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SUMMARY 

The paper considers the problem of drinking water supply of the population of Kyiv due to 
natural groundwater. Urbanized areas are characterized by a slowdown in the replenishment of 
groundwater reserves, in addition, anthropogenic activities lead to pollution of the territories 
and as a consequence of the inflow of pollutants into drinking aquifers. The conditions of 
formation of the composition of deep drinking aquifers and establishing the cause of changes 
in groundwater status were studied by the authors. The quality and stability of Cenomanian-
Callovian aquifer water resources were assessed. The use of isotopes of natural origin as 
indicators allowed to find out the ways of groundwater replenishment, their origin, direction of 
filtration, degree of protection. The obtained data on the tritium content in the groundwater of 
the Cenomanian-Callovian aquifer complex, clearly presented in the form of hydrogeological 
maps, allow to make informed decisions on sustainable resource management. 
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Introduction 
 
With the development of urban areas, the replenishment of groundwater reserves is slowing down. The 
operation of sewage systems, construction of roads, buildings leads to the fact that the area of infiltration 
areas is greatly reduced, and the waters entering the aquifers are characterized by extremely high levels 
of pollution by nutrients and inorganic substances, petroleum products and persistent organic pollutants. 
 
It should be noted that due to anthropogenic activity increases the intensity and depth of water exchange 
(Koshliakov et al., 2012). The most dangerous consequence of excessive use of groundwater is the fact 
that in the formation of depressions in the aquifers of hydrodynamic pressures, the horizons from 
pressure head are transformed into pressureless, and there is a danger of downward filtration of polluted 
groundwater. Also, one of the consequences of the formation of these depressions is the deterioration of 
groundwater quality. Therefore, any pollution that occurs in the settlement, including soil pollution, for 
10-20 years can lead to the entry of pollutants into groundwater. 
 
In particular, the operation of drinking aquifers on the territory of Kyiv has led to: 
- changes in the regime and balance of operated groundwater and adjacent aquifers; 
- formation of large depressions of hydrodynamic pressure surfaces; 
- changes in the direction of movement of the underground flow (transformation of unloading areas in 
the supply area); 
- changes in groundwater quality by area and cross section; 
- lowering the groundwater level and related processes of changing landscape conditions (Koshliakov et 
al., 2012). 
 
Given the situation in Kyiv, the issue of optimizing the drinking water supply of the city population at 
the expense of quality groundwater is relevant. At the same time, it is most difficult to investigate the 
conditions for the formation of a qualitative composition of deep-lying drinking aquifers and to establish 
the reasons for changes in the state of groundwater. The application of isotope technologies can be a 
promising area of research here. 
 
Isotope technologies make it possible to assess the optimal use of water resources necessary for 
sustainable development. With the help of isotopic methods for studying the components of the 
hydrological and hydrogeological cycle, it is possible to better assess the quantity, quality and 
sustainability of water resources. In particular, the use of isotopes of natural origin as indicators allows 
to determine the ways of replenishment of groundwater, their origin, the direction of filtration, the degree 
of protection. 
 
Method and Theory 
 
Water according to the origin and conditions of formation has various isotopic features that leave a 
unique "trace". The data obtained by isotopic methods help to control water resources and allow to make 
optimal decisions on their use (IAEA bulletin 60-1 April 2019). Methods of isotopic hydrogeology are 
among the main scientific methods used to track the characteristics of groundwater movement and assess 
the age of existing groundwater. The various isotopes contained in water act as "labels" that can be used 
to determine the source, age, motion, and interaction of water both above and below ground. The 
obtained data of tritium content in groundwater of Cenomanian-Callovian aquifer complex, clearly 
presented in the form of maps, allow to make informed decisions on sustainable resource management, 
and regular monitoring of chemical and isotopic composition of groundwater allows to identify 
mechanisms of their replenishment and pollution sources.  
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According to previous studies (Fedorenko et al., 2017, Koshliakova et al., 2021) it has been established 
that in recent years in the city of Kyiv due to reduced groundwater production from the aquifer 
Cenomanian-Callovian sediments there is a restoration of hydrodynamic pressures, and its 
hydrodynamic state has a slow tendency to return to natural. 
 
The authors have previously established that over the last period of time there is also a positive trend in 
changing the hydrochemical state of groundwater of the complex (Koshliakova et al., 2021). A 
comparison of the results of determining the tritium content in the groundwater of the complex as of 
2014 and 2018 showed that there is a decrease in the uneven distribution of tritium content over the area 
against the background of a constant average value. 
 
