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The article deals with the chemical composition of uppermost aquifers water in the Dnipro River basin. Its study is necessary
not only in connection with the implementation the requirements of the EU Water Framework Directive methodological
documents in the groundwater monitoring, but primarily because of water supply from these aquifers to rural areas. Uncon-
fined aquifers water is characterized by a complex and heterogeneous chemical composition due to natural and anthropo-
genic factors. Natural hydrochemical zoning is distinctly visible on the territory of the Dnipro basin. A number of chemical
elements and compounds in the water are contained in concentrations exceeding the standards for drinking water estab-
lished by the State sanitary norms and rules 2.2.4-171-10 “Hygienic requirements for drinking water intended for human
consumption” in the natural state. In addition, unconfined aquifers are subject to significant anthropogenic impact, as they
are unprotected from pollution. Comparison of the data on total dissolved solids (TDS) and anionic composition of ground-
water obtained during hydrogeological surveys in the period 1965-1975 and 2009-2013 on three sheets of the hydrogeo-
logical map (scale 1:200,000) in different sub-basins of the Dnipro River showed the widespread deep changes in groundwa-
ter chemical composition. In addition to a significant anthropogenic pressure, groundwater is significantly affected by cli-
matic factors. Over a forty-year period, TDS in the north of the Dnipro basin increased by 50 %, in the central and southern
parts - twice, due to an increase in the content of sulfates and chlorides. Within the analyzed areas in the Middle and
Lower Dnipro sub-basins, nitrate pollution of unconfined aquifers is almost widespread. Thus, in a large area, waters of
these aquifers are unsuitable for drinking water supply due to the excessive content of chemical elements and compounds of
natural and anthropogenic origin. Therefore, one of the priorities of the post-war reconstruction of Ukraine should be the
transfer of the rural population to water supply from protected confined aquifers and the improvement of sanitary conditions
in rural areas.
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Spatial and temporal features of water chemistry changes in the quaternary unconfined aquifers of the Dnipro River basin

Introduction

One of the urgent tasks of Ukraine in the near
post-war future will be the State groundwater
monitoring system reforming, taking into account
international experience and the requirements of
European Water Framework Directive 2000/60/
EC. In the European Guidelines for Groundwater
Monitoring (CIS..., 2007), considerable attention
is paid to studying the status of unconfined aqui-
fers, given their vulnerability to pollution, as well
as the close connection with surface ecosystems
and underlying confined aquifers. For Ukraine,
the research of unconfined aquifers qualitative sta-
tus is of particular importance, since they are
widely used for individual water supply in rural
settlements.

Unfortunately, representative State groundwater
monitoring network of observation wells existed
from the 1950s to the 1990s, as of 2023 has suf-
fered significant losses due to insufficient funding
over the past few decades and was finally liquidat-
ed as a result of the russian aggression. Therefore,
adaptation of monitoring to European require-
ments should occur simultaneously with the resto-
ration of the monitoring network.

Materials and methods

To ensure the representativeness of the observa-
tion network and scientifically based planning of
monitoring program activities, it is necessary to

collect and analyze available information on the
groundwater status. This work was initiated in
2019-2021 as part of the Water Initiative Plus pro-
gram for the Eastern Partnership countries, which
aimed to create a framework for the resumption of
groundwater monitoring, considering the require-
ments of the European methodological docu-
ments, especially the implementation of the basin
principle of water resources management. In par-
ticular, groundwater bodies in the Dnipro basin
were identified and their qualitative and quantita-
tive status, vulnerability and risks of failure to
achieve their environmental objectives were pre-
liminarily characterized (Goshovsky et al., 2019;
Lyutyi et al., 2021; Lyuta, Sanina, 2022). The infor-
mation support of these works was carried out on
the basis of data accumulated in geological enter-
prises of Ukraine, published maps of different
scales and the hydrogeological information data-
base created in the Ukrainian State Geological Re-
search Institute.

