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The publication is devoted to the study of temporal changes in the chemical composition of
groundwater used by the population of Kherson to meet potable needs. It was established that
during the studied period of time (from 2009 to 2021) there were changes in the general
chemical composition of groundwater — in the cationic composition there was a transition from
calcium-magnesium to sodium-potassium, in the anionic — from chloride-bicarbonate to
hydrocarbonate-chloride. A high correlation was found between the amount of water
withdrawal and permanganate oxidation and fluoride content. A non-carcinogenic risk
assessment was performed using the non-threshold method. It was concluded that groundwater
in the Upper Sarmatian deposits have a complex direction of changes in chemical composition,
which are determined by a complex of factors. The key role is played by: filtration properties of
confining bed; consequences of municipal sewage discharge; lack of centralized sewage within
the private sector; supply of surface waters of the Dnieper River; wells design features;
operational loads on the aquifer. In general, it can be stated that the qualitative composition of
groundwater has undergone significant changes. All these factors give the deposit territory a
clearly expressed planar, and in some cases vertical, groundwater hydrochemical zonation.
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Introduction

After the destruction of the Kakhovka HPP, the spillway dam and triggering of the Kakhovka reservoir,
the issue of water supply for the Ukrainian south became very acute. This problem is most painful for
the Kherson region. In this regard, there was a need to conduct monitoring studies on the quality of
groundwater, which serves as a source of water supply for the population of Kherson (Koshliakova, and
Koshliakov, 2024).

The centralized water supply of the city of Kherson is provided, in particular, from an underground
source — the Kherson deposit of potable groundwater using artesian wells. According to (Okhrimenko et
al., 2019), the main source of water supply for the city of Kherson is the Upper Sarmatian aquifer,
which has been used by the city's population since the 19th century. At that time, the water had a
mineralization of 246 to 854 mg/dm?. But as the water supply increased, the technology for operating
artesian wells was disrupted. Today, 76% of water intake facilities in Kherson are operated beyond the
regulatory period, 30% of wells supply water with a deviation from state standards for salt content. In
addition, when exploiting a specific aquifer, there is an influx of unwanted ingredients from other
aquifers throughout the entire area of the depression. According to (Scherbak, 2014; Okhrimenko et al.,
2019), the progressive deterioration of potable water quality in Kherson has been occurring over the past
several decades. A particularly dangerous factor is the seepage of heavily polluted water from the upper
layer into the productive aquifer. The contamination of the Neogene layer near Kherson is already
becoming dangerous for its use as a source of potable water. In addition, since the mid-1990s, illegally
drilled wells have appeared in the suburban areas of Kherson. Given the non-compliance with the rules
of construction, placement, and sanitary standards, such wells also have a negative impact on the
ecological state of the underground hydrosphere.

Another problem of Kherson is the flooding of the territory, which threatens the safety of the
population, negatively affects the condition of underground utility networks of residential and industrial
buildings, and the transport network. This phenomenon is caused by both natural factors and the
negative consequences of human activity. This is a drainageless relief with natural hearth depressions,
the absence of natural drainage, which is associated with the destruction of ravines. This problem has
been significantly exacerbated by the increase in the area of buildings, the reduction of green areas,
water leakage from water supply and sewage networks during accidents, disruption of the normal
operation of storm sewer systems, and recently — the consequences of military operations.

Method and Theory

When conducting the study, the authors used a comparative method, mathematical statistics techniques
with the construction of graphs and diagrams. In order to assess the risk to public health, an assessment
of non-carcinogenic risk was performed using a threshold-free method for individual trace elements.

Results

At the first stage of the study, key indicators of the physiological usefulness of potable water
composition were selected, namely, the main cations and anions — HSOs;, SO,4, Cl, Na, K, Ca, Mg, as
well as NH,4, F, mineralization, total hardness, pH, and permanganate oxidation. For these indicators, a
comparison was made with the amount of water withdrawal over time. The time period during which
the relationship was studied covered more than 10 years — from 2009 to 2020. In addition to the plots,
Pearson correlation coefficients were calculated. The results are presented in Figure 1 and Figure 2.
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Figure 1 Graph of the dependence of water withdrawal amount and the fluorine content in the studied
groundwater in the period 2010-2020 (aquifer in the deposits of the Upper Sarmatian sub-regiostage of
the Upper Miocene).
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Figure 2 Graph of the dependence of water withdrawal amount and permanganate oxidation in the
studied groundwater in the period 2013-2020 (aquifer in the deposits of the Upper Sarmatian sub-
regiostage of the Upper Miocene).

