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Ukraine faces problems of pollution of underground water supply sources due to the low level of environmental protection and insuf-
ficient attention to water supply problems. Water pollution is caused by the uncontrolled dumping of toxic waste, soil contamination,
and negligence in the storage and transportation of hazardous substances. The problems of contamination of underground water supply
sources in Ukraine are currently serious and need to be addressed immediately. It is necessary to carry out systematic monitoring of water
quality, develop and implement strategies to reduce emissions of hazardous substances and ensure proper storage of toxic waste. It is also
important to raise public awareness of the need to protect the environment and use environmentally friendly technologies.

To ensure safe and quality drinking water for residents of rural settlements who use their own wells, boreholes, and natural sources
for domestic water supply, a comprehensive approach to evaluating the quality of underground drinking water using GIS technologies
is necessary.

The purpose of the study was to assess the quality of drinking water sources of non-centralized water supply in rural settlements
of the united communities of Zhytomyr district and to create geo-informational models based on the research results. The following
research methods were used during the research: analytical, field, laboratory, statistical, calculation and cartographic.

It has been proven that the average pH level in none of the studied settlements exceeded the norm. The average nitrate concentration
in the drinking water from non-centralized water sources exceeded the norm by 1.4-3.5 times, specifically in the water of the Pulyn,
Cherniakhiv, Vilshanka, Volytsia, and Oliivka communities, exceeding the MAC (Maximum Acceptable Concentration) limit by more
than two times. Only in rural settlements in the Liubar community was the average iron content found to be above the norm by more
than 1.9 times. It was determined that the highest contribution to the overall water quality was made by nitrate and iron content.

The obtained research results and models based on them can be used by local governments of the studied communities to inform
the population about the quality of drinking water and to develop a plan for improving the state of drinking water supply with the aim
of increasing the level of environmental safety of drinking water. Key words: water supply, water drainage, water quality, water objects,
water pollutants.

ExoJsioriuna 0e3nexka MNHTHOrO BOJOMOCTAYAHHSI HAaceJeHMX TMYHKTIB B ciabebkiii MmicueBocti. Banepko P.A.,
I'epacumuyk JI.O., Ilauesa LI, Ilokmesuuuska T.B., lyk’snosa B.B.

B Vkpaini Ha cbOrofiHi € aKTyaJIbHIMH ITpo0eMu 3a0pyAHEHb MiI3eMHUX BOJHUX JKEPeNl, BUKINKAaHUX HEHAIC)KHUM CTAHOM OXO-
POHM HAaBKOJIMIIIHBOTO CEPEIOBHIIA Ta HEJJOCTATHLOIO CYCIIIFHOIO YBArolo 10 BOJONOCTauyaHHs. 30Kpema, 3a0py/THeHHsI BOJH CIIPUUH-
HSIETHCS] HEKOHTPOIEOBAaHNM CKHIAHHSM TOKCUYHHX BiJIXOJIB, 3a0py/IHEHHSIM IPYHTY Ta HeJOAIIICTIO ITijT yac 30epiraHHs Ta TpaHCIOop-
TyBaHHS HeOe3MeYHNX pedoBrH. [IpobneMu 3a0pyaHEHHS Mi[3eMHUX JKepes BOIONOCTaYaHHs B YKpaiHi HOTpeOyIoTh HEBIAKIAIHOTO
po3B’szanHs. OTke, HEOOXIAHO 3MIHCHIOBATH CHCTEMATHYHHI MOHITOPHHT SIKOCTi BOIH, PO3POOJSATH Ta BIPOBAIKYBATU CTpaTerii
3MEHIIICHHS BUKUIIB HEOC3MEUHNX PEUOBUH Ta 3a0€3MEUCHHS HAICKHOTO 30epiraHHs TOKCHYHUX BiAXO/iB. TakoK BaKIMBUM € M-
BUILCHHS CBIZIOMOCTI Y HACEJIESHHsI [I0/I0 TOJIIIIEHHs] OXOPOHN HAaBKOJIMIIHBOTO MPUPOIHOTO CEpe/IOBHUIIA Ta €(heKTHBHOTO BUKOPH-
CTaHHS CKOJIOT1YHO OE3MeYHUX TEXHOJIOTIH.

