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The article examines current trends in the transformation of Ukraines water resources
under the influence of mining industry development, using the Inhulets River basin as one
of the most technogenically impacted water systems in the country. It has been established that
the long-term discharge of highly mineralized mine waters from enterprises of the Kryvyi Rih
basin causes a persistent exceedance of the maximum permissible concentrations for chlorides,
sulfates, and total mineralization. Analysis of the data provided by the Basin Water Resources
Administration and the State Water Resources Agency of Ukraine for 2021-2025 indicates that
even after scheduled flushing operations from the Karachunivske Reservoir, the parameters
rapidly return to critical levels: mineralization exceeds 2.0 g/dm? and chloride concentrations
reach 1200—-1500 mg/dm?® which is 2—4 times higher than the standards defined in DSTU
2730:2015 “Water quality for irrigation”. It was revealed that in the lower reaches of the river
(Andriivka and Lativka areas) during the summer period of 2024-2025, the highest level
of hydrochemical load is observed, accompanied by a decrease in dissolved oxygen content to
2.3-2.5 mg/L, indicating a reduced self-purification capacity of the aquatic system.

A comparative analysis of international experience from countries with developed mining
sectors—Chile, Canada, and Australia—demonstrates that the efficiency of water resource
management is ensured through the implementation of closed water-use cycles, desalination
technologies, real-time digital monitoring, and contractual fixation of investors’ environmental
obligations. Based on this, two development scenarios are identified: an inertial one, which
maintains the current practice of episodic flushing and increases the risks of aquatic ecosystem
degradation, and an innovative one, which envisages the transition to adaptive management
based on digital platforms, automated monitoring, and the implementation of water quality
KPIs. Implementation of the second scenario will contribute to reducing technogenic pressure,
stabilizing the hydrochemical regime of the Inhulets River, restoring the ecological potential
of water bodies, and harmonizing Ukraine s water policy with European environmental standards
in the context of post-war recovery.

Key words: water resources, Inhulets River, mining industry, mineralization, sulfates,
chlorides, flushing operations, irrigation, adaptive management, environmental safety, DSTU
2730:2015.

Kosanenko P. IO. Ilepcnekmueu 600nux pecypcie YKpainu 6 ymoseax po3eumky
2IpHUY0000Y8HOT npoMuciosocmi

Y emammi posensnymo cyuacui menoenyii mpancopmayii 600nux pecypcie Ykpainu nio
BNIUBOM PO3BUMKY CIPHULOO00YBHOI NPOMUCTIOBOCI, 30KpeMa Ha NPUKaadi baceuny piuxu Iney-
Jeyb AK 00HO020 3 HAUDIIbUL MEXHOSEHHO HABAHMAIICEHUX B00HUX 00 c¢kmig Kpainu. Becmanos-
JIEHO, WO MPUBATLE CKUOU BUCOKOMIHEPANIZ08AHUX WAXMHUX 800 i3 nionpuemcme Kpusopizbkozo
baceliny 3yMo61I0I0MY CMiliKe NePesuUlerts SPAHUYHO OONYCIMUMUX KOHYEHMPayitl 3a X10pu-
oom, cynbghamom ma 3a2anvHor Minepanizayicio. Ananiz oanux bacelinosoeo ynpasninHs 600-
HUx pecypcie ma [epaicagrnoco acenmemea 800Hux pecypcie Yrpainu 3a 2021-2025 pp. csio-
YUMb, WO HAGIMb NICTIA NPOBEOCHHS pe2laMenMHUX NPOMUBOK i3 KapauyHiscokozo 6ooocxosuuya
NOKA3HUKU WBUOKO NOBEPMAIOMbCSL 00 KPUMUYHUX PIGHIE: MiHepanizayis nepesuuye 2,0 2/om>,
a konyenmpayisa xaopudis cseac 1200—1500 me/om’, wo y 2—4 pasu euwe nopmamusis, ycma-
nosnenux JJCTY 2730:2015 «Akicmb 600u 015 3powienHsy. Buseneno, wo y HusicHiu meuil piuku
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(pationu Awopiiexu, Jlamiexu) 6 aimuiu nepioo 2024—2025 pp. cnocmepicaemvbcs Havguuyull
pisenb 2I0POXIMINHO20 HABAHMANCEHHSL I3 OOHOUACHUM 3HUNCCHHIM BMICITY POZUUHEHO20 KUCHIO
00 2,3-2,5 me/n, wo ceiouums npo 3MeHUEeHHA CAMOOYUCHOI 30aMHOCME 800HOT cCUCmMeMU.

