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ECOSYSTEM-BASED ASSESSMENT OF WATER QUALITY AND
ANTHROPOGENIC PRESSURE IN THE INHULETS RIVER BASIN

The increasing anthropogenic and technogenic pressure on river basins
requires the implementation of integrated approaches for assessing the
ecological condition and environmental safety of aquatic ecosystems. The
Inhulets River basin is one of the most environmentally stressed
hydrographic systems in southern Ukraine due to intensive mining activity,
industrial wastewater discharge, agricultural runoff, urbanization, and
hydrological regulation. Long-term technogenic impact has caused significant
transformation of hydrochemical regimes.

The article presents an integrated hydroecological assessment of the
ecological state of the Inhulets River basin based on the analysis of
hydrochemical, hydrobiological, and ecological indicators. The
methodological framework combines traditional resource-based approaches
with ecosystem-oriented principles of environmental assessment. Particular
attention is devoted to the application of integrated water quality indices,
including the Water Pollution Index (WPI), saprobity index, ecological index,
and hydrochemical quality indicators, allowing for a comprehensive
evaluation of anthropogenic transformation processes within the basin.

The study identifies the major sources of environmental pressure
affecting the river ecosystem and determines the role of industrial and
municipal discharges in the formation of hydroecological instability.

The results confirm that the existing resource-based assessment
system does not fully reflect structural and functional transformations
occurring within aquatic ecosystems under conditions of long-term
technogenic impact. The proposed integrated approach improves the
objectivity of environmental monitoring and provides a scientific basis for
sustainable river basin management, ecological rehabilitation measures, and
optimization of water protection policy under conditions of increasing
anthropogenic pressure.

Keywords: anthropogenic transformation; water quality; hydrochemical
indicators; saprobity index; aquatic ecosystems; technogenic pressure;
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ecological monitoring.

Problem statement. The ecological condition of river basins is one
of the key indicators of environmental safety and sustainable regional
development. River ecosystems perform essential hydrological,
ecological, economic, and social functions; however, under conditions of
intensive anthropogenic pressure, their natural capacity for self-
regulation and self-purification gradually decreases. This problem is
especially relevant for rivers located within industrially developed
regions, where long-term technogenic impact significantly transforms
the natural hydroecological regime.

One of the most environmentally vulnerable hydrographic systems
in Ukraine is the Inhulets River basin, which has been subjected to
prolonged industrial and anthropogenic influence for decades. The
ecological state of the basin is largely determined by the combined
impact of mining and metallurgical enterprises, discharge of highly
mineralized mine waters, municipal wastewater inflow, agricultural
runoff, hydrotechnical regulation of river flow, and increasing
urbanization within the catchment area. Such conditions have caused
significant hydrochemical transformation of the river system and
deterioration of surface water quality [1].

Long-term technogenic pressure within the basin has resulted in
increased mineralization, changes in ionic composition, accumulation of
pollutants, disturbance of the oxygen regime, intensification of
eutrophication processes, and degradation of aquatic ecosystems. In
addition, the river’'s ability to maintain ecological stability and natural
recovery has substantially weakened, which negatively affects both
environmental safety and the suitability of water resources for domestic,
agricultural, industrial, and fishery use.

A characteristic feature of the Inhulets River basin is the complex
and cumulative nature of anthropogenic impact. Unlike local pollution
events, the hydroecological condition of the river is formed under the
simultaneous influence of multiple sources of contamination and
hydrological disturbances. Under such conditions, assessment of water
quality based solely on individual hydrochemical parameters becomes
insufficient, since it does not fully reflect the overall ecological state of
the aquatic ecosystem or the scale of anthropogenic transformation
processes.

Modern approaches to environmental assessment increasingly
emphasize the importance of integrated hydroecological analysis
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combining hydrochemical, hydrobiological, and ecological indicators
within a unified assessment system. The application of integral indices
allows the transformation of heterogeneous monitoring data into
generalized ecological characteristics reflecting the degree of pollution,
ecological stability, and level of anthropogenic disturbance within river
systems [2].

Particular importance in this context belongs to the use of
ecological classification systems and water quality indices, including the
Water Pollution Index, saprobity index, ecological index, and
hydrochemical assessment indicators. These approaches provide an
opportunity not only to evaluate the current ecological condition of
surface waters but also to identify dominant degradation factors,
determine environmentally critical sections of the basin, and substantiate
measures aimed at improving the hydroecological state of the river
system.