3 MeTor0 3a0e3neueHHs OE3MeYHOI0 Ta SIKICHOIO MUTHOIO BOIOI0 MEIIKAHIIIB CLTbCHKUX HACETICHUX MYHKTIB, SIKi BUKOPUCTOBYIOTD
BJIACHI KOJIOJS131, CBEPAJIOBHHY Ta NPUPOJIHI JKepera [uisi To0yTOBOrO BOAONOCTAaYaHHsI, HEOOXTHMH KOMITIEKCHHUIT MiIXid 10 OLIHKH
SIKOCTI MiJI3¢MHOT MUTHOT BOIU 3 BUKOpUCTaHHAM [ IC-TeXHOMOT1i.

Mera OOCHi/UKEHHSI — OIiHKAa SKOCTI JUKEpeNl NUTHOI BOAM HEIEHTPAi30BAaHOTO BOJOIOCTAYaHHS B CIIbCHKUX HACEIECHHX
MyHKTaX 00’e€AHaHMX rpoMaa JKHUTOMHPCHKOTO pailoHy Ta CTBOPEHHS TreoiHpopMamiiHUX MOIeNne 3a pes3yabTaraMH JOCIHi-
JokeHb. I1in yac 10CHiPKeHb BUKOPUCTOBYBAJIMCS TaKi METOAN BHBUCHHS: aHATITHYHHUI, TIOJbOBHH, 1aO0paTOPHUN, CTATUCTUYHHH,
PO3paxyHKOBO-KapTorpadigHuii.

JloBeneHo, mo cepenHiil piBeHs pH B jKOMHOMY 3 HOCIIKyBaHHX HACENICHUX ITyHKTIB He IepeBuIryBaB HOopMy. CepenHsl KOH-
LEHTpalis HITPATiB y MUTHIA BOAI 3 HELEHTPai30BaHUX JUKEpeN NepeBHuiuiaa HopMy B 1,4-3,5 pasu, 30kpema y Boxi [TynmuHCbkOT,
Yepusixiscbkoi, Binbinancekoi, Bomunpkoi Ta OmifBchKoi rpoMali, HEPEeBUIMBIIN MPAHUYHO JI0MycTHMY KoHIeHTpaunito [JIK 6inbru
HDX ynBidi. JIumre B HaceneHNX myHKTax JIro6apchKkol rpoMa/ iy cepe/Hiil BMICT 3aTi3a BUSBUBCS BUIIMM 32 HOPMY O1bII HIX y 1,9 pasn.
BceraHoBieHo, 0 HAHOLIBIINIT BHECOK Y 3aralibHY SKICTh BOJM MPUBHIC BMICT HITPATIB Ta 3aIi3a.
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OTpumaHi pe3yJabTaTd TOCTIKEHb Ta MOJICI Ha iX OCHOBI MOXKYTh BHKOPHCTOBYBATHCSI OpPraHAMH MiCIIEBOTO CaMOBPSIIYBaHHS
JOCIIDKYBaHHX TpoMasl s iH)OPMYBaHHS HACEICHHsI I[O/I0 SIKOCTi IIUTHOI BOJM Ta PO3POOKH IUIAHY MOKPAICHHS CTAHy ITUTHOTO
BOJIOTIOCTAYaHHS 3 METOIO MIJIBUILCHHS PiBHS €KOJIOTIYHOI Oe3MeKH NUTHOI Boau. Kniouosi ci06a: BOIOIIOCTaYaHHS, BOIOBIIBEICHHS,

SIKICTh BOJIH, BOJIHI 00’ €KTH, 3a0py/IHIOBaUi BOJIH.

Introduction. Safe and adequate water supply is
an important factor in maintaining human health, and
therefore access to clean drinking water is now a basic
human right. Universal access to quality drinking water
and sanitation is a global development policy priority
[1]. Currently, more than 700 million people, mostly in
developing countries, do not have access to improved
water supply and sanitation facilities [2]. The problem
is particularly acute among rural settlements worldwide.

In particular, in Ukraine, as of the beginning of
2020, only 26.9% and 1.8% of rural settlements were
provided with centralized water supply and sewerage,
respectively [3]. Given this situation, the main sources
of domestic water supply are private wells, boreholes,
natural sources, etc., the water quality of which may
be questionable and hazardous to the health of rural
residents [4].