IIposedeno nopieHsIbHUL AHALI3 MIJCHAPOOHO20 Q0CBIOY KPAiH i3 PO3GUHEHOIO 2IPHUY000-
bysHoto 2anysso — Yuni, Kanaou ma Aecmpanii, 0e eghexmusnicmo ynpasnints 600HUMU pecyp-
camu 3a06e3neuycmovcs WIAXOM GNPOBAOICEHHS 3AMKHYMUX YUKIIE 6000KOPUCHTYBANHS, ONPIC-
HeHHsl, Yudpoeo2o MOHIMOPUH2Y @ PEANlbHOMY 4ACi Ma KOHMPAKMHO20 3AKPINJIEHHS eKON0TUHUX
30008 ’s3a1b iHeecmopis. Ha ochosi ybo2o eusHaueno 08a cyeHapii po3eumky: IHepyiiHuil, 3d
AKO20 30€pieacmucsl NPAKMUKA (QpazMenmapnux. npoMugox i 3pocmaioms pusuku oezpaoayii
B0OHUX eKocucmeM, ma iHHosayiunuil, uo nepedbavae nepexu) 00 a0anmugHo20 YNpaeiinHs Ha
0CHOGI Yupposux niame@opm, asmomamu3o8ano2o monimopunzy i ynpogaosicenns KPI axocmi
600u. Peanizayis Opy2oeo cyenapilo cnpusmume 3MeHUeHHIO MEeXHOSEHH020 HABAHMAICCHHS,
cmabinizayii 2iopoximiunozo pexcumy Ineynvys, 6i0HOBNIEHHIO eKON0IUHO20 NOMEHYIATY 600HUX
00’ekmis ma eapmonizayii 600HOT nonimuxu Ykpainu 3 €8poneiucvkum Cmanoapmamit 6 KoH-
mekcmi niCiA80EHHOI 8i06Y0081L.

Knrouosi cnosa: 600ui pecypcu, piuxa Ineyneys, 2ipHuto000y6HA NPOMUCTOBICMb, MIHepali-
3ayia, cynbgamu, X10puou, NPOMUBKU, 3POUIeHHS, A0ANMuGHe YNPaeiinHs, eKolo2iuna be3nexa,
JICTY 2730:2015.

Introduction. Water is a strategic resource that determines the environmental secu-
rity and socio-economic development of a state. For Ukraine, with its complex eco-
nomic structure and extensive water management system, the rational management of
water resources is of particular importance. Under conditions of warfare and post-war
reconstruction, ensuring water security becomes a priority of state policy [1].

One of the main factors contributing to the deterioration of surface water quality is
mining activity, accompanied by discharges of highly mineralised mine and drainage
waters. These cause the degradation of the hydrochemical regime and a reduction in the
self-purification capacity of rivers [2; 3]. The most illustrative example is the Inhulets
River basin, which has long been affected by mine waters from the Kryvyi Rih basin.
Regulated flushes from the Karachunivske Reservoir provide only a temporary effect —
within a few weeks, salt concentrations exceed permissible limits [3; 4].

The situation in the Inhulets demonstrates the limitations of traditional approaches
to mine water management. Further expansion of mineral extraction, particularly of
critical minerals such as lithium, uranium, titanium, and graphite, may lead to large-
scale degradation of aquatic ecosystems [5; 6]. Pollution from the Inhulets, transmitted
through the Dnipro River system, reaches the Black Sea, giving the problem a trans-
boundary dimension [7].

Therefore, assessing the impact of mining activities on Ukraine’s water resources
and developing effective management solutions is an essential task of contemporary
environmental policy. The analysis of the Inhulets basin as a typical technogenic system
makes it possible to develop scientifically grounded approaches to improving water
management and adapting to international environmental standards.

Analysis of recent research and publications on the topic. The problem of the
impact of mining activities on water resources has been well studied; however, most
research focuses on local aspects. Ukrainian scholars have paid the greatest attention to
the Inhulets basin as an example of chronic technogenic load and long-term practice of
regulated flushes [2—4].

Studies by V. Mokin, I. Zhuravel, L. Havrylenko and others show that the main source of
water quality deterioration is the discharge of highly mineralised mine waters from Kryvbas
enterprises. High concentrations of sulphates and chlorides consistently exceed irrigation
standards, and even after flushes, the indicators quickly return to critical levels [2—4].

According to the Institute of Water Problems and Land Reclamation of the National
Academy of Agrarian Sciences of Ukraine, the use of Inhulets water for irrigation causes
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salt accumulation in soils and a reduction in their fertility, posing a threat to the stability
of agricultural production in steppe regions [8].

Similar processes are observed in the Siverskyi Donets basin, where mine flooding
and the discharge of contaminated waters result in increased mineralisation of surface
waters and potential pollution of underground horizons [9]. Analogous problems are
recorded in small rivers such as the Samara and Vovcha (Dnipropetrovsk region), which
are characterised by the accumulation of heavy metals and reduced self-purification
capacity [10].

