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The article examines modern approaches to water quality monitoring aimed at improving
the efficiency of the impulse flushing method in the Inhulets River, which is a strategically
important water artery for irrigation and domestic water supply. The river experiences significant
anthropogenic pressure due to the discharge of mine waters from enterprises in the Kryvyi Rih
industrial region, leading to chemical pollution, including elevated concentrations of chlorides,
sulfates, and heavy metals. The condition of the river has also deteriorated as a result of military
actions that have affected the integrity of hydraulic structures and reduced the self-purification
capacity of the aquatic environment. The study analyzes the limitations of the current flushing
regulations, which are based on periodic gate openings at the Karachunivske Reservoir without
consideration of the river’s actual hydrochemical condition. This approach does not ensure
stable water purification and does not allow for timely responses to changes in environmental
conditions, which is particularly important in the context of climate change and ongoing
pollution.

An alternative — a combined — monitoring approach is proposed, integrating geographic
information systems (GIS), unmanned aerial vehicles (UAVs), and stationary automated
sensor stations capable of real-time detection of changes in water quality. The system
enables the assessment of key hydrochemical parameters, spatial analysis and modeling,
and the formulation of management decisions based on current data. This approach increases
the responsiveness to ecological threats and minimizes the consumption of water resources,
as discharges from the reservoir are carried out only when necessary.

The study also proposes a conceptual model of a local information system for flushing
management, which provides data archiving, visualization of monitoring results, automatic alerts
for critical deviations, and the generation of daily reports. It is proposed to adapt this model
for other polluted water bodies in Ukraine with similar anthropogenic pressures. The analysis
confirms that the implementation of such a system would not only improve the ecological condition
of the Inhulets River basin but also promote the rational and sustainable use of water resources.
Practical application of the proposed methodology would allow for the revision of current
regulations and the development of an efficient environmental monitoring system focused on
prevention rather than the mere recording of consequences.

Key words: Inhulets River, water quality, monitoring, impulse flushing method, GIS, UAVss,
automated stations, water resource management.

Kosanenko P. I0. Cyuacni nioxodu 00 MOHImMOpUHZYy AKOCHI 600U 011 NIOGULEHHA
eghexkmuenocmi imnynvcnozo memoody npomusku piuku Inzyneys

Y emammi posensinymo cyyacri nioxoou 00 MOHIMoOpUH2y AKOCMI 800U 3 MEMOI NIOBULYEHHS
eexmueHoCcmi iMnYIbCHO20 Memody NpoMUueKY piuxu Ineyneys, saKa € Cmpameiuno 8adiCIUB00
800H0I0 apmepicio 015 NOmMped 3powenHs ma 20CN00apCbKO-NUMHO20 6o0onocmavanis. Piuka
3A3HAE 3HAYHO20 MEXHOLEHHO20 HABAHMAICCHHS GHACTIOOK CKUOIE WAXMHUX 600 NIONPUEMCME
Kpusopizvkozo npomuciogoco paiiony, wjo npuzeooums 00 XiMiuHo20 3a0pyOHEeHH:, 30Kpema
nepesuyeHHs. KOHYeHmpayit xaopudis, cyivghamie ma eavxckux memanie. Cmarn piuku nozip-
WIUBCS MAKONC YHACTIOOK BOEHHUX Oill, WO 6NIUHYIU HA YINICHICMb 2i0pOoCnopyo, a MAKoxC yepes
SHUIICEHHSL 30AMHOCMI 00 CAMOOYUWEHHSL B0OHO20 Cepedosuyd. Y O0CIONCeHHI NPOaHANI30-
6aHO 0OMedICeHHs YUHHUT pelaMeHM NPOMUBKU, AKUL 0A3YEMbCS HA NEPIOOUUHOMY GIOKPUMMI
wmosie Kapauyniecvkoco 6odocxoguuja 6e3 ypaxyeanHs akmyaibHo2o 2iOpoXiMiuHo20 cmany
piuku. Taxuil Mmemoo He 3abe3neuye cmabilbHO20 OUUWeHHs 600U MA He 003808€ ONEPAMUBHO
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peazysamiu Ha 3MIHY eKONO2IYHOI cumyayii, wo 0CoOIUBO BANCIUBO 8 YMOBAX 3MIH KAIMAmy
ma iHMeHcUsHo20 3a6pyOHeHHsl.

