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Abstract

The article analyses the monitoring data of the groundwater chemical composition in nine
observation wells on the territory of the St. Sophia Cathedral ensemble, obtained during 2012-2024.
The results of the groundwaters chemical composition analysis of the Reserve's territory revealed
exceedances of the standard indicators (total mineralization, chlorides, ammonium, sodium and
potassium, pH) in the waters of a number of wells. It was found that the water from the wells located
in the northern and western parts of the Reserve's territory has either a weakly expressed trend
towards an increase in the concentration of groundwater chemical composition components and total
mineralization, or no such trend at all, while the water from the wells located in the eastern, southern
and central parts of the Reserve's territory has a significant trend towards an increase in the
concentration of both individual components and total mineralization. The facts of exceeding the
established standards in the waters of a number of wells in the Reserve by various indicators may
have natural and technogenic causes, while the trends towards a constant, significant increase in a
number of water components and overall mineralization have technogenic causes. It was determined
that the groundwater of the reserve territory is divided into two groups by its composition: mixed
type (with a slight predominance of hydrocarbonate ions) and calcium chloride.

Key words: groundwaters, chemical composition, monitoring, National Conservation Area
«St. Sophia of Kyivy, mineralization.

Introduction. In accordance with the monument protection requirements of Ukraine and
UNESCOQO’s requirements for the protection of the world's cultural and natural heritage, the National
Conservation Area “St. Sophia of Kyiv” carries out ongoing comprehensive monitoring of the tech-
nical conditions of the monuments and the surrounding area of the Sophia Cathedral. A necessary
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component of such monitoring is hydrogeological monitoring, including analysis of the chemical
composition of groundwater, its level and temperature.

The aim of the work was to determine the mechanisms and technogenic impact on the formation
of the chemical composition of groundwater in the territory of the National Conservation Area “St.
Sophia of Kyiv”.

Methods. Sampling was carried out using a funnel after complete manual pumping of the wells.
Sampling was carried out from nine observation wells - No. 5', 6, 7', 9', 10, 11, 12, 13, 14 - located
on the territory of the National Conservation Area “St. Sophia of Kyiv” in the summer-autumn (late
August - early September) and autumn-winter (late November - early December) periods. The
chemical composition of the water samples was determined in the hydrochemical laboratory. The
work was carried out at the Institute of Geological Sciences of the National Academy of Sciences of
Ukraine in accordance with the agreement with the National Conservation Area “St. Sophia of Kyiv”
[1]. Historical data on the chemical composition of water for previous years were used from the
references [2, 3].

It
i

Fig. 1. General plan of the National Conservation Area ““St. Sophia of Kyiv”
with hydrogeological monitoring wells [2]

Potentiometric method for determination of the pH and the concentration of Ca?*, Cl-, NOs", NH4*
ions of water samples by the using a DL Al-125 ionometer and a set of glass and ion-selective
electrodes. By flame spectrometry was determined the concentration of Na* and K* cations using an
Elico CL 22D flame photometer. By the titrimetric method with phenolphthalein and methylorange
indicators the concentrations of COs> and HCOs anions were determined respectively. The
gravimetric method Was used to determine the concentration of SO4? by precipitation with a 10%
barium chloride solution and using an Ohaus Adventure analytical balance. The total Fe concentration
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was determined by the photocolorimetric method with
photoelectrocolorimeter.

rhodanide using a KFK-2MP

Results

The total salinity of the water in most wells is up to 1 g/dm? (fresh water) or 1.5 g/dm?
(conditionally fresh water). Thus, the waters of wells No. 5', 6, 7', 11, 12, 14 can be classified as fresh
and conditionally fresh waters. The water of wells No. 10 and 13 can be considered brackish, where
the salinity exceeds 1.5 g/dm? in both summer and winter periods. Also, a slight excess (1.6 g/dm?3)
of salt content was recorded in the summer in the waters of well No. 9' (Table 1).,

According to the chemical composition of the water, the water quality standards [4] were
exceeded in a number of wells (Table 1) and the possible factors that could have caused the
exceedance of the standards were considered.

