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SUMMARY

Within Ukraine the Dnipro Basin in whole or in part covers the territory of 19 administrative regions,
or 48% of the country total area. Quaternary deposits cover almost the entire territory of the Dnipro
Basin and form the top layer of the geological section. The Quaternary deposits contain the uppermost
aquifer. Groundwater of unconfined aquifers is widely used for individual water supply of the rural
population, so its chemical state is important. In addition, these waters are directly related to surface
waters and ecosystems. According to the lithological and genetic characteristics of Quaternary
sediments, in the territory of the Dnipro basin there are aquifers in marsh; alluvial; water-glacial
sediments; water-glacial and eolian-deluvial and in eolian-deluvial sediments. The listed aquifers are
briefly characterized. The chemical state of unconfined aquifers in the territory of the Dnipro basin is
considered. Natural and anthropogenic factors of groundwater chemical composition formation in the
Dnipro basin are analyzed. The existing state of unconfined aquifers groundwater necessitates the
study of their qualitative composition in the regime of monitoring, and on the other hand, the search
for alternative sources of water supply of the rural population.
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Introduction

Within Ukraine the Dnipro Basin in whole or in part covers the territory of 19 administrative regions,
or 400 km? (48% of the country total area). The Dnipro basin area is characterized by complex natural
and anthropogenic conditions. Its territory lies within three sub-latitudinal bioclimatic zones -
Polissia, Forest-steppe and Steppe. The Dnipro Basin lies in the southwestern part of the East
European Plain, comprising both upland and lowland areas. The absolute surface heights of the
Dnipro Basin are 135-500 m in the north and 10-150 m in the south. The climate is moderately
continental, from cold in the north to moderately warm in the south. The geological structure of the
Dnipro Basin is complex, comprising the Ukrainian Shield, the Volyno-Podilska plate, the
Dniprovsko-Donetskyi Basin, the South Ukrainian monocline and the Donbas folded structure.
Quaternary sediments cover almost the entire territory of the Dnipro Basin and form the top layer of
the geological section. The Quaternary sediments contain the uppermost aquifer.

The need to investigate the status of groundwater in the Quaternary sediments is due to the fact that
they are widely used by the rural population for personal water supply. In addition, according to the
requirements of the Water Framework Directive of the European Parliament and the guidelines
developed for its implementation, the qualitative and quantitative status of unconfined aquifers should
be studied, considering their close relationship with the surface ecosystems.

Methods

The work was carried out by collecting, analyzing and summarizing materials of the State Geological
Maps of Ukraine at a scale of 1:200,000 and the State Balances of Mineral Resources of Ukraine
(Drinking and Technical Waters) for 2017-2021. The following methodological documents were
used: Methodology for Identification of Surface and Groundwater Bodies, developed by the Ministry
of Natural Resources of Ukraine; Procedure for State Water Monitoring approved by the Cabinet of
Ministers of Ukraine Resolution No. 758 of 19.09.18 and CIS WFD Guidance Document No. 2
"Identification of Water Bodies".

Results

According to the lithological and genetic characteristics of the Quaternary rocks, in the Dnipro basin
there are aquifers in marsh; alluvial; water-glacial sediments; water-glacial and aeolian-deluvial and
in aeolian-deluvial sediments.

The aquifer in marsh sediments is extensively developed in Polissia, geomorphologically connected
with river floodplains and depressions in the terrain. The water-bearing sediments are predominantly
peat. Aquifer thickness is 0.5-6.0 m, depth of occurrence is 0.4-0.7.0 m. Aquifer waters are
hydraulically connected with aquifer in modern alluvial sediments and surface waters.

The chemical composition of waters is of mixed type: sulphate-hydrocarbonate-chloride, nitrate-
chloride-sulphate, nitrate-hydrocarbonate. The waters are unpleasant in taste and smell, yellow-brown
in colour, contain large quantities of iron and ammonia. The salinity is 0.1-0.7 g/dm3. Hydrogen value
is from 5,2 to 6,8. Oxidation is 9.8 mg/dm’® O»; total hardness 1.9 - 5.4 mmol/dm?®. The aquifer is not
suitable for drinking water supply due to its limited occurrence, poor water enrichment and low
groundwater quality.

The aquifer in alluvial Quaternary sediments is distributed within the floodplains and above
floodplain terraces of the Dnipro and its tributaries. The water-bearing rocks are fine- and medium-
grained sands. Its thickness varies from 10-20 m in the small river valleys to 50-60 m in the Dnipro
floodplain. Depending on the relief, the depth of occurrence varies from 2-4 to 5-15 m. Well rates
reach 173-432 m’/d.
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The chemical composition of water is calcium-magnesium bicarbonate with mineralization of 0.1-1.3
g/dm’ and high iron content (up to 2-3 mg/dm?).
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Figure 1 Unconfined aquifers in the Dnipro River Basin

The aquifer in water-glacial Quaternary sediments is distributed within the moraine and sand plain.
Water-bearing rocks are sands of different grains, mostly fine, sometimes medium and coarse grained.
The thickness varies from 3-25 meters on the right bank to 70 m on the left bank. The water table
depth is mainly 2-7 m. Water enrichment depends on lithology of water-bearing rocks, well flow rates
vary from 0.4-216 to 259-1000 m*/d.