3anpononosaro anvmepHamueruil — KOMOIHO8AHUL NIOXIO 00 MOHIMOPUHZY, AKULL NOEOHYE 2e0-
inghopmayitini cucmemu (I'lC), 6esninomni aimanvni anapamu (BIIJIA) ma cmayionapui asmoma-
MU308aHI CEHCOPHI CMAarYil, 30amHi (ikcysamu sMiHU y AKOCmI 600u 8 peanvHomy daci. Cucmema
00360151 OYIHIOBAMU OCHOBHI 2IOPOXIMIUHI NOKA3HUKU, 30IUCHIOBAMU NPOCMOPOSUL AHANI3 Ma
MOOEN0BAHHSA, a MAKONC NPUILMATU YNPAGTIHCHKI PIUEHHS HA OCHOGI akmyanvhux oanux. Taxuil
nioxXio niosuwye WEUOKICIb Peazy8anisl Ha eKONOSIYHI GUKIUKI MA MIHIMI3Ye sUumpamu 600HUX
Pecypcis, OCKIIbKU CKUOU 3 B000CX08UUYA 30ILICHIOMbCA Julle 3a HeOOXIOHOCTI.

YV pobomi sanpononosano konyenmyanvhy mooenb IOKATbHOI IHPOpMayiuHoi cucmemu
VNPAGIIHHA NPOMUBKAMU, KA Nepeddadae apxieayito Oanux, gi3yanizayiio pe3yibmamie MOHImo-
PUH2Y, agmomamuyne CnosiWenHs npo KpUMuyHi 6I0XULeHHs Ma popmMysanHs wooeHHol 36in-
HOCmi. 3anponoHoearo adanmysamu Yo Mooeis 0/ IHUUX 80003A0PYOHEHUX 00 ekmie YKpainu
30 CXOXHCUM MEXHO2EHHUM HasanmaxceHHAM. IIposedenuii ananiz niomeepoxicye, wo 6npoea-
021CeHHs NOJIOHOI cucmemu cnpuamume He Juule NOKPAWeHHI0 eKoN02IuHo20 cmany oaceliny
piuku Ineyneyns, a i 3a0e3neyums ymogu 05l payioHanrbHo20 ma Cmanioeo 6UKOPUCTNAHHS 600-
Hux pecypcis. Ilpakxmuuna peanizayis Memoouxu 003601uUMsb OHOGUMU YUHHI pe2lameHmu ma
cmeopumu egheKmueHy cucmemy eKon02iuH020 MOHIMOPUH2Y, OPICHMOBANY HA NONEPEONCCH S,
a He e KOHCmamayiio HacuioKie.

Knrouoei cnosa: piuxa Ineyneys, axicmv 600U, MOHIMOPpUHS, IMRYILCHULL MEMOO NPOMUBKLU,
I'IC, BI1JIA, agmomamu3zosari cmanyii, ynpaeiiHHsi 600HUMU PeCypCami.

Introduction. The Inhulets River is one of the most important water arteries of
Ukraine, providing water for irrigation and domestic supply. Its ecological state has
significantly deteriorated due to intensive industrial activity, the agricultural sector,
and especially now as a result of military actions. According to the State Agency of
Water Resources of Ukraine, 88 % of rivers in the country are classified as having poor,
very poor, or catastrophic ecological status, while only 3 % are considered to be in
satisfactory condition [1].

Relevance of the study. The relevance of the study is driven by the deterioration
of water quality in the Inhulets River, caused by intensive economic activity, discharge
of return waters from mining enterprises, military actions, and climate change [2].
Exceedances of regulatory limits for total dissolved solids, sulfates, and chlorides have
been recorded at three monitoring points [3].

The main environmental problems of the river include: water pollution (including
discharges from the Kryvbas industrial region) [4], damage to hydraulic structures
during missile strikes in 2022 [2], reduced self-purification capacity due to agricultural
and industrial impacts [5], and loss of biodiversity.

Problem of water quality and the need to improve monitoring. Existing methods
of water quality monitoring in the Inhulets River are insufficient for timely detection
of environmental threats and control of anthropogenic impacts. According to the State
Agency of Water Resources, the main pollutants remain chlorides, sulfates, ammonium,
nitrates, and heavy metals originating from the discharge of mine waters in the Kryvbas
region [1]. The previous monitoring system was limited to basic indicators and did
not register specific contaminants such as pesticides and pharmaceutical residues [3].
Regulated discharges cause periodic increases in mineralization, as confirmed by data
from Kharkiv National Technical University [4], which highlights the need to implement
automated continuous monitoring systems.

Research objective. The aim of this study is to enhance the efficiency of the proposed
impulse flushing method for the Inhulets River by implementing modern water quality
monitoring systems. This will enable timely detection and response to environmental
threats, improve the overall condition of the river, and ensure its sustainable use.

Review of previous studies. The traditional flushing method currently applied in
the Inhulets River involves the opening of sluice gates at the Karachunivske Reservoir
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without real-time regulation of discharge volumes based on changes in water quality
[5]. This approach provides only temporary improvement of water conditions and does
not account for the region-specific pollution caused by mine waters rich in chlorides,
sulfates, and heavy metals [4].

The conventional monitoring system includes periodic sampling at control points
followed by laboratory analysis of physico-chemical parameters. However, this method
has significant limitations — irregular sampling, low frequency of observations, and a
limited set of indicators, which prevents timely response to changes in water quality [3].