In the absence of monitoring data, water quality
changes were estimated approximately by compar-
ing the multi-temporal data from the 1:200,000
scale hydrogeological surveys of the 1970s and the
results of the subsequent hydrogeological follow-
up study conducted in 2009-2013. The minimum,
maximum and mean TDS values were compared.
Waters were grouped according to the predomi-
nant anions and the minimum, maximum and
median TDS were determined for these groups
(Tables 1-3).

Table 1. Changes in TDS and anionic composition of groundwater in the Pripyat sub-basin

(hydrogeological map at scale 1:200,000, sheet Korosten)

TDS in groups of waters with predominant anions (g/1),
TDS (g/l), min-max
Year min-max median
mean . HCO," HCO,_ SO > SO * :
HCO, cr 3 31_ 4 Cl4' Cl
0.2-0.4 0.1-1.2 0.2-0.7 0.3-0.7
1071 01-12 0.4 0.3 0. 0.4
0.39 Number of wells
8 16 8 0 5
0.4-0.9 0.2-0.5 0.3-2.9 0.4-1.1 0.2-1.0
0.6 0.4 0.6 0.7 0.6
210 0.1-2.9 Number of wells
0.59 7 | 8 | 15 | 5 | 6
Contaminated with nitrates (above 50 mg/1)
0 | 0 | 4 | 2 | 2
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Table 2. Changes in TDS and anionic composition of groundwater in the Middle Dnipro sub-basin
(hydrogeological map at 1:200,000 scale, sheet Pereyaslav-Khmelnytskyi)

TDS in groups of waters with predominant anions (g/l),
TDS (g/), min-max
Year min-max median
mean HCO, HCO, HCO, SO > . .
HCO, $0,” o’ o HCO, NO,
0.2-2.0 0.6-4.0
1965 0.2-4.0 0.5 1.8
0.84 Number of wells
39 0 10 0 0
0.3-1.7 1.2-9.2 2.4-2.6 1.6-4.3 0.9-2.8
1.1 1.8 2. 3.2 2.3
03-92 Number of wells
2009 1.8 21 | 4 | 2 | 6 | 5
Contaminated with nitrates (above 50 mg/1)
14 | 4 | 1 | 6 | 5
Table 3. Changes in TDS and anionic composition of groundwater in the Lower Dnipro sub-basin
(hydrogeological map at scale 1:200,000, sheet Dnipropetrovsk)
TDS in groups of waters with predominant anions (g/1),
TDS (g/), min-max
Year min-max median
mean . HCO, SO SO SO
HCO, $s0,”’ HCO, ' cr
0.2-0.7 0.4-1.2 0.9-2.2 1.2-3.6 )
1973 02-36 0.4 0.7 1.3 2.8
1.46 Number of wells
4 11 8 9 0
1.0-1.7 1.2-1.6 1.3-2.5 2.0-7.0 2.4-9.1
1.3 1.4 2.0 3.9 4.3
ol 0.8-9.1 Number of wells
27 3 | 6 | 11 | 10 | 6
Contaminated with nitrates (above 50 mg/1)
1 | 3 | 6 | 8 | 6

Natural conditions of the territory

The area of the Dnipro basin in Ukraine is
291,400 km?, or 48 % of the total area of the coun-
try, the basin fully or partially covers the territory
of 19 administrative regions. Its territory is charac-
terized by complex natural and anthropogenic con-
ditions. The Dnipro basin is located within three
sublatitudinal bioclimatic zones — Polissya (marshy
woodlands), Forest-Steppe and Steppe. The terri-
tory of the basin is the southwestern part of the
East European Plain, which consists of upland and
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lowland areas. In the north of the basin the surface
absolute marks are 135-500 m, in the south - 10-
150 m. The climate is generally temperate conti-
nental, from moderately cold in the north to mod-
erately warm in the south. The geological structure
of the Dnipro basin area is complex, consisting of
the Ukrainian Shield, Volyno-Podilska Plate, Dni-
provsko-Donetska Depression, South Ukrainian
Monocline and the Folded structure of the Donbas.

