different stages
of vegetation succession, uncovered, with the dominance of bare-naked substratum and the occurrence
of sparse trees as Betula pendula L. and mosses.
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Figure (1): Spoil heaps at Krompachy and Zlata Bana study areas

A mixed substratum sample was taken once at every study site. The sample consisted of three sub-
samples, randomly taken within the sampling plot of approximately 15 x 15 meters, located as near as
possible to the centre of spoil heaps and from the depth of 5-15 cm [11]. Following elements were
determined using Agilent ICP-OES spectrometer: aluminium (Al), arsenic (As), cadmium (Cd), cobalt
(Co), chromium (Cr), copper (Cu), iron (Fe), mercury (Hg), manganese (Mn), nickel (Ni), lead (Pb),
antimony (Sb) and zinc (Zn) in mg/kg. Prior to analysis, substratum was mineralized using microwave
digestion Mars Xpress 5 in a mixture of 5 mL 67% HNOs and 5 mL deionized water. The mineralized
solution was filtered and subsequently filled up with deionized water. Determined contents of potential
risk elements were compared to permissible limits [12], [13] and background values [14], [15].
Contents of potential risk elements in substratum were used to determine:

(1.) Cd-degree of contamination indicating (a) low (Cd<8); b) moderate (8< Cd <16); c¢) considerable
(16< Cd <32) and d) very high (Cd >32) degree of contamination; (2.) Cf-contamination factor
indicating (a) low (Cf <1); b) moderate (1< Cf <3); ¢) considerable (3< Cf <6) and d) very high (Cf
>6) contamination [34]); (3.) Geol — Geo-accumulation index indicating (a) unpolluted area (Geol <
0); (b) unpolluted/moderately polluted area (0< Geol <1); moderately polluted area (1< Geol <2);
moderately/heavily polluted area (2< Geol <3); heavily/extremely polluted area (3< Geol <4);
extremely polluted area (4< Geol <5) (4.) PLI - Pollution load index indicating (a) no pollution (PLI <
1), b) moderate pollution (1< PLI <2), c) heavy pollution (2< PLI <3) and d) extreme pollution (PLI
>3)[16], [17], [18], [19], [20].

Mentioned factors were not proposed for the Ag and Mo because of missing background values and
for Sb and Se because of the zero values at some of the sites. Mean values of the potential risk
element’s contents of the entire study area of Krompachy and Zlata Bana were determined using
univariate statistic, potential risk elements were clustering used Ward’s method and mutually
correlated using Spearman’s correlation analysis in the PAST [21].
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RESULTS AND DISCUSSION

At every from spoil heaps in Krompachy as well as in Zlata Bana included in the study, the highest
content of iron was noticed from the elements determined in the substratum (Table 1, Figure 2).

Table 1: Permissible limit levels (PL) in mg/kg and background values (BV) in mg/kg of potential risk
elements used within study and determined contents (mg/kg) of selected elements in the substratum
from four spoil heaps were situated within the metal post-mining areas of Krompachy (KR 1-4) and
five spoil heaps situated within Zlata Bana (ZB 1-5).

Table 1: Permissible limit levels (PL) in mg/kg and background values (BV) in mg/kg of potential risk
elements

PL BV KR-1 KR-2 KR-3 KR4 ZB-1 Z7ZB-2 Z7B-3 7B4 ZB-5

Al 10 900 7992 7321 6701 8215 10870 11798 9968 7888 9053
As 30 7 1774  351.8 9641 5534 9916 7590 7430 70.88 280.1
C 1 03 2130 4.149 2929 1.506 2662 2183 3.138 3.277 1455
Co 15 25 9.029 1239 13.12 5227 3.694 1.775 2.162 6.102 0.371
Cr 060 10 1278 9418 17.81 11.58 4736 6454 11.08 4541 5.864
C 50 25 1530 3123  688.7 1056 18.66 1840 20.12 15.03 18.74
Fe 550 550 20422 35517 26627 11915 25969 21787 28996 26696 13784
H 0.5 0.0 4348 36.65 1l.611 0.742 1278 24.69 0356 1369 14.55
M 488 530 3922 1268  915.0 329.1 7932 4199 38.69 383.7 48.07
Ni 50 25 19.14 39.64 15.19 1085 5.017 1.645 2074 3.216 0.353
Pb 70 25 1.726 1196 21.61 51.25 11.51 10.04 9.586 70.66 513.5
Sb 1 0.6 0 3.769  0.947 0 2.568  1.653 1942  0.628  2.047
Zn 150 70 26.66 1103 92.13 1063 2621 1854 20.39 107.3 70.41