Therefore, the necessity of conducting an integrated
hydroecological assessment of the Inhulets River basin under conditions
of long-term anthropogenic pressure represents an important scientific
and practical task. Such assessment is essential for improving
environmental monitoring systems, increasing the objectivity of water
quality  evaluation, and developing scientifically grounded
recommendations for sustainable river basin management and reduction
of technogenic impact on aquatic ecosystems [3].

Analysis of recent research. In recent decades, the problem of
deterioration of river water quality under conditions of intensive
anthropogenic pressure has become one of the central directions of
hydroecological research. Modern studies increasingly focus on
integrated assessment of river basin ecosystems, considering
hydrochemical, hydrobiological, and ecological indicators as
interconnected components of a unified environmental system. This
approach is associated with the transition from traditional resource-
oriented water assessment toward ecosystem-based principles of river
basin management.

A significant number of contemporary studies emphasize that long-
term industrial activity, urbanization, agricultural runoff, and
hydrotechnical regulation are the main drivers of hydroecological
transformation of river systems. Researchers note that under conditions
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of constant technogenic pressure, river ecosystems gradually lose their
natural self-purification capacity, while the cumulative effect of
pollutants causes structural and functional degradation of aquatic
environments. Particular attention is devoted to the impact of highly
mineralized mine waters and industrial wastewater on hydrochemical
regimes of rivers located within mining regions [4].

Recent hydroecological studies demonstrate that assessment of
water quality based exclusively on hydrochemical parameters is
insufficient for determining the actual ecological state of aquatic
ecosystems. Modern environmental monitoring increasingly
incorporates biological quality elements, including phytoplankton,
benthic organisms, macrophytes, and bioindication indices, which
provide more objective information regarding ecological stability and
long-term anthropogenic transformation [5].

Contemporary scientific approaches are also closely connected
with the implementation of the European Union Water Framework
Directive (WFD), which establishes river basin management as the
primary principle of water policy. According to WFD requirements,
ecological assessment of surface waters should combine hydrochemical,
hydromorphological, and biological indicators in order to achieve a
comprehensive  understanding of ecosystem condition and
environmental risks.

A number of Ukrainian and international studies are devoted to the
ecological assessment of transformed river basins under anthropogenic
pressure. Considerable attention is paid to the use of integrated
ecologicalindices, such as the Water Pollution Index, saprobity index, and
ecological classification systems, which allow heterogeneous monitoring
data to be generalized into unified indicators reflecting the degree of
pollution and ecological degradation. Recent investigations confirm that
the use of integrated hydroecological indices significantly improves the
objectivity of environmental assessment and enables identification of
environmentally critical sections within river basins.

Special attention in recent publications is devoted to the ecological
consequences of technogenic transformation of aquatic ecosystems in
Ukraine. Researchers emphasize that industrial regions characterized by
mining and metallurgical activity demonstrate the highest levels of
hydrochemical disturbance, increased mineralization, oxygen deficiency,
and accumulation of toxic substances within river systems. These
processes are accompanied by changes in aquatic biocenoses, reduction
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of biodiversity, intensification of eutrophication, and destabilization of
hydroecosystem functioning [6].

At the same time, despite the considerable number of studies
devoted to water quality assessment, the problem of integrated
hydroecological evaluation of river basins subjected to prolonged
technogenic pressure remains insufficiently systematized. Existing
studies are often focused either on separate hydrochemical indicators or
on local environmental characteristics without comprehensive analysis
of the interaction between anthropogenic factors and ecological state of
river ecosystems.

In particular, the Inhulets River basin remains one of the most
environmentally transformed hydrographic systems in Ukraine, where
the combined influence of mining enterprises, municipal wastewater
discharge, agricultural activity, and hydrological regulation forms a
complex pattern of anthropogenic pressure. Under such conditions, there
is a need for a comprehensive hydroecological assessment based on
integrated analysis of hydrochemical indicators, ecological indices, and
biological characteristics in order to determine the current ecological
condition of the basin and identify the dominant factors of environmental
degradation [71].