Quaternary sediments cover almost the entire
territory of the Dnipro basin and form the upper
floor of the geological cross-section. The upper-

ISSN 1025-6814. Teonoziunuii scypran. 2023. Ne 2



Spatial and temporal features of water chemistry changes in the quaternary unconfined aquifers of the Dnipro River basin

most aquifers are confined to them. According to
the lithological and genetic characteristics of the
Quaternary rocks, aquifers are distinguished in the
territory of the Dnipro basin in marsh, alluvial, wa-
ter-glacial sediments, water-glacial and aeolian-de-
luvial sediments and in aeolian-deluvial sediments.

Unconfined aquifers in Quaternary
sediments

The aquiferin marsh Quaternary sediments is wide-
spread in Polissya, in floodplains and relief depres-
sions (Fig. 1). Water-bearing sediments are repre-
sented mainly by peat, fine-grained sands, sandy
loams and loams. The thickness of the aquifer is
0.5-6.0 m; the depth is 0.4-0.7 m. This aquifer is
hydraulically connected with the aquifer in Qua-
ternary alluvial sediments and with surface water

bodies.

The chemical composition of water is mixed:
anions are represented by sulfates, chloride, hy-
drocarbonates and nitrates in various propor-
tions. The water is unpleasant in taste and
smell, yellow-brown in color, contains a large
amount of iron and ammonia. TDS is 0.1-
0.7 g/l; hydrogen index from 5.2 to 6.8; total
hardness is 1.9-5.4 mmol/l. Poor quality of
groundwater makes the aquifer unsuitable for
drinking water supply.

The aquifer in alluvial Quaternary sediments is
common within the floodplains and terraces of the
Dnipro River and its tributaries (see Fig. 1). Water-
bearing rocks are fine- and medium-grained sands.
The thickness varies from 10-20 m in the valleys of
small rivers to 50-60 m in the Dnipro floodplain.
Depth of occurrence depending on the relief varies
from 2-4 to 5-15 m. Well flow rates reach 173-
432 m’/day.

(] + [N > [ s [« |

Fig. 1. Unconfined aquifers in the Dnipro River basin

Unconfined aquifers: I — aquifer in marsh Quaternary sediments; 2 — aquifer in alluvial Quaternary sediments; 3 - aquifer in water-glacial
Quaternary sediments; 4 — aquifer in water-glacial and aeolian-deluvial Quaternary sediments; 5 — aquifer in aeolian-deluvial Quaternary
sediments. 6 — Sub-basin boundaries: I - Prypiat; II - Desna and Upper Dnipro; III - Middle Dnipro; IV — Lower Dnipro. 7 — Areas of the
sheets of the hydrogeological map at a scale of 1:200,000: I - Korosten; 2 — Pereyaslav-Khmelnytskyi; 3 - Dnipropetrovsk
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The predominant components of the chemical
composition are hydrocarbonate, magnesium and
calcium, TDS ranges from 0.1 to 1.3 g/1. The water is
characterized by high iron content — up to 2-3 mg/1.

The aquifer in water-glacial Quaternary sedi-
ments is widespread within the moraine and sand
plain in the north of the basin (see Fig. 1). Water-
bearing rocks are sands of different grains, mostly
fine-grained. The thickness varies from 3-25 m on
the right bank to 70 m on the left bank. The water
table depth is mainly 2-7 m. Water abundance de-
pends on lithology of water-bearing rocks; well
flow rates vary from 0.4-216 to 259-1000 m*/day.

Chemical composition is varied: hydrocarbon-
ate, chloride-hydrocarbonate, sulfate-hydrocar-
bonate. The predominant cations are calcium, oc-
casionally magnesium and sodium. TDS varies
from 0.3 to 1.8 g/, mostly does not exceed 0.5 g/,
iron content in the water is up to 0.1-0.8 g/L.