In general, mean values of Fe for both entire localities exceeded permissible limits and background
values almost 43-times. Aluminum was the second highest represented element at every from the spoil
heaps studied. Provided elements clustering showed the individual position of Fe and Al in
comparison to the rest of monitored potential risk elements. We suppose that detected potential risk
elements became from identical source; however, iron and aluminum are purely lithogenic, till the
increased concentrations of the rest of them are conditioned by mining activities.
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Figure 2: Dendrogram of monitored elements at Krompachy (a) and Zlata Bana (b) study areas based
of their contents in substratum, provided using clustering, Ward’s method in the PAST [17].

Concerning As, Cd, Cu, Hg and Pb elements, which are found to be environmentally relevant, the
most risk and highly toxic even at low concentrations [22], arsenic limit level was exceeded with the
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exception of KR1 and ZB1 at every from the spoil heaps and, As background limit even every time.
The most expressive it concerned KR2 and ZB5 spoil heaps when content of arsenic was higher than
the permissible limit level more than 11 and 9 times consequently. Previous studies [1], [14], which
reported arsenic environmental pollution of the Central Spi§ area, relate it not only to the
anthropogenic impact but also to the geochemical effects of the mineralized zones.

Cadmium content exceeded permissible as well as background at every sample from spoil heaps
studied, the most expressive at KR2. At the same study site equally content of copper was more than
62 times as high as permissible limit. High content of Cu was also observed on the other from spoil
heaps in Krompachy, KR3 and KR4, in spite of their mutual distance. Taken into account evaluating
factors, entire post mining area of Krompachy could be found as considerable polluted by copper, or
as hotspot of copper contamination [23], [24], (Table 2)..

Table 2: Values of Cd-degree of contamination, Cf-contamination factor, Geo-accumulation index and
PLI - Pollution load index for the separate spoil heaps and entire study area of Krompachy.

Ct Geol Cd
KR-1 KR-2 KR-3 KR-4 KR-1 KR-2 KR-3 KR-4

Al 8.879 8.135 7.446 9.128 2.566 2.439 2.311 2.605 33.59
As 2.534 50.26 13.77 7.906 0.756 5.067 3.199 2.398 74.47
Cd 7.101 13.83 9.763 5.020 2.243 3.205 2.702 1.743 35.72
Co 0.362 0.496 0.525 0.209 -2.054  -1.598 -1.515 -2.843 1.591
Cr 1.278 0.942 1.781 1.158 -0.231  -0.672 0.248 -0.373 5.159
Cu 0.612 124.9 27.55 4224 -1.293 6.379 4.199 1.494 157.3
Fe 37.13 64.58 48.42 21.67 4.630 5.428 5.012 3.852 171.8
Hg 5435 458.2 20.13 9.273 11.82 8.255 3.746 2.628 473.8
Mn 0.740 2.392 1.726 0.621 -1.019 0.673 0.203 -1.272 5.479
Ni 0.765 1.586 0.608 0.434 -0.970  0.081 -1.303  -1.789 3.393
Pb 0.069 0.478 0.864 2.052 -4442  -1.649  -0.795 0.451 3.462
Sb - - - - - - - - -
Zn 0.381 1.576 1.316 1.519 -1.978 0.071 -0.189 0.018 4.792
PLI 4.097 2.742 1.752 2.609

Concerning lead, permissible and background limits overload were noticed only at ZBS5 sites, with the
more than 7-times higher value. We noticed exceptionally high mercury content: with the exception of
ZB3 spoil heap, permissible limit was exceeded at every from the study sites. It could be supposed,
that increased contents of Pb is connected with the solid waste from the copper production [25].