Therefore, modern scientific trends confirm the necessity of
applying integrated ecosystem-based approaches for assessing river
basin condition, which forms the methodological basis of the present
study.

Aim, objectives and methodology. The aim of this study is to
conduct an integrated hydroecological assessment of the ecological
condition and water quality of the Inhulets River basin under conditions
of long-term anthropogenic and technogenic pressure using
hydrochemical, ecological, and index-based assessment approaches.

To achieve the stated aim, the following objectives were defined:

- to analyze the current ecological condition of the Inhulets River
basin and determine the main anthropogenic factors affecting the
hydroecosystem;

- to assess hydrochemical characteristics of surface waters within
different sections of the basin;

- to evaluate the degree of anthropogenic transformation of the
aquatic environment using integrated ecological indicators and water
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quality indices;

- to determine the level of organic pollution and ecological stability
of the river ecosystem;

- to identify environmentally critical sections of the basin
characterized by increased technogenic pressure;

- to generalize the obtained results in order to substantiate
measures aimed at improving water quality and optimizing river basin
management.

The methodological framework of the study is based on an
integrated hydroecological approach combining hydrochemical analysis,
ecological assessment methods, water quality indices, and comparative
analysis of monitoring data. The research was conducted using
environmental monitoring materials and analytical data characterizing
the ecological state of the Inhulets River basin under conditions of
intensive industrial and anthropogenic influence [8].

Assessment of water quality was carried out using hydrochemical
indicators reflecting the degree of transformation of the aquatic
environment. Particular attention was devoted to indicators
characterizing mineralization processes, oxygen regime, nutrient
content, organic pollution, and concentrations of priority pollutants. The
obtained values were compared with environmental quality standards
and maximum permissible concentrations established for surface
waters.

To determine the general level of anthropogenic pollution within the
river basin, the Water Pollution Index (WPI) was applied:

n
WPI = lz L, (1)
n L ;_4 MPC;

1

where MPC; — maximum permissible concentration of the chemical
component; Ci — the actual concentration of the analyzed parameter; n -
the number of analyzed indicators [9].

The Water Pollution Index allows the transformation of separate
hydrochemical indicators into an integrated characteristic reflecting the
overall degree of contamination of surface waters and the level of
anthropogenic pressure within the river ecosystem.

An important component of the study was the assessment of water
quality using the hydrochemical water quality index, which provides an
integral evaluation of ecological condition based on the combined
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influence of hydrochemical parameters:

o ==Y Ki. (2)
where I, — the hydrochemical water quality index; K; — the ecological
coefficient of the corresponding hydrochemical parameter; n - the
number of analyzed indicators [10].

The application of the hydrochemical water quality index makes it
possible to classify surface waters according to ecological quality
categories and identify sections of the basin exposed to the highest level
of anthropogenic transformation.

The ecological condition of the aquatic environment was
additionally assessed using saprobity analysis, which reflects the degree
of organic pollution and intensity of decomposition processes within the
river ecosystem. The Pantle-Buck saprobity index was determined
according to the following equation:

_ X(sh)
where s - the saprobic value of the indicator organism; h - the
quantitative characteristic of species occurrence [11].

The saprobity approach allows evaluation of ecological condition
through biological responses of aquatic organisms to changes in
environmental quality and oxygen regime. This method is widely used in
hydroecological studies of river systems subjected to prolonged
anthropogenic impact.

Integrated ecological assessment of surface waters was carried out
using ecological classification approaches that combine hydrochemical
and biological indicators into generalized categories of environmental
quality. Such methods allow determination of ecological condition,
degree of anthropogenic transformation, and spatial variability of
pollution processes within the river basin.

The methodological approach used in the study is based on the
basin principle of environmental assessment, according to which the
river basinis considered as anintegrated hydroecological system formed
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under the interaction of natural and anthropogenic factors. This approach
provides an opportunity to identify relationships between anthropogenic
load and ecological condition of surface waters, evaluate the
hydroecological stability of different sections of the basin, and determine
environmentally critical areas characterized by increased technogenic
pressure [12].

The obtained results were systematized using comparative,
analytical, and ecological assessment methods in order to determine the
current hydroecological condition of the Inhulets River basin and identify
the dominant processes influencing the ecological transformation of the
river ecosystem.