The aquifer in water-glacial and aeolian-deluvial
Quaternary sediments is widespread in the water-
sheds of the Middle Dnipro sub-basin and in some
areas of the Volyn Upland (see Fig. 1). The lower
part of the water-bearing rocks is represented by
water-glacial multi-grained sands, the upper part -
by aeolian-deluvial loams and sandy loams. Thick-
ness of water-bearing sediments is unstable and
varies from 2 to 32 m. The depth of groundwater
level is mainly 5-12 m. The lower part of sediments
is more water abundant. Specific flow rates of wells
vary from 0.9 to 345.6 m*/day.

Water is calcium hydrocarbonate, calcium hy-
drocarbonate-chloride and calcium-magnesium
with TDS of 0.3-0.7 g/1.

The aquifer in aeolian-deluvial Quaternary sedi-
ments is located in the watersheds of the southern
part of the Dnipro basin (see Fig. 1). Water-bear-
ing are loams, sandy loams, loess-like loams with
thickness from 1 to 30 m. Depth of water table is
from 1 to 21 m. The aquifer is low-water-bearing.
Well flow rates vary from 0.77 to 20.3 m?/day. The
aquifer is distributed in a zone of insufficient mois-
ture, so there is a natural process of continental salt
accumulation in the soils and rocks of the aeration
zone, which, in turn, causes an increase in water
TDS. Sulfates and chlorides predominate among
anions, and TDS often exceeds the normative val-
ue, up to 3-10 g/l.

All the listed aquifers (except for marsh waters)
are used for domestic needs of the rural popula-
tion, mainly by means of shallow wells.
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Peculiarities of formation,
contamination and trendof water
quality change

All unconfined aquifers are recharged by infiltra-
tion, mainly by precipitation; overflow from sur-
face water bodies, as well as from adjacent aquifers.

According to long-term observations at 12 me-
teorological stations in the Dnipro basin (Osad-
chyi et al., 2008), the TDS of atmospheric water
ranges from 10.0 to 36.0 mg/l, mainly 20.0 mg/l.
The chemical composition of atmospheric water is
sustained and characterized by the following ratio
of the main ions, %-eq:

SO 60 > HCO, 25 > NO, 8 > Cl'4; Ca** 33 >

Na*23 > Mg* 18 > NH,* 12 > K* 10.

No spatial patterns of TDS distribution and
chemical composition of precipitation in the Dni-
pro basin are observed.

As for surface waters, they are subject to a clear
natural geographical zonation, and their TDS in
the Dnipro basin varies widely. In water of the Pri-
pyat River tributaries, the Ubort and the Uzh riv-
ers, TDS is the lowest — 0.2 g/1. TDS of the Dnipro
tributaries elevates significantly from north to
south, in the northern part of the basin it is 0.32-
0.38 in the Desna water, while in the Sula, the Psel
and the Vorskla it reaches 0.7-0.9 g/l (Vyshnevskyi,
Kosovets, 2003). Thus, even the lowest TDS of riv-
er water is ten times higher than that of atmo-
spheric water.

The map of surface water TDS (Fig. 2) evidences
in favor of the climatic factor in the formation of
their qualitative composition. The boundary be-
tween surface waters with TDS lower and greater
than 1.0 g/l corresponds to the boundary of leach-
ing and continental salinization zones, or the
boundary of insufficient and sufficient moisture
zones. The chemical composition of surface waters
in the north of the basin is hydrocarbonate calci-
um, in the southern part it changes to variegated
with predominance of sulfate and sodium ions.

It should be noted that the nature of the distribu-
tion of macro- and microcomponents in surface wa-
ters is significantly different; it is quite natural that
macrocomponents are distributed much more
evenly both in space and time. Based on long-term
observations (Osadchyi et al., 2008), in the water of
the Dnipro cascade reservoirs over a 15-year period,
the minimum average annual TDS differed from the
maximum by 30 %, while for zinc and copper this
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Fig. 2. Surface water TDS in the Dnipro River basin

Sampling points of surface watercourses with TDS: I - < 0.5 g/1; 2 - 0.5-1.0 g/1; 3 - > 1.0 g/
Area distribution of surface water with TDS: 4 - < 0.5 g/1; 5-0.5-1.0 g/1; 6 - > 1.0 g/1

indicator is 6 and 15 times, respectively. This feature
is explained by purely natural factors — uniform dis-
tribution of macrocomponents in rock-forming
minerals and extremely uneven distribution of mi-
crocomponents, in particular metals.

