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At present, the share of groundwater in the water supply of the population in Ukraine as a
whole is only about 20%, and in recent decades there has been a steady downward trend in
groundwater extraction. The main reason for this is the decline in industrial production and
population reduction, including as a result of wartime migration.

At the same time, the issue of drinking water supply became extremely acute in a number of
regions of Ukraine during the war years. It became obvious that water supply should be
provided from various sources, with the main source being groundwater, protected from
pollution and as close as possible to consumers.

In European countries, the share of groundwater in water supply varies considerably, but
basically amounts to 65%. The ratio of groundwater and surface water in each country is
determined by a number of factors, the main of which are the quantity and quality of water
resources, which are determined by geological structure and hydrogeological conditions, as
well as anthropogenic factors: development of territories, their functional use, anthropogenic
pressure, and thus water demand and consumption volumes, indicators of water and other
environmental components pollution, etc. In Poland and Germany, close to Ukraine, the share
of groundwater in the water supply of the population is about 70%, in Slovakia - 80%, and in
Hungary - 96%.

It is obvious that increasing the share of groundwater will certainly contribute to improving
the life safety and health of the Ukrainian population. However, given the complex and
heterogeneous natural and anthropogenic conditions of our country, the share of groundwater
in water supply cannot be the same in different regions. The recommended share of
groundwater in domestic and drinking water supply for each region should be determined
taking into account the availability of resources, uniformity of their distribution and the
possibility of supplying large settlements and industrial nodes. At the same time, priority
attention should be given to quality and protection from pollution of surface and
groundwater.
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Introduction

According to the UN classification, Ukraine is one of the least endowed countries in Europe in terms
of water reserves that are formed within the country and can be used to meet the needs of the
population. The minimum level of water availability is 1.7 thousand m® per person per year, while in
Ukraine this indicator is about 1.2 thousand m?, which makes it necessary to pay special attention to
the state of the country's water resources.

At the same time, it should be realized that the safety of life activity of the population and its health
largely depend on the quality of drinking water. One of the basic principles of the state policy in the
sphere of drinking water is proclaimed “observance of the optimal balance of surface and
groundwater use for drinking water supply” (Law of Ukraine “On Drinking Water, Drinking Water
Supply and Drainage”, Article 6). However, the share of groundwater in the water supply of the
population in Ukraine as a whole is only about 20%, and there has been a steady downward trend in
groundwater extraction in the last pre-war decades. During the last 20 years, groundwater extraction
has decreased threefold, and for the period 2016-2020 - 30% (State of groundwater, 2021).

In the context of the war, the issue of providing the population with drinking water has become
extremely acute in a number of regions. It became obvious that water should be supplied from
various sources, with the main ones being high-quality, pollution-free groundwater as close to
consumers as possible (Rudenko, Kasteltseva et al, 2024, Rudenko, Yurkova et al, 2024, Shevchenko
et al, 2022). In Ukraine, part of the southern regions, including the industrial centers of Dnipro,
Zaporizhzhia, Kryvyi Rih and others, are supplied exclusively with surface water.

In European countries, the ratio of groundwater to surface water in the population's water supply
varies significantly. In Austria and Denmark, the share of groundwater in the population's water
supply is 99%, in Hungary - 96%, Iceland and Switzerland - 94 and 93%, respectively, in Italy - 80%,
in Germany - 72%, and in France - 62%. In Greece and Portugal, the same amount of groundwater
and surface water is used - 50/50. However, in a number of countries, the share of surface water
prevails: the UK (35% of groundwater), Spain (21%), and Norway (13%) .

In general, the number of European countries where groundwater prevails in water supply to the
population is about 65%. Obviously, the ratio of groundwater and surface water is determined by a
number of factors, the main of which are water resources - their quantity and quality conditioned by
natural factors, primarily geological structure and hydrogeological conditions, as well as by
anthropogenic factors: development of territories, their functional use, anthropogenic pressure, and
therefore- water demand and consumption volumes, indicators of pollution of natural waters and other
environmental components, etc. At the same time, it should be noted that the neighboring countries
with Ukraine are characterized by a much higher share of groundwater — more than 70%. Obviously,
it is necessary to determine what this ratio should be in Ukraine.

Method

To achieve these goals, we collected, summarized and analyzed data from the State Balance of
Mineral Resources of Ukraine as of January 1, 2021 (Groundwater for drinking and technical
purposes) on the use and chemical state of groundwater in operational areas of deposits throughout
Ukraine and information from the National Report on Drinking Water Quality and the State of
Drinking Water Supply in Ukraine for 2020-2023 on the ratio of surface and groundwater in the
domestic drinking water supply of the population of Ukraine's regions.

Results

The forecasted groundwater resources in Ukraine amount to 61689.2 thousand m’/day, of which
57499.9 thousand m*/day with a mineralization of up to 1500 mg/dm®. They are very unevenly
distributed across the country. Most of them are concentrated in the northern and western regions,
while the resources of the southern regions are limited. The largest amount of resources is located in
Chernigivska region — 8326.7 thousand m’/day, the smallest — in Kirovohradska region — 404.6
thousand m*/day (State of groundwater, 2021).
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Operational groundwater reserves amount to about 16241.16 thousand m®/day, they have been
explored in 1498 sites of 719 deposits. In 2020, the exploration of forecasted resources in Ukraine as
a whole amounted to 26%. The most industrialized central and southern regions of Ukraine are
characterized by the highest level of exploration of forecasted groundwater resources - more than
50%. The sum of explored operational groundwater reserves in these regions is more than half -
about 53% of the country's total reserves. At the same time, about 180 out of 490 territorial
communities (former rayons) are not provided with operational groundwater reserves at all.
Exploration is mainly determined by the availability of groundwater resources, uniformity of their
distribution, spatial coincidence with major consumers, water demand, water quality, and often by
purely economic reasons, when, despite the obvious advantages of groundwater, cheaper surface
water is preferred (Lyutyi et al, 2019). Therefore, in a number of regions, mainly in the south and
within the Ukrainian Shield, achieving the predominance of groundwater in the drinking water supply
of the population is not realistic (Shestopalov, Lyuta, 2023).