Results and discussion. The conducted hydroecological
assessment demonstrates that the ecological condition of the Inhulets
River basin has been significantly transformed under conditions of long-
term anthropogenic and technogenic pressure. The obtained results
confirm that the hydroecosystem of the river is characterized by unstable
hydrochemical conditions, increased mineralization, deterioration of
oxygen balance, and a high level of organic pollution caused primarily by
mining activity, industrial wastewater discharge, agricultural runoff, and
municipal effluents.

One of the most important factors influencing the ecological state
of the basin is the long-term inflow of highly mineralized mine waters
originating from mining enterprises within the Kryvyi Rih industrial
region. Under these conditions, the natural hydrochemical regime of the
river has undergone substantial transformation, resulting in
deterioration of ecological stability and reduction of the self-purification
capacity of the aquatic ecosystem.

Hydrochemical monitoring data indicate that the Inhulets River is
characterized by naturally elevated mineralization combined with
additional anthropogenic contamination. According to the obtained
results, the concentration of magnesium in the river water reached
75.39 mg/dm3, while organic pollution indicators demonstrated
systematic exceedances of maximum permissible concentrations.

Particular attention should be devoted to indicators characterizing
organic pollution of surface waters. Analysis of hydrochemical
monitoring results revealed that exceedances of maximum permissible
concentrations for chemical oxygen demand (COD) and biochemical
oxygen demand (BODs) were observed in 100% of analyzed samples. The
recorded exceedances reached 1.8 times for COD and 1.3 times for BODs

10



BicHuk
HYBI'M

compared to standards established for waters of domestic and drinking
use. The hydrochemical indicators are presented in Table 1.

Table 1
Selected hydrochemical indicators of the Inhulets River
Indicator Measured Environmental
Value Characteristic
Magnesium concentration 75.39 mg/dm? Increased mineralization
COD exceedance 1.8 MPC Slgnlflcant.orgamc
pollution
BODs exceedance 1.3 MPC D|sturbanc§ of oxygen
regime
Number of measurements 932 Environmental monitoring
(2021) basis
Number of water samplings 8 Seasonal hydrochemical
assessment

The obtained results indicate the presence of a persistent
anthropogenic load affecting the hydrochemical state of the river
ecosystem. Elevated concentrations of organic substances contribute to
increased oxygen consumption during decomposition processes, which
negatively affects aquatic organisms and destabilizes ecological
functioning of the river system.

Comparative analysis of hydrochemical indicators between 2020
and 2021 additionally revealed deterioration of several ecological
parameters. In particular, alkalinity increased from 4.22 to 4.26 mg-
eq/dm?3, while BOD values increased from 4.02 to 4.08 mgQ,/dm?. At the
same time, slight improvement was observed for COD and water
hardness indicators. These fluctuations demonstrate the unstable nature
of hydrochemical processes within the basin and confirm the strong
dependence of river water quality on anthropogenic and hydrological
factors.

An important feature of the ecological state of the Inhulets River
basin is the significant spatial variability of pollution processes.
Hydrochemical conditions vary depending on the proximity to industrial
discharge sources, hydrotechnical structures, and sections influenced by
periodic flushing using Dnipro water supplied through the “Dnipro-
Inhulets” canal system. According to monitoring observations, seasonal
changes in water quality indicators within the Iskrivske Reservoir were
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directly associated with the flushing of the river channel performed
during April-August through additional Dnipro water inflow.

These measures partially improve the ecological condition of the
river system by reducing mineralization and increasing water exchange
intensity; however, they do not completely eliminate the consequences of
long-term anthropogenic transformation. Previous hydroecological
investigations of the Inhulets River basin also confirm that periodic
flushing of the river channel improves environmental conditions only
temporarily and cannot fully restore ecological balance under conditions
of continuous technogenic pressure.

Assessment of surface water quality using integrated ecological
indicators demonstrated that the Inhulets River belongs predominantly
to the 4™"-6™ water quality categories and corresponds to IlI-IV classes of
ecological quality. Such classification characterizes the ecological
condition of the river as satisfactory to polluted. The generalized results
of ecological assessment are presented in Table 2.