A low correlation was found between the water withdrawal amount and the content of chlorides, sulfates
and mineralization, an average correlation between the water withdrawal amount and total hardness,
ammonium content and pH, and a high correlation between the water withdrawal amount and
permanganate oxidation and fluorine content. It was also found that during the studied period of time,
changes occurred in the general chemical composition of groundwater — in the cationic composition, a
transition occurred from calcium-magnesium to sodium-potassium, in the anionic composition — from
chloride-bicarbonate to hydrocarbonate-chloride (Koshliakova, and Koshliakov, 2024).
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At the next stage of the study, the authors applied a classical approach, according to which the
concentrations of the components of the studied waters chemical composition were compared with the
maximum permissible concentrations (MPCs). Exceedance of the MPCs was recorded for such
indicators as: mineralization, total hardness, SO,4, Cl and Na.

Today, the whole essence of physical and chemical methods of environmental monitoring is reduced to
comparing the levels of pollution of natural and territorial complexes components being assessed with
established MPCs. However, the modern system of standards is not able to ensure environmental safety,
that is, to protect the environment from negative impacts of natural and anthropogenic genesis.

At the next stage of the study, the authors performed a non-carcinogenic risk assessment using a
threshold-free method that uses safe dose values that are an individual characteristic of each substance
(Roi, 2017). For the calculation, essential trace elements were taken, the biological role of which has
been proven — Mn and F. The risk was assessed for Mn, which according to the organoleptic indicator of
harmfulness belongs to the 3rd hazard class, and F, which corresponds to the 2nd hazard class according
to the sanitary-toxicological indicator. The risk calculation was carried out according to the following

formula:
ln(0,84)> c

Risk =1 —exp (MPC-Rr
where Risk — probability of nonspecific toxic effects development in chronic intoxication (from 0 to 1);
C — average daily concentration of a substance entering the human body with potable water during life.
To assess the effects associated with long-term exposure to substances, the average value of
concentrations for 3 years is used;

MPC — maximum permissible concentration of substances;

Rr — reserve ratio, which is taken depending on the expressed probability of remote consequences.

A rank scale of risk levels is used to analyze the obtained non-carcinogenic risk values.

The results of calculating the Risk using the given formula are as follows: for F Risk=0,68, for Mn
Risk=0,99. Thus, for F the level of danger is extremely dangerous, and for Mn it is catastrophic
(Koshliakova, and Koshliakov, 2024).

It is worth noting that specialists have currently developed a number of different methods for calculating
potential risks to public health associated with the consumption of unacceptable quality water.
Understanding the risks from environmental chemical exposures is complicated by many factors, such as
population variability and susceptibility, long delays between critical exposure and disease manifestations,
and background environmental exposures. There are also methodological challenges in determining the
appropriate risks under certain background environmental conditions, as they may alter baseline health
outcomes or affect the response of the target chemical. A more detailed risk assessment methodology is
presented in (Kosharna, 2023).

Conclusions

After analyzing the results obtained, the authors concluded that groundwater in the Upper Sarmatian
deposits, exploited by most of the surveyed wells, in the territory of the city of Kherson, has a complex
trend of changes in chemical composition, depending on the conditions of their formation, which are
determined by a complex of natural and man-made factors. The key role here is played by

(Lyzohub, 2021):
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1. The presence of confining bed in the roof of the aquifer, it's filtration properties.

2. For the regional areas of the deposit — the qualitative composition of groundwater beyond its borders.

3. For the historic central part of the city — the consequences of municipal sewage discharge into the
Meotis-Pontus sediments.

4. Lack of centralized sewage within the private sector.

5. Surface water supply of the Dnipro River.

6. Design features of wells.

7. Operational loads on the aquifer.

All of the above factors give the deposit territory a clearly expressed planar, and in some cases vertical,
hydrochemical zonation of groundwater.

As a result of the study, it was found that the productive aquifers of the city of Kherson are
characterized by variegation and heterogeneity in terms of their qualitative composition. When studying
long-term dynamics, taking into account fluctuations in the amount of water withdrawal, a high positive
correlation was found between the value of this indicator and permanganate oxidation, as well as a high
negative correlation between water withdrawal and fluoride content. It was found that in the pre-war
period, changes occurred in the general chemical composition of groundwater — in the cationic
composition, a transition occurred from calcium-magnesium to sodium-potassium, in the anionic
composition — from chloride-hydrocarbonate to hydrocarbonate-chloride. In a multi-year perspective,
exceedances of the MPCs were recorded for such indicators as: mineralization, total hardness, SO4, Cl,
and Na. Assessment of non-carcinogenic risk using the non-threshold method showed that the level of
danger to public health for fluorine is extremely dangerous, and for manganese — catastrophic.
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