We also noticed exceeded permissible limits and background values by manganese, antimony,
selenium and chromium (Table 3).

Table 3: Values of Cd-degree of contamination, Cf-contamination factor, Geo-accumulation index and
PLI - Pollution load index for the separate spoil heaps and entire study area of Zlata Bana.

cf Geol Cd
ZB-1 7ZB-2 7ZB-3 ZB-4 ZB-5 ZB-1 ZB-2 ZB-3 ZB-4 ZB-5
Al 1208 13.12 11.08 8765 10.06 3.010 3.128 -14.69 -9.901 2.746 55.09
As 1417 10.84 10.62 10.13 40.01 -0.083 2.854 9.891 9.553 4.737 73.01
cd 8.873 7277 1046 10924 4.851 2565 2278 7236 7.853 1.693 4238
Co 0.148 0.071 0.086 0244 0.015 -3.344 -4401 -3.579 -3.516 -6.659 0.564
Cr 4736 6454 1.108 0454 0.586 1.659 2.105 -2.795 -1.298 -1.355 13.34
Cu 0.747 0.736  0.805 0.601 0.750 -1.007 -1.027 -1.759 -3.046 -1.001 3.638
Fe 4722 39.61 52.72 48.537 2506 4.976 4723 -5358 -5.778 4.062 213.1
Hg 1597 308.7 4456 17.112 181.91 3.413 7.686 1.571 3.512 6922 198.1
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Mn 0.150 0.079 0.073 0.724 0.091 -3.325 -4.243 -7.374 -6.471 -4.048 1.117

Ni 0.201 0.066 0.083 0.129 0.014 -2.902 -4.511 -4.407 -4.849 -6.731 0.492
Pb 0.460 0.402 0383 2.826 20.54 -1.704 -1.902 -4.177 -3.544 3.775 24.61
Sb 4.280 2.755 3.236 1.047 3.411 1.513 0.877 3.413 6.295 1.185 14.73
Zn 0.374 0.265 0.291 1.533 1.006 -2.002 -2.502 -2.455 -1.301 -0.577 3.47

PLI 1.389 1457 1.014 1.679 1.386

No significant correlations were observed between the elements at Krompachy area, at Zlatd Bana,
several correlations were observed as indicated in Table 4.

Table 4: Mutual correlations between elements in Zlata Baiia detected using Spearman’s Rs
correlation test in PAST.

Al As Cd Co Cr Cu Fe Heg Mn Ni Pb Sb Zn

Al 0

As 0 0

Cd -04  -0.7 0

Co -0.3 -0.9* 0.9 0

Cr 1* 0 -04 -03 0

Cu 0.1 03 -03 -05 0.1 0

Fe 02 -0.6 09* 07 -02 0.1 0

Hg 02 06 -06 -05 02 -05 -0.8 0

Mn -05 -05 03 06 -05 -07 -0.1 0.1 0

Ni 0 -1 07 09 0 -03 06 -06 05 0

Pb -06 02 -03 -01 -06 -03 -06 04 07 -02 0
Sb 03 -01 -05 -03 03 06 -03 -03 -01 0.1 0.1

Zn -0.9* -02 0.3 04 -09* -0.3 0 -01 08 02 08 -0.1 0

CONCLUSIONS AND RECOMMENDATIONS

In spite of the significant limitation of smelting activities in the study areas of Krompachy and Zlata
Baiia post metal-mining spoil heaps remain a strong source of the environmental contamination with
potential risk elements, including heavy metals and metalloids, which, as non-biodegradable, remain
accumulated in the substratum for years [26], [27]. Especially it concerns environmentally the most
risk, highly toxic As, Cd, Cu, Hg and Pb elements, which contents exceeded permissible limits several
times. Spoil heaps as the contamination sources are very, spatially, variable — different content of the
same element at different spoil heaps in spite of the localisation within the same study area and low
mutual distance; as well as, time, variable, as the element’s contents are changing during the time [2].
As the risk elements could be spread to the surrounding environment [4] and recultivation and
remediation are technically demanding, is seems important to avoid erosion of the spoil-heaps body by
f.e. timber harvesting in the vicinity as much as possible.
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