According to official statistics, in 2023, 5666.995 million m’ of water was withdrawn from natural
water bodies, including 5657.596 million m® of fresh water. 4853.79 million m* were withdrawn from
surface sources and 813.202 million m® from underground sources, i.e. 14.35% of the total
production. For drinking and sanitary needs, 2,511.839 million m® of water was used, including
308.661 million m® of groundwater (National Report, 2023).

Figure 1 shows the ratio of groundwater to surface water in the domestic and drinking water supply of
Ukrainian regions in 2023. It does not take into account information on the regions under temporary
occupation, where active hostilities are taking place, as well as those regions for which there is no
information in the National Report. The analysis of Figure 1 shows that the low average share of
groundwater in the domestic drinking water supply in Ukraine as a whole is due to extremely low
groundwater extraction in the densely populated industrialized southern regions (Zaporizka,
Dnipropetrovska, Odeska regions). At the same time, there are a number of regions where drinking
water is supplied exclusively from groundwater - these are regions in the northern and western parts
of Ukraine located within the Volyno-Podilskyi and Dnipro-Donetskyi artesian basins. Therefore, a
low share of groundwater in the total volume of domestic water supply is typical of those regions
where natural conditions do not contribute to the accumulation of significant high-quality
groundwater resources, as well as where they are unevenly distributed.
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Figure 1 The ratio of groundwater to surface water in the drinking water supply of Ukrainian regions
in 2023 (%).

When assessing Ukraine's groundwater availability, both quantitative and qualitative characteristics
should be taken into account. The Water Strategy of Ukraine until 2050 states that “the quality of
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surface water, which is a source of drinking water for 80 percent of the population of Ukraine, is
unsatisfactory and is characterized by an increased content of organic and biogenic substances, while
groundwater is characterized by increased hardness and mineralization, as well as an excessive
content of iron and manganese compounds.” In fact, the list of substances of geogenic origin that
exceed the current standards is wider.

The territory of our country is characterized by a diverse chemical composition of groundwater,
including the principle aquifers. Different quality of groundwater is primarily due to natural factors.
Not only uppermost aquifers, but also a significant part of deeper aquifers in the active water
exchange zone, primarily the aquifer in the fractured zone of Archean-Proterozoic rocks within the
Ukrainian Shield, are affected by natural geographical zonation. In a number of regions and
settlements in the south, poor water quality caused by geogenic factors has long severely limited the
use of groundwater. In these areas (for example, parts of Zaporizka and Kirovohradska regions),
virtually no groundwater exploration was carried out due to high dry residuals of groundwater. Such
approaches should now be reconsidered, as the possibilities of using water with a high mineralization
and content of components regulated by the State Sanitary Norms and Rules “Hygienic Requirements
for Drinking Water Intended for Human Consumption” (SanN&R 2.2.4-171-10), have significantly
expanded due to the widespread introduction of modern water treatment technologies.

Figure 2 shows data on the number of operational sites within the administrative regions, which are
characterized by a particular mineralization interval, namely: less than 0.2 g/dm’ (less than the
indicator of physiological adequacy of the mineral composition), 0.2-0.5 (within the limits of
physiological adequacy), 0.5-1.0 (exceeding the indicator of physiological adequacy, but within the
SanN&R 2.2.4-171-10) and 1.0-1.5 (exceeding the he SanN&R 2.2.4-171-10, but permissible in
agreement with the region's sanitary service).
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Figure 2 Number of operational sites with different mineralization intervals.
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The mineralization index clearly distinguishes the regions with the highest and lowest water quality.
The regions with the lowest water quality are Donetska and Luganska. Kyivska, Zhytomyrska and
Volynska regions have the highest percentage of production sites with water that meets the norm of
physiological mineral composition (Shestopalov, Lyuta, 2023).

However, even in the southern regions there are many areas with good water quality. The natural
good condition of water, which does not require costly water treatment, is a strong argument in favor
of increasing its share in the drinking water supply.

Thus, the amount of groundwater resources and reserves, their uniformity of distribution over the
territories of regions, spatial coincidence with major consumers, and the quality of water are the main
criteria that will allow establishing the optimal ratio of surface and groundwater in drinking water
supply. Integration of these indicators can give a rough estimate of the optimal ratio of surface and
groundwater for drinking water supply and assess the current ratio.

Conclusions

Ukraine has significant resources for increasing groundwater production and increasing its share in
the drinking water supply of the population. Utilization of already existing explored groundwater
reserves of good quality can increase this share and reach a ratio of at least 50/50 in the coming years.
This will undoubtedly have a positive impact on the health of the population, will make it possible to
maximize the proximity of water sources to consumers and ensure uninterrupted water supply in
wartime.

Complex natural conditions of the territory of Ukraine stipulate the necessity to determine the optimal
ratio of surface and groundwater in drinking water supply separately for each region. This should take
into account, first of all, the quantity of groundwater resources, available operational reserves, specific
features of distribution of resources and reserves over the territory (uniformity and possibility of
supplying large settlements) and qualitative characteristics of groundwater.
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