In international practice (Chile, Canada, Australia), key approaches include the tran-
sition to closed water-use cycles, seawater desalination, multistage treatment of mine
effluents, and the establishment of guarantee reclamation funds [4; 6; 11].

The aim of the study is to assess the impact of mining activities on the condition
of river ecosystems in Ukraine, using the Inhulets River basin and similar watercourses
subjected to technogenic load as examples, as well as to analyse the potential environ-
mental consequences of expanding mineral extraction within the framework of inter-
national cooperation. Particular attention is devoted to comparing national and foreign
approaches to mine water management and identifying promising directions for improv-
ing water management policy.

Materials and methods. The study is based on official data from the Basin Water
Resources Departments and the State Agency of Water Resources of Ukraine regarding
the condition of surface waters in the Inhulets, Siverskyi Donets, Samara, and Vovcha
river basins [1] (Fig. 1).
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Fig. 1. Map of Ukraine showing the hydrographic network and principal mineral extraction
zones (lithium, uranium, titanium, iron, graphite, manganese, etc.). Compiled by the author
based on data from the Ukrainian Geological Survey, Ukrainelnvest, and IEA (2025)
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Additional materials include the regulations on the Inhulets channel flushes and
normative legal documents, in particular DSTU 2730:2015 “Water quality for irri-
gation. Classification” [2]. The source base also comprises works by Ukrainian and
foreign authors, as well as analytical materials on current and prospective projects
in the mining sector [3].

The methodological framework combines analytical, comparative, and systemic
approaches:

— the analytical approach was applied to summarise hydrochemical indicators
and monitoring results;

— the comparative approach was used to contrast the condition of water resources
in basins with varying levels of mineral extraction;

— the systemic approach was employed to formulate coherent conclusions and
recommendations;

— in addition, elements of scenario forecasting were used to assess medium-term
trends in water quality change.

Current situation in Ukraine. The analysis confirms the systemic nature of
technogenic load on river ecosystems in the mining-industrial regions of Ukraine.
The most illustrative case is the Inhulets River basin, where prolonged discharges
of highly mineralised mine and drainage waters cause elevated mineralisation and
persistent exceedances of chloride and sulphate concentrations in the lower reaches.
This directly affects the suitability of water for irrigation and creates risks of sec-
ondary soil salinisation [1; 5-7].

To illustrate this, the results of public water quality measurements in the Inhu-
lets over recent years are compared with the standards of DSTU 2730:2015 “Water
quality for irrigation. Agroecological criteria” (Table 1) [2].

As shown in the table, during 2021-2025, water quality in the Inhulets remained
unstable and seasonally stressed. In the lower reaches (Andriivka, Lativka areas),
systematic exceedances of chloride concentrations by 2—4 times above the standard
were recorded. At the end of the 2024 irrigation period, chloride levels reached the
upper permissible limit, while mineralisation was about 2.0 g/dm*® — the threshold
value for irrigation. In July 2025, despite moderate mineralisation, low dissolved
oxygen (~2.35 mg/L) indicated a reduced self-purification capacity of the river sys-
tem [1; 2].

Regulated flushes from the Karachunivske Reservoir provide only short-term
improvements in water quality without addressing pollution sources. After their
completion, salt concentrations rapidly return to critical levels, causing biotic deg-
radation and secondary salinisation of irrigated lands [5—7].

Polluted waters from the Inhulets are transported to the Dnipro basin and sub-
sequently to the Black Sea, intensifying regional environmental stress [11]. Similar
processes occur in the Siverskyi Donets basin (Donbas), where the combination of
mine drainage and flooding increases the mineralisation of surface and groundwater
[9], as well as in small rivers of the Dnipropetrovsk region (Samara, Vovcha), which
are highly sensitive even to minor technogenic discharges [10]. Collectively, this
confirms the nationwide scale of the mining industry’s impact on Ukraine’s water
resources [1; 8].
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Table 1
Verified Water Quality Indicators of the Inhulets River
(Selected Data, 2021-2025) and Comparison with DSTU 2730:2015
Reference
. Assessment
Year / Monitoring . Standard for .
. Indicator Measured Value L. Relative to
Date Site Irrigation (DSTU Standard
2730:2015)
2021 Lower reach, E d
X n
(Sep— | Andriivka Chlorides up to 1365 mg/dm® | 300-500 mg/dm’ 2°7€f436:e
Dec.) village o
Within / above
Sulfates 672-842 mg/dm? 500-1000 mg/dm?* lower limit
(salinization risk)
2022 Kryvyi Rih; hort-t
1o , 1180-220 mg/dm? Short-term
(16-17 Andriivka Chlorides (per day) 300-500 mg/dm?® | normalization after
Sep.) station p Y emergency actions
Normalized to
H 1 -eq/L < -eq/L
ardness 9 — 6 mg-eq/ <7 mg-eq/ permissible level
2024 Near Inhulets . . At the permissible
M lizat 2.018 3 <2000 mg/dm?
(25 Sep.) | Pump Station teratization g/dm B mg/dm limit
At/ slightly ab
Chlorides 553 mg/dm? 300-500 mg/dm? SHENtly above
upper limit
Al
6.5-84 bove
pH 8.82 recommended
(recommended) .
interval
Within range,
2025 (30 Kryvyi Rih
( ywi 1 Mineralization 861 mg/L <2000 mg/dm? but elevated salt
Jul.) (urban section)
background
. (not standardized Very low self-
Dissolved : -
oxveen 2.35mg/L by DSTU for purification
X
e irrigation) capacity