Munene et al. note that wells play an important role
in providing water to rural populations, and agricultural
activities have been identified as a significant risk factor
for well water contamination [5]. The responsibility for
maintaining water sources lies with their owners. Mena-
Rivera & Quiros-Vega consider it important to pay
attention to research on drinking water in rural areas, as
there is insufficient data on its quality [6]. And given the
low ecological culture of rural residents, which results in
uncontrolled use of fertilizers, plant protection products,
and large amounts of wastewater, which causes microbi-
ological and chemical contamination of water sources, a
large-scale study of the quality of drinking water from
non-centralized water sources is needed. In Gibson &
Kelsey, the lack of comprehensive research on the qual-
ity of drinking water in rural areas is recognized as one
of the main barriers to providing safe water to residents
who consume it from non-centralized water sources [7].

The main water pollutants in non-centralized water
supply sources are microorganisms, organic matter, and
heavy metals. The contamination of water with nitrates
is of particular concern [8, 9]. Due to the presence of
toxic elements, water has poor quality, becomes unfit
for drinking, and threatens human health, which in turn
causes a significant environmental problem that is cur-
rently characteristic not only of Ukraine but is also being
studied by scientists around the world, including India
[10], Bangladesh [11], Iran [12], China [13], Indonesia
[14], New Zealand [15], the United States [16], Kenya
[17], etc.

At the current stage of civilization development,
geoinformation systems are of great interest, which
allow for effective management decisions in many areas
of human activity, including the field of drinking water
supply in rural areas. The use of specialized application
programs, which are developed based on geoinformation

technologies, allows creating databases and geoinforma-
tion models of the qualitative composition of ground-
water, which significantly increases the relevance of the
conducted research.

The purpose of this study is to evaluate the quality of
drinking water in rural settlements of territorial commu-
nities in the Zhytomyr district and to present its results
thematically in the form of geoinformation models for
effective management of environmental safety of water
supply in the community.

Materials and methods. The research was con-
ducted on the territory of the united territorial com-
munities of the newly enlarged Zhytomyr district of
Zhytomyr region. As part of the research, drinking water
samples were collected from non-centralized water sup-
ply sources in rural and urban settlements within the fol-
lowing united territorial communities:

— city: Zhytomyr city territorial community;

— town: Liubar, Novohuivynske, Pulyny and
Cherniakhiv territorial communities;
— village:  Berezivka, Vilshanka,  Volytsia,

Hlybochytsia, Oliivka, Stanyshivka and Teterivka united
territorial communities.

Analytical research on the quality of drinking water
was carried out at the Measurement Laboratory of the
Polissya National University based on the following
indicators: pH, content of nitrates and total iron, which
were determined by generally accepted methods. In
particular, the pH indicator was determined by poten-
tiometric method, the content of nitrates — by ionomet-
ric method, total iron — by photocolometric methods.
The obtained results were compared with the standards
that apply in Ukraine, namely: DSanPiN 2.2.4-171-10
“Hygienic Requirements to Drinking Water Intended for
Human Consumption” [18].

The results of analytical studies on the quality of
drinking water from non-centralized water supply
sources, which were conducted within the rural set-
tlements of the united territorial communities of the
Zhytomyr consolidated district, were grouped into the
relevant observation and testing databases and became
the basis for creating geoinformation models of the stud-
ied objects. The construction of a geodatabase and out-
put maps based on the research results was carried out
using the ArcGIS Pro software package (developed by
ESRI, USA), which provides access and management of
geospatial data on a local network or via the Internet,
contains a large number of tools for their processing and
provides geocoding of large volumes of cartographic
data suitable for processing in batch mode.

Results. The study results showed that on aver-
age none of the studied communities were found to be
non-compliant with the pH indicator criteria. However,
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in almost all communities, except for Liubar, Vilshanka,
and Volytsia, a decrease in pH to the level of 5.45 was
observed, indicating water acidification. An increase in
pH up to 12.5 units was recorded in the water of the
well at Nekrashivska gymnasium, located in the village
of Nekrashiv of Oliivka community (Figure 1).

The average nitrate content in the drinking water
of all the communities studied exceeds the standard

(50 mg/dm?®) from 1.4 times in Novohuivynske community
to 3.5 times in Volytsia (Figure 2). The maximum nitrate
content of 660 mg/dm? was recorded in the well water of
Veresy, a village that is part of the Zhytomyr community.
In general, the concentration of nitrates varied within a
fairly wide range from 0.508 to 660 mg/dm?.

