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Abstract.  

The Madneuli enterprise is operating in Bolnisi Municipality and may be a big risk factor for the 

region's ecosystems. The chemical pollutants can be a particular danger to environment and 

human health - an increased content of heavy metals in environmental objects. Expeditionary 

work was carried out in February 2020 to carry out the assigned tasks. Samples of natural water 

near the Madneuli plant were taken. Their physical-chemical, hydrochemical and microbiological 

indicators were determined. The results obtained are presented in the form of conclusions. 

Polluted rivers and artesian waters contaminated with various ingredients have been identified. 

 

Key words: ore mining, pollution, natural waters, heavy metals. 

 

Introduction 

 

An important source of chemical pollution is currently the largest polymetallic ore extraction and 

active recycling plant in Kvemo Kartli, Municipality of Bolnisi, Georgia. The ore deposit is mainly 

represented by three types of ore - gold-copper-colchicine, gold-barite-polymetallic and gold-

quartzite. The area occupied by the Madneuli enterprise is more than 500 hectares. Its annual 

capacity (extraction - processing) is the extraction of approximately 2 million tons of ore, which 

is produced in an open quarry and processed by flotation. These types of enterprises pose a rather large risk factor for the region’s ecosystems. The priority pollutants of the ore enterprise 
are heavy metals and the increase content in environmental objects (natural waters [1-4], soils 

[3-9]) and their impact on food products [10, 11], poses a particular threat to human health. 

 

Due to the peculiarities of ore extraction, the main technogenic sedimentation occurs in soils of 

the region. At the same time, Bolnisi is one of the most important agricultural regions in Georgia, 

which supplies vegetables to most of the country. 
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Study Area & Methods 

The object of the research is Kvemo Kartli region (Bolnisi municipality), where a polymetallic 

enterprise operates, from which it is expected to pollute ecosystems with heavy metals. 

Agricultural lands of Bolnisi district are irrigated by the waters of the rivers Kazretula, 

Mashavera and Poladauri, which can be a source of pollution. At the same time, it is noteworthy 

that the river Mashavera flows into the river Khrami, the river Khrami - in the river Mtkvari, 

which is a transboundary river. Therefore, it is very important to study the physical-chemical, 

hydrochemical and microbiological studies of rivers and artesian waters in the vicinity of the ore 

processing plant, which is the aim of this study. 

 

Field work was carried out in February 2020 to solve the set tasks: water samples were taken 

and physical-chemical parameters (pH, electrical conductivity, Dissolved oxygen, temperature 

and salinity) were determined using a mobile device at the site; In the laboratory, were 

determined the total form of heavy metals - Fe, Pb, Cu, Cd, Co, Zn, As, Cr, Ni, Ag; Also – physical-

chemical, hydrochemical and microbiological analyzes (organoleptic characteristics, biogenic 

substances - NO2-, NO3-, NH4+, PO43-, basic ions, mineralization,  total coliforms, E-coli and fecal 

streptococcus were determined) [13]. 

 

All kinds of physical-chemical, hydrochemical and microbiological analyzes were performed 

using modern methods and equipment that meet and meet European standards, namely: 

1. Ionic selective chromatography (ICS-1000) ISO 100304-1: 2007; 

2. Spectrophotometry SPECORD 205 ISO7150-1: 2010; 

3. Membrane filtration ISO 9308-1, ISO 7899-2; 

4. IDEXX device ISO 9308-3 

5. Plasma-emission spectrometer ICP-OES; 

6. Field Portable Device - Hanna Combo pH/EC/TDS/PPM Tester HI98129; 

7. pH-meter - Milwaukee-Mi 150;              

 

For the study, water samples were taken from the Mashavera, Kazretula, Poladauri rivers at 

pollution sources and after the connection of the Kazretula and Poladauri rivers with the 

Mashavera River, near the source of the pollution. A special load falls on the river Kazretula, 

where the water is flowing from the quarry joins the river water. 

 

 

Results & Discussions  

As the results of the analysis show (p. 1), the pH of the rivers ranges from 7.95 to 8.23, while the 

pH of the artesian waters - 8.00-8.02, i.e., the reaction is in the alkaline direction. The pH of the 

water determines the oxidation-reduction potential and the ability of the water to self-purify 

depends on it. 