The chemical status of groundwater of the Cenomanian-Callovian aquifer complex in terms of tritium 
content as a whole has changed, which is confirmed by the results of statistical processing of actual data 
on tritium content in groundwater of the complex using a random variable model. The decrease in the 
variance of the sample of tritium content as of 2017 compared to 2014 indicates that there is a decrease 
in the uneven distribution of tritium in the area against the background of the constant arithmetic mean. 
This gives reason to believe that in recent years there has been a positive trend of changes in the chemical 
state of groundwater complex in the direction of its gradual return to its natural state. But the nature of 
changes in tritium content by area during the mentioned period of time has not been previously studied. 
 
This study is aimed at studying and establishing the spatial change of tritium content in the groundwater 
of the Cenomanian-Callovian aquifer complex in Kyiv, which took place during 2014-2018, and 
determine the causes of these changes. 
 
To achieve this goal, a mathematical apparatus of spatial analysis and modeling in geographic 
information systems was used, which was implemented using the software ArcGIC 10.4.1. 
  
Initially, according to the available actual data of tritium content in groundwater, cartograms of tritium 
content in groundwater of the Cenomanian-Callovian aquifer complex on the territory of Kyiv as of 
2014 and 2018 were constructed. The method of inverse weighted distances is used to construct 
cartograms. After that, an overlay analysis of the obtained cartograms was performed, as a result of 
which a schematic cartogram of changes in the tritium content in groundwater for the mentioned period 
of time was obtained. The authors took into account the probable error of input data and mathematical 
and cartographic constructions, so the cartogram was created on the "traffic light principle" in a 
qualitative background. It clearly shows where the increase in tritium content (red color), where the 
content decreased (green color), and where no significant changes occurred (yellow color). 
 
Then the obtained results were analyzed taking into account the geological and hydrogeological 
structure of the territory of Kyiv, changes in the dynamics of water withdrawal from the aquifer complex 
of Cenomanian-Callovian sediments and conclusions made by the authors on the basis of the previously 
mentioned statistical processing. 
 
Results 
 
The authors obtained a schematic cartogram of changes in the tritium content in the groundwater of the 
Cenomanian-Callovian lowian aquifer complex during 2014-2018, which is shown in Fig.1. 
 
The analysis of the given schematic cartography allows to state that during 2014-2018 in the most part 
of the territory of Kyiv there were changes in the content of tritium in the groundwater of the 
Cenomanian-Callovian aquifer complex. Moreover, within the territory close to the Dnieper River, the 
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general tendency to decrease the tritium content prevails, and within the territory far from the river, the 
tritium content has increased. 
 

 
Figure1 Changes in the concentration of tritium in groundwater in 2014 and 2018. 
 
From the point of view of geological and hydrogeological structure of the territory of Kyiv, the increase 
in tritium content coincides either with the more protected from pollution area of the aquifer complex 
(Fedorenko et al., 2017), or with areas of old buildings and industrial zones on the left bank of the 
Dnieper. 
 
The most intensive decrease in tritium content is observed mainly in the Dnieper floodplain. 
  
Conclusions 
 
Using isotopic indicators in the study of the state of the aquifer complex of Cenomanian-Callovian 
sediments, important information on the peculiarities of water exchange and its speed was obtained, the 
hydraulic interaction between aquifers of shallow and deep deposits, as well as between aquifers and 
surface waters 
 
According to the authors, the identified changes in the tritium content in the groundwater of the 
Cenomanian-Callovian aquifer complex during 2014-2018 can be explained by the following reasons. 
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1. It is known that in its natural state (at the end of the XIX century) the Dnieper River within the territory 
of Kyiv was an area of unloading of the Cenomanian-Callovian aquifer complex, and as a result of long 
operation it gradually turned into a feeding area. Restoration of hydrodynamic pressures of the aquifer 
complex, which occurs in recent years due to the reduction of groundwater production, has caused a 
trend of gradual return of the hydrodynamic state of the complex to natural. Therefore, the water 
exchange between the groundwater of the complex and surface water tends to reduce the amount of 
surface water entering the groundwater. Accordingly, the amount of tritium, the source of which is 
surface water, in the aquifer near the Dnieper decreases over time due to lateral filtration. 
 
2. The change in the conditions of vertical water exchange due to the reduction of groundwater 
production is much slower compared to lateral changes. Therefore, the rate of tritium entering the 
groundwater of the aquifer complex due to vertical water exchange either does not change significantly, 
or increases slightly in more protected areas from pollution and in areas with high man-made load. 
 
Thus, the conclusions obtained by statistical and spatial analysis of tritium content in groundwater 
during 2010-2018, confirm that currently within the territory of Kyiv there is a positive trend of slow 
gradual return of Cenomanian-Callovian aquifer to its natural state. 
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