In groundwater, the natural geographical hydro-
chemical zonation is even more contrasting, re-
flecting the additional influence of the basin’s rocks
material composition. In the groundwater of Polis-
sya, TDS is lower than 0.5 g/l, while within the
Lower Dnipro sub-basin it is more than 3.0, some-
times up to 10.0 g/1.

In addition to TDS and macrocomponent con-
tent, groundwater often contains elevated natural
concentrations of microcomponents that exceed the
standards established by the State sanitary norms
and rules 2.2.4-171-10 “Hygienic requirements for
drinking water intended for human consumption”
This primarily concerns iron and manganese within
the Ukrainian Shield, which are widespread in or-
ganic-rich groundwater of Polissya. In addition,
within the Ukrainian Shield, groundwater some-

ISSN 1025-6814. Geologicnij Zurnal. 2023. Ne 2

times contains elevated content of lead (up to 0.032-
0.09 mg/l) and beryllium (up to 0.29-0.64 pg/l),
which corresponds to the hydrogeochemical speci-
fication of this region.

The varied natural conditions of groundwater
quality formation are complicated by intensive an-
thropogenic impact. An important aquifers char-
acteristic is their protection from the surface pol-
lution. To assess the protection of the uppermost
aquifer the authors analyzed the aeration zone
thickness and lithological structure and compiled
a GIS-map of Ukraines territory, a fragment of
which is shown in Fig. 3. According to the existing
criteria (Migulya et al., 1981), all uppermost aqui-
fers in Ukraine are unprotected because they are
not overlain by a clay layer of more than 10 m, and
differ only in the time of pollutants penetration
from the surface. Using the data on the thickness
of various lithological layers of the aeration zone
and filtration coefficients, the time of penetration
of neutral contaminant with infiltration flow was
approximately determined. According to these
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Fig. 3. Time of possible penetration of pollutants into groundwater, days: I — > 3000; 2 - 1000-3000; 3 — 250-1000; 4 — 50-250; 5 —
0-50. Unconfined aquifers: 6 — aquifer in marsh Quaternary sediments; 7 — aquifer in alluvial Quaternary sediments; 8 - aquifer in
water-glacial Quaternary sediments; 9 - aquifer in water-glacial and aeolian-deluvial Quaternary sediments; 10 — aquifer in aeolian-

deluvial Quaternary sediments

estimates, the uppermost aquifers vary in the time
of penetration of pollutants from the surface with
infiltration water (see Fig. 3): from 0-50 days in
the north to 2000-3000 days in the south of the
Dnieper basin (Sanina et al., 2005). Such natural
conditions combined with intensive and long-last-
ing anthropogenic pressure resulted in large-scale
groundwater pollution.

The most significant anthropogenic impact on
unconfined aquifers throughout the Dnipro River
basin is caused by diffuse sources of pollution
within agricultural lands due to the use of mineral
fertilizers and pesticides, irrigation and discharges
of polluted wastewater into surface water bodies.

The detection of large areas of nitrate pollution
indicates a steady trend towards their accumulation
in groundwater. Given the significant demand for
food products on the world market, the volume of
agricultural production will grow and the use of fer-
tilizers and pesticides will increase. Therefore, we
should expect an increase in the pressure from dif-
fuse sources of pollution within agricultural lands.
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The problem of pollution with organic com-
pounds and nitrates is exacerbated within rural
settlements, where the population uses decentral-
ized wastewater disposal systems (septic tanks
and cesspools). According to the regional centers
for disease control and prevention in different re-
gions of Ministry of Health in Ukraine, cases of
acquired methemoglobinemia are periodically re-
ported due to the use of water from wells for the
preparation of infant formula, and in such cases
the nitrate content exceeded the standard
(50 mg/1) by 10 or more times. Considering open-
source information (Nitrate..., 2018) that cases of
an acquired methemoglobinemia also occur at
fairly low nitrate levels (above 10 mg/l), this situa-
tion looks threatening.