 

In river water, cations change within the following limits: Ca++ - 38,22-55,65; Na++ K+ - 22,35–
111,20 and Mg++ ions - 8,10-16,72 mg/l. Among the anions, the relatively high content of 

hydrocarbons up to 142,51-375,43 mg/l is noteworthy. Chlorine ions range from 7.41 to 20.81 

mg/l and are lower than MPC.  Sulfates - (81.95-510.14 mg/l). The maximum concentration of 

sulfates is observed in the river Mashavera After the connection of Kazretula, where the 

concentration of sulfates above the MPC (510.14 mg/l) is observed. Accordingly, the 

mineralization is high - 324.63-85.66 mg/l. These waters belong to waters with moderate 

mineralization (500-1000 mg/l) [14]. As can be seen from the results of the analysis, the slightly 

high concentrations were observed in river Mashavera after the connection of Kazretula (Fig. 1). 

 

Table 1 also shows a list of ingredients in artesian waters, which clearly show the high content of 

cations and anions in samples taken from artesian and drinking waters. Accordingly, the water 

hardness is high in them (43,12-44,28 mg eqv./l). Particularly high is the concentration of calcium 

ions, which are 756.28 and 379.88 mg/l. Also high in Mg++ (165.44-175.24 mg/l), relatively low 

in Na++ K+ - 128.32-146.23 mg/l. The sulfate content ranges from 2074.49 to 2132.01 mg/l, which 

is approximately equal to 4.1-4.3 MPC. According to the mineralization, these waters belong to 
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the category of highly mineralized (>1000 mg/l) waters, their mineralization ranges from 

3884,40 - 3748,33 mg/l (Fig. 1). 

Table 1. Results of Physical-Chemical and Hydrochemical Analysis of Research Rivers, 

Artesian and Drinking Waters, February, 2020 

 

N 
Ingredient

s 

Mashaver

a 

Dmanisi 

backgrou

nd 

Kazretu

la 

Mashaveraaf

ter joining 

Kazretula 

Mashave

ra after 

joining 

Poladau

ri 

Poladau

ri, Sand-

Gravel 

Factory 

Artesian 

water 

downto

wn 

Kazreti 

Drinkin

g 

water, 

village 

Ra-

chisuba

ni 

MP

C* 

1 
pH 8,12 8,23 8,11 7,95 8,10 8,00 8,02 

6.5-

8.5 

2 Conductivit

y,    

sms/cm 

322 652 785 523 880 4120 4356  

3 Salinity, 

ppm 
0,20 0,32 0,40 0,31 0,45 1,78 1,95  

4 Dissolved 

Oxygen 

mg/l 

10,2 11,5 11,4 9,6 9,8 6,35 6,68  

5 Dissolved 

Oxygen  % 
98 110 99 92 94 60 63  

6 Suspended 

solids, mg/l 
42,3 224,8 49,5 23,6 12,5 88,4 35,2  

7 BOD5, mg/l 1,45 5,33 2,48 1,37 1,63 2,10 1,22 6.0 

8 Hardness, 

mg.eq./l 
3,15 14,23 10,81 3,76 5,26 43,12 44,28  

9 Carbonate, 

mg/l 
1,23 1,48 2,15 2,10 2,22 2,13 1,88  

10 Carbon 

dioxide, 

mg/l 

- - - - - - -  

11 Ammonium

, mgN/l 
0,352 0,455 0,396 0,289 0,346 1,846 1,798 0,39 

12 Nitrites, 

mgN/l 

0,013 0,008 2,200 0,004 0,003 0,009 <0,001 
1,0 

13 Nitrates, 

mgN/l 

3,444 1,035 20,795 4,022 5,415 0,016 0,003 
10 

14 Phosphates, 

mg/l 

0,119 0,076 0,035 0,342 0,091 0,068 0,111 
3,5 

15 Sulphates, 

mg/l 

81,95 322,70 510,14 115,58 246,39 2074,49 2132,01 
500 

16 Chlorides, 

mg/l 

7,41 20,81 18,64 9,09 9,66 22,83 388,24 
350 

17 Fluorides, 

mg/l 
0,591 0,518 0,660 0,318 0,277 0,423 6,468  

18 Bromides, 

mg/l 
0,022 0,159 0,086 0,022 0,022 0,045 1,128  

19 Hydrocarbo

ns, mg/l 
142,51 155,14 185,60 222,23 375,43 476,30 502,34  

20 Potassium, 

mg/l 
22,35 88,25 25,42 75,36 111,20 128,32 146,23 

 

