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Abstract. The paper discusses the physicochemical and hydrochemical characterisation of the waters of the rivers

(Lukhuni and Tskhenistskali) in the areas adjacent to the arsenic processing enterprises of the Racha-Lechkhumi and
Kvemo Svaneti region.
The paper summarises multi-year (2021-2024) data on the studied rivers. Based on the obtained results, the ecological
condition of the rivers was assessed. Using the proposed equation and chemical indicators (Water Framework Directive-
2000/60/EC), the river pollution index and river water quality were determined. According to the pollution index, both
rivers were assigned water quality class 1 and belonged to the "clean" category.

Keywords: Rivers, hydrochemistry, pollution, pollution index, water quality.

Introduction. The region of Racha-Lechkhumi and Kvemo Svaneti is one of the mining regions of Georgia,
where arsenic ores have been mined, processed, and arsenic-containing compounds produced for decades.
To this day, in the villages of Uravi and Tsana, in the territory of the former factory, large batches of toxic waste (more
than 130 thousand tons of waste containing 4-9% white arsenic) left over from the production of arsenic from the Soviet
period are stored [1,2]. Currently, both deposits are conserved, and no arsenic is produced.
The main mechanism for the spread of arsenic wastes is related to the leaching and transport of toxic wastes by
atmospheric precipitation and flood waters. They accumulate in the soil, where soil contamination with arsenic
significantly exceeds the norm [3-5]. In the oxidation zone, after some time, arsenic from waste sulfide ores and
incinerators can be converted into a mobile (soluble) form [6,7], which is easily transported to rivers [3,4], plants [8-10]
and living organisms.
Tskhenistskali River is a water-rich river of Western Georgia, which originates from the eternal snow on the southern
slope of the Svaneti Caucasus and joins the Rioni River. The length of the Tskhenisksli River is 176 km.
The River Lukhuni, in the Ambrolauri municipality, is the right tributary of the river Rioni. It originates on the southern
slope of the Lechkhumi ridge at an altitude of 2650 m above sea level, the length of which is 39 km, and the area of the
basin is 239 km* [11].

Study area and methods. The paper presents the physicochemical and hydrochemical characterisation of the
waters of the rivers (Lukhuni and Tskhenistskali) in the areas adjacent to the arsenic processing enterprises of the
Racha-Lechkhumi and Kvemo Svaneti region. To solve the set tasks, river water sampling points were selected from
the background and polluted areas in the Racha-Lechkhumi and Kvemo Svaneti region.

1. River Lukhuni - Upper Uravi;

2. River Lukhuni - 100 m below the sarcophagus;

3. River Tskhenistskali - Upper Tsana;

4. River Tskhenistskali - below Lentekhi.

The following physicochemical and hydrochemical parameters were determined in the water samples: pH, electrical
conductivity, biogenic substances - NOy, NOs, NH4*, PO, major ions, mineralization, a common form of arsenic,
copper, zinc, and lead [12].

Analyses were carried out using modern methods and equipment that correspond to European standards:

1. lon-chromatograph-1C-1000; 1SO100304-1:2007

2. Spectrophotometric method - SPECORD 205; I1SO 7150-1: 2010;

2. Plasma-emission spectrometer - ICP-OES; EPA method 200.8;

4. Field portable equipment - Hanna Combo pH/EC/TDS/PPM Tester HI198129;

5. pH meter - Milwaukee 150.

Analysis of results. Focusing on the rivers we studied is not accidental, because the Lukhuni and Tskhenistskali
rivers are tributaries of the Rioni River, the main source of drinking water for the city of Kutaisi. They are also used for
irrigation, so the hydrochemical study of the research rivers of the region is of great importance.

Among the biogenic compounds, it is worth noting the inorganic nitrogen compounds that can be formed in water by the
decomposition of nitrogen-containing organic compounds. They can also get into surface waters through atmospheric pre-
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cipitation, leaching of fertilizers from the soil, and industrial and household wastewater. To ensure a safe environment for
health, it is important to study the distribution of nitrogen-containing substances in river waters and to evaluate the quality
of water.
As can be seen from Table 1 and Fig. 1, the average content of ammonium ions in the research rivers changes from 0.322
to 0.391 in the Tskhenistskkali River and in the Lukhuni River 0.365-0.576 mg/l. In both rivers, the content of nitrites
varies from 0.057 to 0.176, nitrates from 0.480 to 0.583 mg/l, and in no case does it exceed the maximum allowable
concentration. However, it should be noted that in some cases their high content was recorded, and in the case of
mediation, these indicators decreased.

Of the heavy metals, attention is focused on copper, lead, zinc, and arsenic. Their content in the river water is
within the norm, which is due to the dilution and self-cleaning processes of the river water.

