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Abstract: The article reviews the existing methodology and results of monitoring the quality
of surface waters in Georgia. It also discusses improving the existing monitoring network and
its approximation to the EU Water Framework Directive. The monitoring results are related to
water quality indicators (chemical analysis) and pollution assessment. Georgia stands out
worldwide for its biological and landscape diversity, features of an ecologically clean natural
environment, water resources and a history of agricultural development of several thousand
years. Despite this, the indicators of chemical and biological pollution of water bodies are still
high. In Georgia, the quality of water bodies is monitored in several dozen locations (points).
The monitoring results are the subject of constant attention and discussion. The importance of
water quality monitoring is increasing even more against climate change trends when the
demand for both water resources and their quality is constantly growing.
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1. Introduction

Georgia is distinguished by several features of the ecologically clean natural
environment in Europe. Here, a relatively small part of the territory has a strong
anthropogenic impact, which is 5—7 times higher than in many European countries
(The United Kingdom, the Benelux countries, Denmark, Italy, Germany, Poland, etc.)
[1].

The geographic features of Georgia’s hydrographic network are determined by
relief conditions, the diversity of geological structures, climate, landscape and vertical
zonality of the soil and vegetation cover. Each of these impacts the resources and
distribution of land waters [1].

Georgia, as part of the Caucasus, is included in:

1) Among the 34 most biologically rich and endangered “hotspots” of the world;

2) Among the 200 most sensitive, vulnerable ecoregions of the world,
distinguished by high biodiversity;

3) Inthe habitat of endemic birds;

4) Among the world centres of agrobiodiversity;

5) Inthe “hotspot” of the distribution of large herbivores.

The rivers of Georgia belong to the basins of the Black (Atlantic Ocean) and
Caspian (inland continental) seas. There are more than 26,000 rivers here, most of
which (65%) flow into the Black Sea basin. The total length of the rivers is up to
60,000 km. The average frequency of the river network (the ratio of the total length of
rivers to the area of a given territory) is 0.85 km/km?. Approximately 60%-70% of the
annual flow of Georgian rivers is formed by meltwater. Georgia’s potential
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hydropower resources exceed 160 billion kWh. Their largest part (60%) is
concentrated in five rivers (Rioni, Mtkvari, Enguri, Kodori, Bzipi) [2].

In the communal economy and industry, springs, river filtrates and groundwater
are used. 90 water pipelines are involved in the communal economy, the total length
of which is 6 thousand km. 175 head structures are presented here, the total capacity
of which is 2 million m® per day. The average water consumption per citizen in
Georgia is 600 litres per day, which is a very high indicator in the world. The
household sector accounts for 20% of all water used, while 30%—-35% goes to industry
[2].

Maintaining water sanitation [3] is important for the safety of the population and
agricultural products. The situation is currently very difficult. Treatment plants operate
in only half of the cities of Georgia, and even here half of the water consumed is not
purified.

Surface water quality monitoring in Georgia [4] is carried out at 237 sites, which
fully cover the main rivers of the Caspian and Black Sea basins. Monitoring includes
the collection of water samples and subsequent laboratory analysis. Sampling is
carried out using the point method under Resolution No. 26 of the Government of
Georgia [5].

This monitoring is carried out by the National Environmental Agency of Georgia.
The purpose of the monitoring is to identify water pollutants that may harm aquatic
organisms and, accordingly, harm the environment. Ultimately, the results of this
monitoring should be used to determine the ecological status of water bodies.
Monitoring is carried out on water bodies represented in 6 river basins of Georgia,
which cover the largest part of the country.

In 2023, Georgia adopted the Law on Water Resources Management. Through it,
the legal foundations for water resource management were created in the country,
ensuring the implementation of a unified state policy in the field of water resource
protection and use. The law regulates the right of citizens to access clean water, the
creation of a safe environment for human health and life, and the protection and
sustainable use of water resources under the principles of integrated management [6].

In Georgia also valid environmental standards, that set thresholds for some
chemical parameters (heavy metals, chemical parameters, etc.).