Table 1 Wells with exceedances of water quality standards in accordance with the Sanitary and
Epidemiological Standards (JICanlliH 2.2.4-171-10) [4]

Wells Concentration Maximum
Normative with 3 | permissible Possible factors of
. o Data mg/dm . e
indicator | violation of . concentration, | violation of norms
(pH — units) 3
norms mg/dm
9' 08.2024 | 1599.22 Natural: features of
10 08.2024 | 1917.22 thek water-bearing
11.2024 | 1549.39 rock;
TS 08.2024 | 2126.82 = 1500 Technogenic:
13 sewage leaks into the
11.2024 | 2106.55 ground
9 08.2024 | 470.9 Technogenic:
10 08.2024 | 968.5 sewage leaks into thg
cl- 11.2024 | 429.6 <350 gro_und, _ soil
08.2024 | 975.8 - salinization due to
13 salt sprinkling on
11.2024 | 833.9 streets in winters, etc.
5' 08.2024 | 7.3 Natural:
6 08.2024 | 25.6 peculiarities of the
11.2024 | 9.9 water-bearing  rock
. 08.2024 | 9.4 (elevated iron levels
9 11.2024 | 35 are quite common in
08.2024 | 10.1 waters of the
10 11.2024 | 5.4 Quaternary aquifer);
Fe?" + Fe’* 08.2024 | 23 <10 Technogenic: use of
11 11.2024 | 4.2 steel casing in wells
12 08.2024 | 27.9
11.2024 | 10.3
13 08.2024 | 3.2
11.2024 | 4.3
14 11.2024 | 3.4
NH4* 11 08.2024 | 9.9 <2.6
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Wells Concentration Maximum
Normative with 3 | permissible Possible factors of
o L Data mg/dm . A
indicator | violation of . concentration, | violation of norms
(pH - units) 3
norms mg/dm
11.2024 | 5.1 Technogenic:
12 08.2024 | 10.1 unorganized sewage
11.2024 |5 leaks into the ground
08.2024 | 230 Gets into water with
+ +
Na+k™ |83 11.2024 | 330 =200 chlorides
Natural: features of
the  water-bearing
. rock;
pH 11 11.2024 | 6,28 6,5 - 8,5 units .
Technogenic:
sewage leaks into the
ground

Having analyzed the change in the concentration of the main components of the chemical
composition of groundwater and its total salinity (Fig. 4) over time, the studied observation wells can
be divided into three groups:

1. No increase in the concentration of the main components and total mineralization was observed
in wells No. 6 and 9;

2. A slight increase in the concentration of some of the main components (mainly chloride ions)
and total mineralization - holes No. 10, 11, 13. The exception here is hole No. 13, where, despite a
minimal increase in total mineralization and other components, a 4-fold increase in Cl- concentration
was found;

3. Significant (2 or more times) increase in concentrations of the main components and total min-
eralization - wells No. 5', 7', 12, 14.

Thus, the water of the wells located in the northern and western parts of the Reserve’s territory
has either a weakly expressed trend towards an increase in the concentrations of groundwater
chemical composition components and total mineralization, or no such trend at all. The water from
the wells located in the eastern, southern and central (near the Cathedral) parts of the Reserve's
territory has a noticeable upward trend in the concentrations of both individual components and total
mineralization.
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Fig. 2. Changes of total mineralization in well water during the observation period
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The Piper diagram was used to determine the type of groundwater on the territory of the St Sophia
of Kyiv National Conservation Area (Fig. 4). Ca?*, Na*, and K* prevail among the cations. Among
the anions are hydrocarbonates, chlorides and sulphates. Thus, the groundwater of the Reserve can
be divided into two groups by anionic composition: mixed type with a certain slight predominance of
hydrocarbonate ions (wells No. 5', 6, 7', 9', 10, 14) and chloride water (wells No. 11, 12, 13). The
cationic composition of the water is of mixed type with a slight predominance of calcium ions and a
significant proportion of sodium ions. Thus, the well water is divided into:

1. Mixed type (with a slight predominance of hydrocarbonates) - water from wells No. 5", 6, 7', 9',
10, 14;

2. Calcium chloride - water from wells No. 11 and 12 and calcium-sodium-potassium chloride -
water from well No. 13.

Legend
15"
o5
&
ol
AT
AT
g
-9
10
<10
I 11
x i
x12
%12
713
w13
* 14
14
A Drain.3
& Drain.4/40

=
- 08 — —C —

Fig. 4. Piper diagram of groundwaters of the territory of Reserve Area

Conclusions

1. Exceedances of the drinking water quality standards established by Sanitary and Epidemiolog-
ical Norms (JICanIliH 2.2.4-171-10) were recorded in the water of a number of wells in at least one
of the seasons during which the following indicators were studied: chlorides - wells 9', 10, 13; total
iron - wells 5', 6, 9', 10, 11, 12, 13, 14; ammonium - wells 11, 12; total sodium + potassium - well 13;
pH - well 11; total mineralization - wells 9', 10, 13.