Chemical composition is varied: hydrocarbonate, hydrocarbonate-chloride, calcium hydrocarbonate-
sulfate, sometimes sodium and magnesium. Mineralization varies from 0.3 to 1.8 g/dm’, mostly does
not exceed 0.5 g/dm’, iron content reaches 0.1-0.8 g/dm’.

The aquifer in water-glacial and aeolian-deluvial Quaternary sediments is distributed in the
watersheds of the Middle Dnipro and in some areas of the Volyn Upland. The lower part of the water-
bearing rocks is represented by water-glacial heterogeneous sands, the upper part - by loams and
sandy loams. The thickness of water-bearing sediments is unstable and varies from 2-5 to 32 m. The
depth of groundwater level is mainly 5-12 m. The lower part of sediments is more water enriched.
Specific flow rates of wells vary from 0.9 to 345.6 m*/d. Water is calcium hydrocarbonate, calcium
hydrocarbonate-chloride and calcium-magnesium with mineralization of 0.3-0.7 g/dm’. The water is
characterized by high iron content. Water is used by local population for domestic needs by means of
shallow wells.

The aquifer in aeolian-deluvial Quaternary sediments is located in the watersheds of the southern part
of the Dnipro basin. Water-bearing are loams, sandy loams, loess-like loams with thickness from 1 to
30 m. The water table depth is from 1 to 21 m. Water enrichment of the aquifer is weak. Well flow
rates vary from 0.77 to 20.3 m*/d.
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Since the aquifer is spread in the zone of insufficient moisture, soils and rocks of the aeration zone are
saline due to the development of the natural process of continental salt accumulation. This causes an
increase in salinity and deteriorates water quality. Sulfates and chlorides predominate among anions
in the chemical composition of water in the aeolian-deluvial quaternary sediments of the Lower
Dnipro sub-basin, and salinity often exceeds the normative values, reaching 3-10 g/dm”.

All the listed aquifers (except for marsh waters) are used for household needs of the rural population.
Recharge of all aquifers is mainly infiltration, as well as due to overflow from adjacent aquifers and
surface water bodies. Natural factors of groundwater formation determine their natural geographical
zonation with increasing mineralization and change of calcium hydrocarbonate composition to a
variegated one with predominance of sulfates, chlorides and sodium from northwest to southeast.
Groundwater in the Dnipro basin is under significant anthropogenic pressure due to the historical
development of settlements with their location near rivers. The largest industrial and urban
agglomeration of Ukraine - the capital Kyiv and regional centers - Dnipro, Zaporizhzhya, Cherkasy,
Chernihiv and others - are formed in the Dnipro valley and its tributaries. The bulk of Ukraine's
industrial production is concentrated here - numerous enterprises of the fuel and energy complex,
metallurgy, machine building, chemical and mining industries, utilities and agricultural production.

Map of technogenic pressure
Dnipro basin
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Figure 2 Man-made pressure in the Dnipro River Basin

The impact of anthropogenic factors is controlled by the protection of groundwater from pollution
from the surface, which is determined by the thickness and lithological composition of rocks in the
aeration zone. In the studied area, all uppermost aquifers are unprotected and differ only in the time
of pollutant penetration from the surface. In the north of the basin this time is the smallest - up to 50
days, in the south - the largest, more than 3 thousand days (Sanina et al., 2005).

A complex of natural and anthropogenic factors has caused intense local groundwater contamination
within the impact of point sources of pollution and almost widespread pollution with nitrogen
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compounds due to the impact of diffuse sources of pollution in the territories of agricultural
landscapes. In recent decades, significant changes in the qualitative state have been recorded (Lyutyi
et al., 2021). Given the growing agricultural production and widespread use of fertilizers and plant
protection products, the forecast of groundwater pollution within agricultural landscapes is
unfavorable.

In areas with a high level of industrial development and densely built-up areas, changes in the quality
composition of groundwater are observed due to the impact of chemical and metallurgical enterprises,
industrial sites and tailings of mining and processing plants. Under such conditions (cities of
Kamianske, Dnipro, Zaporizhzhya) groundwater has high mineralization (up to 3.4-8.6 g/dm’),
increased content of sulfates, chlorides, hardness. The most significant changes in the quality of
groundwater are due to the development of the Kryvyi Rih iron ore deposit in the Lower Dnipro sub-
basin, where salinity is 12.3 g/dm® (Goshovsky et al., 2019).

Conclusions

The quality of groundwater of unconfined aquifers in the Dnipro basin is determined by a complex of
natural and anthropogenic factors. Groundwater is characterized by high content of elements and
compounds that exceeds the requirements of Sanitary rules and regulations 2.2.4-171-10 «Hygienic
requirements for drinking water intended for human consumption». In the southern part of the basin
area, the waters are enriched with salts as a result of continental salinization processes. Groundwater
within agricultural landscapes is everywhere polluted with nitrogen compounds. Such a state of
groundwater of uppermost aquifers necessitates the study of their quality composition in the
monitoring mode, and on the other hand, the search for alternative sources of water supply for the
rural population.
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