The obtained ecological classification confirms that the river basin
experiences substantial anthropogenic transformation associated with
prolonged industrial exploitation of the territory. The ecological condition
of surface waters is formed under the cumulative influence of multiple
pollution sources, resulting in degradation of hydrochemical and
ecological characteristics of the aquatic environment.

Table 2
Integrated ecological assessment of surface water quality
Assessment Indicator Ecological Characteristic
Water quality category 4-6
Ecological quality class H-v
General ecological condition Satisfactory / Polluted
Dominant ecological problem Organic and technogenic pollution
Main transformation factor Industrial and mining impact

An important aspect of the conducted research is the use of
integrated ecological assessment approaches rather than analysis of
isolated hydrochemical indicators only. The study confirms that
individual hydrochemical parameters do not fully reflect the overall
ecological condition of the river system. Under conditions of prolonged
technogenic impact, ecological transformation occurs simultaneously at
chemical, hydrological, and biological levels, which necessitates the
application of integrated hydroecological assessment methods.
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The conducted analysis also demonstrates the limitations of the
traditional resource-based approach commonly applied in water quality
assessment. Although such an approach allows determination of
pollution classes and exceedances of maximum permissible
concentrations, it does not fully account for ecosystem-level responses
and structural-functional changes occurring within aquatic environments
under anthropogenic stress.

From an ecological perspective, deterioration of hydrochemical
conditions within the Inhulets River basin contributes to destabilization of
aquatic ecosystems, intensification of eutrophication processes,
reduction of oxygen availability, and gradual degradation of biological
communities. These processes collectively reduce ecological resilience
of the river system and increase risks associated with further
anthropogenic pressure.

The obtained results confirm that the hydroecological condition of
the Inhulets River basin remains environmentally unstable and requires
implementation of integrated environmental protection measures aimed
at reducing technogenic impact, improving wastewater treatment
efficiency, optimizing basin water management, and strengthening
ecological monitoring systems.

Conclusions. 1. The conducted study allowed a comprehensive
assessment of the ecological condition of the Inhulets River basin under
conditions of prolonged anthropogenic and technogenic impact. The
analysis demonstrated that the hydroecological state of the river system
is determined by the combined influence of industrial activity, discharge
of highly mineralized mine waters, municipal wastewater inflow,
agricultural runoff, and hydrological regulation within the basin.

2. Assessment of hydrochemical indicators revealed deterioration
of surface water quality associated with increased mineralization,
disturbance of oxygen balance, and elevated levels of organic pollution.
The obtained results indicate the formation of a stable anthropogenic
load affecting the ecological functioning of the river ecosystem.

3. Application of integrated ecological assessment methods and
water quality indices made it possible to characterize the degree of
anthropogenic transformation within different sections of the basin and
identify environmentally stressed areas exposed to the highest
technogenic pressure. The study demonstrated that integrated

13



Cepia «CinbcbKorocnogapcbKi HayKu» ISSN 3154-8059
Bunyck 2(114) 2026 p. Y. 2

hydroecological approaches provide a more objective evaluation of
ecological condition compared to assessment based solely on individual
hydrochemical parameters.

4. The conducted analysis also showed that periodic river flushing
through the “Dnipro-Inhulets” canal contributes to temporary
improvement of hydrochemical conditions; however, such measures do
not eliminate the primary causes of ecological degradation within the
basin.

5. The obtained results substantiate the necessity of implementing
basin-oriented environmental management measures aimed at reducing
technogenic impact, improving wastewater treatment efficiency,
strengthening ecological monitoring systems, and restoring
hydroecological stability of the Inhulets River basin.

6. The proposed methodological approach may be used in further
hydroecological investigations of transformed river systems and can
serve as a scientific basis for sustainable water resource management
under conditions of increasing anthropogenic pressure.
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"XepcoHCbKNI flep)KaBHNIA arpapHo-eKOHOMIYHMUI YHIBEpPCUTET, M. XepCoH