Previous attempts to modernize the monitoring system were not comprehensive
and did not include integrated use of GIS, UAVs, and stationary monitoring stations.
Although individual discharge regulations approved by the government define discharge
volumes and control parameters, they do not always ensure compliance with water
quality standards, highlighting the need for a comprehensive system upgrade [2].

Presentation of the main material. The object of the study is the Inhulets River
along the stretch from the Karachunivske Reservoir to its mouth. This section is subject
to intensive anthropogenic pressure due to the discharge of mine waters from industrial
enterprises in the Kryvyi Rih industrial region, posing risks to irrigation, water supply,
and ecological balance [4].

To improve the efficiency of water quality management, a comparative analysis
was conducted between the traditional and combined approaches to monitoring. The
traditional method is based on periodic sampling and laboratory analysis, which does
not allow for timely response to changes. The proposed approach integrates GIS, UAVs,
and stationary automated monitoring stations, forming a real-time feedback system [6].

This format enables not only the detection of pollution events but also the prediction of
the spread dynamics of chemical compounds, significantly enhancing the effectiveness of
water regime management. Figure 1 shows a schematic structure of the combined monitoring
system, illustrating the interaction of its components and data transmission pathways.

The study focused on key hydrochemical parameters: concentrations of chlorides,
sulfates, dissolved oxygen, BOD (biochemical oxygen demand), and total hardness. The
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Fig. 1. Diagram of the combined water quality monitoring system
in the Inhulets River
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selection of indicators is based on the requirements of DSTU 2730:2015 and SanPiN
2.2.4-171-10[7, 8].

The current flushing practice is carried out according to the regulations of the
Interagency Commission through periodic opening of reservoir sluice gates, but without
considering the actual water quality status. Monitoring is limited to several control
points and mainly focuses on chloride contamination, without automation or sufficient
measurement frequency [3-5].

Insufficient responsiveness and a narrow range of parameters do not allow for real-
time assessment of water pollution levels, which complicates the decision-making
process in water management.

The proposed system includes:

+ the use of GIS for spatial analysis and pollution modeling based on satellite data
[91;

 the application of UAVs for rapid data collection in hard-to-reach areas [10];

+ the deployment of autonomous stations at critical control points with automatic
data transmission via GSM or LoRaWAN [3].

The integration of these elements enables timely detection of excessive concentrations
of pollutants and adaptive regulation of water discharges. The system reduces reliance
on periodic laboratory analyses and optimizes discharge volumes, contributing to more
efficient use of water resources.

Based on international experience, the key advantages of the combined monitoring
system have been identified: operational responsiveness, spatial coverage, integration of
data from various sources, and the ability to perform preliminary modeling of potential
contamination zones [9, 10].

The analysis confirms the feasibility of implementing the proposed water quality
management system for the Inhulets River. The developed approach is based on
successful monitoring practices already applied in the European Union and Canada [3,
9, 10]. Given the similarity of anthropogenic pressures, these methods can be adapted to
the conditions of the Inhulets basin.

One of the key benefits of the combined monitoring method is the integration of
observation results into digital decision-support tools in the field of water resource
management. This enables the formation of adaptive flushing scenarios for the river,
depending on hydrometeorological conditions, seasonal pollution dynamics, and the
projected impact on water intake facilities. As a result, the system enables a shift from
reactive detection of violations to their prevention through predictive modeling.

As a result of the study, a general understanding of the functional requirements
for a local water quality monitoring information system has been developed. Such a
system should combine data visualization, parameter archiving, automatic notification
of critical concentration levels, and the generation of daily reports. Due to its universal
structure, the system can be adapted for use on other water bodies in Ukraine with
similar anthropogenic pressure and hydrological characteristics.

Conclusions. The conducted research substantiates the effectiveness of a combined
approach to water quality monitoring in the Inhulets River, which involves the
integration of geographic information systems (GIS), unmanned aerial vehicles (UAVs),
and stationary automated monitoring stations. This approach enables the collection
of hydrochemical data in real time, allowing for the operational regulation of water
discharge volumes from the Karachunivske Reservoir.

It has been established that the implementation of a modern monitoring system
contributes to the reduction of key pollutants, decreases anthropogenic pressure on
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the ecosystem, and increases the efficiency of the impulse flushing method. Practical
steps for system implementation within the existing infrastructure have been proposed,
including the creation of a local GIS-based digital platform and modernization of
technical equipment.

The need to revise the current flushing regulation for the Inhulets River has been
substantiated, taking into account modern monitoring technologies that enable adaptive
water resource management based on the actual condition of the aquatic environment.

Further research should focus on adapting the combined monitoring system to the
conditions of other polluted water bodies in Ukraine, expanding the range of controlled
parameters, and developing algorithms for optimizing flushing regimes depending on
pollution levels.
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