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SUMMARY

An alternative to centralised water supply in the city of Kharkiv is 25 developed groundwater
sources. The city's hydrogeological conditions have led to the formation of numerous aquifers
and complexes. As in the entire artesian basin of the Dnipro-Donetsk Basin, two
hydrogeological layers and a transition zone between them are distinguished in Kharkiv.
Various institutions in the city have been studying the quality of water in the springs for
about 30 years. The paper presents a detailed analysis of water quality in springs based on our
own research and analysis of existing stock materials for 53 indicators. It was found that the
water in most of Kharkiv's sources has significant deviations from the normative indicators.
The main problems are hardness, high content of bromine, sulphates, heavy metals and
nitrates. None of the springs in Kharkiv provide water that can be drunk without boiling. In
all cases, the use of an active carbon filter is desirable. However, in terms of quality, the best
springs are those in Sarzhyn Yar and on the outskirts of the city in Pavlenky village. The
water from the following sources is favourable for the use of relatively simple water
treatment methods: Oleksiyivske-1, Tyurynske and Yuvileyne
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Introduction

The territory of Kharkiv is located in the south-western part of the Eastern European artesian area,
within the Dnipro-Donetsk artesian basin of the first order, in the north-western part of the Donetsk-
Don artesian basin of the second order. Hydrogeological conditions of Kharkiv and the adjacent
territory are mainly determined by structural and lithological features. The presence of erosion breaks
in the thick sedimentary rock strata, frequent change of lithological differences with the depth of the
section, their monoclinic dip in the south-western direction with a gradual increase in thickness, the
absence of a dense network of tectonic faults that ensure intensive exchange and a number of other
factors have led to the formation of numerous aquifers and complexes. Moreover, in most cases, the
water is pressure water, because the feeding areas of almost all aquifers are located to the north or at
much higher elevations than the roof of the water-bearing rocks of each aquifer and complex. As in
the entire artesian basin of the Dnipro-Donetsk Depression, two hydrogeological floors and a
transition zone between them are distinguished in Kharkiv.

As a study of the ecological direction, the first work was carried out as a comprehensive engineering
and environmental survey to identify the extent and sources of groundwater pollution in Kharkiv
under the leadership of V. I. Sydorenko and O. I. Bublay (1988-1990). Later, the problem of assessing
the quality of drinking water in Kharkiv was considered in the works of T. A. Dmytrenko,
G. M. Zakharchenko, L. A. Kulsky, G. G. Malyovanyi, Myrka, I. G. Chervanov, V. V. Yakovlev and
other geologists, hydrogeologists and geographers of Kharkiv region.

For a comprehensive assessment of water quality in the springs of Kharkiv, the authors analysed a
large volume of stock materials from the archives of the Kharkiv Geological Party of
Pivdenukrgeologiya, Hydrotekhservice, Viaprom, Technology LLC, and V. N. Karazin Kharkiv
National University. At the same time, there are fragmentary studies and publications on individual
sources for the modern period (Kravchenko & Zelenska, 2015; Nekos, Maksimov & Shevchyk, 2019;
Pribylova & Kachan, 2017; Yakovlev, 2016). Therefore, the aim of the study was a comprehensive
environmental assessment of the water quality of drinking water sources in Kharkiv. Kharkiv on the
basis of long-term monitoring.

Method and Theory

The field survey of the springs included: assessment of the state of the spring, the sanitary condition
of the adjacent territories and sampling for chemical analysis. The collected samples were analysed in
the certified laboratory of analytical environmental research of the Karazin Institute of Environmental
sciences. The water quality was assessed using 53 indicators for 25 springs in the city. The collected
data was analysed using mathematical and statistical, historical and cartographic methods.

Results

In their natural state, Kharkiv's spring waters have approximately the following mineralisation, salt
composition and overall hardness (Yakovlev, 2016):

HCO:*(70-73)*S04*(18-23) C1*7

M (0.64-0.68) 0.H.(6,9-7,3)

Ca(56-57)*Mg*(24-30)*Na(14-19)
At present, only Shatylivske, Oleksiyivske-1, Oleksiyivske-2, Yuvileynyi and Saltivske-1 springs
have comparable mineralisation and hardness indicators among the city's springs, but even these
springs have a rather high content of chloride and sodium ions.

Spatial analysis of the results of long-term environmental monitoring of water quality of drinking
water sources in Kharkiv has shown that almost throughout the city, the water of most sources has
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significant deviations from the normative indicators. The map (Fig. 1) shows three categories of
deviations from the norms with different column directions. Vertically, there are indicators for which
the norms are exceeded in more than 50% of the analysed samples from this source. In the left
segment, there are indicators where the frequency of samples exceeding the norms for a substance in
water was less than 50%. In the right segment, there are substances for which there were only a few
samples exceeding the standard in the entire data set.
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Figure 1 Frequency of exceedance of water quality standards in samples from springs in the city
Kharkiv.

Let's take a closer look at the main negative indicators of water quality that do not meet the standards
(DSanPin, 2010; State Service, 2024). In many springs, the hardness value exceeds the norm, which
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may indicate an excessive content of calcium and magnesium . For example, the highest hardness
values were recorded in the following sources: Belgorodska Krynytsia - 14.99, Panteleimonivske -
13.3, Karpivske - 13.08, Nemyshlianske-1 - 13.73. Increased hardness can cause scale deposits in
domestic water supply systems and adversely affect human health.