Another concern is the fact that oil products and
pesticides have become common pollutants in un-
confined aquifers. Pollution by oil products is spot-
ty, and pesticides are mainly recorded in the south-
ern regions, where their appearance is facilitated
by irrigation (State..., 2021).
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In the area of mining facilities influence in the
sub-basins of the Middle and Lower Dnipro (min-
ing areas of Dnipro, Zaporizhzhia, Donetsk and Pol-
tava regions), the violation of natural hydrochemi-
cal conditions is associated with discharges of highly
saline drainage and mine waters. In areas with a
high level of industrial development and dense con-
struction, changes in the quality composition of
groundwater are observed. Here, unconfined aqui-
fers are vulnerable to the impact of wastewater from
chemical and metallurgical enterprises, industrial
sites and tailing dumps of mining and processing
plants. In these places (cities of Kamianske, Dnipro,
Zaporizhzhia), waters of unconfined aquifers have
high TDS (up to 3.4-8.6 g/1), elevated content of sul-
fates, chlorides, and high water hardness.

The most considerable changes in groundwater
quality were recorded as a result of the Kryvyi Rih
iron ore deposit development in the Lower Dnipro
sub-basin, which affects not only unconfined, but
also the underlying confined aquifers. The total
area of uppermost aquifers groundwater contami-
nation in the Kryvbas region is 300 km2 with TDS
up to 12.3 g/l. Groundwater in this area is charac-
terized by a high concentration of sulfates, chlo-
rides, iron (up to 2.9 mg/l), strontium (up to
16.6 mg/1), bromine (up to 47.4 mg/l), manganese
(up to 26.1 mg/l) (State..., 2021).

These data confirm the conclusions of previous
studies that the waters of the uppermost aquifer in
most of its distribution area do not meet the re-
quirements of current quality standards by one or
more indicators (Shestopalov et al., 2005).

Hydrochemical characteristics of the uppermost
aquifers are variable both in space and time. To as-
sess changes in water quality over time, we com-
pared the sheets of the hydrogeological map of
scale 1:200,000 Korosten, Pereyaslav-Khmelnitsky
and Dnipropetrovsk, located respectively in the
sub-basins of Pripyat, Middle and Lower Dnipro. It
should be noted that different map sheets are un-
equally provided with hydrochemical information.
Therefore, only the data available on all sheets and
for both time periods were compared, namely TDS
and anionic composition of water.

In the north of the Dnipro basin, in the Pripyat
sub-basin, information from hydrogeological
maps for 1971 and 2010 was compared for 37 and
41 wells, respectively, in the Korosten sheet (see
Fig. 1). Here, the most common aquifers are in
water-glacial and alluvial Quaternary sediments.
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During this period, the mean TDS elevated by
5 0%, increasing from 0.39 (from 0.1 to 1.2 g/1) to
0.59 (from 0.1 to 2.9 g/l). In the natural state,
groundwater in this area is characterized by low
TDS and predominance of hydrocarbonates and
chlorides in the anionic composition. Over the 40-
year period, TDS increased mainly due to chlo-
rides and sulfates, the amount of three-component
anionic composition doubled (see Table 1). The
anthropogenic origin of this growth is evidenced
by the fact that nitrate contamination of water, re-
corded in a quarter of the tested wells, shows a clear
correlation with waters of chloride and three-com-
ponent anionic composition.

Hydrogeological maps of the Pereyaslav-Khmel-
nytskyi sheet (the Middle Dnipro sub-basin) at
a scale of 1:200,000 (see Fig. 1) for 1965 and 2009
were compared for by studying the chemical com-
position of water in 49 and 38 wells, respectively,
which exploit mainly the aquifer in alluvial Qua-
ternary sediments. More significant changes have
occurred here, with groundwater TDS more than
doubling over a 44-year period, from 0.84 to 1.8 g/1.
The anionic composition of water has undergone
significant changes. The number of water points
with natural hydrocarbonate water composition
has almost halved, while the number of wells with
water of mixed composition has significantly in-
creased (see Table 2).