International context. Comparative analysis indicates that in countries with
developed mining industries (Chile, Canada, Australia), the reduction of water load is
achieved through a combination of technological innovations and effective mechanisms
of state regulation [3; 4; 12].

In Chile, where most deposits are located in the arid regions of the Atacama Desert,
closed water-use cycles and seawater desalination technologies for industrial purposes
have been implemented, significantly reducing anthropogenic pressure on natural water
systems [3].

In Canada, water-use policy is based on strict licensing of water abstraction and
discharge, multistage treatment of mine and process effluents, and the establishment of
guarantee reclamation funds financed by the enterprises themselves [4].

In Australia, an integrated environmental monitoring system operates on the prin-
ciples of transparency and precaution. Water quality data are publicly available, and
the trigger points mechanism requires enterprises to temporarily suspend operations
when established standards are exceeded. At the national level, standards for the gradual
reduction of the “water footprint” have been introduced [12].

Thus, international practice confirms the effectiveness of transitioning from reactive
to adaptive water resource management, based on digital monitoring, prompt response,
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and contractually established environmental standards [3; 11; 12]. Such approaches
ensure the long-term resilience of water management systems even under conditions of
intensive industrial load.

Prospects and development scenarios. Ukraine’s transition to the large-scale
extraction of critical minerals within international projects simultaneously creates sig-
nificant economic opportunities and new water—environmental challenges [3; 11].

Under the inertial (“business-as-usual”) scenario, maintaining the practice of epi-
sodic flushes without technological modernisation will reproduce the “Inhulets sce-
nario” in other river basins [1; 5]. This will lead to further increases in water treatment
costs, deterioration of irrigation water quality, accumulation of environmental losses,
and heightened social tension in water-deficient regions [7; 8].

The innovative scenario envisions the implementation of closed water-use systems
at mining enterprises, the application of adaptive dilution regimes (including pulse
flushes based on actual hydrochemical data), and the development of digital water qual-
ity monitoring systems [4; 10; 12]. An essential condition is the inclusion of transparent
environmental commitments regarding water use, reclamation, and monitoring within
international investment agreements [12; 13].

The implementation of the innovative scenario will contribute to reducing techno-
genic load on water systems, increasing the efficiency of water resource management,
and ensuring environmental security during post-war reconstruction. This approach
aligns with the principles of the European Green Deal and will promote Ukraine’s inte-
gration into the European environmental space [3; 11].

Conclusions. The study confirmed the systemic nature of the technogenic impact
of mining activities on Ukraine’s river ecosystems. The most illustrative example is the
Inhulets River basin, where discharges of highly mineralised mine waters cause pro-
longed exceedances of mineralisation, chloride, and sulphate levels. Regulated flushes
from the Karachunivske Reservoir provide only short-term improvements in water qual-
ity without addressing the primary sources of pollution.

A similar situation is characteristic of the Siverskyi Donets basin and small rivers
of the Dnipropetrovsk region, indicating the nationwide scale of the problem. Under
conditions of limited natural runoff, even minor discharges lead to the degradation of
aquatic ecosystems and disruption of their equilibrium.

International experience from Chile, Canada, and Australia demonstrates the effec-
tiveness of combining technological and managerial solutions. These include closed
water-use cycles, desalination and reuse of wastewater, as well as digital monitoring and
strict regulation of water use. Guarantee reclamation funds also play an important role,
ensuring environmental restoration after the completion of extraction activities.

Two development paths are possible for Ukraine. The first involves maintaining
existing approaches, which fail to deliver sustainable results and lead to further deteri-
oration of water resources. The second is based on the implementation of closed water-
use systems, adaptive management of flushes, and digital water quality control. The
realisation of this approach, complemented by the inclusion of water protection stand-
ards in international agreements, will enhance the ecological resilience of water systems
and strengthen the state’s water security during the post-war reconstruction period.
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