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Abstract - The aim of current study is the use of pollution indices to assess the influence of (1) the bedrocks, as a natural source of
heavy metal in soil developed above them, and (2) anthropogenic pollutions (ore mining and processing) of the soil. The research was
conducted in two areas, varying in terms of geological setting and type of land use, in the Upper Silesia Industrial Region, Southern
Poland. The total Zn, Pb and Cd contents (ICP-OES) for 39 topsoil samples were measured. All metal contents exceeded, from 2.5 to
42.4-fold, geochemical background levels. The selected pollution indices such as CF, CD, PLI and g, were calculated to indicate
deterioration of topsoil quality due to metal pollution. Depending on the index used, we determined very high to moderate topsoil
contamination. The influence intensity of particular metals differs between studied areas. It follows the order Pb > Cd > Zn for shallow
historical mining area and the sequence Zn > Cd > Pb for area of deep mining and processing. Based on g, values, we consider that the
heavy metal content in the topsoil developed over the shallowly occurring ore bodies in dolomites is mainly (60%) connected with natural
presence of metals, while in the area where ore bodies are more deeply buried, the 90% of metal load is related to anthropogenic sources.
Finally, we come to a conclusion that the realistic assessment of soil quality, according to heavy metal content, is possible only with the
combined use of various pollution indices.
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1. Introduction

Our study focuses on the assessment of the influence of (1) the bedrocks, as a natural source of heavy metal (HM) in
soil developed above them and (2) anthropogenic pollutions (ore mining and processing) of the soil in the Upper Silesia
Industrial Region, Southern Poland. Using ICP-OES, we measured total heavy metals (Zn, Pb and Cd) content for topsoil
samples developed over ore-bearing dolomites occurred at a different depth in two areas. The deterioration of topsoil quality
due to metal pollution was accomplished by the selected pollution indices as CF, CD, PLI and lgo. The implementation of
the lgeo index was employed to distinguish between the natural accumulation level and pollution load.

2. Material and methods

The research was conducted in two areas, varying in terms of the geological setting and land use, in the NE part of the
Upper Silesia Industrial Region, Southern Poland. Both of the areas are built of Middle Triassic carbonate formation
composed of dolomites, limestones and marls. The epigenetic fluid flow was responsible for the partial alteration of carbonate
rock profile resulting in dolomitization [1]. The Zn-Pb mineralization followed the dolomitization episode and the ore-
bearing dolomites with the Zn-Pb ore deposits developed [2]. In the Dlugoszyn area (D), the ore-bearing dolomites occur
near the earth’s surface, while in the Wilkoszyn area (W) ore bodies lay at a depth of 20 to 90 m. Relatively shallow
occurrence of ore mineralization favoured the development of Zn-Pb ore mining —the outcrop in the D area, and underground
in the W area. The ore mining in the D area lasted from 12" to 19"", while in the W area the deep mine with processing plant
were abandoned in the middle of 20" century [3-5].

The study was conducted on 15 soil profiles, mostly of the skeletal Rendzic Leptosol, sampled in the two areas. Each
soil profile was divided into separate horizons. The 39 soil samples from topsoil layers were examined. Moreover, two
bedrock specimens (one for each studied area) were sampled to assess a natural baseline Cg of heavy metal concentration.

ICEPR 123-1



The contents of Zn, Pb and Cd in the topsoil were determined twice using atomic emission spectrometer ICP-OES. The HM
contamination in soil samples were evaluated by applying contamination factor, CF [6]; degree of contamination, CD [6];
pollution load index, PLI [7, 8]; and index of geo-accumulation, lgo [9]. The selected pollution index values were explained
as proposed by Hakanson [6], for CF and CD; Zhang et al. [8], for PLI; and Muller [9], for lgeo.

3. Results and discussion

The concentrations of zinc, lead and cadmium in the soil differ significantly between the elevated (D) and the buried
(W) ore-bearing dolomite areas. The investigated D soil samples contain 67.71 — 3328.74 mg -kg* d.m. of Zn, 17.51 —
1876.73 mg - kg* d.m. of Pb and 0.1 — 37.58 mg - kg d.m. of Cd, with weighted arithmetic means 1350.64 mg - kg* d.m.,
549.54 mg -kg* d.m. and 13.01 mg - kg* d.m., respectively. The load of the same elements in the W area ranges as follows:
479.86 — 3077.48 mg - kg* d.m. for Zn, 117.73 — 1034.96 mg ‘ kg* d.m. for Pb and 2.34 — 27.66 mg - kg™ d.m. for Cd, with
weighted arithmetic means 3632.02 mg - kg? d.m., 961.73 mg kg d.m. and 24.47 mg - kg™ d.m., correspondingly. The
accumulations of HM in the D samples exceed 2.5, 9—and 3.8—fold, the contents of Zn, Pb and Cd in bedrock, respectively.
The levels of metal concentrations in the W topsoil are over 42.4— (for Zn), 11.9— (for Pb) and 20—fold (for Cd) higher than
the baseline value. Significantly high HM levels assessed are similar to accumulations in soils observed in other sites
impacted by the Zn-Pb mining and smelting activity in Poland [10-15] and all over the world [16].

The Cg values of HM concentration applied to the pollution indices equal [in mg - kg d.m] 551.79 of Zn, 60.83 of Pb
and 3.41 of Cd for the D area, while in the W area, the Cg values for Zn, Pb and Cd reach 85.74, 81.01 and 1.22, respectively.
To assess the degree of anthropogenic influence on the soils, the selected pollution indices such as CF, CD, PLI and lgeo Were
calculated.