21 Sodium, 

mg/l 
200 

22 Calcium, 

mg/l 
48,21 42,10 38,22 55,65 55,13 756,23 379,88 180 

23 Magnesium, 

mg/l 
15,84 11,2 9,12 8,10 16,72 165,44 175,24  

24 Silicic acid, 

mg/l 
5,1 9,5 5,1 4,5 8,5 15,5 16,5  

25 Mineralisati

on, mg/l 
324,63 649,70 794,39 502,13 835,66 3884,40 3748,33  

 

MPC * - Maximum permissible concentration of the Government of Georgia Resolution Resolution №425-s (31 December 2013, Tbilisi.) 
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Figure 1. Mashavera, Kazretula and Poladauri rivers, as well as artesian and 

Mineralization in Drinking Waters, February, 2020 

 

 

Important components are biogenic elements that characterize the enhancement of processes 

such as fecal contamination, eutrophication, caused by the discharge of communal and 

agricultural wastewater into the river. The results of the analysis show that ammonium ions 

(0.289-0.455 mgN/l) are especially distinguished from the mineral forms of nitrogen (NO2-, NO3-, 

NH4+) in river waters, the content of which exceeds the maximum allowable concentration in 

February, about 1.2 times that of the river After joining Kazretula and Mashavera. It should be 

noted that in all three forms of nitrogen - nitrite, nitrate and ammonium in February, was above 

the norm. After joining the river Kazretula and Mashavera,, the nitrate content was high - 20,795 

mgN/l, is 2.1 times higher than MPC; The nitrite concentration in this river is also high (2,200 

mgN/l), which is 2.2 times higher than MPC; And the ammonium content is 0.396 mgN/l, but still 

slightly higher than the MPC (1.0 MPC) (Fig. 2). All rivers have low phosphate content. 

 

The ammonium content in artesian waters ranges from 1,846 to 1,798 mgN/l, about 5 MPC. The 

nitrite and nitrate content is within the norm (Fig. 2). 
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Figure 2. Content of ammonium ion-NH4+ in the rivers Mashavera, Kazretula and 

Poladauri,  

as well as in artesian and drinking waters, February, 2020 

 

Table 2 shows the results of microbiological analysis of the Study Rivers and artesian waters. 

 

As a result of pollution, the chemical composition of the Study Rivers and artesian waters 

(organic, biogenic substances, heavy metals, etc.) and microflora change. The bacteriological 

purity of the water is measured in the amount of intestinal sticks (E-coli) in 1 liter of water (coli 

index). The high value of the coli index is an indicator of fecal contamination of water (MPC 5000 

in 1 dm3). From the results of our analysis, it is clear that no water samples were high then norm 

in February. 

 

Table 2. Results of microbiological analysis 

February, 2020 
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Table 3. Contents of heavy metals in study Rivers, artesian and drinking waters February, 

2020 

 

Table 3 shows the content of heavy metals in rivers and artesian waters. According to the data, 

in the sample taken from the river Mashavera, which was taken before the connection of the river 

Kazretula, the content of heavy metals does not exceed the maximum allowable concentration in 

February.  The heavy metals: lead, copper, zinc, nickel, cadmium, iron, arsenic, chromium, cobalt, 

the silver (common form) content in river water was within the norm, with the exception was the 

river. Kazretula, where the cadmium content is 0.0011 mg/l (1.1 MPC); The Kazretula River is 

known to be heavily polluted with water from the plant, which contains large amounts of heavy 

metals - cadmium and zinc. The river Kazretula when it joins Mashavera, a Dilution factor works, 

so that the concentrations of metals in Mashavera do not exceed the permissible norm (Table 3). 

