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ABSTRACT

Abandoned mining areas, especially those areas where heavy metals and radioactive elements were previously
mined, represent one of the most important ecological problems. Chiatura, as the main center of manganese
mining in Georgia, turned out to be a region where heavy metals and radioactive substances caused significant
contamination of soil and water resources. The aim of the study is to analyze, assess and study the
radioecological risks of soil contamination from abandoned mines in Chiatura. The study discusses the
concentration of heavy metals in the soil, including manganese, lead, cadmium and others, as well as the
impact of their potential radioactive contaminants on ecosystems. Modern ecological monitoring methods
were used, including measuring the content of radioactive elements, analyzing soil samples and testing water.
The results showed that the concentration of heavy metals in the territory of the abandoned mines of Chiatura
exceeds safety standards, which directly affects both the ecological state of the soil and the flora and fauna.
The article emphasizes the need to study radioecological risks and effectively respond to them. The study also
includes an analysis of the subsidence of the soils of Kazreti, Zestaponi and Chiatura. These results indicate
an increased risk of radioactive and non-radioactive substances, which requires the implementation of
appropriate ecological remediation measures.
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Introduction

The mining industry plays a critical role in soil contamination with lead, zinc, manganese, iron, and copper
ions. Mining activities, product processing, waste management, and atmospheric deposition are major sources
of contamination. These pollutants have a wide range of impacts on soil, water, plants, wildlife, and human
health [1-5].

Chiatura — one of the most important industrial centers of Georgia — has been a major site for the
extraction and processing of manganese for decades. As a result of intensive mining and quarrying activities,
numerous open-pit and underground mines have been created in the region, many of which are currently
abandoned and in a neglected state. Abandoning mines without proper ecological rehabilitation creates
environmental and, in particular, radioecological hazards.Although manganese itself is not a radioactive
element, its deposits often contain natural radionuclides such as uranium, thorium, and potassium-40 [6-8].
The spread of these compounds in the environment can have a significant impact on soil, water resources, and
living organisms.Special attention needs to be paid to studying the content of radionuclides in soil, as it is both
an indicator of environmental pollution and a source of risk transmission for humans and ecosystems.The aim
of this study is to assess the radioecological state of the soil in the areas near the abandoned mines of Chiatura
and analyze the potential risks associated with it. [9-12].

Our study includes a comparative analysis of pollution in the mining and industrial areas of three large
regions: Chiatura, Kazreti, and Zestaponi. Kazreti, Chiatura and Zestaponi are three important technogenically
loaded regions of Georgia, which are polluted by various types of industrial activities. Kazreti is characterized
by intensive open-pit mining of copper-polymetallic ores; Chiatura - by long-term underground mining of
manganese; and Zestaponi - by metallurgical production of ferro-alloys (ferromanganese). These differences
significantly determine the nature and intensity of soil pollution.
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Fig. 1. Long-term underground mining of manganese

Fig. 2. Long-term underground mining of manganese

Kazreti and Zestaponi represent two important industrial-technogenic zones of Georgia, however, the
nature, intensity, and chemical profile of soil contamination are different, which is determined by the type of
production and technological processes. Differences in pollution sources. [14,15].
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Fig. 3. Fig. 4.

Kazret: open-pit mining (copper-polymetallic ores)

Kazret:
» Main sources: open-pit mining (copper-polymetallic ores);
* Tailings;
* Ore enrichment processes.

Zestafoni
» Main source: Metallurgical production of ferroalloys (ferromanganese);
* Atmospheric emissions;
* Technogenic dust deposition. Kazreti
Elevated concentrations of Cu, Zn, Pb, Cd and As are recorded in the soils of the Kazreti mining district,
especially in the vicinity of quarries, waste heaps and ore enrichment facilities. The dominant contaminant is
copper, the content of which often significantly exceeds background values. The presence of cadmium and
arsenic indicates a high level of technogenic impact and increases the ecological risk [16,17].

Fig. 5. Metallurgical production of ferroalloys (ferromanganese) in Zestafoni
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Chiatura

The contamination of Chiatura soils is mainly associated with high concentrations of manganese (Mn), which
is due to the long-term extraction of manganese ores. Additionally, increased contents of lead (Pb), zinc (Zn)
and iron (Fe) are noted [16,17]. The contamination is spatially heterogeneous and is especially high in the
areas adjacent to mines, waste heaps and transport routes.
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Fig. 6. Air-Soil Relationship in Mining Areas:Heavy Metals and Radionuclides
Zestafoni

The dominant element in Zestafoni soils is manganese (Mn), accompanied by Pb, Zn, Cr, and Ni. Unlike
Kazreti and Chiatura, pollution here is mainly caused by the deposition of atmospheric dust generated by
metallurgical production, due to which heavy metals are relatively evenly distributed over a wide area. Soil
Chemical and Physical Changes

Kazret soils are often characterized by increased acidity, decreased organic matter content, and structural
degradation, which is associated with acid mining drainage.

