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ABSTRACT

Flotation tailing dams affect the environment through the soil, water and air, and in that way they affect the plants and the animals as well as the people.
This paper shows the quality of the soil according to the concentration of heavy metals in the surroundings of Sasa mine, more precisely, the Kocani valley which uses water from the dam Kalimanci. The dam receives water from the tailing dam of the Sasa mine.

The results indicate the occurrence of two geochemical associations: association As, Cd, Cu, Mn, Pb, Zn, which is directly related to anthropogenic impact that comes with problems associated with the exploitation of Pb-Zn polymetallic ore, which are exploited in the area of Sasa - Makedonska Kamenica and in the region of Zletovo, and association and Ni, Co, Cr, which is basically defined by the lithology or present geological formations in this area.

From the examination of soils taken from the Kocani valley, it can be concluded that the increased concentration of heavy metals in the western parts of the investigated area, near the Zletovica, is not a consequence from the water from Lake Kalimanci but it is the result of the influence thru “Zletovo“ lead and zinc mine have on the surface and underground water system Zletovica.

It can be concluded that the water of Lake Kalimanci are still not contaminated to the extent that may endanger the soil system in the region of Kocani valley.

KEYWORDS
Heavy metals, Kocani valley, Soil, Flotation tailing dam

1. INTRODUCTION
Heavy metals are common and significant contaminants of environmental and many of these metals present in higher concentrations can be harm on the health of humans and animals. Thus recent years there have been numerous studies on the origin and level of contamination in the environment of these elements. Particularly endangered areas are mining areas, especially polymetallic ore mines, which are represented as natural and anthropogenic sources of pollution. 

The largest mining environment pollution with heavy metals comes from flotation tailing dams which with the long-term discharge of contaminated water into natural streams comes to the accumulation of harmful substances on the sides of the bed and around it, which comes to contamination and the surrounding land.

The soil can be naturally rich with heavy metals, but the bigger problem is anthropogenic pollution. The high content of heavy metals adversely effect of the quality of the soil, which is manifested by blocking the reaction ability of humic acid and disturbance of the process of formation of humic substances. When heavy metals react with humic substances, their relations with the mineral part of the soil are break and that leading to destruction of soil structure and partial loss of humus, and to reduce the ability of anti-erosion of the soil.
Through polluted soil, heavy metals penetrate in to the plant, as well as in to the agricultural products. Many of these plants showed high resistance to heavy metals, and so successfully survive such metallic substrates. Resistance of certain agricultural products is a special danger since they are used for human consumption.

The regions around flotation tailing dams should be made analysis of contamination of soil. If it is found that some soils are contaminated should be banned agricultural production of such lands and to take measures for recultivation and restoring the solvency of those affected soils.

2. MATERIALS AND METHODS

The purpose of this paper is to perform testing of soil from Kocani Valley as one of the largest basins in the region which are irrigated by the water from Lake Kalimanci, which is the natural reservoir of the total anthropogenic factor that has occurred in the exploitation of Pb-Zn polymetallic ores from the mine Sasa - Makedonska Kamenica. The basic idea for the collection and processing of samples from these soils was to determine the possible impact of anthropogenic water from the irrigation system Kalimanci on soils of the region of Kocani Valley.

The points that have taken samples for testing the quality of the soil is defined according to the method for network sampling positions defined by GPS.

Hundred samples are taken in the area of Jakimovsko field - near the village Istibanja and along the river Bregalnica to the village Krupiste. Specifically in the vicinity of villages: Krupiste, Ularci, Cesinovo, Ciflik, Obleshevo, D. Podlog, G. Podlog, Mojanci, Grdovci and Pribacevo, and to: Orizari, Kocani, Trkanje, Banja, Spancevo and Sokolarci. These hundred samples are marked with blue signs from T1 to T100 (Fig. 2).

Sampling is carried out with a shovel, using a standard procedure - five points of mixing (Fig. 1).
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Figure 1: Sampling models with mixing five points
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Figure 2: Grid with hundred sample point
The preparation of samples is according ISO 11464 which includes the following steps: drying, crushing, sieving, reduced and grinding.