Agrarian specificity of the territory affected the
significant nitrate contamination. Out of 38 tested
wells, 30 contain water with excessive nitrate con-
tent. In five wells, the content of nitrates reached
such values that they together with hydrocarbon-
ates form the main anionic composition of water.
Wells with nitrate content below the maximum
permissible concentration spatially tend towards
the river network, while in watersheds the nitrate
content in water increases.

In the territory of the Lower Dnipro sub-basin
(Dnipropetrovsk sheet, see Fig. 1), hydrogeological
maps drawn up in 1973 and 2012 were analyzed
(respectively, data on 32 and 36 wells were com-
pared, which mainly exploit aquifers in aeolian-
deluvial and alluvial Quaternary sediments). The
analysis showed that over a 40-year period ground-
water TDS increased by an average of 1.8 times
(see Table 3). As of 1973, it was 0.2-3.6, mainly
1.46 g/l, and the anionic composition was domi-
nated by hydrocarbonates and sulfates. After
40 years, groundwater TDS is 0.8-9.1, averaging
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2.7 g/l, and the role of sulfates and chlorides in the
anionic composition increased significantly. Ni-
trate pollution is widespread, the content of sulfates
and nitrates exceeds the MPC in 2/3 of the tested
wells.

Thus, changes in the TDS and chemical compo-
sition of groundwater over the past 40 years have
occurred throughout the Dnipro basin, even in the
north, where the highest amount of precipitation
and the lowest anthropogenic pressure is observed.

Despite the fact that all the tested wells are lo-
cated within settlements, and obviously subjected
to intensive anthropogenic impact, we cannot ex-
clude an additional contribution of a powerful nat-
ural factor - significant climate change in the dete-
rioration of groundwater quality. The main role of
the climatic factor in the formation of surface and
groundwaterqualitative composition causes a justi-
fied concern about the deterioration of their quality
due to climate change. According to the data of me-
teorological observations, conducted in Ukraine
since 1881, the average annual temperature increase
over the last 30 years was 1.20 C, and the average
annual temperature in Ukraine may rise by another
1-1.50 C during the next 30 years. Aridization of
the climate is observed, which may lead to a signifi-
cant shift of the physiographic zones boundaries
and desertification of large territories in the next
30-40 years. One of the negative consequences of
climate change is predicted to be significant chang-
es in the quantitative and qualitative groundwater
status (Wilson et al., 2021).

Russian aggression has greatly exacerbated an al-
ready difficult situation. Throughout 2022-2023,
much of Ukraine was contaminated with oil prod-
ucts, heavy metals, and various chemical elements
and compounds that entered the environment as a
result of industrial plants destruction. Military ac-
tivity has been observed in areas of particularly haz-
ardous facilities, including the largest in Europe
South Ukraine Nuclear Power Plant, which has been
occupied since March 2022. Intense fighting contin-
ues in the Lower Dnipro sub-basin. Surface water
and soil are heavily contaminated over large areas,
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*ABTOP JI/I1 KOPECTIOHeHIIil