The concentrations of heavy metals in the river are even lower. In the lower reaches of the 

Mashavera, in particular, the river. After joining Poladauri. It should also be noted that during the 

sampling of water samples in February 2020, we noticed the fact that the river. Kazretula was 

relatively clean and transparent compared to February of the previous year, which was clearly 

reflected in the results of the analysis. Indeed, as the data for September 2019 show, the  High 

rates of heavy metals observed in Kazretula, namely cadmium - 62.8; Copper - 34.5; Iron - 32.5; 

Zinc - 10.8 MPC. As can be seen from the analysis, the data are radically different. This is due to 

the fact the enterprise has made large amount of work to restore the situation. The river 

Kazretula was capsuled where river water is being treated. Compared to the same period in 2019 

in February 2020 it is fact that the most polluted river where wastewater from an enterprise and 

which was microbiologically also polluted is now clean and it is visually observable. 

 

In February 2020, there was an increase in iron in artesian waters, which was 9,7601 mg/l (32.5 

MPC) and 1,9824 mg/l (6.6 MPC, respectively).  

Conclusion 

 

In Kvemo Kartli region (Bolnisi municipality), the level of pollution of ecosystems with various 

ingredients was revealed as a result of the impact of the operating polymetallic enterprise. In 

particular, the levels of pollution of the rivers Kazretula, Mashavera and Poladauri, which irrigate 

the agricultural lands of Bolnisi. Research has shown that strict control over anthropogenic load 

is needed to maintain the clean conditions of natural waters, soils and food products, and to 

improve their polluted status. 

 

Based on the results of physical-chemical, hydrochemical and microbiological analyzes of the 

studied natural waters, the following conclusions can be drawn: 

N 
Ingredien

ts 

Mashaver

a Dmanisi 

backgrou

nd 

Kazretu

la 

Mashav

e ra 

after 

joining 

Kazretu

la 

Mashave

ra after 

joining  

Poladaur

i 

Poladau

ri, Sand-

Gravel 

Factory 

Artesian 

water 

downto

wn 

Kazreti 

Drinkin

g water, 

village 

Ra-

chisuba

ni 

MPC 

1 Lead mg/l 0,0028 0,0017 0,0027 0,0045 0,0016 0,0021 0,0068 0,03 

2 
Copper,  

mg/l 
0,0098 0,0462 0,0253 0,0044 0,0004 0,0005 0,0016 1,0 

3 Zinc,  mg/l 0,1715 0,1142 0,0346 0,0059 0,0040 0,0066 0,0236 1,0 

4 
Nickel, 

mg/l 
0,0009 0,0006 0,0032 0,0009 0,0001 0,0013 0,0035 0,1 

5 
Cadmium,  

mg/l 
0,0003 0,0011 0,0006 0,0003 0,0001 0,0002 0,0009 

0,00

1 

6 Iron,  mg/l 0,0861 0,1008 0,2104 0,0725 0,0274 9,7601 1,9824 0,3 

7 
Arsenic,  

mg/l 
0,0016 0,0067 0,0055 0,0004 0,0012 0,0204 0,0343 0,05 

8 
Chromium

, mg/l 
0,0013 0,0004 0,0011 0,0002 0,0012 0,0001 0,00001 0,1 

9 
Cobalt,  

mg/l  
0,0016 0,0008 0,0020 0,0006 0,0002 0,0009 0,0039 0,1 

1

0 

Silver,  

mg/l 
0,0035 0,0005 0,0003 0,0001 0,00002 0,0003 0,0006 0,05 
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 Mineralization of river water varies - in the range of 324.63-85.66 mg/l and they belong to 

waters with moderate mineralization (500-1000 mg/l); 

 According to mineralization of artesian waters, these waters belong to the category of 

highly mineralized-lysed (> 1000 mg/l) waters (mineralization ranges from 3884,40-

3748,33 (within mg/l); 

 Among the polluting ingredients, ammonium ions from nitrogen mineral forms (NO2-, NO3-

, NH4+) can be distinguished in river waters, the content of which exceeds the maximum 

permissioble concentration slightly. 

 Ammonium content in artesian waters ranges from 5 MPC. The content of sulfates is also 

high; 

 The results of the analysis show that in February, no samples of water showed 

contamination according to microbiological indicators. 

 The most polluted of the rivers with heavy metals is the river Kazretula, where the 

cadmium concentration is slightly higher than the MPC. In other rivers, the concentration 

of heavy metals is within the norm. 

 Artesian water of Kazreti is polluted, the iron concentration in it is 32.5 MPC, the village 

Rachisubani drinking water - 6.6 MPC. 

 

The project is implemented with the support of Shota Rustaveli National Science 

Foundation, grant № YS-18-888. 
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