Monitoring results are published in the form of monthly newsletters and
yearbooks, which are published on the agency’s website (Nea.gov.ge).

Below are the characteristics of the water bodies whose research results are
presented in the article.

The Mashavera River is located in the Kvemo Kartli region (eastern Georgia). Its
length is 66 km, and the catchment area is 1390 km?. The river is fed by snow, rain
and groundwater. In the river, floods happen in spring, while water shortage in winter.
In spring and summer, 70% of the annual runoff flows, the majority of which is used
for irrigation [7].

The mining and processing plant is located in the Mashavera River basin. Since
1975, it has been engaged in the extraction of copper, barite, gold-silver quartzites and
polymetallic ores, primary processing, enrichment and sale of mined copper and barite
ores. Ore mining is carried out in an open way, for this reason, water bodies are
intensively polluted and the natural landscape is degraded.
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There are 5 irrigation systems on the Mashavera River, which irrigate 5.5
thousand hectares of agricultural land. These lands partially provide vegetables and
garden crops to the population of Georgia’s largest urban agglomeration Tbilisi-
Rustavi, where almost 1.5 million people live.

It is known that such enterprises have a negative impact on both the surrounding
area and the region’s ecosystems. Due to the peculiarities of the ore mining method,
the main technogenic (caused by human agricultural activity) load falls on the region’s
hydrographic network and, accordingly, on the irrigation systems. strong technogenic
impacts in the form of copper and cadmium, as well as zinc and cadmium on the
Mashavera River. pollution of the irrigation system in the river basin leads to soil
pollution with heavy metals [8].

Kumisi Lake is located in eastern Georgia, in a semi-arid climate zone, at an
altitude of 475 m sea level. The surface area of the lake is 5.4 km?, the basin area is 97
km?, and the maximum depth is 4 m. The lake is fed by rainwater and small streams
[9]. Currently, it is supplied with river water through artificial canals and water pumps.
The reservoir is used for irrigation. The bottom of the lake is covered with sulfide mud
with healing properties. Lake’s mud is actively used at the Tbilisi balneological resort.

The length of the Kvirila River is 140 km, and the area of the basin is 3598 km?.
The river has 2906 tributaries of different orders, with a total length of 5254 km. The
Chiatura manganese deposit is located in the river basin, the extraction of which is of
global importance. It has been developed for over 150 years. Manganese deposits here
are distinguished by the high quality of ore, large industrial reserves and a convenient
geographic location. The distance from the deposit to the processing plant is 28 km,
so in recent decades, the ore has been transported by road. This type of transportation
increases the dispersion of ore in the environment and the pollution of surface waters.
In recent years, the environmental damage associated with the exploitation of the
Chiatura manganese deposit has exceeded several tens of millions of US dollars.

2. Materials and methods

In the article uses field research methods, theoretical research methods,
comparative and analytical methods. Field research included sampling and subsequent
laboratory analyses.

Based on the characterization and impact assessment carried out by Article 5 and
Annex II of the EU Water Framework Directive (WFD), the following monitoring
programmes can be defined for the period of the River Basin Management Plan
(RBMP) [10]:
® Surveillance monitoring programme;
®  Operational monitoring programme;
® Ifnecessary, an investigative monitoring programme.

Currently, Operational and Surveillance monitoring is carried out in Georgia.

Surveillance monitoring is carried out monthly, i.e., 12 times a year, and
operational monitoring is carried out 6 times a year (See Figures 1 and 2).

Monitoring of the study water bodies was conducted monthly from January to
December 2023.
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Figure 1. Operational surface water monitoring points of Georgia (Nea.gov.ge).
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Figure 2. Surveillance surface water monitoring points of Georgia (Nea.gov.ge).
The ecological status and potential of water are determined at the monitoring site
(points). Ecological status is related to biological quality elements, including
phytoplankton, macrophytes and phytobenthos, macroinvertebrates and fish fauna.
The supporting elements for determining biological quality are:
®  Physico-chemical parameters;
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®  Specific pollutants;
®  Priority substances;
®  hydro morphological quality elements (morphology and hydrological regime).
In Georgia, chemical parameters are determined for most rivers and
microbiological parameters for several rivers.
During the field survey, five physico-chemical parameters are determined on-site
using a portable water device WTW 3630: Dissolved oxygen, pH, salinity, water
temperature and electrical conductivity (See Figure 3).