First the soil is dried at room temperature or in an oven at a temperature of 40°C. Drying lasts until the loss in mass of soil is not greater than 5% for 24 hours. From the dry soil removed all impurities (stones, glass, garbage) and sieved through a sieve - 2 mm. Fraction >2 mm are crushing, and the fraction <2 mm is reduced by using a Jones splitter or manual by method of quartering. Reduction of the sample is repeated several times depending on the weight of the sample.

To make a chemical analysis, which requires soil from 2g with size finer than 250μm, the sample have to be grinding. Processing procedure is schematically shown in figure 3.
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Figure 3: Schematic representation of procedure for processing of samples
The concentration of heavy and toxic metals (Pb, Zn, Cd, As, Ni, Cr, Fe, Mn, Cu) in the samples were determined by ICP-AES, ICP-MS.
3. RESULTS AND DISCUSSION

The results of tested soil samples are shown on the figures of 4-12:
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Figure 4: Content of Zn
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Figure 5: Content of Pb
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Figure 6: Content of As
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Figure 7: Content of Cr
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Figure 8: Content of Ni
[image: image10.png]FREER

2383

ERRRERRE FREEF
sample point
= Co (mg/kg) ——MPC (mg/kg)

EEFERERRE

T100




Figure 9: Content of Co
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Figure 10: Content of Cd
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Figure 11: Content of Fe
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Figure 12: Content of Mn
According to the results of tests on the quality of the soil can be concluded: 
The results indicate the occurrence of two geochemical associations of elements that actually have different geochemical affinities in supergene cycle of mobility of elements. These are the following geochemical associations which have different anthropogenic source and impact:

· Association As, Cd, Cu, Mn, Pb, Zn, which is directly related to anthropogenic impact that comes with problems associated with the exploitation of Pb-Zn polymetallic ore, which are exploited in the area of Sasa-Makedonska Kamenica and in the region of Zletovo.

· Association Ni, Co, Cr, which is basically defined by the lithology or present geological formations in this area.

The displayed geochemical distributions can be concluded that the association that is related to anthropogenic impact (As, Cd, Cu, Mn, Pb, Zn) is spatially located in the western parts of the investigated area near the river Zletovica while in remainder researched area have not some important geochemical accumulation of which could be conclude consequential distributions. This clearly indicates that these anthropogenic influences due to the irrigated these areas with water from the river Zletovica.

This anthropogenic impact is not a consequence of water of the Lake Kalimanci, it is the result of the influences that have “Zletovo“ lead and zinc mine on system of surface and underground water on the river Zletovica. The content of these elements, in most cases, far exceed those adopted in the Netherlands for the content of heavy metals in soils for intervention (incident) cases. The value of zinc exceeds the recommended maximum allowable concentration in Macedonia that is 200 mg/kg. Exceeds even the intervention value according Netherland allowed concentrations and at some points it is 1986 mg/kg. The content of lead increase up to 1319 mg/kg, and the recommended maximum allowable concentration in Macedonia is 100 mg/kg. Arsenic increase up to 77 mg/kg and the recommended is 30 mg/kg.

Geochemical distributions of Ni, Co, Cr association clearly indicate that there is a very high correlation of these geochemical distributions of the geological structure of the area (a large amount of vulcanoclastic and pyroclastic materials and appearance of flysch formations). These geochemical distributions have not related with the Lake Kalimanci, and thus neither anthropogenic impact that comes from flotation tailings in the region of Sasa mine.

From the examination of soils taken from the Kocani valley, it can be concluded that the water of Lake Kalimanci are still not contaminated to the extent that may endanger the soil system in the region of Kocani valley
4. CONCLUSION

From the examination of soils taken from the Kocani valley, it can be concluded that the increased concentration of heavy metals in the western parts of the investigated area, near the Zletovica, is not a consequence from the water from Lake Kalimanci but it is the result of the influence thru “Zletovo“ lead and zinc mine have on the surface and underground water system Zletovica.

It can be concluded that the water of Lake Kalimanci are still not contaminated to the extent that may endanger the soil system in the region of Kocani valley.
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