The CF of Zn, Pb and Cd in the Dlugoszyn area are in the range of 1.0-6.0, 2.8-30.6 and 2.1-9.6, respectively. They
show the considerable to very high (80% of results for Pb) and moderate to considerable (100% for Zn and 80% for Cd)
topsoil contamination levels. In the Wilkoszyn area, CF has consecutive values for Zn, Pb and Cd: 6.9-35.8, 1.1-6.1 and
1.9-22.6. Such CF levels point to the considerable to very high contamination degree with Zn (100% of results) and Cd
(90%), and moderate to considerable pollution with Pb (80%).

The aim of calculating the CD index is to measure the degree of overall contamination of particular sample in the studied
site. Based on the CD, 80% of calculated values for the Dlugoszyn samples are recognised as moderately—, while 20% of
them as very high contaminated. In the Wilkoszyn samples, the considerable contamination (60% of results) prevails over
very high (30%) and moderate (10%) pollution of the topsoil.

Also the pollution load index (PLI) indicates deterioration of soil quality due to metal pollution. In the current study, it
is seen that the PLI obtained for the Dlugoszyn samples allows to classify the topsoil pollution as moderate (20% of results),
moderate to high (40%), high (20%) and extreme (20%), with values ranging from 1.8 to 12.1, and mean equal 4.3. In the
Wilkoszyn samples, the PLI values from 1.9 to 16.5, with mean 7.2, allow to assign examined topsoil to extremely— (70%
of results), very high— (20%) and moderately— (10%) polluted by Zn, Pb and Cd.

The lgeo ranges from -0.6 to 2.0 for Zn, 0.9 to 4.3 for Pb and 0.5 to 2.7 for Cd in the Dlugoszyn area. The values oOf lgeo
for analysed metals decrease in the sequence Pb > Cd > Zn. Different situation is observed in the Wilkoszyn area where the
lgeo Varies in wide margins of 1.2 — 4.6 for Zn; -0.5 — 2.0 for Pb, and 0.3 —3.9 for Cd. The pollution of the HM follows the
order Zn > Cd > Ph. Using the geoaccummulation index we can get the information about the potential source of pollution.
The lgo values obtained for the elevated ore-bearing dolomites Dlugoszyn area show that baseline levels of pollution are
mainly presented for zinc and cadmium, as 80% for Zn and 80% for Cd belong to uncontaminated/moderately contaminated,
according to Miiller’s classification [9]. The only exception is for high pollution with Pb. The g, provides evidence for
geogenic source of most of zinc and cadmium and points to anthropogenic source of 80% of lead. For that reason, it might
be assumed that the deterioration in soil quality is caused by lead in this location. In the Wilkoszyn area with the buried ore-
bearing dolomites, moderate to heavy pollution by lead and cadmium is observed, as 80% for Pb and 90% for Cd belong to
moderately/moderately to highly contaminated [9]. Concurrently, heavy to extreme pollution by zinc is identified, as 70%
for Zn belongs to highly/highly to extremely contaminated [9]. These results demonstrate that the metals in the topsoil of the
Wilkoszyn location are of anthropogenic nature.

Diatta et al. [11] observed similar to ours, significantly high HM levels in soils impacted by the Miasteczko Slaskie Zinc
smelter activity, in other part of the Upper Silesia Industrial Region. Applying the CF, CD and lgo, they determined the
extremely high contamination for Zn, Cd and Pb in ascending order [11]. Our findings differ slightly from those found in the
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literature in terms of the influence intensity of particular metals described above. In our opinion, the difference between the
orders of pollutant intensity acquired for individual sites resulted primarily from the local industrial land use.

The historical mining of Pb ores could start in the Dlugoszyn area in the early medieval period, because well recognizable
galena (lead sulfide) dominated there in shallowly occurring ore bodies and somewhat low melting point of lead made galena
easy to processing [4]. This type of mining activity resulted in the most severe pollution by lead in the Dlugoszyn topsoil,
and the levels of Zn and Cd come from the close proximity to the metal-rich bedrocks.

The very high zinc and lead contamination observed in the Wilkoszyn area most probably results from the XX century
underground Zn-Pb ore mining and processing. Not only galena but also zinc sulfides and nonsulfides were mined and
processed in the area at that time. So, it seems probable that recently finished industrial operation is a principal cause of the
great load of zinc and lead accumulated in the Wilkoszyn topsoil.

4. Conclusion

The application of the different pollution indices (CF, CD, PLI, Igo) enable us to detect significant topsoil pollution with
Zn, Pb and Cd and reveal difference in the grade of topsoil contamination between the studied areas. Depending on the index
used, we determined very high to considerable topsoil contamination. The influence intensity of particular metals differs
between studied areas. In the place of shallow historical mining (the Dlugoszyn area), it follows the order Pb > Cd > Zn,
while in the place of deep mining and processing (the Wilkoszyn area) it decreases in the sequence Zn > Cd > Pb. With the
geo-accumulation index, it is possible to discriminate between natural and anthropogenic heavy metals in the soils developed
over the ore-bearing formation in the two areas. Based on Iy, values, we consider that the heavy metal content in the topsoil
developed over the shallowly occurring ore bodies in dolomites (the Dlugoszyn area) is mainly (60%) connected with natural
presence of metals. In the Wilkoszyn area where ore bodies are more deeply buried, the 90% of metal load is related to
anthropogenic sources. Finally, we come to a conclusion that the realistic assessment of soil quality, according to heavy
metal content, is possible only with the combined use of various pollution indices.
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