2. It was established that the waters of the wells located in the eastern, southern and central (near
the Cathedral) parts of the Reserve (wells No. 5', 7', 12, 14) have a significant trend towards an in-
crease (by 2 or more times) in the concentrations of individual components and total mineralization,
which may be the result of the active expansion of the impact of technogenic waters from the urban
area around the Reserve, as well as the use of sand and salt topping on the paths in winter.

3. Episodic exceedances of the established standards in the waters of a number of wells by various
indicators can be explained by both natural (peculiarities of the composition of the water-bearing rock
of moraine sediments) and technological factors (unorganized leaks of sewage, heat supply commu-
nications, use of table salt for sprinkling streets in winter). Trends towards a constant, significant
increase in a number of water components and total salinity during the monitoring period in the waters
of some wells are explained by anthropogenic factors.
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4. The water of the Reserve's wells is divided into groups: mixed type (water of wells No. 5', 6,
7', 9', 10, 14); calcium chloride (No. 11, 12); calcium-sodium-potassium chloride (No. 13).
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AHoTaNis

B crarTi npoananizoBaHO MOHITOPHHIOBI JIaH1 MIOAO XIMIYHOTO CKJIaay I'PYHTOBHX BOJI, B JIEB ATH
CIIOCTEPEKHUX CBEPAJIOBUHAX Ha TepuTopii ancamOmo cnopyn Codiiicbkoro coOopy, oTpuMaHi
npotsiroM 2012 - 2024 pokiB. 3a pe3yiabTaTaMy BUZHAYEHHS XIMIYHOTO CKJIay IPYHTOBUX BOJ TEPUTOPIi
3amoBigHUKa 3a()iKCOBaHI MEPEBUIIICHHS HOPMATUBHHUX TIOKA3HUKIB (3arajibHOI MiHEpai3allii, XJIOpHUIiB,
aMOHII0, HATpif0 Ta Kajito, BesmunHM pH) y Bojax psiimy CBEepUIOBMH. BCTaHOBICHO, MO BOAM
CBEPJIJIOBHH, PO3TAIlIOBaHUX B MIBHIYHIHN Ta 3aXiIHIA YaCTHHI TEPUTOPIii 3aMOBITHUKA MalOTh a00 CJIa0KO
BUPXCHUH TPEHJ Ha ITiIBUIICHHS KOHIEHTPAIiil KOMIIOHEHTIB XiMIYHOTO CKJIaJy IPYHTOBHX BOJ Ta
3arajbHOI MiHepami3allii, a0o TakWi TpeH/ B3araii BiJICYTHIH, a BOAW CBEPIJIOBHH, SIKI PO3MIIICHI B
CXiIHIW, MIBACHHIM Ta IEHTPaJbHIA YacTHHI TEPUTOPIi 3alMOBITHUKA MAlOTh CYTTEBUH TpEHA 0
ITJIBUIIICHHS KOHIIGHTpAIlii SK OKpPeMHUX KOMITOHEHTIB, TaKk 1 3arajbHOi MiHepami3zanii. ®daktu
MIEPEBUILIEHHS] BCTAHOBJICHMX HOPM B BOJAX PSly CBEP/UIOBMH 3aIOBIAHMKA 32 PI3HUMH MOKa3HUKAMH
MOXXYTh MaTH TPHUPOJHI Ta TEXHOT€HHI MPUYMHU, HATOMICTh TPEHAM A0 TOCTIHHOTO, CYTTEBOTO
MIBUIICHHS Psily KOMIIOHEHTIB BOJ Ta 3arajibHOI MiHEpami3alii MaroTh CaMe€ TEXHOT€HHI MPUYUHH.
Busnadeno, 1mo rpyHTOBI BOAM TEpUTOpIi 3alOBiHUKA 3a CBOIM CKIQJOM AUISTHCS HA JABI TPYIH:
3MIIIAHOTO TUITY (3 HE3HAYHHUM IEePEBaKaHHSIM T'1IpOKapOOHAT-10HIB) Ta XJIOPHIHO-KAJIBITIEBI.

Kiro4oBi ci1oBa: TpyHTOBI BOAH, XIMIYHHN CKJIad, MOHITOpUHT, HarioHanpHMiA 3anoBinHuK «Codis
KuiBchkay, MiHepatizaitis.
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