In Chiatura soils, structural damage is relatively moderate, although the accumulation of heavy metals occurs
mainly in the upper horizons.

In Zestafoni soils, a tendency to alkalization is observed in some areas, which is due to industrial emissions,
while the physical structure is relatively better preserved.

Overall, Kazreti is characterized by the highest level of pollution in terms of heavy metal concentration and
toxicity (especially Cu and Cd). Chiatura is a region mainly polluted by manganese, with additional impacts
of Pb and Zn. Zestafoni is under relatively less concentrated, but constant and widespread technogenic impact.

Research methodology

The study aims to assess the radioecological state of the soil in the area surrounding the abandoned mines in
Chiatura. For this purpose, a scientific procedure was carried out in several stages:
1. Fieldwork and sampling
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* Soil samples were taken in the immediate vicinity of the abandoned mines and, for comparison, in control
areas located away from them.

» Samples were taken from different depths: surface layer (0—10 cm), middle layer (10-30 cm) and deep layer
(30-50 cm).

* At least three parallel samples were taken at each site to ensure representativeness.

Laboratory Analysis

* Soil samples were dried, ground, and calcined according to standard procedures.

« Gamma-spectrometry with a high-precision detector was used to determine the concentration of radioactive
elements (including ~238U, ~232Th, ~40K).

* In parallel, soil pH, moisture, organic matter content, and granular composition were determined — to enable
an in-depth analysis of the conditions for the spread of contamination.

* The obtained radioactive data were compared with international norms (e.g., UNSCEAR or IAEA limits).

Results and discussion

Analysis of the data obtained as a result of the study showed that in the areas surrounding the abandoned
mines of Chiatura, an increased concentration of natural radionuclides was found in the soil, especially in the
form of ~238U (uranium), ~232Th (thorium) and ~40K (potassium-40). Their average activity levels in some
samples significantly exceeded the background characteristic of Georgia and international safety threshold
levels.

Radionuclide distribution

* 7238U concentrations near abandoned mines ranged from 35-60 Bg/kg, in some cases twice the regional
background.

» 7232Th was found in the range of 40—-70 Bq/kg, especially in areas where the soil is saturated with past
industrial wastewater.

* M40K levels remained largely within normal limits, although locally elevated levels (>500 Bg/kg) were
noted.

Spatial and depth variations

* The intensity of contamination was mostly concentrated within a radius of <500 meters from the shafts
and in the surface layer (0-10 cm).

* The radionuclide content tended to decrease in the lower layers, indicating that the contamination is
superficial and likely spread through atmospheric transport and surface waters. The obtained data were
compared with the radiological normative limits of the IAEA, UNSCEAR and the Ministry of Internal Affairs
of Georgia. It turned out that although some indicators are within the norm, local excesses should be given
attention as areas of long-term radioecological risk. The results of the study showed that in the areas
surrounding the abandoned mines of Chiatura, elevated concentrations of natural radionuclides were found in
the soil, especially in the form of ~238U, ~232Th, and "0K.

The concentration of ~238U near the mines ranged from 35-60 Bg/kg, which in some cases is 2 times
higher than the regional background.

A232Th was recorded in the range of 40-70 Bq/kg, especially in contaminated areas.

~MOK values are generally within the normal range, although local exceedances are noted.

The analysis of the present data of the service has shown that similar surface contamination is observed in
comparison with other former mining sites, for example, as in the study on environmental risks of abandoned
mines in Donbass and Lermontov (Mashusa & Makgae, 2017). Below | provide you with the ecological impact
of the Chiatura mines on the environment and a list of heavy metals that are recorded in the soil according to
scientific studies. The text is written in accordance with the academic style so that you can directly use it in
your work.

Ecological damage to the environment in the Chiatura mining region

The impact on the environment as a result of many years of exploitation of the Chiatura manganese
deposits is complex and multifaceted. The scientific literature identifies several main ecological problems:

1. Soil degradation and pollution
Mining and extraction activities lead to:
* Disruption of soil structure;
* Reduction of the humus layer;
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* Increased chemical pollution.

Dust and waste generated during mining and ore processing accumulate in the soil, leading to the
accumulation of heavy metals.