[TpoanasizoBaHO Ta y3araJbHEHO HaHi IIPO XiMIYHMIT CKTaj BOZ Oe3HAIPHMX BOJOHOCHMX TOPMU3OHTIB y baceiiHi [IHimpa.
Ile mpoBefieHO He nuIle Y 3B’s3Ky 3 HEOOXi[[HICTIO BIPOBA/PKEHHSA BMMOT METO[MYHMX JOKyMeHTiB BomHoi PamkoBoi
mupextyBy ECyInpolieci MOHITOPUHTY MifI3eMHMX BOI, a IIePefOBCiM Yepes Te, 110 I'PYHTOBI BOJM IIMPOKO BUKOPUCTOBYIOTHCA
U1 BOJOIIOCTaYaHH HACE/IEHHS Y CIIbCKIX HACETIEHNX ITYHKTAX. rpyHTOBi BOJM BiJ3HAYaIOTbCA CK/IA[IHVIM 1 HEOTHOPITHIM
XIMIYHUM CK/IaZioM, OOYMOB/IEHMM KOMIUIEKCOM IIPUPOAHIX i aHTpOIOreHHNX YnHHKKIB. Ha tepuropii 6aceitty [Tnimpa
ACKPaBO BUABJIAETbCA IPUPOAHA TifpoXiMidHA 30Ha/MbHICTh. Huska XiMiYHMX €IeMEHTIB i CIIONMYK Yy BOAI MiCTATbCA
y KOHIIEHTPAIlifX, 110 NepeBUIIYI0OTh HOPMAaTUBH J/IA MUTHMX Bof, ycraHosseHi [JCanlliH 2.2.4-171-10, y npupopHOMY
crani. Kpim Toro, 6esHamipHi BOJOHOCHI TOPM3OHTM 3a3HAIOTb CYTTEBOIO QAHTPOIOIEHHOTO BIUIMBY, OCKIIbKU
€ He3axXVIIeHNMI Bifl 3a0pyaHeHH:A. ByikoHaHe IOPIBHAHHA JaHMX IOfO MiHepaii3alil Ta aHiOHHOTO CKIafly IPYHTOBMX
BOJI, OTPUMMAHNUX IIifj 4ac Tif[poreosIorosHiMaibHUX pobiT y mepiog 1965-1975 i 2009-2013 pp. mO TpbOX apKymlax
rigporeosoriyxoi kaptu Macmtaby 1:200 000 y pisHux cy66aceitnax JJHinpa, 3acBifumio noBciofHi Benyki sMiHm XiMiyHOro
CKIaly TPyHTOBMX BoJ. KpiM 3HayHOro aHTPOIOT€HHOrO HaBaHTA)XEHH:A, IPYHTOBI BOJM 3a3HAIOTb CYTTEBOTO BIUIMBY
KIIMaTNYHUX YMHHYKIB. 3a 40-piuHnit nepion MiHeparisarisa Ha mmiBHodi 6aceriHy [JHinpa spocia Ha 50 %, y LieHTpabHill i
HiB/IEHHIIl YacTUHAX — Y/BiYi, 32 paXyHOK 301/IbIIIeHHA BMICTY cynbdaris i xnopuais. Y Mexxax poaHaisOBaHNUX TePUTOPIit
y cy66aceitnax Cepennboro i Hyokuboro [IHinpa Bii3Haua€ThCsA MPAKTUYHO HOBCIOAHE HiTpaTHe 3a0pyAHEHHA IPYHTOBUX
Boj,. Ha 3HauHiit TepuTOpii IPYHTOBI BOIM 4epe3 MOHAJHOPMOBUI BMICT XiMiYHUX €/IEMEHTIB i CITOMYK NPUPOJHOIO Ta
AHTPOIIOr€HHOTO OXOMPKEHHSI € HEITPU/JATHMIM JI7IsI IIMTHOTO BOJOIIOCTAYaHH:A HacelleHH:. ToMy OfIHVMM 3 IepIIoYeproBux
3aBJaHb MOBOEHHOI BiIOymoBM YKpaiHU [OBMHHE CTATH IepPeBEeHHs CUIbCHbKOTO HACeNeHHs Ha BOJONOCTAYaHHS i3
3aXMIIEHMX HaIliPHMX BOJOHOCHMX FOPU3OHTIB i IIO/IIIIIEHHs CAaHITAPHIX YMOB Y CiIbChbKMX HAaCe/IEHUX ITYHKTaX.

Kntouoei cnoea: niozemui 600u; 6e3nanipri 6000HOCHI 20pU30OHMU; YMOBU POPMYBAHHS; AKICHUTI CMAH; MiHepani3auis;
6acetin Jninpa.
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