Figure 3. Field survey process of sampling (Nea.gov.ge).

Water samples are transported to the National Environmental Agency’s
atmospheric air, water and soil analysis laboratory, which is accredited. Refrigerated
containers and water-freezing elements are used for transportation. Under the existing
procedure, the maximum transportation period for a chemical sample is 24 h, and for
a microbiological sample 4-5 h [5].

In the laboratory, determine the chemical parameters of the water composition:
Ammonium nitrogen, cadmium, iron, manganese, mineralization, sulphates, and
chlorides.

3. Results and discussion

In 2023, monitoring was carried out in all major rivers of the Caspian and Black
Sea basins. We highlighted those rivers and lakes where the maximum indicators of
chemical and biological pollution are observed. These include the Mashavera River
and Lake Kumisi in eastern Georgia and the Kvirila River in Western Georgia. All the
results presented in the article exceed the threshold.

3.1. River Mashavera

Table 1 presents the results of the analysis of 4 chemical parameters of the
Mashavera River, which were conducted in the laboratory. All indicators presented in
the table exceed the threshold.
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Table 1. The highest concentrations of the Mashavera River [11].

Parameters
Month

Ammonium nitrogen (mgN/l) Iron (mg/l) Cadmium (mg/l) Manganese (mg/l)
January 0.684 0.0145 1.1459
February 0.892 0.0073 0.6973
March 0.602 0.004 0.4885
April 0.448 0.3606 0.235
May 1.046 0.5795
June 0.77 0.0019 0.1249
July 0.555
August
September  0.925
October 0.538 0.2495
November 0.001 0.4872
December 2,432 0.0012 0.2077
Threshold 0.39 0.005 0.001 0.01

Pollution levels in the Mashavera River reach their maximum during the winter
months (January—March) when the river is in a period of low water levels and heavy
precipitation. As precipitation increases, the concentration of chemical compounds
decreases, which is explained by the increased volume of water.

3.2. Kumisi Lake

Table 2 presents the results of the analysis of 4 chemical parameters of the
Kumisi Lake, which were conducted in the laboratory. All indicators presented in the
table exceed the threshold.

Table 2. The highest concentrations of Kumisi Lake [11].

Parameters
Month

Mineralisation (mg/l) Ammonium nitrogen (mgN/l) Sulphates (mg/l) Chlorides (mg/l)
January 21,849.25 13,021.33 1621.723
February 19,169.59 3.879 11,524.61 1468.61
March 21,401.36 6.263 12,647.29 1584.18
April 10,530.25 4.001 13,097.45 1194.83
May 23,485.43 6.287 13,468.2 2265.02
June 21,403.78 14,312.01 935.92
July 11,756.75 5423.34 668.75
August 1771.05 0.868 734.04
September 18,905.98 2.968 600.82 526
October 22,978.13 6.525 1621.76 1063.74
November 7862.16 4.74 3617.85 1461.43
December 6822.02 6.09 3412.81 1073.44
Threshold 1000 0.39 500 300
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The maximum concentrations of chemical composition in the lake are in the
autumn-winter and early spring periods, which is associated with an intensive decrease
in atmospheric precipitation.

Also, marsh vegetation is widespread in the lakeshore wetland. During the period
of water shortage (winter and summer), the intensity of eutrophication processes
increases. The small amount of precipitation (550 mm) and intensive evaporation
(900-950 mm), as well as the intensive use of lake water resources for irrigation, lead
to a periodic reduction in the area of the lake. Against climate change, a tendency to
decrease in precipitation is observed, which further increases the intensity of
eutrophication processes and the concentration of minerals.