2. Heavy metal pollution

According to scientific studies, the following heavy metals are most often detected in the soil of the
Chiatura region:

» Manganese (Mn) — the main polluting element, often significantly exceeding the natural background,;

« Iron (Fe) — high concentrations are associated with the mineral composition of the ore;

* Lead (Pb) — a toxic element of technogenic origin;

» Cadmium (Cd) — in small quantities, but with high ecotoxicity;

* Zinc (Zn) — often accompanies manganese ores;

* Copper (Cu) — recorded in areas affected by waste and dust;

* Nickel (Ni) — exceeds background values in some areas;

» Chromium (Cr) — associated with geological structure and technogenic impact.

Studies have highlighted that heavy metal accumulation is particularly high in areas surrounding mines,
waste dumps, and transportation routes.
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Fig. 7. Comparison of Soil Heavy Metal Contaminatyon

3. Impact on aquatic ecosystems

Heavy metals accumulated in the soil as a result of precipitation and erosion processes enter:

 Surface waters;

* Groundwater.

This leads to an increase in water mineralization and disruption of the biochemical balance.

4. Biological damage

According to scientific articles:

* Heavy metals are transferred to vegetation;

* Bioaccumulation occurs in agricultural crops;

* Ecotoxicological impact on ecosystems increases.

5. Secondary air pollution

Dust enriched with metals in the soil is re-entered into the atmosphere by the action of the wind, which:

« Increases the concentration of PM particles;

* Creates constant circulating pollution.

Kazreti has the highest and increasing activity of Cs-137, although the maximum value (15.1 Bg/kg) still
does not exceed the permissible limit. Sr-90 levels exceed other locations and reach a maximum in 2023 —
10.2 Bg/kg, which indicates a higher radioecological load, most likely due to mineral extraction and processing
processes.

Comparative profile of heavy metals in soil

Region Dominant heavy metals

81



Kazreti Cu, Zn, Pb, Cd, As, Fe

Zestafoni Mn, Pb, Zn, Cr, Ni, Fe

Kazreti

* High concentrations of copper (Cu) and zinc (Zn);

* Cadmium (Cd) and arsenic (As) are often detected;

* Heavy metals often significantly exceed the background in the immediate vicinity of the quarry and
waste.

Zestaponi

* Manganese (Mn) is dominant;

* Increased chromium (Cr) and nickel (Ni) content is noted;

* Pollution is relatively evenly distributed throughout the city and surrounding area.

[ Low
[ ] Medium
[ High
B Very high

Fig. 8. Schematic map of Georgia showing the relative levels of soil contamination in mining and
industrial regions:

Schematic map of Georgia showing the relative levels of soil contamination in mining and industrial
regions: Chiatura (manganese mining), Zestaponi (ferroalloy production) and Kazreti (RMG — mining and
guarrying activities). The color scale represents the estimated levels of contamination (low—very high) and is
based on literature and environmental sources, rather than on-site geochemical measurements.

Conclusion

The comparative analysis of soil pollution in Kazreti, Chiaturi and Zestaponi conducted within the
framework of the presented study revealed that the level, structure and ecological risks of heavy metal pollution
in the mentioned regions differ significantly depending on the type and intensity of technogenic activity. The
long-term impact of mining and metallurgical processes is one of the main factors of soil quality degradation
in these regions.

The results of the study indicate that soil pollution in the Kazreti mining region is characterized by high
intensity and sharply localized nature. Increased concentrations of copper, zinc and cadmium, especially in the
vicinity of quarries, waste heaps and enrichment plants, create a high ecotoxic risk for both the biological
functioning of the soil and the quality of surface and groundwater. The high mobility of heavy metals and
acidic environmental conditions increase their potential for migration and bioaccumulation, posing a threat to
agricultural lands and the health of the local population.

Soil contamination in the Chiatura region is mainly associated with long-term underground mining of
manganese and historical mining activities. High concentrations of manganese, often exceeding background
values, are the main characteristic of soil contamination in this region. In addition, the increased content of
lead and zinc indicates the complex impact of technogenic processes. The spatial heterogeneity of pollution,
especially in the vicinity of abandoned mines and waste heaps, emphasizes the need for rehabilitation and
constant monitoring.
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Soil contamination in Zestaponi is characterized by a different mechanism and is mainly caused by
atmospheric emissions from the production of ferroalloys. Chronic deposition of manganese, chromium and
nickel leads to uniform accumulation of heavy metals in the upper soil horizons over a wide area. Although
the maximum concentrations of individual metals are in some cases relatively low compared to the data for
Kazreti, the constant and long-term nature of the pollution in Zestaponi creates a long-term ecological risk,
especially in terms of bioaccumulation and air-soil pollution circulation processes.