EKOCUCTEMHO-OPIEHTOBAHA OLIHKA AKOCTI BOAU TA
AHTPOMOMEHHOI0 HABAHTAXXEHHS B BACEWHI PIYKU IHI'YJIELLb

3pocTaHHA aHTPONOreHHOro Ta TeXHOreHHOro HaBaHTAXKEHHs Ha PiYKOBiI
6aceiiHM 3yMOBJIIOE HEOOXiAHICTL yNpoBaa)XeHHS KOMMJIEKCHUX niaxoaiB Ao
OLIHIOBAHHSA €KOJIOri4YHOro CTaHy Ta eKOJI0riYHOoi 6e3neKn BOAHUX eKOCUCTEM.
baceitH piuku IHryneub € opHielw 3 HaMbinbW eKoONOriYHO Hanpy)XeHUx
ripporpagdiyHnx cucteM niBAgHA  YKpaiHM  BHacNifgoK  iHTEHCUMBHOI
ripHu4ono6yBHOI MIANBHOCTI, CKUAAHHA MPOMUCNOBUX CTiYHUX BOA,
CinlbcbKOrocnogapcbKoro cToky, yp6aHisauii Ta riaponoriyHoro perysoBaHHA.
TpuBanunm TexXHOreHHUM BNJIUB CAPUYMUHUB CYTTEBY TpaHcdopMauio
rinpoxiMivyHMX peXxumiB.

Y craTTi npeactaBNeHO KOMMJIEKCHY TFiAPOEKONOriYHY  OUiIHKY
€KO0J10TiYHOro cTaHy 6aceitHy piuku IHryneub Ha OCHOBI aHani3y rigpoxiMiuyHux,
rippobGionoriuHMx Ta eKonoriyHMX noOKa3HuUKiIB. MeTtoponoriyHa ocCHoOBa
BOCJiMXKeHH1 MNOEAHYE TPaAuUiINHI pecypcHi nigxoAM 3 EKOCUCTEMHO
OpPi€EHTOBAaHUMM MNPUHLMNAMM EKOJIOFiYHOro ouiHwBaHHA. OcobnuBy yBary
NpuUAiINeHo 3acToCyBaHHK iHTerpanbHMX IHAEKCIB AIKOCTIi BoAu, 30KpeMa
iHpeKkcy 3a6pyaHenHs soam (I3B), iHaekcy canpo6HocTi, eKkonoriuHoro iHaekcy
Ta rigpoxiMiYHMX MOKA3HMKIB AKOCTi, WO AAE 3MOry KOMMJIEKCHO OLIHUTH
npoLuecu aHTponoreHHoi TpaHcdopmMauii B MeXkax 6acenHy.

Y pocnipKeHHi BM3HA4YeHO OCHOBHi [Kepena  €KOJIOFiYHOro
HaABaHTaXKeHHA, AKi BNJIMBAOTb HAa PiYKOBY EKOCUCTEMY, @ TAKOXX BCTAHOBJIEHO
PONb NMPOMMUCIIOBUX i KOMYHaJIbHUX CKUAIB Yy ¢OopMyBaHHi rigpoeKonoriyHoi
HecTabinbHoCTI.

Pe3synbTatn niaTBepMKylTb, WO ICHyK4a pecypcHa cucteMa
OLiHIOBAaHHA He TMOBHOKW Mipolo Bigo6pa)kae CTPYKTYPHO-PYHKUiOHANbHI
TpaHcdopmalil, AKi Bia6yBaloTbCs y BOAHMX EKOCUCTEMAX B YMOBaX TPUBAJOro
TEXHOreHHOro Bn/MBY. 3anponoHOBaHMM KOMIUJIEKCHMA nigxia niaBuiye
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06’€EKTUBHICTb €KOJIOriYHOr0 MOHITOPUHIry Ta POpMy€e HayKoBe MIArPYHTA ANns
cTanoro ynpasJiiHHA piukoBuMM 6aceHaMu, peani3dauii NPUPOAOOXOPOHHMUX i
BiAHOBJ/IIOBaNIbHUX 3aXO0AiB, a8 TAKOXX ONTUMi3aLlii BOMOOXOPOHHOI MOJIITUKKN B
YMOBaX 3pOCTaHHA aHTPONOreHHOro HAaBaHTAXKEeHHA.

Knrouosi cnoBa: aHTponoreHHa TpaHchopMaLis; AKiCTb BOAW; MiAPOXiMiYHi
MOKasHWKK;  iHOAEKC  canpobHOCTi; BOAHI  €KOCUCTEMMU;  TEXHOreHHe
HaBaHTa>EHHS; eKOJTIOFYHUIN MOHITOPUHT.
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