3.3. River Kyvirila

Table 3 presents the results of the analysis of 3 chemical parameters of the
Kyvirila River, which were conducted in the laboratory. All indicators presented in the
table exceed the threshold.

Table 3. The highest concentrations of the Kvirila River [11].

Parameters
Month

Ammonium nitrogen (mgN/l)  Iron (mg/l) Manganese (mg/l)
January 0.64 0.77 0.9114
February 0.31 0.3248
March 0.49 0.2899
April 0.31 0.275
May 0.49 0.35
June 0.61 0.31 0.2196
July 0.41 0.62 0.4331
August 0.41 0.32 0.4399
September 0.49 0.4726
October 0.6021
November 0.1384
December 0.1102
Threshold 0.39 0.005 0.01

Pollution levels in the Kvirila River reach their maximum in the spring and
autumn months (April-June, September—October), which is associated, on the one
hand, with intensive melting of snow cover (spring), and on the other hand, with
atmospheric precipitation (autumn). In both cases, a large amount of manganese is
transported by surface waters, which affects the degree of chemical pollution of the
Kuvirila River.

Thus, atmospheric precipitation (climatic factor) is a direct form of natural impact
on water bodies. Against climate change, the amount of precipitation in Georgia is
decreasing, which negatively affects both the quantitative characteristics and the
qualitative state of rivers and lakes.
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4. Discussion

Thus, pollution levels in the Mashavera River reach their maximum during the
winter months (January—March) when the river is in a period of low water levels and
heavy precipitation. As precipitation increases, the concentration of chemical
compounds decreases, which is explained by the increased volume of water.

The maximum concentrations of chemical composition in Kumisi Lake are in the
autumn-winter and early spring periods, which is associated with an intensive decrease
in atmospheric precipitation.

Also, marsh vegetation is widespread in the lakeshore wetland. During the period
of water shortage (winter and summer), the intensity of eutrophication processes
increases. The small amount of precipitation (550 mm) and intensive evaporation
(900-950 mm), as well as the intensive use of lake water resources for irrigation, lead
to a periodic reduction in the area of the lake. Against climate change, a tendency to
decrease in precipitation is observed, which further increases the intensity of
eutrophication processes and the concentration of minerals.

Pollution levels in the Kvirila River reach their maximum in the spring and
autumn months (April-June, September—October), which is associated, on the one
hand, with intensive melting of snow cover (spring), and on the other hand, with
atmospheric precipitation (autumn). In both cases, a large amount of manganese is
transported by surface waters, which affects the degree of chemical pollution of the
Kuvirila River.

Thus, atmospheric precipitation (climatic factor) is a direct form of natural impact
on water bodies. Against climate change, the amount of precipitation in Georgia is
decreasing, which negatively affects both the quantitative characteristics and the
qualitative state of rivers and lakes.

Chemical monitoring is a key tool in assessing the status of water bodies. It also
plays an important role in identifying anthropogenic pressures that may affect water
quality. The chemical substances subject to monitoring should be reviewed and
adjusted regularly to ensure the best possible assessment of surface waters.

According to the EU Water Framework Directive [12], the ecological status is
defined as high, good, moderate, poor and very poor. For the overall ecological
assessment, quality elements such as hydrobiological, hydromorphological and
physicochemical elements are taken into account. It is important to note that biological
quality elements play a decisive role in determining the ecological status of surface
water bodies. Physicochemical and hydromorphological parameters are used to
determine biological quality elements. At this stage, the ecological status of rivers in
Georgia has not been established. Therefore, it is necessary to expand the monitoring
network and increase its intensity, which should be in compliance with the EU Water
Framework Directive.

Thus, the number of research parameters in the mentioned research objects
exceeded the maximum permissible norm, and this is mainly related to the activities
taking place in the regions. It is also worth noting the connection between the amount
of precipitation and the increase in concentrations.

The results showed that research and geographical analysis in this direction are
important promising issues for future studies. It is also necessary to strengthen
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5. Conclusion
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