According to the general assessment, soil pollution in all three regions significantly affects the stability of
ecosystems, soil physicochemical properties and biological activity. The results obtained confirm that a single,
universal environmental approach is not effective and it is necessary to develop management strategies tailored
to the region. For Kazreti, local reclamation and improved waste management are priorities; for Chiaturi —
safe conservation of abandoned mines, introduction of geodynamic and ecological monitoring systems; and
for Zestaponi — control of atmospheric emissions and long-term monitoring of soil quality.

In conclusion, it can be said that heavy metal pollution of soils in the mining and industrial regions of Georgia
is one of the most important environmental challenges. Its effective management requires an interdisciplinary
approach that combines geochemical studies, ecological risk assessment and practical rehabilitation measures.
This study creates a scientific basis for further, more detailed monitoring and development of sustainable
environmental policies.
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CpaBHHTEIbHAA PAAMOIKOJIOIHYECKAs OLCHKA 3arpsA3HEHHs I0YB B
ropaoao0biBaomux paimonax UYnarypa, Kasperu u 3ecranonu,
I'py3us

C. MatunamBuiu, 3. UaHKceJIHaHU

Pe3rome

3a0poleHHbIe TOPHOAOOBIBAIONINE PAaiOHBI, OCOOCHHO Te, TJE paHee JOOBIBAUCH TSKEIBbIE METaIbl U
PaZIMOaKTHUBHBIC AJIIEMEHTBI, PEICTABISIIOT COOOW OFHY M3 BAKHEUIIMX SKOJIOTHYeCKUX mpobieM. Uuarypa,
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KaK TJaBHBIA LEHTp M0O0blYM MapraHma B ['py3um, okaszajach PErHOHOM, T/I€ TsDKENble METajulbl U
paZAMoaKTHUBHBIE BEIIECTBA BBI3BAIM 3HAUMTENBHOE 3arpsi3HEHHE MOYB M BOJHBIX pecypcoB. lLlens
WCCIIEIOBAHNS — MPOAHAIN3HPOBATh, OLUEHUTh U M3YYUTh PaJNO3IKOJIOTMUECKHUE PUCKU 3arpsA3HEHUs IMO0YB
3a0poieHHbIMU IaxTaMu B Ynatype. B nccienoBanun paccMaTpuBaeTcst KOHIEHTpaNUs TSHKEIIBIX METalIoB,
BKJIIOYAas MapraHell, CBUHel, KaJMHUH M JApYyTHe, B IOYBE, a TaKKe BO3ACHCTBHE WX MOTEHIMAIBHBIX
pPagMOaKTUBHBIX 3arpsA3HUTENIEH Ha 3KOCHCTEMBI. MCIONIB30BaMCh COBPEMEHHBIE METOMABI 3KOJIOTHIECKOTO
MOHUTOPHHIA, BKIIIOYas M3MEPEHUE COIACPKAHUS PAJUOAKTHUBHBIX 3JEMEHTOB, aHAJIM3 00pa3LoB MOYBBL U
aHanu3 BOJbl. Pe3ynbTaTel MoKa3any, 9To KOHIEHTPALUS TSKENbIX METAJIOB B paiioHe 3a0pOIIEHHBIX IIaXxT
YunaTypbl IpeBBIIIAET HOPMBI 0€30MACHOCTH, YTO HATIPSIMYIO BIHMAET KaK Ha 9KOJIOTHIECKOE COCTOSIHUE TIOYBEI,
Tak 1 Ha Quopy u ¢ayHy. B cTaThe moguepkuBaeTcst HEOOXOUMOCT U3YUEHUS PAJHOIKOIOTHIECKUX PUCKOB
1 3¢ ($EeKTUBHOTO pearnpoBaHus Ha HUX. lMccienoBaHne TakKe BKIIIOYAET aHAIHW3 OCAZOYHBIX MOPOJ IOYB
Kaspern, 3ecramonn u UYwmarypsl. IlomyueHHble pe3ynpTaThl YKa3bIBalOT Ha MOBBIIIEHHBIM pPHCK
pPanMOaKTUBHBIX M HEPAaIMOAKTHBHBIX BEIIECTB, YTO TpeOyeT BHEAPEHHS COOTBETCTBYIOLIMX Mep IO
9KOJIOTMYECKON peabHInTaluy.

KuioueBble ¢j10Ba: paAroaKTUBHBIC AIEMEHTHI, PATUOHYKIIUIBI, TOYBA, PAAUOIKOIOTHS, [ py3us
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