The communities were grouped according to the
average nitrate content in drinking water. Thus, it has
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been established that an excess of nitrate content by 1.1
to 2 times was recorded in seven communities, and an
excess of the MAC by more than two times was detected
in five communities (Table 1).

The average content of total iron in drinking
water from non-centralized water supply sources in
territorial communities ranged from 0.17-1.89 mg/dm?’.
Exceedance of the standard, on average, was recorded
only in rural settlements of the Liubar community, which
amounted to 1.9 times (Fig. 3).

Through water intake and surveys in the area of
wells, interviews with local residents, and inspections
of rural settlements, it was found that the water quality
of non-centralized water supply sources is not ideal,
which is associated with specific sources of pollution.
The environmental and cultural level of local residents
is low. The chaotic development of household plots,
disregard for the requirements of sanitary legislation,
the application of nitrogen fertilizers in violation of
sanitation standards, combined with inadequate main-
tenance, are the reasons for the deterioration of water
quality in modern non-centralized water supply sys-
tems [19].

Grouping of UTCs by the indicator of exceeding

The responsibility for managing the water resources
of non-centralized water supply sources lies with their
owners, who often have illusions about their control and
water quality, and as a result underestimate the risks of
pollution. The perception of water quality in non-cen-
tralized water supply sources is important for making
decisions and taking measures to improve it and prevent
pollution. However, such decisions and measures should
be implemented not only at the individual level, but also
at the level of village and town councils and united ter-
ritorial communities.

Having assessed the state of non-centralized drinking
water supply in the studied communities of Zhytomyr
district, it was proved that the quality of drinking water
in many cases does not meet the standard, and its con-
stant consumption can negatively affect the health of
local residents, especially children. Therefore, there is
a need to develop practical recommendations for local
governments to improve the environmental safety of
drinking water supply [20-24].

In view of this, it became necessary to develop a Plan
to improve the state of drinking water supply within the
community. The strategic objective of this document is

Table 1
the average nitrate content in drinking water

Exceedance of standard

UTCs

1,1-2,0 MAC

Zhytomyr, Liubar, Novohuivynske, Berezivka, Hlybochytsia, Stanyshivka, Teterivka

2,1-5,0 MAC

Pulyny, Cherniakhiv, Vilshanka, Volytsia, Oliivka

Source: own research.
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Stage 1

gathering general information about the state
of rural settlements of the community

development of geoinformation models

NS

Stage 2

analytical studies of drinking water quality

development of geoinformation models

NS

Stage 3

conducting a SWOT analysis of the water
supply system

identifying the main problems of water supply

NS

Stage 4

defining strategic goals

defining operational goals

NS

Stage 5

reviewing the plan and approving it

making the plan public

Fig. 4. Key stages of developing a plan for improving the state of community drinking water
supply

to achieve a safe level of water supply and drinking water
quality in the community through the interaction of the
governing body and village residents. The development
of the Plan must take into account public opinion, com-
ments and suggestions. Before starting the development
of the plan for improving the state of community drink-
ing water supply, it is necessary to conduct a survey of
the local population to determine the level of their inter-
est and awareness in the field of safe water supply.

The development of the Plan should be based on
the sequential implementation of 5 mandatory stages
(Figure 4), the number of which may be increased
depending on certain conditions. The development
team should include representatives of all settlements
in the community, representatives of the governing
body, heads of utility companies, village elders, mem-
bers of the public, and engaged experts and scientists
from certain institutions. In order to inform the popu-
lation, the progress of the plan development process

should be covered on the community website and in
social media.

Conclusions. In order to improve the environmen-
tal safety of drinking water supply, it is necessary to
develop a plan for improving the condition of drink-
ing water supply within a particular community, which
should be based on the joint efforts of the management
staff and residents of rural settlements; also, when devel-
oping the plan, it is mandatory to use GIS technologies
with a territorial reference to map and identify the causes
of the negative state of drinking water.

Thus, the use of geo-information systems and the cre-
ation of geo-information models of the state of potable
underground water in rural settlement areas with their help
make it possible to obtain effective management decisions
regarding the creation and improvement of the level of safe
water supply of united territorial communities. Therefore,
further research should involve the creation of similar mod-
els for all communities of Zhytomyr region.
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