Excessive sulphate concentrations were recorded in many sources, including: Pivnichnosaltivske-1
and -2, Saltivske-2, Giant and Nemyshlianske-1. High levels of sulphate can cause diarrhea and water
supply problems due to sedimentation.

Excessive levels of bromine (Br-) were recorded in many samples, which may indicate anthropogenic
impact or natural origin (e.g. from groundwater). Excessive bromine concentrations can have a
negative impact on the thyroid gland.

Presence of heavy metals (Pb**, Cd*, As*, Cr**, Ni*", Ba*") recorded in various sources, namely:

elead (Pb*) - detected in Zhuravlivske, Belgorodskaya Krynytsia, Saltivske-1,
Panteleimonivske, Nemyshlianske-1, etc. High levels of lead are dangerous for the nervous
system, especially in children.

e Cadmium (Cd*") - detected in Pivnichnosaltivske-1 and -2, Belgorodskaya Krynytsya,
Novozakhidne-2, etc. Cadmium is a carcinogen and adversely affects the kidneys.

e Arsenic (As®") - in Giant, Panteleimonivske, and Belgorodskaya Krynytsya. High arsenic levels
can cause chronic poisoning.

e Chromium (Cr*) - in Panteleimonovskoye, Oleksiivske-2, Yunost Park. Toxic, can cause
respiratory diseases.

Elevated levels of nitrates and nitrites (were found in the water of Zhuravlivske, Tyurynske,
Panteleimonivske, Nemyshlianske-1, Pavlenky, Druzhba Motel and other sources). High nitrate levels
may indicate pollution from agricultural runoff or other sources of organic pollution. Excessive
nitrates are dangerous for infants and can cause methemoglobinaemia ("blue syndrome").

It should be noted that the condition of the sources in Kharkiv It should be noted that the condition of
Kharkiv's springs is such that none of them produce water that can be consumed without boiling. In
all cases, it is advisable to use an active carbon filter.

The springs in Sarzhyn Yar and on the outskirts of the city in Pavlenky village are the best in terms of
quality. Quite significant statistical material allows us to recommend their priority in terms of capture
equipment and repair. The water from the following sources is favourable for the use of relatively
simple water treatment methods: Oleksiyivske — 1, Tyurynske, Yuvileine.

This also includes springs with similar water quality, but the length of the observation period does not
allow for a reliable prediction of the possibility of using the proposed water treatment technology -
Petrenkivske (ul. Krasnodarska Street, Petrenkivskyi reservoir); Saltivske-Z (Kytlyarchyn Yar,
intersection of Komandarma Uborevycha and Hv. Shyrontsiv Streets); Novozakhidske-1 (Zhykhorets
Gully, Raskova Street); Saltivske-4 (Kytlyarchyn Yar, Komandarma Uborevycha Street).

The water quality of the springs is lower: Saltivske-I; Saltivske-2, Nemyshlianske-1;
Pivnicnosaltivske-1;  Karpivske; Panteleimonivske; Oleksiyivske-2; Park Yunist; Giant;
Pivnicnosaltivske -2; Bogomolivske. To condition the water from these sources, it is necessary to use
deeper purification methods that require special expensive equipment, so the question of the
feasibility of such water treatment for mass use requires special consideration.

A number of springs contain ingredients that are difficult to eliminate - lithium, nitrates, nitrites -
which makes it impossible to recommend these waters for use. These include the following springs:
Zhuravlivske; Nemyshlyanske-2; Novozakhidne-2; Druzhba Motel; Belgorodskaya Krynytsya.

By,
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There is an opportunity and prospect to improve the water quality indicators, which requires
rehabilitation in the areas where the springs are fed. One of the main environmental recommendations
today should be mandatory notification of the population about the unsuitability of water from the
listed sources for consumption.

Conclusions

The water in most of Kharkiv's sources has significant deviations from the normative indicators. The
main problems are hardness, high levels of bromine, sulphates, heavy metals and nitrates. Comparing
with the positional and dynamic territorial structure of Kharkiv (Klieshch & Maksymenko, 2020), it
can be argued that in the water of the springs of the old part of the city, where additional man-made
supply everywhere exceeds atmospheric supply and pollution has been taking place for a long time,
there is a significant increase in mineralization, hardness, sulphate, chloride and sodium ions. The
most typical deviations from these standards are the constant exceedance of hardness at 17 out of 25
sources; bromine at 12 out of 25 sources; sulphates at 8 out of 25 sources. In some sources, the
drinking water standards for sodium, cadmium, manganese, dry residue, nitrates, and nitrites are
constantly exceeded.

Periodically or sporadically, a much wider range of elements and substances appear in the water of the
city's springs. In descending order of occurrence, these ingredients and characteristics can be ranked
as follows: bromine, nitrates, nitrites, aluminium, dry residue, hardness, oxidisability, cadmium, lead,
lithium, chromium, magnesium, arsenic, boron, barium, strontium, fluorine, phenols. This suggests
that the use of water from springs for drinking water supply requires constant monitoring and
development of programmes to improve water quality.
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