Table 1. Tskhenistskali and Lukhuni Rivers’ average multi-year data (2021-2024)

Rivers
N Ingredient Tskhenistskali | Tskhenistskali Lukhuni Lukhuni
(Tsana upper) (Tsana below) | (Uraviupper) | (Uravi below)

1 pH 75 7.6 7.8 7.7

2 Ammonium, mgN/1 0.322 0.391 0.576 0.365
3 Nitrites, mg/1 0.057 0.060 0.081 0.176
4 Nitrates, mg/l 0.515 0.583 0.480 0.576
5 Phosphates, mg/1 0.020 0.024 0.036 0.038
6 Calcium, mg/1 52.39 49.85 28.63 24.64
7 Magnesium, mg/1 8.98 11.80 6.61 7.39

8 Mineralization, mg/1 300.23 304.58 180.75 169.05
9 Arsenic, mg/l 0.0059 0.0033 0.0028 0.0042
10 | Copper, mg/l 0.0084 0.0064 0.0068 0.0085
11 | Zinc, mg/l 0.0432 0.0244 0.0118 0.0105
12 | Lead, mg/1 0.0040 0.0032 0.0021 0.0037
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Figure 1. The average content of ammonium ions in the rivers Tskhenistskali
and Lukhuni (2021-2024)
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Figure 2. The average content of arsenic in the rivers Tskhenistskali
and Lukhuni (2021-2024)

According to the recommendations of the Water Framework Directives of the European Union countries
(2000/60/EC), the water pollution index (S) was calculated for assigning the classification of surface waters, for the
calculation of which at least 6 or 7 hydrochemical indicators (indicators) are required. In our case, the average multi-
year data of 9 hydrochemical and physicochemical indicators were used in the calculations.

The pollution index was calculated according to equation 1 [13]:

N .
Ci/MAC
o= —_ 1
E o 1

Ci is the concentration of the hydrochemical indicator;
MAC - Maximum Allowable Concentration of hydrochemical component;
N is the number of indicators used in calculations.

Table 2 provides a list of hydrochemical and physicochemical indicators, which, in our opinion, more or less charac-
terize the water quality of the selected rivers and which will be used in the subsequent calculations.

Table 2. Tskhenistskali and Lukhuni rivers’ water quality indicators

Indicators MAC*
1 |pH 6,5-8,5
2 |Ammonium, mgN/1 0.39
3 [Nitrites, mg/l 3.3
4 |Nitrates, mg/l 45
5 [Phosphates, mg/l 3.5
6 |Arsenic, mg/l 0.05
7 |Copper, mg/l 1.0
8 |Zinc, mg/l 1.0
9 [Lead, mg/l 0.03

MAC* - The maximum allowable concentration of surface water by the technical regulations (Decree of the Government
of Georgia N 425, December 31, 2013, Thilisi) [14]
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Based on the obtained results, river classifications (pollution quality class) were evaluated according to the values
given in Table 3, proposed by the European Directive.

Table 3. Water quality classification assessment of pollution using indexes

Surface water Pollution index Water quality class
clean 02-1.0 1
moderately contaminated 1.0-2.0 2
contaminated 20-40 3
dirty 40-6.0 4
very dirty >6.0 5

As a result of entering the given values from Table 2 into Equation 1, the pollution index of the river itself was ob-
tained (Table 4), based on which they were assigned the appropriate water quality class.

Table 4. Water quality classifications are assigned according to pollution
indices Tskhenistskali and Lukhuni rivers

River Pollution index Water quality class
1 | Tskhenistskali (Tsana upper) 0.2 1
2 | Tskhenistskali (Tsana below) 0.3 1
3 | Lukhuni (Uravi upper) 0.3 1
4 | Lukhuni (Uravi below) 0.3 1

According to the data, the studied rivers - Tskhenistskali and Lukhuni were classified according to the pollution index
in the "clean" category and belong to the first class of water quality.

Conclusion

1. Tskhenistskali and Lukhuni rivers were chosen as research objects since they represent the main water arteries of
the Racha-Lechkhumi and Kvemo-Svaneti region, which are under a certain anthropogenic load;

2. The paper summarises the multi-year (2021-2024) results of the environmental assessment of these rivers. Physico-
chemical and hydrochemical indicators were determined in the water samples.

3. River pollution rate and river water quality were determined (Water Framework Directive-2000/60/EC);

4. It was established that both rivers were assigned water quality class 1 according to the pollution index and be-
longed to the "clean" category.
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Ompeaenenne xiaccudUKamuy KavecTBa Bozsl pek Ilxenwmcikanu u JlyxyHu mo rufipoxuMudecKMM IIOKa3aTesIIM.
MTasmuamswumm JI., Kygaea T'., Tabaragze M., Illy6nanse E. C6. Tpymos UM I'TY. - 2025. — tom 136. - c. 152-156. -
I'pys.; Pes: I'pys., Anrin., Pyc.

B cratse paccMmaTpuBaercs (GUIHMKO-XMMUYECKas M TUIPOXMMUYECKAs XapakTepuctuka Boz pek (Jlyxyuu u
lixeHucuxamu) Ha TEPPUTOPHUIX, IPHIETAIOUINX K IIPEJIPUATUAM II0 IepepaboTKe MBIIIbAKa pernoHa Pava-Jleuxymu
u Ksemo Cranetu.

B cratse 0606mensr muOrosetaue (2021-2024 rr.) maHHBIE IO UCCIeNOBaHHBIM peKaM. Ha ocHoBaHUU mOITY-
YeHHBIX Pe3yJIbTATOB JaHa OIleHKA HKOJIOTMYEeCKOr0 COCTOAHUA peK. C HCIIOIB30BaHKUEM IIPeIOKEHHOTO yPaBHEHUI
U XuMHYecKux umHAuKaropoB (Pamounas Boguas mupekruBa 2000/60/EC) 6vumm ompenesieHbl MHAEKC 3arpA3HEHUA
PEeKU M KavecTBO peuHOH Bozsl. Ilo mHZEKCy 3arpAasHeHHs oO0eMM peKaM IIPHCBOeH 1 Kjacc KadyecTBa BOABI U OHH
OTHOCHTCS K KaTETOPUU «IUCThIE».
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